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Foreword 
International GEA (Geo Eco-Eco Agro) Conference is envisaged as an event during 

which researchers from the areas of Geosciences, Ecology-Economy and Agriculture, 

as well as from areas of Eco-Architecture and Rural Architecture, but also Forestry, 

are presenting their work to each other. The Conference aims to be a meeting point 

for international scientific discussion on various subjects of these sciences. The team 

of the International GEA (Geo Eco-Eco Agro) Conference is striving to bring together 

research and practices. The main goal is establishing of new bridges between 

researchers from the Region and wider; to meet each other and to stay connected. 

 

At the end of May 2020 we presented the research results among colleagues on 

formal sessions and in informal communication on the adaptation and resilience to 

the impacts of climate change and on bringing closer natural resource management 

with agriculture, forestry, economics and ecology. 

 

The young researchers used this event to learn and to create networks and to 

participate in discussions. We also offered them a possibility to present their student 

papers in the special session for promising young researchers. 

 

These international conferences to some extent promoted the participants to be a 

known name in academic circles of our Region, confirming at the same time that 

they are active members of the academic community. This was a chance of listening 

to different points of view and learning new ideas and trends in selected field in a 

different environment. 

  

All submitted Abstracts and Full papers presented in the Book of Proceedings (I and 

II, with CIP, ISBN, COBISS.CG-ID) are peer-reviewed. Both books are available 

online at the Conference web page: www.gea.ucg.ac.me. 

Furthermore, selected Full papers are published at the several international journals: 

such as Sustainability, Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 

Agriculture and Forestry< 

    
We hope that most of us, who participated at the GEA International (Geo Eco-Eco 

Agro) Conference, 28-31 May 2020, Montenegro, will come the next years to take the 

part at the GEA International (Geo Eco-Eco Agro) Conference again, here in 

Montenegro. 

 
Velibor SPALEVIC  

 

President of the Scientific Committee  

Faculty of Philosophy, Geography 

University of Montenegro   
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Predgovor 
Međunarodna GEA (Geo Eco-Eco Agro) konferencija je događaj na kom su 

istraživači iz oblasti geonauka, ekologije, ekonomije i poljoprivrede, kao i područja 

eko-arhitekture i ruralne arhitekture, predstavljali rezultate svojih istraživanja. Cilj 

konferencije je bio da bude mjesto susreta jednog broja naučnika iz gotovo cijelog 

svijeta koji su razmjenjivali iskustva, mišljenja i ideje o temama koje su bile predmet 

rada konferencije. Tim Međunarodne GEA (Geo Eco-Eco Agro) konferencije nastojao 

je objedniti istraživanja i prakse. Ideja je bila uspostavljanje novih mostova između 

istraživača iz regiona i šire; da se upoznaju i ostanu dalje povezani. 

 

Na kraju maja 2020. godine predstavili smo neke od rezultata istraživanja među 

kolegama na formalnim sastancima i u neformalnoj komunikaciji, ali i baveći se 

aktuealnim pitanjima prilagođavanja i otpornosti na uticaje klimatskih promjena i 

približavanju upravljanja prirodnim resursima sa poljoprivredom, šumarstvom, 

ekonomijom i ekologijom. 

 

Mladi istraživači regije imali su mogućnost sticanja novih znanja, iskustva, 

umrežavanja i učešća u diskusijama. Pružili smo im mogućnost prezentacije svojih 

studentskih radova na posebnoj sesiji za mlade istraživače. 

 

Ova međunarodna konferencija učinila je sve učesnike poznatijim imenom u 

akademskim krugovima naše regije, potvrdivši istovremeno da su sami aktivni 

članovi akademske zajednice. Pružena je prilika za upoznavanje sa različitim 

gledištima i stavovima, kao i za upoznavanje sa novim idejama i praćnje aktuelnih 

trendova u jednom drugačijem okruženju od onoga koje imamo svakodnevno. 

  

Svi predani sažeci i radovi predstavljeni u Zbornicima (I i II, sa CIP, ISBN, 

COBISS.CG-ID), recenzirani su. Obje su knjige dostupne putem Interneta na web 

stranici konferencije: www.gea.ucg.ac.me. Nadalje, izabrani radovi objavljeni su u 

nekoliko međunarodnih časopisa: Sustainability, Notulae Botanicae Horti 

Agrobotanici Cluj-Napoca, Agriculture and Forestry< 

 

Nadamo se da će većina nas, koji smo učestvovali u pripremi, te izložili radove na 

međunarodnoj GEA (Geo Eko-Eko Agro) konferenciji, 28. i 31. maja 2020. godine, 

doći i narednih godina; učestvovati na nekoj novoj GEA (Geo Eko-Eko Agro) 

međunarodnoj konferenciji, ponovo s kraja maja ovdje u Crnoj Gori. 

  

Velibor SPALEVIC 

 

Predsjednik Naučnog odbora Konferencije 

Filozofski fakultet, Geografija 

Univerzitet Crne Gore   
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Article 

Wild edible fruit diversity in Turkey: A good sample 

of carob trees (Ceratonia siliqua L.) 
Sezai ERCISLI 1 

1 Ataturk University Agricultural Faculty Department of Horticulture 25240 Erzurum, TURKEY  

* Correspondence: sercisli@gmail.com; Tel.: +90-535-639-5607 

 

Abstract: Three phytogeographical regions, Euro Siberian, Mediterranean and Irano-Turanian 

overlap in Turkey. Euro-Siberian Region stretches along most of North Anatolia and Europe. 

Historically Turkey has been a pathway for many civilizations and hosted many of them. Movement 

of communities contributed to enrichment of genetic diversity by transferring mainly the cultivated 

species, as well as the seeds of wild plants from one place to another. The topography of Turkey is 

also exhibits significant variety where ecological factors change frequently over short distance. Asian 

section is a large, roughly rectangular peninsula situated like a bridge between Europe and Asia. 

Turkey has a rich natural carob (Ceratonia siliqua L.) populations obtained from seeds; and trees thrive 

together with a number of other species of the maquis in the Mediterranean and Aegean regions. 

Carob has been neglected specie and accepted forest tree in Turkey. The country does not have 

commercial carob orchards although some new ones have recently been established. Wild carob trees 

show great diversity on tree, leaf dimensions and pod dimensions and seed content. Present study 

describes morphological and biochemical diversity among wild edible carob trees. 

Keywords: Carob, leaf characteristics, pod dimensions, seed content. 

 

1. Introduction 

 

In particular Mediterranean countries, a large number of lesser-known fruits as tree, small 

tree and shrubs are evident and fruits and seeds of those plants have been used for a long 

time as important part of Mediterranean diet. Leaves and flowers are used for medicinal 

purposes as well. There is also a close relationship between traditional Mediterranean 

culture and wild edible fruit biodiversity. However, in changing world this tradition are 

getting disappearing very quickly due to indifference of the young generation to wild edible 

plants and its tradition (Rivera et al. 2006; Egea et al. 2010). 

It is important to keep and transfer this tradition for future generations and for this 

reason new social, cultural or economic value must be given to local resources. Wild edible 

fruits are represented with a large number of species if compared cultivated relatives. For 

example, throughout world cultivated apples belongs to Malus domestica Borkh, but there 

were around 50 apple species found as wild in nature and rural peoples have been used 

their fruits for centuries. Wild ancestors are also shows more diverse characteristics on 

morphological and biochemical aspect. Thus it would be advantageous to assess these plants 

as morphological and biochemical level (Ercisli et al., 2012; Gecer et al., 2020). 

Morphological characterization could be important for breeding activities and 

biochemical analysis may have useful in particular to determine bioactive and nutrition 

content of fruit species, cultivars, genotypes etc. and for possible use of them in the 

elaboration of functional foods or for consideration as potential sources of natural 

antioxidants (Ercisli et al., 2012; Ersoy et al., 2017). 

Ceratonia siliqua L. (Carob) is one of the oldest fruits in the world and has been 

cultivated from civilization of Ancient Persia, especially on the Mediterranean coasts, till 
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nowadays. The plant has both economic and environmental value (Tous et al. 2009). Carob 

pods have high nutritional values including minerals, proteins, carbohydrates and fibers 

and vital for nutrition of rural peoples (Turhan et al. 2006; Gezer 2018). 

Wild carob trees are abundant throughout Mediterranean and Aegean regions of 

Turkey and almost 99.0% of trees obtained from seeds. Those seed propagated materials 

obtained by open pollination and has diverse gene combination showing huge diversity and 

also are important source for carob breeding. Wild carob trees in general located in forests 

and shows great morphological and biochemical diversity (Pazir and Alper 2018; Durmaz 

and Ozel 2019; Korkmaz et al., 2020).  

This paper describes morphological and biochemical diversity among wild grown 

carobs in Mediterranean and Aegean regions of Turkey.  

 

2. Material and methods 

 

The used published data of previous studies (Tetik et al., 2011; Korkmaz et al., 2020), who 

studied on a large number of wild carob (Ceratonia siliqua L.) plants sampled from 

Mediterranean and Aegean region in Turkey (Figure 1).  
 

 
Figure 1. Natural distribution of carob trees in Turkey (Sahin and Tasligil 2016) 

2.1. Morphological diversity 
 

Tetik et al. (2011) conducted a study in the main carob growing areas in Turkey 

(Mediterranean and Aegean regions) on wild carob populations and grafted genotypes 

(unnamed types grafted on seedlings). They investigated a total of 70 carob trees from 

various areas (38 wild trees and 32 grafted accessions). Korkmaz et al. (2020) collected a total 

of 36 seed propagated wild grown carob from rural areas of Marmaris district (Aegean 

region).  
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2.1.1. Tree growth habit 

 

Korkmaz et al. (2020 found that genotypes had open, weeping and erect, and among them 

open growth habit was dominant followed by weeping.  

 

2.1.2. Leaf traits 

 

Leaf width and length were ranged from 8.40-12.04 cm; from 8.04-11.60 cm. The number of 

leaflets/leave was found between 5.9-7.1(Korkmaz et al., 2020) . 

 

2.1.3. Pod traits 

 

They found that the majority of genotypes had dark-brown pod color (47.22%) followed by 

reddish-brown (27.78%) and clear-brown (25.00%) (Korkmaz et al., 2020).  

Curved pod shape was dominant (61.11%) among genotypes followed by equally spiral 

and straight shape (19.44%) (Korkmaz et al., 2020).  

In terms of pod surface, 19 genotypes had wrinkled surface (52.78%) followed by 15 

genotypes with smooth surface (41.67%) and 2 genotypes with rough surface (5.56%) 

(Korkmaz et al., 2020). 

Pod weight of 36 carob genotypes was quite variable and ranged from 8.3-29.5 g 

(Korkmaz et al., 2020). Tetik et al. (2011) found pod weight between 29.16-120.28 in the wild 

carob genotypes  

The average pod dimensions (width, length and thickness) were found between 14.27-

23.38 mm; 12.54-21.67 cm and 4.80-8.37 mm for the wild genotypes (Korkmaz et al., 2020). 

Tetik et al. (2011) found 14.00-21.58 mm, 12.32-23.12 cm, 4.60-9.15 mm, respectively in wild 

carobs. 

The main selection criteria in carobs have traditionally focused on large pod size, high 

pulp and sugar content. Carob pod size is also important to withstand strong winds during 

spring to prevent premature fruit drop.  

The most of the genotypes had clear-brown pod color (44.4%) followed by dark-brown 

(33.3%), reddish-brown (11.1%) and blackish-brown (11.1%) (Korkmaz et al., 2020). 

Rounded pod shape was dominant (55.5%) among genotypes followed by elliptical 

(30.5%) and oval seed shape (13.8%) (Korkmaz et al., 2020). 

 

2.1.4. Seed traits 

 

In terms of seed surface, 55.5% of the genotypes had smooth seed surface, 36.1% of the 

genotypes had wrinkled surface, 5.55% of the genotypes had very rough and 2.77% of the 

genotypes had rough seed surface (Korkmaz et al., 2020). 

The total seed weight was between 1.10-3.41 g (Korkmaz et al., 2020). Tetik et al. (2011) 

found seed weight between 5.74-14.40 g in wild carobs. 

The seed ratio was found between 6.29-13.98% (Korkmaz et al., 2020). Tetik et al. (2011) 

found seed ratio 1.58-27.36% in wild carobs. 
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Figure 2. PCoA plot for the 36 analyzed wild carob genotypes (Korkmaz et al. 2020) 

 

 

 

Figure 3: PCA plot of the first three PCs of C. siliqua genotypes (Tetik et al. 2011). 
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2.2. Biochemical traits 

 

Soluble Solid Content (SSC), titratable acidity, vitamin C, protein and dietary fiber were 

investigated previously in wild carob samples.  

SSC (%) was 49.36-69.36% (Korkmaz et al., 2020). Tetik et al. (2011) found SSC 49.74-73.73%. 

Titratable acidity was between 0.45-1.12 % (Korkmaz et al., 2020). Tetik et al. (2011) found 

titratable acidity 0.50-1.07%. 

Vitamin C was between 5.9-10.2 mg/100 g (Korkmaz et al., 2020). 

Protein was between 3.73-6.95% (Korkmaz et al., 2020). 

Dietary fiber was between 4.9-7.7% (Korkmaz et al., 2020). 
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Abstract: Wild apricot trees are distributed throughout apricot growing areas in Turkey and inner 

Anatolia region had valuable wild apricot trees, which shows high diversity in terms of plant and 

fruit characteristics. In this study, ten promising wild apricot genotypes pre selected in Gurun, 

Sıvas in inner Anatolia and morphological and biochemical analysis were done on those 

selections. The searched parameters included average fruit weight, flesh/seed ratio, soluble solid 

content, titratable acidity, antioxidant activity and total phenolic content. The results showed that 

wild apricot genotypes are very diverse. Fruit weight ranged from 17.22 g to 33.44 g and flesh/seed 

ratio ranged from 7.73 to 14.11, respectively. Soluble solid content and titratable acidity were 

between 13.44-24.04% and 1.01-2.19%. Total antioxidant capacity was determined by ferric 

reducing power (FRAP) assay and FRAP values varied from 3.69-5.88 mmol AA/l. The total 

phenolic contents ranged between 288-442 mg GAE/l. Results showed that all wild apricot 

genotypes had higher biological activity than cv. Hacıhaliloglu cultivar. This makes the utilization 

of wild apricots incredibly important for native populations both in terms of food security and 

economics. 

 

Keywords: Wild apricot, phytochemicals, variation, bioactive content. 

 

1. Introduction 

 

The fruit culture in agriculture is one of the most vulnerable sector for changing 

environmental and the important fruit producer countries needs to be prepared and adapted 

themselves to the present or future situation in order to limit any adverse effects of climatic 

and environmental changes on fruit trees (Ramirez and Kallarackal, 2015; Fischer et al., 

2016). Pritchard and Amthor (2005) mentioned that it is difficult to predict and generalize 

how climate change would affect growth, development, production, and quality of crops 

since highly varied responses of plants resulting from physiological processes are 

multidimensional. In addition, climate change affects important plant pests with 

consequences on physiological potential, yield and quality of fruit species (Seidel, 2016). 

Plant breeders is now getting more related to climate change and in their future 

direction, they trying development new cultivars not only for present but also future needs 

with an emphasis on improving their quantitative and qualitative characteristics under 

global climate chance scenario. Traditionally, breeding programs have been focused on fruit 

size and quality, disease resistance and more upright trees for denser planting. The unusual 

winters are forcing hybridizers to add climate resiliency to the suite of traits (Ceccarelli et al., 

2010).  

Currently fruit production is done with a few dominant cultivars within different fruit 

species in developed countries and this situation getting narrower gene pool. However wild 

relatives accepted as plant genetic resources are an essential element not only for growth but 

also for plant breeding due to higher variability.  



GEA (Geo Eco-Eco Agro) International Conference, 28-29 May 2020, Montenegro - Book of Proceedings 

22 

 
 

There were s big differences among most important fruit producer in the world. Turkey 

is also accepted one of the most important fruit producer in the world and the country has 

also specific characteristics for fruit cultivation and production. Turkey is a still preserving 

old fruit plantation with old varieties and landraces of fruit species (Gecer et al., 2020).  

More recently, in climate changing world, investigations on new and lesser-known 

plant species has been increased and it is well known that the introduction and selection of 

these plants with higher production and content of biologically active substances, resistance 

and adaptability to biotic and abiotic factors may have contribute significantly on future 

sustainable fruit production (Szilagyi et al., 2016; Vuković et al., 2016; Ivanišov{ et al., 2017).  

Turkey is one of the richest countries in terms of wild apricots and apricot trees plays 

important role in traditional culture of Turkey. The fruits of wild apricots are better tan 

cultivated apricots in terms of suitability for fruit juice and processing industry (jam etc.) 

because wild apricot fruits have perfect SSC/acidity balance. Wild apricot fruits are also 

more aromatic (Ercisli, 2009). Wild apricots trees are also do not spray with pesticides thus 

accepted very natural products. In several apricot-growing regions in Turkey, wild apricots 

are subjected to human selections for centuries and humans in general destroyed low 

quality wild apricot trees (smaller fruits, low yield, susceptible to pest and diseases etc.). In 

fact all Turkish apricot cultivars were selected among wild apricots in Turkey. Sıvas 

province is located inner Anatolia of Turkey and the province has wild apricot populations. 

Due to human selections, the relatively bigger fruited apricot trees survive in nature. The 

province has suitable ecological conditions for growing wild apricots. 

In changing global warming conditions, apricot cultivars are sensitive for environments 

thus local selections among wild materials may have more important for sustainable apricot 

production. Diversity on cropping season and fruit characteristics among wild apricots and 

could be important to increase functional properties of apricot fruits due to their higher 

bioactivity than cultivated ones (Ercisli, 2009). Therefore, new genotypes need to be selected 

and evaluated under local environmental conditions (Ledbetter, 2008).  

The aim of this study was to evaluate fruit quality traits of some wild apricot genotypes 

for future breeding activities. 

 

2. Material and Method 

 

Ten wild apricot genotypes were used and cv. Hacihaliloglu included the study to make 

comparison. Fruit weight (g) of 40 randomly selected fruits of each apricot genotype was 

measured. Soluble solid content (SSC), expressed as percentage (%), was determined in the 

juice of each sample using a digital refractometer. Titratable acidity was determined by 

titrating 10 mL of 1:10 diluted apricot pulp (10 g) with 0.1 M NaOH.  

Antioxidant capacity was determined using the FRAP assay (Benzie and Strain, 1996). 

Absorbance was measured at 593 nm at 0 and 6 min. AA was used as control to obtain the 

standard curve and FRAP value was calculated relevant to the activity of AA and expressed 

as AA equivalents. Total phenolic content was measured using Folin-Ciocalteu’s reagent 

according to the method of Singleton and Rossi (1965).  

 

2.1. Statistical Analysis 

All data were analyzed using SPSS software and procedures. Analysis of variance tables 

were constructed using the Least Significant Difference (LSD) method at p<0.05. 
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3. Results and Discussion 
 

Tree and fruit characteristics included tree growing habit, fruit weight, flesh/seed ratio, 

soluble solid content, acidity, antioxidant activity and total phenolic content of 10 wild 

selections and cv. Hacihaliloglu has been shown in Table 1.  

The wild genotypes exhibited diversity on tree growth habit. Most of the genotypes (6 

genotypes) had spreading growth habit while the rest of genotypes (4 genotypes) had 

upright to spreading. The cultivar Hacihaliloglu had spreading growth habit (Table 1). 

Yilmaz et al. (2012), determined tree growth habit on 93 national apricot cultivars in Turkey 

as spreading (41.5%), upright to spreading (25.5%), and drooping (13.8%) which in good 

agreement with our results.  

The wild genotypes exhibited variations on fruit weight, which ranged from 17.22 g to 

28.33 g. The standard cultivar Hacihaliloglu had fruit weight 33.44 g (Table 1). Akin et al. 

(2008) reported that Turkish apricot cultivars in general had relatively small fruits because 

they all selected from wild apricot populations and they also reported fruit weight between 

21.16 g and 38.24 g among main apricot cultivars grown in Malatya. The standard cultivar 

Hacihaliloglu, selected from wild apricot population had fruit weight 33.44 g indicated 

higher value than all wild apricot genotypes.  

 

Table 1. Main tree and fruit morphological characteristics of wild apricots and cv. 

Hacihaliloglu 

There were significant (P < 0.05) differences among the different letters in the same lines 

The wild genotypes had flesh/seed ratio between 7.73 and 12.40 (Table 1). The cultivar 

Hacihaliloglu had flesh/seed ratio as 14.11 (Table 1). Yilmaz et al. (2012) reported flesh/seed 

ratio on Zerdali 1, Levent and Özal wild apricot selections in Malatya between 7.56-10.84; 

7.90-10.38 and 10.94-13.58 according to years. Our results are in agreement with above 

literature.  

Genotypes Tree Growth Habit Fruit Weight (g) Flesh/Seed Ratio 

S-1 Spreading 21.40cd 11.23bc 

S-2 Spreading 23.70c 8.84cd 

S-3 Upright to Spreading 20.15cd 12.40b 

S-4 Upright to Spreading 17.22d 10.90c 

S-5 Upright to Spreading 20.89cd 10.67c 

S-6 Spreading 28.33b 9.34cd 

S-7 Spreading 26.35bc 9.38cd 

S-8 Spreading 25.10bc 11.10bc 

S-9 Spreading 26.89bc 7.73d 

S-10 Upright to Spreading 19.93cd 9.00cd 

Hacıhaliloglu Spreading 33.44a 14.11a 
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Soluble solid content (13.44-20.89%) and titratable acidity (1.43-2.19%) showed great 

variability among wild apricot genotypes. The cultivar Hacihaliloglu had SSC and titratable 

acidity content 24.04% and 1.01%, respectively (Table 2). Akin et al. (2008) reported that 

Turkish apricot cultivars had SSC and titratable acidity content between 10.20 and 23.65% 

and 0.08 and 1.00%, respectively.  

Total antioxidant capacity (FRAP values) and total phenolic content (TPC) were 

measured on wild apricots and both parameters showed considerable variations among the 

genotypes tested. The FRAP values ranged from 3.98 to 5.88 mmol AA/l. The lowest values 

(the lowest antioxidant activity) occurred in Hacihaliloglu cultivar (3.69 mmol AA/l). The 

total phenolic contents (TPC) ranged between 330 and 442 mg GAE/l and Hacihaliloglu 

cultivar had TPC value 288 mg GAE/l. Hegedus et al. (2010), found the FRAP values among 

a wide apricot germplasm from different origin of the world which ranged from 0.47 to 

10.35 mmol AA/l and 0.48 to 14 mmol AA/l according to years, respectively. Hegedus et al. 

(2010) found total phenol content between 120-890 mg GAE/L in general among apricot 

germplasm. They measured 35-fold differences TPC values among different apricot 

genotypes grown under the same conditions. 
 

Table 2. Soluble Solid Content (SSC), Titratable Acidity (TA), Antioxidant Activity (FRAP 

assay) and Total Phenolic Content (TPC) of wild apricots and cv. Hacihaliloglu 

There were significant (P < 0.05) differences among the different letters in the same lines 

The results suggesting that wild apricots have been shown to have outstanding water 

soluble antioxidant capacity and phenolic contents. Therefore, the fruits of wild apricots 

may be considered as having enhanced functional properties and might be adaptable to 

meet special nutritional requirements 

Previous studies indicated that as with other stone fruits, several factors were shown to 

influence the fruit antioxidant capacity, including geographic region, maturity stage, and 

length of the fruit development period (Dragovic-Uzelac et al., 2007; Drogoudi et al., 2008; 

Serrano et al., 2009). However, genotype proved to be the most important factor influencing 

Genotypes SSC (%) 
TA 

(%) 

FRAP 

(mmol AA/l) 

TPC 

(mg GAE/l) 

S-1 16.44c 1.55c 3.98bc 330d 

S-2 17.22bc 1.89b 5.11ab 420ab 

S-3 20.89ab 2.19a 5.88a 442a 

S-4 13.44d 1.45c 4.60bc 378bc 

S-5 20.45b 2.10a 4.67bc 395bc 

S-6 15.90cd 1.45c 4.86b 404b 

S-7 18.11bc 1.78bc 4.48bc 360c 

S-8 15.67cd 1.43c 5.70a 430ab 

S-9 18.69bc 1.65c 4.20bc 354cd 

S-10 16.33c 1.50c 4.02bc 334d 

Hacihaliloglu 24.04a 1.01d 3.69c 288e 
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the fruits’ redox parameters and antioxidant contents (Sass-Kiss et al., 2005; Hegedus et al., 

2010). 

Results are also claimed that enough genetic diversity exists in wild apricots fruits to 

mitigate the adverse effects of climate warming on fruit quality. 
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Abstract: The apricot (Prunus armeniaca L.) fruit is considered as one of the most delicious temperate 

fruits because of its delicate flavor and high nutritional quality. Carotenoids are pigments, which 

have a major impact on fruit color and nutritional value in apricot. Very little is known about the 

carotenoids' profile and the extent of its variation within different apricot (Prunus armeniaca) cultivars 

and in particular no reports has been published on wild apricots. In present study three yellow 

fleshed, three lights orange fleshed and three orange-fleshed wild apricots were investigated for color 

index (hue angle and chroma), carotenoids and total carotenoid content. According to results, five 

carotenoids were identified in the wild apricot fruits as β-carotene, γ-carotene, β-cryptoxanthin, 

provitamin A and lutein. β-carotene was the dominant carotenoid pigment for all genotypes and 

followed by γ-carotene. β-cryptoxanthin, provitamin A and lutein almost equally presented in 

different color groups. β-carotene made up 62-74% of total carotenoids among genotypes. Total 

carotenoid increased from yellow fleshed to orange-fleshed wild apricots parallel to β-carotene. 

Keywords: Wild apricots, carotenoid diversity, human health. 

 

1. Introduction 

 

The origin of apricots is Central Asia and China and the references of its culture go back to 

3.000 B.C. Some authors thought at the beginning that apricots came from Armenia, but in 

fact it is from Central Asia and China and their origin goes back to 3.000 years before Christ. 

From China and Central Asia, the apricot spread towards the western direction to north of 

India, Pakistan and Tibet. Then apricot arrived to Persia and Anatolia and it went to Europe. 

Anatolia is accepted second homeland and diversity center of apricot. In Rome this fruit was 

not consumed until the 1st century and it arrived at Greece during the campaigns of 

Alexander Magnus. After that from Spain it went to North America where it underwent 

acclimatization to tempered areas, mainly in California and along the river Mississippi 

(Faust et al., 1998; Ercisli, 2009; Hegedus et al., 2010; Yilmaz et al., 2010). 

In the last 20 years, world production has increased 85%, mainly due to the large 

plantings made in Asia (Turkey, Iran, Pakistan, Uzbekistan) and Africa (Algeria, Morocco, 

Egypt). In Europe, production increased at a lower rate, while in North America and 

Oceania production has decreased (FAO 2019). The main apricot producing countries are 

located generally in Asia including Turkey, Uzbekistan, Iran and Pakistan. The apricots are 

most popular in the Middle East, Northern Africa and Southern Europe as well. 

The world leader for apricot production in 2018 are Turkey, the runner-up is Uzbekistan. On 

third place is Iran, followed by the Algeria, Italy and Pakistan (FAO 2019). 

External fruit quality has been a priority in the past for apricot. Owing to consumer 

preferences, this trend is changing and the internal fruit quality is becoming a priority goal. 

Apricots are very nutritious and contain many essential vitamins and minerals. Like 
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polyphenols, the amount of carotenoids varies during maturation: they significantly increase 

during maturation, especially β-carotene representing 50-85% of total carotenoid content in 

apricot fruit (Radi et al., 1997; Munzuroglu et al., 2003; Sass-Kiss et al., 2005; Dragovic-Uzelac 

et al., 2007). Besides β-caroten, apricot fruit and its products contain smaller amounts of 

phytoene, phytofluene, γ-carotene, β-cryptoxanthin, provitamin A, lutein and zeaxanthin, 

(Fraser and Bramley, 2004). β-carotene, lutein and zeaxanthin, all of which are potent 

antioxidants that help fight free radicals in human body (Mares 2016).  

Carotenoids are well-known and important natural pigments that exist widely in 

nature. So far a large number (over 700) different carotenoids have been isolated and 

identified from various natural sources including mainly in leaves, flowers, fruits and other 

organs of plants and only minor amounts determined in bacteria, fungi, algae and a few 

animals (Nisar et al., 2015; Yuan et al., 2015). Carotenoids offer an array of health benefits, 

such as lowering the risk of heart diseases and certain types of cancers, alleviating oxidative 

stress, enhancing the immune system, and protecting from age-related macular 

degeneration (Fiedor and Burda, 2014; Gul et al., 2015). Previous studies indicated that stage 

of maturity, fruit parts (peel or flesh), growing location and cultivars (with different fruit 

colors) are known to influence the total carotenoid content and the proportions of carotene 

in each genotype (Dragovic-Uzelac et al., 2007; Ayour et al., 2016; Kafkaletou et al., 2019).  

Wild apricots (Prunus armeniaca L.) has been using traditionally for centuries in Turkey. 

The country had the richest wild apricot trees and in fact all wild apricot trees found semi-

cultivated condition. Wild apricot trees in general found as border tree to determine borders 

of orchards or fields in Turkey and mostly coming from seeds of standard cultivars. Thus 

sometimes they show good horticultural characteristics (big fruit, resistant to diseases and 

pests, late flowering, extend of harvest periods etc.) and diversity on phonological, 

morphological and biochemical characteristics of wild apricots were higher than apricot 

cultivars (Ercisli, 2009). The wild apricot trees are a potential fruit and widely distributed in 

middle, south and eastern Anatolia in Turkey. The trees of wild apricots in general free of 

pest and diseases and did not sprayed indicate importance use of them in organic 

production. The fruits of wild apricots in Turkey are suitable for table consumption but the 

fruits are traditionally utilized in processing such as open sun drying, pulping to prepare 

different products such as jams, compost, nectar, pestil, fruit juice etc. The sugar/acidity 

balance in wild apricot fruits is better than cultivars thus preferred for juice industry. 

Moreover wild apricot fruits are much more aromatic than cultivated apricots (Gecer et al., 

2020).  

The aim of this study to determine carotenoids in 9 wild grown apricot genotypes to 

clarify the content and types of carotenoids in wild  apricot germplasm, and apricot 

germplasm resources that are rich in carotenoids, which will be helpful for developing more 

effective methods in the future to achieve the goal of breeding high-carotenoid-content 

apricot cultivars. 

 

2. Material and Methods 

 

In present study, a total 9 wild apricots found in Uzundere and Tortum district of Erzurum 

province (three yellow fleshed with yellow peel, three lights orange fleshed with light 

orange peel and three orange fleshed with orange peel) were used. The standard apricot 

cultivar Salak (Shalak) was also included to make comparison. For each genotype, fruits 

were harvested during July at commercial maturity stage from full productive trees and 
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transferred to laboratory within few hours. Fruits, free from visual defects and disorders 

were randomly divided, in four lots (replicates) of 20 fruits each, destoned, cut in slices and 

frozen in liquid nitrogen. All measurements were conducted on frozen (-80 °C) material 

within one month after harvest. Flesh + peel were used in all analysis. 

 

2.1. Color indices 

 

Color values on the surface (ground skin color) and after peeling in the flesh were measured 

with a Minolta chromameter (CR-400, Minolta) tristimulus color analyzer calibrated to a 

white porcelain reference plate. The hue angle [arctangent (b*/a*)] and chroma (a*
2 + b*

2
)

1/2 

were determined around the equatorial region in three different positions with an average of 

nine times for each apricot fruits (both peel and flesh and presented average of peel+flesh) 

and hue angle and chroma were used for evaluation. 

 

2.2. Carotenoid compounds  

 

Extraction and determination of carotenoid compounds were conducted according to Ruiz et 

al. (2005) after some modifications. Briefly, frozen fruit material (peel+flesh) was 

homogenized with a solution of methanol/hexane (1:1 v/v) (2 ml/g tissue) in an Ultra-Turrax 

at 9500 rpm for 2 min in ice and then the homogenate centrifuged at 4000 × g for 5 min at 4 

°C. The supernatant was recovered and the extraction process was repeated three more 

times with 5 ml hexane each time. Carotenoid compounds were extracted from combined 

supernatants using ethyl acetate with a volume equal to supernatant, and this procedure 

was repeated three times. The organic solvent was evaporated under N2 flow at 37 °C and 

the residue was dissolved in 1 ml acetone (HPLC grade), filtered through a nylon syringe 

filter (0.2 μm pore size) and analyzed by HPLC.  

The whole extraction process was performed under dim light and samples were 

analyzed within 12 h. In order to estimate the carotenoid loss during the extraction process, 

β-apo-8’-carotenal was added (0.3 mg/2.5 g tissue) to all samples as internal standard (IS). 

Carotenoid compounds were identified and quantified by the HPLC system. The separation 

was achieved at 28 0C under 1.5 ml/min flow rate using acetone (Solvent A) and water 

(Solvent B) mobile phase. The gradient elution was as follows: initially 85% A, linear 

gradient to 100% A in 15 min, then linear back to initial conditions (85% A) for other 7 min. 

The detector monitored at 450nm. Identification of the carotenoid compounds was achieved 

by comparison of UV-vis spectra (200-700 nm) of samples with authentic standards. Each 

compound was quantified in comparison with a multipoint calibration curve obtained from 

the corresponding standard and expressed as μg/100 g FW.  

 

2.3. Statistical analysis 

 

All data were analyzed using SPSS software and procedures. Analysis of variance tables 

were constructed using the Least Significant Difference (LSD) method at p<0.05. 
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3. Results and Discussion 

 

3.1. Color index  

 

There were statistically significant differences (p<0.05) among wild apricot genotypes in 

terms of hue and C color index (Table 1). Generally, the L*, C, and hue angle values are 

commonly used for objective color description in apricot (Ruiz et al., 2005). The nine wild 

apricot genotypes were divided into three categories according to their flesh and peel color: 

yellow flesh and peel, light orange flesh and peel and orange flesh and peel (Table 1). 

Analysis of the color value (average of peel + flesh) showed that the hue angle decreased 

from yellow flesh to orange flesh, and the decrease in hue angle reflected fruit darkening 

due to carotenoid accumulation. It decreased from 80.36° in the yellow flesh+peel genotype 

(W3) to 62.44° in the orange flesh+peel ones (W8) (Table 1). The standard cultivar Şalak, had 

pink peel and light orange flesh color and had hue angle 73.140. Ruiz et al. (2005) found that 

hue angle decreased from 96.48 in the white flesh apricot cultivar to 69.56 in the orange 

flesh ones and indicated that this decrease in hue angle was from the white to the orange 

stage due to carotenoid accumulation. The hue angle has been described as a suitable and 

intuitively understandable color index (for example, red, yellow, blue, etc.) (Arias et al., 

2000). Another color index is chroma and the chroma (C) values were found between 27.67 

(W1 genotype with yellow flesh+peel color) to 43.83 (W8 genotypes with orange flesh+peel 

color) and increased in the orange flesh+peel genotypes compared to the yellow flesh+peel 

ones. The cultivar Shalak had chroma value 41.10 (Table 1). Akin et al. (2008) reported flesh 

hue angle and chroma values of 11 standard apricot cultivars from Malatya region in Turkey 

between 46.80 and 24.6-32.8, respectively. Chroma or saturation may be defined as 

the properties of chromatic content in the total color perception. It is also the degree of 

difference from the gray of the same lightness value. Caliskan et al. (2012) reported that hue 

and chroma values were between 64.10-96.60 and 40.6-52.4, respectively among 14 early-

ripened apricot cultivars grown in Mediterranean region in Turkey. Our hue and chroma 

results in general were in agreement with those of Akin et al. (2008) and Caliskan et al. 

(2012). Previous studies also reported that fruit color and intensity could vary from year to 

year depending on sunlight and temperature. Genetic background has a major influence on 

anthocyanin synthesis for coloring in fruit species (Mori et al., 2007; Ruiz and Egea, 2007; Lo 

Bianco et al., 2010). It was shown that the orange color was closely correlated with the 

carotenoid content (Marty et al., 2005). Some researchers indicated that hue value is a 

suitable parameter for estimating carotenoid levels of fruit species (Ruiz et al., 2005). 

Hegedus et al. (2010) reported that some apricots having low hue values are likely to be the 

richest sources of carotenoids. L* and hue were changed inversely then a*, b* and C; such that 

during maturation, the values of L* and hue decreases while a*, b* and C values increases. 

This can be explained by the chlorophyll degradation and carotenoid accumulation during 

the ripening of apricots, as confirmed in previous studies (Ruiz et al., 2005; Caliskan et al., 

2012).  

 

3.2. Carotenoid compounds 

 

β-carotene, β-cryptoxanthin, γ-carotene, Provitamin A, lutein and total carotenoid content 

significantly differed among wild apricot genotypes (p<0.05) (Table 2). The results showed 
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that β-carotene was the main pigment quantified in wild apricot genotypes varied from 336-

914 μg/100 g FW. Salak cultivar had 654 μg/100 g FW β-carotene content (Table 2). The ratio 

of β-carotene content in total carotenoid content in wild apricot fruits was between 62-74%. 

Ruiz et al. (2008) determined five carotenoids in 40 apricot cultivars, which had diverse, flesh 

and peel color. Our result aligned with previous studies that found an abundance of β-

carotene in apricot fruit (Munzuroglu et al., 2003; Ruiz et al., 2008; Ayour et al., 2016). Ruiz et 

al. (2005) found that the β-carotene accounted for 88% of total carotenoids in orange apricots. 

Whereas Radi et al., (1997) reported that β-carotene represented more than 50% of total 

carotenoid content in apricot. In Germany, β-carotene content of six apricot cultivars varied 

between 0.1 and 3.9 mg per 100 g (Kurz et al., 2008). Sass-Kiss et al. (2005) investigated the 

carotenoid content of eleven apricot varieties in Hungary and reported that main apricot 

cultivars had 3.29-3.80 mg per 100 g β-carotene, respectively. A large number of subsequent 

studies showed that β-carotene is the main component of apricot fruit, and the content is 

very high and the content of β-carotene in apricot depend mainly on the cultivar, ripening 

stage and geographical origin (Dragovic-Uzelac et al., 2007; Kafkaletou et al., 2009).  

β-carotene was followed by γ-carotene. β-cryptoxanthin, provitamin A and lutein 

almost equally presented in different color groups of apricot fruits. γ-carotene was 

determined between 56-129 μg/100 g FW among genotypes and cv. Salak had 120 μg/100 g 

FW γ-carotene. β-cryptoxanthin, provitamin A and lutein content ranged from 44-59 μg/100 

g FW, 38-54 μg/100 g FW and 30-102 μg/100 g FW, respectively. The cultivar Salak had β-

cryptoxanthin, provitamin A and lutein content as 50, 43 and 68 μg/100 g FW, respectively 

(Table 2). Total carotenoid content was between 511-1254 μg/100 g FW and cv. Salak had 

total carotenoid content 934 μg/100 g FW (Table 2). Ruiz et al. (2005) revealed that apricot is 

ones of the richest carotenoid fruit among other fruits such as grapefruit, papaya, nectarine, 

and some more recent pineapple cultivars.  

 
Table 1. Color indices (hue angle and chroma) of wild apricot fruits (average of peel+flesh) 

Genotypes Peel color Flesh color Hue angle Chroma 

W1 Yellow Yellow 77.31b 27.67f 

W2 Yellow Yellow 79.40ab 30.58e 

W3 Yellow Yellow 80.36a 29.14ef 

W4 Light orange Light orange 73.55cd 32.02de 

W5 Light orange Light orange 70.65d 35.41cd 

W6 Light orange Light orange 67.40e 37.28c 

W7 Orange Orange 64.56f 39.56bc 

W8 Orange Orange 62.44fg 43.83a 

W9 Orange Orange 67.35e 40.33b 

Salak Pink Light orange 73.14cd 41.10ab 

Different letters indicate the statistical difference within the same column among genotypes at 5% level. 
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Table 2. Carotenoid content (μg/100 g FW) of wild apricot fruits (average of peel+flesh) 

Genotypes Lutein β-carotene  β-cryptoxanthin  γ-carotene Provitamin A Total 

carotenoid 

W1 30g 336i 48bc 56ef 41cd 511j 

W2 36fg 432g 45c 62e 38d 703h 

W3 36fg 414h 49bc 66e 43cd 608i 

W4 41f 567f 51bc 76de 45c 780g 

W5 58e 589e 44c 87d 40cd 818f 

W6 70cd 614d 48bc 102c 50b 884e 

W7 74c 789c 56ab 115b 47bc 1071c 

W8 102a 914a 59a 127a 52ab 1254a 

W9 96b 855b 57ab 124ab 54a 1186b 

Şalak 68d 654cd 50b 120ab 43cd 934d 

Different letters indicate the statistical difference within the same column among genotypes at 5% level. 

 

4. Conclusion 

 

Results showed that β-carotene and total carotenoid content varies widely according to the 

genotypes used. W7, W8 and W9 genotypes have shown high genotypic potential for the 

improvement of β-carotene and total carotenoid content in new varieties of apricot targeted 

to quality markets appreciating the functional value of foods. The close relationship of these 

materials with cultivated apricot will enable a more efficient and rapid exploitation of their 

potential in breeding programs. Furthemore, the accession W8 will also have interest for the 

improvement of lutein in apricot fruits. 
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Abstract: Elderberry (Sambucus nigra) is one of the most important wild edible plants in Turkey’s 

flora. In present study, black elderberry (Sambucus spp.) fruits sampled from 5 genotypes naturally 

found in Ardanuc town of Artvin province and evaluated for morphologically (shrub habitus, crown 

shape, trunk bark color, density of branches, inflorescences width and length, the number of berries 

per inflorescences and fruit weight). The inflorescences width and length were found between 11.15-

14.07 cm and 8.68-14.56 cm. The number of individual fruits per inflorescence and fruit weight was in 

range of 143-202 and 0.10-0.16 g, respectively. The biochemical analysis included SSC (Soluble Solid 

Content), titratable acidity, juice yield, vitamin C, total polyphenol (TP), total monomeric anthocyanin 

(TMA), antioxidant activity (AA), specific sugars and organic acids in order to understand the 

variation among genotypes. Vitamin C content ranged from 22 to 32 mg per 100 g fresh weight. The 

TP concentrations of elderberry were greatly varied among different genotypes ranged from 413 to 

456 mg gallic acid equivalent (GAE)/100 g fresh weight base (FW). TMA were in range of 350-401 mg 

cyanidin-3-glucoside equivalent per 100 g fresh fruit, respectively. Antioxidant activity was found 

between 5.80 and 8.06 mmol trolox equivalent per 100 g fresh weight basis. Citric acid and fructose 

determined as major organic acid and sugar for all genotypes. The results of the study indicate that 

wild edible elderberry fruits are nutritionally rich and high in phytochemicals, especially antioxidants 

and therefore can possibly play a significant and positive role in delivering a healthy and balanced 

diet. 

 

Keywords: Less known fruits, elderberry, biochemical diversity, bioactive content. 

 

1. Introduction 

 

Wild edible fruits are abundant in particular in rural areas throughout the world and 

accepted an important source of nutrition for one in six people worldwide and can provide 

an open access source of food and income, especially to vulnerable groups such as the poor 

and malnourished children (McGarry and Shackleton., 2009; Vira et al., 2015). The extent of 

use and nutritional significance of wild edible fruits varies in many societies of the world.  

Among the world countries, Turkey has special importance for wild edible fruits. The 

country has old tradition on wild edible fruits and holds a great richness. In particular, in 

middle, eastern and southern part of Turkey, wild edible fruits make an important 

contribution to the food basket and help to build household resilience to food and nutrition 

insecurity (Ercisli, 2004). In northern part of the country, land availability is limited due to 

the steepness of the land, thus in this area wild edible fruits dominate fruit production and 

collecting wild fruits in these areas has been more important than fruit growing (Ercisli, 

2004; Ercisli et al., 2009). 

The domestication of wild edible fruits is as old as history and in Turkey, as well as in 

other parts of the world, the importance of some wild edible fruit trees and shrubs has led to 

their domestication although they are not usually cultivated on farms. Thus the first step of 
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domestication of wild edible fruits is to search and select promising genotypes among wild 

edible populations.  

Black elderberry (Sambucus nigra L.) is a deciduous shrub species that is widely spread 

in Europe, Asia and North America. Elderberry (Sambucus nigra) is one of the most 

important wild edible plants in eastern and northern part of Turkey and more recently it is 

gained much more importance and market value in Turkey as natural health products 

containing extracts, juices or syrups of European elderberry as remedies for treating cold 

and flu symptoms.  

In fact, elderberry is a prized medicinal herb and food in many cultures. It is rich in 

vitamins A and C, phosphorous, potassium and iron. It has demonstrated antiviral 

properties, making it especially effective in reducing the severity and duration of colds and 

flu (Zakay-Rones et al.,2004). Elderberry fruit and flowers can be made into teas, tinctures, 

drinks, distilled spirits, wines and cordials, baked goods, jams and jellies. The berry juice 

makes a natural dye or food colorant, which also could be marketed to food companies 

seeking to move away from synthetic food additives. The berries, whether fresh, frozen, 

dried, or sold as concentrate, are finding increasing demand as an ingredient in vitamins, 

supplements and ‚functional foods,‛ prized for the health benefits they confer (Cernusca et 

al., 2011). 

The aim of this study is to obtain accessible knowledge for breeders in point of the 

horticultural and nutritional aspects and to determine differences on wild grown elderberry 

genotypes and their possible contribution to the provision of a healthy and balanced diet.  

 

2. Materials and Methods 

 

2.1. Plant material 

 

Commercially ripe berries of Sambucus nigra, naturally grown in Ardanuç town of Artvin 

province located Northeastern part of Turkey Turkey were harvested. In commercial harvest 

period, black colored fruits were collected in autumn during the year 2019 from 5 pre-

selected genotypes that show higher yield, free of pest and diseases and have more 

attractive bigger clusters and berries.  

 

2.2. Morphological parameters 

 

Shrub growth habits, crown shape, trunk bark color, density of branches, inflorescence 

width, length, the number of fruits per inflorescence and individual fruit weight were 

determined. Fruit weight was measured by using a digital balance. Measurements were 

done with digital caliper. 

 

2.3. Biochemical and bioactive composition 

 

2.3.1. Sample preparation and extraction  

 

For the SSC (Soluble Solid Content), titratable acidity, fruit juice yield, pH, organic acids, 

specific sugars, vitamin C, total phenolic, total anthocyanin contents and total antioxidant 

capacity analyses, harvested fruits immediately transferred to laboratory and SSC, titratable 

acidity, fruit juice yield and pH were determined immediately. The fruit juice yield was 
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determined by AOAC (1984). SSC content was determined by extracting and mixing one 

drops of juice from each fruit into a digital refractometer (Kyoto Electronics Manufacturing 

Co. Ltd., Japan, Model RA-250HE) at 22 0C. The titratable acidity was determined with 

titration by AOAC (1984). The pH measurements were made using a digital pH meter 

(WTW Inolab Level 1, Germany) calibrated with pH 4 and 7 buffers. The Vitamin C were 

determined by using RQFlex (Merck Company, Darmstadt, Germany). 

For the other analysis, rest of the berries stored at -20 ºC until further analyses. During 

analysis, the cold fruits were taken and thawed to room temperature. A laboratory blander 

used to homogenise fruit samples (100 g lots of fruits per genotypes) and a single extraction 

procedure (taking 3 g aliquots and transferring it inside tubes and extracted for one hour 

with 20 mL buffer including acetone, water (deionized), and acetic acid (70:29.5:0.5 v/v) 

(Singleton and Rossi, 1965). 

 

2.3.2. Extraction of sugars and organic acids 

 

Five grams samples slurries were mixed with deionized water or metaphosphoric acid 

(2.5%) for the analysis of individual sugar and organic acid, respectively. The obtained 

homogenates were centrifuged at 10000 rpm for 10 min. The samples were filtered into 

HPLC vials using 0.45 μm PTFE membrane filter for analysis. All HPLC solvents were 

sonicated. All samples and corresponding standard injection were repeated three times and 

the mean values were calculated.  

 

2.3.3. Chromatographic conditions 

 

The Perkin Elmer HPLC system controlled by software Totalchrom navigator (version 6.2.1), 

consists of a pump and UV detector was used for analysis of the samples. Organic acids 

separation and determination were performed as per the method reported by Shui and 

Leong (2002). The sugars were determined using the method of Bartolome et al. (1995) with 

help of HPLC with refractive index (RI) detector. The separation was carried out on SGE SS 

Exsil amino column (250 × 4.6 mm ID). The isocratic elution was performed using 

acetonitrile (80%) and deionised water (20%) with a flow rate of 0.9 mL/min. The column 

was operated at 30 °C and the sample injection volume were at 20 μL. Quantification of 

organic acids and sugars were performed against the reference standards. 

 

2.3.4. Total phenolic content 

 

Total phenolic contents (TPC) of the samples were evaluated using the method of Singleton 

and Rossi (1965). In this procedure, each extract (1 mL) was mixed with Folin-Ciocalteu's 

reagent and water 1:1:20 (v/v). The samples were incubated for 8 min. Then the addition of 

sodium carbonate (10 mL) having a concentration of 7% (w/v) was performed. After 

incubation for 2 h, the absorbance at 750 nm was measured. Total phenolic contents were 

calculated against the reference standard calibration curve of gallic acid. The TPC was 

expressed as mg of gallic acid equivalents (GAE) per 100 g of sample (fresh weight (FW) 

basis).  
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2.3.5. Total anthocyanin content 

 

Total anthocyanins contents were measured using a pH differential method of Giusti and 

Wrolstad (2005) with help of UV–visible spectrophotometer. The absorbance was measured 

both at 533 and 700 nm in buffers solution at pH 1.0 and 4.5. The total anthocyanins were 

calculated from the absorbance values and molar extinction coefficient value of 29,600. Total 

anthocyanins contents were expressed as mg of cyanidin-3-glucoside equivalent in per 100 g 

of fresh sample. 

 

2.3.6. Ferric Reducing Antioxidant Power Assay 

 

FRAP (Ferric reducing antioxidant power) assay was used for antioxidant capacity analysis. 

For this purpose, acetonic fruit extract (50 µL), FRAP reagent (2.95 mL), acetate buffer (0.1 

mol/L), TPTZ (10 mmol/L), and ferric chloride of 20 mmol/L (10:1:1 v/v/v) were used. The 

values of samples absorbance were compared with those of the reference standard 

calibration curves in the range of 10-100 µmol/L of Trolox was used to determine FRAP 

values of samples. The FRAP was expressed as mmol per 100 g of Trolox equivalent on the 

basis of the fresh weight of fruits (Benzie and Strain, 1996).  

 

2.4. Statistical Analysis 

 

All samples were five times replications for each experiment. For analysis of variance, the 

obtained data were used for means calculation. Duncan multiple range tests were performed 

at the significant level of P<0.05. 

 

3. Results and Discussion 

 

3.1. Morphological measurements 

 

Shrub growth habit, crown shape, trunk bark color, density of branches are shown in Table 1 

and inflorescence width, length, the number of fruits per inflorescence and individual fruit 

weight were shown in Table 2. 

As shown in Table 1, the majority of genotypes had spread shrub habits and only 

genotype ARD-04 had erect shrub habit. Three genotypes had globose crown shape and 2 

genotypes had columnar crown shape. Two genotypes had dark brown, 2 genotypes had 

light brown and on genotype had dark grey trunk bark color. The majority of genotypes had 

high density of branches and only genotype ARD-04 had medium density of branches 

(Table 1). Bizera et al. (2019) studied on 15 wild grown Sambucus nigra genotypes and found 

that the majority of genotypes had spread shrub habit (73.3% of genotypes) and globose 

crown shape (66.6% of genotypes). They also found that dark and light brown trunk color 

was dominant among wild Sambucus nigra genotypes. They reported that 53.3% of 

genotypes had high density of branches. Our results are in general coinciding with above 

results.  

Table 2 indicates inflorescences width and length, the number of fruits per 

inflorescences and individual fruit weight of five genotypes. The inflorescences width and 

length were found between 11.15-14.07 cm and 8.68-14.56 cm. The number of fruits per 

inflorescence and individual fruit weight were in range of 143-202 and 0.10-0.16 g, 
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respectively. We found statistically significant differences among genotypes for 

inflorescences width and length, the number of fruits per inflorescences and individual fruit 

weight (p<0.05). Mratinic and Fotiric (2007) selected 5 promising Sambucus nigra genotypes 

from Serbia and reported inflorescences width, inflorescence length, the number of fruits per 

inflorescences and individual fruit weight of five genotypes were between 10.67-14.32 cm, 

8.01-15.88 cm, 131-280 and 0.13-0.21 g, respectively. They also found that genetic 

background is more important factor to determine inflorescence and fruit characteristics of 

Sambucus nigra. Our results are in agreement with Mratinic and Fotiric (2007) and the 

differences could be results of genotypes used, genetic background, harvest period, 

sampling years etc. Wazbinska and Puczel (1989) studied on wild black elderberry in Poland 

and reported that the number of fruits per inflorescence ranged from 100-220, whereas 

cultivars had between 143 and 380 fruits per inflorescence. Johnson et al. (1985) reported 

lower fruit weight (0.08 g) than our result. Wazbinska and Puczel (1989) studied on wild 

black elderberry in Poland and reported that fruit weight between 0.13-0.19 g in wild 

elderberry and 0.18-0.33 g in cultivars. Atkinson and Atkinson (2002) reported that fruit 

weight of black elderberry picked from 20 locations in Great Britain amounted to 0.12 g.  

Unfortunately in literature there is very limited study on morphological traits of 

Sambucus nigra. Because elderberry has traditionally been harvested from the wild and not 

cultivated on a large scale, little is known about its potential as a commercial crop. Thus our 

results are important to add value about morphological evaluation of this plant on literature.  

 
Table 1. Shrub characteristics of five Sambucus nigra genotypes 

Genotypes Shrub habitus Crown shape Trunk bark color Density of branches 

ARD-01 Spread Globose Dark brown High 

ARD-02 Spread Columnar Light brown High 

ARD-03 Spread Globose Dark brown High 

ARD-04 Erect Columnar Light brown Medium 

ARD-05 Spread Globose Dark grey High 

 

Table 2. Inflorescence characteristics of five Sambucus nigra genotypes 

Genotypes 
Inflorescence 

width (cm) 

Inflorescence 

length (cm) 

The number of berries 

per inflorescence 

Individual berry 

weight (g) 

ARD-01 11.15c 8.68d 156d 0.12ab 

ARD-02 12.56b 11.14c 143e 0.10a 

ARD-03 13.42ab 13.80b 184b 0.13ab 

ARD-04 14.07a 14.56a 202a 0.12b 

ARD-05 12.10b 11.40c 177c 0.16a 
*Different letters indicate the statistical difference within the same column among genotypes at 5% level. 

 

3.2. Biochemical analysis 

 

3.2.1. SSC, titratable acidity, juice yield and pH 

  

The genotypes differed each other statistically (p<0.05) in terms of SSC, titratable acidity, 

juice yield and pH (Table 3). SSC, titratable acidity, fruit juice yield and pH were found 

between 13.46-17.78%, 1.01-1.14%, 75.8-84.4% and 4.03-4.22, respectively. Thomas et al. (2013) 

reported SSC, titratable acidity and pH between 9.3-12.2%, 0.45-0.64% and 4.73-5.22 among 

12 Sambucus canadensis genotypes in USA. The differences between both studies could be 
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result of different species used. Sambucus canadensis known as American elderberry and 

Sambucus nigra known as European elderberry. Flowers and berries of S. nigra have a more 

pronounced flavor and aroma, and are sweeter and bigger than those of S. canadensis 

(Charlebois et al., 2010). Mratinic and Fotiric (2007) reported SSC, pH and acidity among 

wild edible black elderberries between 14.80-17.19%, 1.00-1.15% and 4.00-4.10, respectively 

indicating close values with our findings.  
 

Table 3. Biochemical characteristics of five Sambucus nigra genotypes 

Genotypes SSC (%) Titratable acidity (%) Berry juice yield (%) pH 

ARD-01 15.33b 1.14b 84.4a 4.17b 

ARD-02 17.78a 1.07c 78.4b 4.03d 

ARD-03 13.46c 1.24a 75.8c 4.22a 

ARD-04 14.78bc 1.01d 76.2c 4.04d 

ARD-05 14.40bc 1.10bc 80.3b 4.11c 
*Different letters indicate the statistical difference within the same column among genotypes at 5% level. 

 

3.2.2. Vitamin C, total phenolic content, total anthocyanin content and total antioxidant 

capacity 

 

The major bioactive contents in fruits of Sambucus nigra genotypes were Vitamin C (Ascorbic 

acid), total phenolic content, total anthocyanin and antioxidant capacity. 

We found statistically significant differences among genotypes at 0.05 level for all 

searched bioactive parameters (Table 4). Vitamin C content were between 22-32 mg/100 g 

fresh fruits (Table 4).   

Kan (2019) studies on wild grown elderberry in Rize region in Turkey and reported 

Vitamin C between 26 and 38 mg per 100 g fresh fruit base. Mratinic and Fotiric (2007) 

revealed diverse vitamin C content (20-35 mg/100 ml) in 5 wild grown elderberry genotypes. 

Kaack and Austed (1998) reported vitamin C content of 13 elderberry cultivars between 6–25 

mg/100 ml and in Czech Republic vitamin C content of Sambucus nigra plants were average 

26 mg per 100 g (Porparczy and Laszlo, 1984). Our vitamin C values were close to above 

studies 

Our wild grown elderberry genotypes had total phenolic content between 413 mg 

GAE/100 g (ADR-04)-456 mg GAE/100 g (ARD-03), respectively. Kan (2019) reported total 

phenolic content 360-447 mg GAE/100 g among wild grown elderberry in Rize region in 

Turkey. Thomas et al. (2013) reported a wide variation on total phenolic content between 

421-719 mg GAE per 100 g fresh elderberry fruits in USA. Lee and Finn (2007) also reported 

a wide variation on total phenolic content (327- 582 mg GAE/100 g) in fresh Sambucus nigra 

fruits. Mikulic-Petkovsek et al (2016) reported wider variation on total phenolic content of 

wild grown elderberry fruit (268-683 mg GAE/ 100 g fresh fruit) in Slovenia. Our total 

phenolic content results are within limits of previous studies. The differences could be 

results of cultivars/genotypes used, genetic background, harvest period, different extraction 

methods, ecological conditions and sampling years. 

We found total anthocyanin content between 360-411 mg cyanidin-3-glucoside 

equivalent per 100 g fresh fruit (Table 4). Kan (2019) reported total anthocyanin content from 

307 mg to 412 mg cyanidin-3-glucoside equivalent per 100 g fresh fruit which in accordance 

with our results. The major anthocyanins in black elderberry fruits were reported as 

cyanidin-3-glucoside and cyanidin-3-sambubioside (Veberic et al., 2009). Veberic et al. (2009) 

reported higher total anthocyanin content (602-1265 mg per 100 g) in elderberry fruits. 
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However Lee and Finn (2007) reported between 140 to 280 mg cy-3-glu/100 g in fresh 

elderberry fruits and Thomas et al. (2013) reported total anthocyanins content between 85-

385 mg cy-3-glu/100 g fresh elderberry fruits in USA indicating similarities with our results. 

Bronnum-Hansen and Hansen (1983) found total anthocyanin content in 26 elderberry 

cultivars and genotypes between 200-1000 mg cy-3-glu/100 g fresh fruits. Previous study 

indicated that elderberry fruits shows great vatiation on total anthocyanin anthocyanin 

content (Mikulic-Petkovsek et al., 2016). These results indicate total anthocyanin richness of 

black elderberry fruits.  

Antioxidant activity of elderberry genotypes determined by ferric reducing power 

(FRAP assay) and the genotypes are arranged in descending order of the percentage 

decrease ARD-03 (8.26 mmol/100 g)>ARD-01 (8.06 mmol/100 g)>ARD-05 (6.98 mmol/100 g)> 

ARD-02 (6.11 mmol/100 g)> ADR-04 (5.80 mmol 100 g), respectively (Table 4). Halvorsen et 

al. (2002) reported average FRAP value in elderberry genotype grown in Norway was 5.24 

mmol/100 g indicating higher value than blueberry (3.64 mmol/100 g), cranberry (5.03 

mmol/100 g), raspberry (3.06 mmol/100 g) and strawberry (2.17 mmol/100 g). Kan (2019) 

reported antioxidant activity from 5.28 to 7.11 mmol/100 g among 7 wild grown elderberry 

selections in Turkey. 
 

Table 4. Vitamin C, total phenolics, total anthocyanins and antioxidant capacity in fruits of five 

Sambucus nigra genotypes 

Genotypes 
Vitamin C 

(mg/100 g) 

Total phenol (mg 

GAE/100 g) 

Total anthocyanin 

(mg cy-3-gluc/100 g) 

FRAP 

(mmol /100 g) 

ARD-01 32a 444b 393a 8.06a 

ARD-02 28b 428c 379b 6.11bc 

ARD-03 22d 456a 401a 8.26a 

ARD-04 30ab 413d 368bc 5.80c 

ARD-05 26c 432c 350c 6.98b 

*Different letters indicate the statistical difference within the same column among genotypes at 5% level. 

 

3.2.3. Sugars  

  

Table 5 shows sugar content of Sambucus nigra genotypes. Fructose and glucose equally 

significantly contribute sugar content of black elderberry fruits. Sucrose is also contributes 

sugar content in black elderberries. Fructose, glucose and sucrose content were between 

38.14-46.11 g/kg; 35.15-41.44 mg/kg and 8.95-12.56 g/kg, respectively (Table 5). Kan (2019) 

reported fructose content in wild grown elderberries between 40.11-50.42 g/kg, glucose and 

sucrose content were between 38.24-48.36 and 9.54-11.22 g/ kg supporting our results. Our 

results are also close to previous studies (Veberic et al., 2009; Thomas et al., 2013; Maja-

Mikolic et al., 2016). We reported fructose to glucose ratio (1:1) fruits with increased fructose 

levels should be favored by the consumers as this sugar tastes sweeter than glucose or 

sucrose and has a much lower glycemic index compared to other analyzed sugars (Atkinson 

et al., 2008). Elderberry fruit accumulates low levels of total sugars thus elderberry products 

(juice, syrups, jams etc.) represent an interesting supplement to human diet. 
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Table 5. Specific sugars of five Sambucus nigra genotypes (g/kg FW) 

Genotypes Sucrose Fructose Glucose 

ARD-01 11.07b 44.23b 39.15b 

ARD-02 12.56a 46.11a 41.44a 

ARD-03 8.95d 38.14d 35.15d 

ARD-04 9.44c 40.22c 37.38c 

ARD-05 9.03d 38.56d 37.02c 

*Different letters indicate the statistical difference within the same column among genotypes at 5% level. 

 

3.3.3. Organic acids 

 

Black elderberry fruits accumulated mostly citric, malic, tartaric, shikimic and fumaric acid 

(Table 6). Citric and malic acid were major level, tartaric acid was medium level and 

shikimic and fumaric acid found minor level in black elderberry fruits, which were varied 

from 8.35-9.04 g/kg, 5.40-6.14 g/kg, tartaric acid 1.65-2.16 g/kg, 0.30-0.41 g/kg and 0.12-0.25 

g/kg, respectively (Table 6). Kan (2019) found that major organic acids in black elderberry 

fruits were citric (7.38-8.02 g/kg) and malic acid (5.12-6.44). Mikulic-Petkovsek et al. (2016) 

determined four organic acids in the elderberry berries and citric acid was the most 

abundant organic acid in all cultivars/selections. Rich citric acid content in elderberry fruits 

is indicating suitability of this specie for processing. 
 

Table 6. Organic acid content of five Sambucus nigra genotypes (g/kg FW) 

Genotypes Citric Malic Tartaric Shikimic Fumaric 

ARD-01 8.66b 5.88b 1.65d 0.35ab 0.25a 

ARD-02 9.04a 6.14a 2.16a 0.41a 0.14c 

ARD-03 8.41bc 5.60c 1.83c 0.30b 0.20b 

ARD-04 8.35c 5.40d 1.96bc 0.33ab 0.12c 

ARD-05 8.50bc 5.52cd 2.04b 0.35ab 0.14c 

*Different letters indicate the statistical difference within the same column among genotypes at 5% level. 

 

4. Conclusion 

 

Black elderberry fruits are generally found in humid forests in Turkey. It could be named 

‘hidden treasures’ in the forests and could easily play a positive and huge role in delivering 

a balanced and healthy diet, especially in poor parts of the world. Among the genotypes 

studied, ARD-01 and ARD-03 stood out for its higher contents of bioactive compounds and 

higher antioxidant capacity, indicating that these genotypes has great potential for use in 

plant breeding programs that should be further explored. Black elderberry fruits may also 

be interesting for the industry, as, e.g., food additives, dietary supplements or ingredients in 

cosmetics due to their high content of bioactive compounds. 
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Abstract: Erzurum province is located 1900 m a.s.l and has very short vegetation period. Thus grape 

and blackberry production is not possible in the province due to lack of heat summit and short 

vegetation period. In this study we aimed to attempt if grape and blackberry production is possible in 

summer months in unheated greenhouses in Erzurum. We used black (cv. Karaerik) and white (cv. 

Narince) grape cultivars and Bursa II blackberry cultivars in experiment. Fruit weight, fruit width, 

fruit length, the number of cluster per shoot, SSC (Soluble Solid Content), titratable acidity, vitamin C 

and pH of cv. Bursa II blackberry were 4.10 g, 19.73 mm, 21.06 mm, 5.43, 12.5%, 1.05%, 40 mg/100 g 

and 2.3. For cv. Karaerik and Narince grape cultivars, average fruit weight, fruit width, fruit length, 

cluster weight, SSC, titratable acidity, vitamin C and pH were 4.68 and 3.69 g, 17.81 and 18.17 mm, 

21.58 and 18.37 mm, 276 and 362 g, 16.4 and 14.2%, 1.65 and 1.43%, 3.3 and 6.9 mg/100 g and 2.9 and 

2.9, respectively. The results indicated that it is possible to growth blackberries and grapes in 

unheated greenhouse condition at 1900 m a.s.l and contribute fruit diversity in Erzurum province. 

Keywords: blackberry, grape, high altitute, production, greenhouse. 

 

1. Introduction 

 

Among horticultural plants, the grape is one of the earliest domesticated crops and, since 

antiquity; it has been widely cultivated and prized for its fruit (berry) and wine. It is one of 

the most valuable horticultural crops in the world. In the different parts of the world, grapes 

are harvested nearly 8 million ha of vineyards and gave 75.000.000 tons yearly production. 

Grapes are mostly processed into wine, but some is destined for fresh consumption as table 

grapes, dried into raisins, processed into nonalcoholic juice, and distilled into spirits (This et 

al., 2007). The archaeological record suggests that cultivation of the domesticated grape, Vitis 

vinifera subsp. vinifera, began 6.000-8.000 years ago in the Near East from its wild 

progenitor, Vitis vinifera subsp. sylvestris (McGovern, 2003). The thousands of grape cultivars 

is available throughout the world and Turkey has more than 1.500 named grape cultivars of 

which 800 are genetically different and there are around 30 outstanding wine grape 

varieties among them (Eyduran et al., 2015; Soylemezoglu et al., 2016).  

Like other fruits, the origin of blackberries is very complicated and there are numerous 

cultivated varieties that have been developed through the centuries. Blackberries are 

popular fruits widely distributed throughout nature, except the Polar Regions, and grown 

worldwide. World consumption of blackberries increased in the past few decades, and they 

are consumed fresh, frozen, or commercially processed into a variety of foods and other 

products such as jam, wine, tea, ink, dyes, fruit leather, ice cream, cake pastry, and medicine 

(Gercekcioglu and Esmek, 2005; Eyduran et al 2008). Fruits (berries) of blackberry had 
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pleasant flavor and high nutritive and health value. Blackberries are rich sources of 

carbohydrates, dietary fibers, vitamins, minerals ant other bioactive compounds (Wang, 

2007). 

Suitable plant selection, plant placement, management procedures, season-extending 

techniques, frost and cold protection techniques, protected cultivation etc. have been caused 

to increase growing area of Horticulture plants all over world. In short-season, high-altitude 

environments, many plants needing routine protection from spring, fall, and the occasional 

summer frosts. Season extenders will get plants through untimely frosts. Season extender is 

a broad term for many techniques and products. Some season extenders have the additional 

advantage of accelerating growth by holding warmth around plants during cool spring 

weather. Some extender techniques work best for spring protection, others for fall, and some 

work at both ends of the season. Glass, plastic or fiberglass structures are the ultimate in 

season extenders. Even an unheated greenhouse can allow to growth of variety of plants.  

Viticulture was among those sectors most sensitive to agro-environment (Jackson and 

Lombard, 1993). High altitude climate zone was typical alpine climate and has low air 

temperature, high ultraviolet radiation, low rainfall, low atmospheric gases, low air 

pressure, low CO2 partial pressure, and frequent atmospheric transparency etc. (Battaglini et 

al., 2009; Aguilera et al., 2013; Loayza-Muro et al., 2013). 

In higher altitude places with short vegetation period, it is difficult to growth grapes 

and blackberries. The heat summit is also not enough in those areas for blackberries and 

grapes for production. In greenhouses, even unheated greenhouses it is possible to growth 

blackberries and grapes. Because greenhouses can help many perennials by minimizing 

chances for early and late season frost injury.  

The aim of this study to growth blackberry and grape in unheated greenhouses in high 

altitude, short vegetation area, namely Erzurum at the altitude of 1900 a.s.l. 

 

2. Materials and Methods 

 

2.1. Plant material 

 

Bursa II blackberry cultivar and 2 famous black and white grape cultivars (Karaerik and 

Narince) were used as material. The experiment was conducted in an unheated carbon fiber 

greenhouse belongs to Ataturk University Plant Production Application and Research 

Center. For blackberries, 1 year olds blackberry sapling material and for grape, non-grafted 

plant material was used. In april 2017, blackberry plant materials were planted with 1 x 1 m 

distances and double wire training system was applied. For grapes, plant materials planted 

3 x 1 m within and between rows in april 2017 and each row included 9 plants per cultivar. 

Double cordon system was used for grapes. Straw mulch and drip irrigation was used in 

greenhouse as well. Mature fruits (30 per replicates for each cultivar of blackberry and 

grapes) assessed by full colour development were harvested. The fruits were transported to 

the laboratory in the same day for sample preparation and analysis. 

1. For blackberry: Fruit (berry) weight, fruit width, fruit length, the number of cluster 

per shoot, SSC (Soluble Solid Content), titratable acidity, vitamin C and pH were 

determined. 

2. For grapes: Fruit (berry) weight, berry width, berry length, cluster weight, the 

number of seed per fruit, SSC, titratable acidity, vitamin C and pH were determined. Fruit 



GEA (Geo Eco-Eco Agro) International Conference, 28-29 May 2020, Montenegro - Book of Proceedings 

47 

 
 

weight was measured by using a digital balance. Fruit width and length measurements were 

done with digital caliper. 

For the SSC (Soluble Solid Content), titratable acidity, vitamin C and pH analyses, 

harvested fruits immediately transferred to laboratory and SSC, titratable acidity, vitamin C 

and pH were determined immediately. SSC content was determined by extracting and 

mixing one drops of juice from theeach fruit into a digital refractometer (Kyoto Electronics 

Manufacturing Co. Ltd., Japan, Model RA-250HE) at 22 0C. The titratable acidity was 

determined with titration by AOAC (1984). The pH measurements were made using a 

digital pH meter (WTW Inolab Level 1, Germany) calibrated with pH 4 and 7 buffers. The 

Vitamin C was determined by using RQFlex (Merck Company, Darmstadt, Germany). 

 

3. Results and Discussion 

 

Fruit weight, fruit width, fruit length, the number of cluster per shoot, SSC (Soluble Solid 

Content), titratable acidity, vitamin C and pH of cv. Bursa II blackberry were 4.10 g, 19.73 

mm, 21.06 mm, 5.43, 12.5%, 1.05%, 40 mg/100 and 2.3, respectively (Table 1). Gercekcioglu 

and Esmek (2005) evaluated 7 blackbarry cultivars in inner Anatolia and they found fruit 

weight between 2.83 g (Bursa II)-7.88 g (Jumbo) indicating lower fruit weight value for Bursa 

II than our study. They reported SSC content 8.98% (Bursa I)-Arapaho (11.88%). Bursa II 

give 11.13% SSC in their study indicating lower values than our study as well. In addition, 

titratable acidity were found between 1.63% (Cherekee)-2.72% (Bursa II). Our titratable 

acidity content was lower than this study. They also reported that fruit shape (length/width) 

of 7 cultivars was beyond 1.0 except Bursa I, Bursa II and Bursa III. Our fruit shape value 

were found close to 1.0. Turemis et al. (2003) used 9 blackberry cultivars in Mediterranean 

region in Turkey and reported fruit weight, SSC, titratable acidity and pH between 2.7-5.2 g, 

7.8-11.3%, 0.9-1.3% and 1.7-2.2, respectively. They found that Bursa II had fruit weight 3.30 

g, SSC 9.4%, titratable acidity 1.1% and pH 2.1, respectively which in accordance with our 

titratable acidity and pH result. The differences on fruit weight and SSC content could be 

result of different growing system (open field vs. greenhouse). Ozdemir et al. (2006) reported 

fruit weight, SSC, titratable acidity and pH 3.1 g, 13.1%, 1.2% and 3.5, respectively in eastern 

Mediterranean region in Turkey which partly in agreement with our results.  

There were statistically significant differences among Karaerik and Narince grape 

cultivars in terms of all serched parameters except pH (Table 1). Fruit weight, fruit width, 

fruit length, cluster weight, the number of seeds per fruit, SSC, titratable acidity, vitamin C 

and pH were 4.68 g, 17.81 mm, 21.58 mm, 276 g, 2.5, 16.4%, 1.65%, 3.3 mg/100 g and 2.9, 

respectively for cv. Karaerik (Table 1). Previously Karadogan (2016) reported fruit weight, 

fruit length, fruit width, cluster weight, SSC, titratable acidity, vitamin C and pH of 6 

Karaerik clones were between 4.33-4.86 g, 20.65-23.08 mm, 14.96-17.57 mm, 505-567 g, 16.65-

18.03%, 0.73-0.82%, 11-18 mg/100 mg and 3.10-3.33, respectively indicating most of his 

values higher than our parameters, except titratable acidity. Kupe (2013) reported fruit 

weight, cluster weight, the number of seeds, SSC, titratable acidity and pH in cv. Karaerik as 

5.9 g, 355 g, 1.8, 12.7%, 1.01% and 2.9, respectively which supports our findings.  

For cv. Narince grape, fruit weight, fruit width, fruit length, cluster weight, SSC, 

titratable acidity, vitamin C and pH were 3.69 g, 18.17 mm, 18.37 mm, 362 g, 14.2%, 1.43%, 

6.9 mg/100 g and 2.9, respectively. Yildiz (2014) reported fruit weight, cluster weight, SSC 

and pH between 2.3-3.7 g, 290-511 g, 19.8-23.8% and 2.3-2.8 among 10 Narince clones in 

inner Anatolia which close to our results. Gokturk (2014) reported fruit weight, cluster 
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weight, SSC, titratable acidity and pH on a number of Narince clones from Erbaa and Niksar 

districts were between 2.1-4.8 g, 121-564 g, 19.3-25.6%, 0.60-0.97% and 2.2-2.9, respectively. 

Our result are in agreement with results of Gokturk (2014) except SSC. The differences could 

be explain growng system (open field vs. greenhouse), different clones used, soil condition, 

ecology etc. Previous studies showed that topographic condition, soil, climate, atmosphere 

composition were primary cause for crop production, berry and wine composition in grape 

(Dourtoglou et al., 1994; Carbone and Mencarelli, 2015; Neethling et al., 2016). 

 
Table 1. Main fruit and cluster traits of blackberry and grapes 

Traits 
Blackberry 

cv. Bursa II 

Grape 

cv. Karaerik 

Grape 

cv. Narince 

Fruit weight (g) 4.10 4.68a 3.69b 

Fruit width (mm) 19.73 17.81b 18.17a 

Fruit length (mm) 21.06 21.58a 18.37b 

The number of cluster per shoot 5.43 - - 

The number of seeds per berry - 2.50b 3.50a 

SSC (%) 12.50 16.40a 14.20b 

Titratable acidity (%) 1.05 1.64a 1.43b 

Vitamin C (mg/100 g FW) 40 3.3b 6.9a 

pH 2.3 2.9NS 2.9 

Means with different letters in the same row for grape cultivars differ significantly (p < 0.05). 

4. Conclusion 

 

In conclusion the results indicated that it is possible to growth blackberries and grapes in 

unheated greenhouse condition at 1900 m a.s.l and contribute fruit diversity in Erzurum 

province. 

 

References 
 

Aguilera X, Lazzaro X, Coronel JS (2013) Tropical high-altitude Andean lakes located above the tree 

line attenuate UV-A radiation more strongly than typical temperate alpine lakes. Photochemical 

and Photobiological Sciences, 12: 1649-1657. 

AOAC (1984) Officials Methods of Analysis, 14th edition. Association ofOfficial Analytical Chemist, 

Arlington, VA, USA. 

Battaglini A, Barbeau G, Bindi M, Badeck FW (2009). European winegrowers’ perceptions of climate 

change impact and options for adaptation. Regional Environmental Change 9:61-73. 

Carbone K, Mencarelli F (2015). Influence of short-term postharvest ozone treatments in nitrogen or 

air atmosphere on the metabolic response of white wine grapes. Food and Bioprocess 

Technology 8:1739-1749. 

Dourtoglou VG, Yannovits NG, Tychopoulos VG, Vamvakias MM (1994). Effect of storage under 

carbon dioxide atmosphere on the volatile, amino acid, and pigment constituents in red grape 

(Vitis vinifera L. var. Agiorgitiko). Journal of Agricultural and Food Chemistry 42: 338-344. 

Eyduran SP, Eyduran E, Agaoglu YS (2008). Estimation of fruit weight by cane traits for eight 

American blackberries (Rubus fruticosus L.) cultivars. Journal of Biotechnology, 7: 3031-3038.  



GEA (Geo Eco-Eco Agro) International Conference, 28-29 May 2020, Montenegro - Book of Proceedings 

49 

 
 

Eyduran SP, Akin M, Ercisli S, Eyduran E, Maghradze D (2015) Sugars, organic acids, and phenolic 

compounds of ancient grape cultivars (Vitis vinifera L.) from lgdir province of Eastern Turkey. 

Biol Res 48:2. 

Gercekcioglu R, Esmek I (2005). Comparison of different blackberry (Rubus fruticosus L.) cultivars in 

Tokat, Turkey. Journal of Applied Sciences, 5: 1374-1377. 

Gokturk M (2014). Clonal selection of Narince grape cultivar in Erbaa and Niksar Districts-I. MsC 

Thesis. Gazi Osman Pasa University, Department of Horticulture, 65 p.  

Jackson DI, Lombard PB (1993). Environmental and management practices affecting grape 

composition and wine quality--a review. American Journal of Enology and Viticulture 44, 409-

430. 

Karadogan B (2016). Studies on phytochemical characteristics of karaerik (Vitis vinifera cv. Karaerik) 

clones. MsC Thesis. Yuzuncu Yil University Horticulture Department, 54 p. 

Kupe M (2013). Determining suitable pruning level after winter frost damage in Karaerik grape 

cultivar grown in Uzumlu district of Erzincan. MsC Thesis, Ataturk University Departmant of 

Horticulture, 75 p.  

Loayza-Muro RA, Marticorena-Ruíz JK, Palomino EJ, Merritt C, Breeuwer JAJ, Kuperus P, Kraak 

MHS, Admiraal W (2013). Ultraviolet-B-driven pigmentation and genetic diversity of benthic 

macroinvertebrates from high-altitude Andean streams. Freshwater Biology 58:1710-1719. 

McGovern PE (2003) Ancient Wine: The Search for the Origins of Viniculture (Princeton Univ 

Press, Princeton). 

Neethling E, Petitjean T, Quénol H, Barbeau G (2016). Assessing local climate vulnerability and 

winegrowers’ adaptive processes in the context of climate change. Mitigation & Adaptation 

Strategies for Global Change, 1-27. 

Ozdemir E, Ayanoglu H, Gunduz K, Bayazit S (2006). Determination of vegetative and fruit 

characteristics of some thornless blackberry genotypes in Hatay (Turkey). International Journal 

of Fruit Science, 5(2):77-83.  

Soylemezoglu G, Atak A, Boz Y, Unal A, Saglam M (2016). Viticulture in Turkey. Chronica Hortic 

56(2): 27-31. 

This P, Lacombe T, Cadle-Davidson M, Owens CL (2007) Wine grape (Vitis vinifera L.) color associates 

with allelic variation in the domestication gene VvmybA1. Theor Appl Genet 114:723-730.  

Turemis N, Kafkas S, Kafkas E, Onur C (2003). Fruit characteristics of nine thornless blackberry 

genotypes. J. Am. Pomol. Soc. 57:161-165.  

Wang S.Y. (2007): Antioxidant capacity and phenolic content of berry fruits as affected by genotype, 

pre harvest conditions, maturity, and handling. In: Zhao Y. (ed.): Berry Fruit: Value added 

Products for Health Promotion. Taylor and Francis Group, Boca Raton, 147–186. 

Yildiz E (2014). Clonal selection of Narince grape cultivar grown in Tokat center, Zile and Turhal 

province districts. MsC Thesis. Gazi Osman Pasa University, Department of Horticulture, 54 p.  

 
 

 

  



GEA (Geo Eco-Eco Agro) International Conference, 28-29 May 2020, Montenegro - Book of Proceedings 

50 

 
 

Article 

The effect of altitude on morphological and 

biochemical characteristics of autochthonous grape 

cultivar ‘Kabarcik’ 
Muhammed Kupe1, *, Sezai Ercisli1 

1 Ataturk University, Agricultural Faculty, Department of Horticulture, Erzurum-Turkey, sercisli@gmail.com  

* Correspondence: e-mail: muhammed.kupe@atauni.edu.tr; Tel: +90-+90-536-500-0607 

 

Abstract: The aim of this study to evaluate the effect of altitude (800 m, 900 m, 1000 m and 1150 m) on 

some important morphological and biochemical characteristics of autochthonous grape cultivar, 

‘Kabarcik’ grown in Olur district in Turkey. Cluster weight, cluster length, cluster density, cluster 

stalk length, berry shape and berry skin color were investigated as morphological traits. Biochemical 

parameters included total phenolic content, total flavonoid content, phenolic acids, antioxidant 

activity, soluble solid content (SSC) and titratable acidity. Cluster weight and density are decreased 

with altitude increase but cluster stalk length is increased with altitude increase. Cluster weight were 

found between 192-281 g at different altitudes. Cluster length were determined as 19.82 cm, 17.56 cm, 

15.16 cm and 14.88 cm at 800 m, 900 m, 100 m and 1150 m altitude, respectively. SSC and titratable 

acidity were increased with altitude increase. Total phenolic content, total flavonoid content, phenolic 

acids and antioxidant activity were found to be higher level at higher altitudes. The results indicate 

the importance of altitude of grape external and internal berry quality.  

 

Keywords: Autochthonous grape cultivar, compositional change, altitude. 

 

1. Introduction 

 

Turkey is home to some of the historical varieties of grapes, sharing a deep-rooted history of 

viticulture together with Caucasian countries such as Georgia, Azerbaijan and Armenia. 

Each grape region in Anatolia has own autochthonous grape cultivars (Eyduran et al. 2015) 

In ancient times, there was an almost continuous geography of grapevines, called a 

grape belt, stretching from the Southern Caucasus all the way down to the Barak plain that 

reaches to Syria from the Antep plateau. Upper Mesopotamia is considered to be the land 

where the wild grape has its origins. The very first domestication of the wild Eurasian 

grape Vitis vinifera in southeastern Anatolia is dated sometime between 8.500 and 5.000 BC 

(McGovern et al. 2003; Gokbayrak and Soylemezoglu 2010). 

Turkey has an exciting geography for grapevines, from the Mediterranean climates 

dominant in the Thrace and Aegean regions, to the high plateaus and continental climate of 

Central and Eastern Anatolia. Vineyards across Turkey are blessed with abundant sunlight, 

with the added bonus of great temperature fluctuation between day and night at higher 

altitudes (Soylemezoglu et al. 2016; Isci and Altindisli 2017). 

It is estimated that there are around 1200 indigenous grape cultivars in Turkey, of 

which only around 60-80 are cultivated commercially (Ergul et al. 2002; Hizarci 2010). 

Turkey is one of the world’s leading countries of grape production with 4.200.000 tons 

production amount (sharing 5.65% of total world grape production) ranking 6th after China 

(13.083.000 tons), Italy (7.170.000 tons), USA (6.680.000 tons), France (5.916.000 tons) and 

Spain (5.388.000 tons). In Turkey, grapes have been mainly grown as table grapes (52%), 

followed by raisins (38%), and for fruit juice and wine (10%) (Soylemezoglu et al. 2016).  
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Several factors including the cultivar, temperature, rainfall, altitude, field management 

practices, geographical region, soil, training system etc. had significant influence on grape 

berry quality. Among them, cultivar is one of the major factors determining the difference in 

size and composition of the berry as a result of specific genetic characteristics associated 

with growth and the relative proportion of the components (flesh, seeds and skin) and their 

relationships (Barbagallo et al. 2011; Dai et al. 2011). Vineyard altitude can result in variation 

in temperature, solar radiation and ultraviolet radiation, and these climatic factors have been 

demonstrated to have a strong effect on phenology as well as several chemical parameters of 

the berry (Xing et al. 2015; Jin et al. 2017).  

Grape berries contain various nutrients such as vitamins, minerals, carbohydrates, 

dietary fibre and phytochemicals. Biological activities and health-promoting benefits are 

mostly possessed by polyphenols, which are considered to be the most important 

phytochemicals of grape (Ivanišov{ et al. 2019) and phenolic compounds contribute to 

organoleptic characteristics, and are associated with anti-cancer and cardiovascular 

protection and antioxidant activity (Burns et al. 2000; Skerget et al. 2004). The phenolic 

compound concentrations of grape berries are affected by time of harvest, genotypes, 

viticulture practices and environmental conditions (Downey et al. 2006). Variation in 

phenolic characteristics of grapes has often been observed at different altitudes and also has 

been characterized by regional differences (Mateus et al. 2001; Liang et al. 2014a). Higher 

altitudes synchronize with a lower temperature and higher humidity, which may be 

beneficial to bioactive content accumulation (Oliveira et al. 2004; Berli et al. 2015). 

Kabarcik grape cultivar has medium sized berries white-yellow in color and 1-3 seeds in 

each berry. Its clusters have conical-cylindrical structure, and it is the medium-sized and 

plump, mid-season cultivar (Celik 2002). Clusters, color, form, size and flavor of Kabarcik 

cultivar are similar to that of Saint Èmilion, which is processed into cocnag and vermut 

(Celek 2002). Kabarcik characterized with higher juice yield, acidity and aromatic quality, 

but is not suitable for wine production. Therefore, this cultivar is mainly processed into 

pekmez (a kind of concentrated grape juice). They turn into a yellowish color when ripened 

(Hayaloglu et al. 2009).  

Altitudinal gradients are among the most powerful natural environments for testing 

effect of environmental factors on berry and fruit quality characters. Steep changes in 

temperature, moisture, atmospheric pressure, ultraviolet radiation, hours of sunshine, wind, 

season length and geology occurs along altitudinal gradient (Korner 2007). Accordingly, to 

obtain a better understanding of the effect of climatic variables, this study was conducted to 

study the effect of growing locations with different altitudes on berry morphological and 

biochemical characteristics of grape cv. Kabarcik. 

 

2. Material and Methods 

 

2.1. Plant Material 

 

In this study, autochthonous grape cultivar ‘Kabarcik’ found in Northeastern part of Turkey 

was used. ‘Kabarcik’ is an old Turkish white autochthonous grapevine cultivar (Vitis vinifera 

L.). This cultivar used to table grape (locally), natural dried and concentrated, and was 

native, ancient cultivar of the Northeastern Anatolia region. In Olur district, the majority of 

grape vineyards established with this cultivar because it is resistant to powdery mildew 

(Uncinula necator) disease in grapevine in vineyards. Twenty vines per locations were 
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selected all about twenty years old at the Olur town of Erzurum. The vineyards established 

with this cultivar at the altitude of 800 m, 900 m, 1000 m and 1150 m a.s.l. All were cultivated 

in the same way (trained as double cordon) and all received the same crop field 

management treatments. When the berries reached full maturity at 4 different altitude, 

cluster weight, cluster length, cluster density, cluster stalk length, berry shape and berry 

skin color The berry samples picked homogenously and their laboratory analyses were 

conducted after the morphological measurements. Average cluster weight, cluster length, 

cluster density, cluster stalk length, berry shape and berry skin color were investigated as 

morphological traits. Biochemical parameters included total phenolic content, total 

flavonoid content, phenolic acids, antioxidant activity, soluble solid content (SSC) and 

titratable acidity. A total 40 randomly taken samples (cluster and berry) from each locations 

were used.  

 

2.2. Morphological traits 

 

Characterization of the cluster characters (cluster weight, length, density and stalk length) 

were performed in the full ripening period (in September), in a representative sample of kg 

clusters, at the full grape maturity, 2-3 days prior to harvest (IPGRI 1997). Characterization 

of the berries (shape and skin color) were performed in a representative sample of 50 berries 

taken randomly form the middle part of clusters (OIV 2009). 

 

2.3. Biochemical characteristics 

 

The fresh grape berries were used for preparation of ethanolic extract and an amount of 1g 

of each sample was extracted with 20 mL of 80% ethanol for 2 h and centrifuged at 4000 g for 

10 min. The supernatant was used for measurement of antioxidant activity (DPPH), 

detection of total polyphenol, phenolic acids and total flavonoid content.  

 

2.3.1. SSC and titratable acidity 

 

Soluble solid content (SSC), expressed as percentage (%), was determined in the juice of each 

sample using a digital refractometer. Titratable acidity was determined by titrating 10 mL of 

1:10 diluted whole berry (10 g) with 0.1 M NaOH as tartaric acid.  

 

2.3.2. DPPH method-radical scavenging activity  

 

Radical scavenging activity of samples was measured using 2,2-difenyl-1-picrylhydrazyl 

(DPPH) according to the procedures described by Sanchéz-Moréno et al. (1998). An amount 

of 0.4 mL of extract was added to 3.6 mL of DPPH solution (0.025 g DPPH in 100 mL 

ethanol). Absorbance of the reaction mixture was determined using the spectrophotometer 

at 515 nm. Radical scavenging activity of the samples was expressed as Trolox equivalent 

antioxidant capacity (mg/ml FW).  

 

2.3.3. Total polyphenol content  

 

Total polyphenol content of extracts was measured by the method of Singleton and Rossi 

(1965) using Folin-Ciocalteu reagent. A 0.1mL of each sample was mixed with 0.1 mL of 
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Folin-Ciocalteu reagent, 1 mL of 20% (w/v) sodium carbonate, and 8.8mL of distilled water. 

After 30 min in darkness the absorbance at 700 nm was measured using the 

spectrophotometer. Gallic acid was used as the standard and the results were expressed in 

mg gallic acid equivalents/g FW (mg GAE/100 g FW).  

 

2.3.4. Total flavonoid content  

 

Total flavonoids were determined using the modified method of Willett (2002). A 0.5 mL of 

sample was mixed with 0.1 mL of 10% (w/v) ethanolic solution of aluminium chloride, 0.1 

mL of 1 M potassium acetate and 4.3 mL of distilled water. After 30min in darkness, the 

absorbance at 415 nm was measured using the spectrophotometer. Quercetin was used as 

the standard and the results were expressed in mg quercetin equivalents /100 g FW (mg 

QE/100 g FW).  

 

2.3.5. Analysis of phenolic compounds 

 

In the research, chlorogenic acid, syringic acid, rutine, quercetin, catechin, o-coumaric acid, 

gallic acid, vanillic acid and ferulic acid were determined. In the separation of phenolic acids 

with HPLC, the method developed by Rodriguez-Delgado et al. (2001) was modified and 

used. The samples collected were distilled with distilled water at the ratio of 1:1 and after 

they were centrifuged at 15000 rpm for 15 min., the supernatant was filtered with 0.45µm 

millipore filters and then injected to HPLC. The chromatographic separation was conducted 

by using DAD detector (Agilent. USA) and 250*4.6 mm, 4μm ODS colon (HiChrom, USA) in 

Agilent 1100 (Agilent) HPLC system. Solvent A Methanol-acidic acid-water (10:2:88), 

Solvent B Methanol-acidic acid-water (90:2:8) were used as the mobile phase. The separation 

was conducted at 254 and 280 nm and the flow rate was determined as 1 mL/min. and the 

injection volume was determined as 20 µL. Result expressed mg/l. 

 

2.3.6. Statistical analysis 

 

The study was planned as four replication including 10 bunch and berry per replicate. In the 

statistical evaluations, Windows SPSS 20 was used and the differences between the means 

was evaluated by subjecting to ANOVA variance analysis and determined with Duncan 

multiple comparison test (p<0.005). 

  

3. Results and Discussion  

 

3.1. Morphological properties  

 

Morphological characteristics of autochthonous grape cultivar ‘Kabarcik’ grown at 4 

different altitudes are given in Table 1. Altitudes had significant effect on cluster weight, 

cluster length and cluster stalk length (p<0.05) (Table 1). Considering four altitude, cluster 

weight were found 270 g at 800 m altitude and decreased with altitude increase. At 900 m 

altitude cluster weight decreased 256 g, at 1000 m it was determined as 222 g and at 1150 m 

altitude it was found as 199 g, respectively. According to OIV (2009) and IBPGR (1997), 

cluster weight of cv. ‘Kabarcik’ was found small (100-299 g/cluster) at all 4 altitudes. Cluster 

and berry weight strongly affected by cultivar, altitude, cluster thinnings etc. in grapevine 
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and fruit species. Pehlivan and Uzun (2015) made 4 different cluster thinnings on Shiraz 

grape and obtained cluster weight between 181-206 g. Uddin et al. (2009) used a large 

number local and foreigner grape cultivars in Pakistan and reported cluster weight 207 g for 

Emerald and 216 g for Early Muscat and 262 g for Thompson Seedless. Hizarci (2010) 

reported cluster weight between 60 g (cv. Kokulu)- 395 g (cv. Beyaz Turfanda) among a 

large number of grape cultivars from Northeastern Anatolia. Kok et al. (2017) reported 

cluster weight in some national grape cultivars as 232 g (cv. Balbal), 259 g (cv. Ege Karasi), 

351 g (cv. Pembe Gemre), 442 g (cv. Ozbek) and 560 g (cv. Antep Karasi), respectively. 

Yaman et al. (2015) found that fruit weight and yield of pomegranate (Hicaznar) decreased 

with increase altitude due to shorter vegetation period. Murathan (2017) also indicated fruit 

and cluster weight decreased with increasing altitude in sea buckthorn.  

Cluster length was highest at the lowest altitude (800 m) as 19.82 cm and followed by 

900 m altitude (17.56 cm), 1000 m altitude (15.16 cm) and 1150 m altitude (13.84 cm), 

respectively. In another word, cluster length of cv. Kabarcik decreased with increase altitude 

increase. Kok et al. (2017) reported cluster length in some grape cultivars between 16.9-28.3 

cm. Cluster stalk length were found between 2.93-4.71 cm among altitudes and bunch stalk 

length increased with increase altitude (Table 1). Hizarci (2010) reported cluster stalk length 

between 2.96-5.71 cm. Cluster density was medium at 800 m and 900 m and it was loose at 

1000 m and 1150 m altitude. Berry shape was round at all altitudes and berry color is also 

same (green-yellow) at all altitudes (Table 1). Our results are in agreement with above 

studies. The differences could be effects of used different cultivars, altitude, ecology etc. In 

literature there were studies determined morphological characteristics of grape cultivars and 

indicating a wide variability on cluster weight, length, density, berry color and berry shape 

according to cultivars and treatments (Hizarci 2010; Pehlivan and Uzun 2015; Kok et al. 

2017).  
 

Table 1. Some morphological parameters of cv. Kabarcik at different altitudes 

 

Traits 

Altitudes 

800 m                900 m                  1000 m               1150 m 

Cluster weight (g) 270a 256b 222c 199d 

Cluster length (cm) 19.82a 17.56b 15.16c 13.84d 

Cluster density Medium Medium Loose Loose 

Cluster stalk length /cm) 2.93d 3.98c 4.22b 4.71a 

Berry shape Round Round Round Round 

Berry color Green-Yellow Green-Yellow Green-Yellow Green-Yellow 

Means with different letters in the same row differ significantly (p < 0.05). 

Table 2 shows SSC, titratable acidity, total phenolic content, total flavonoid content and 

antioxidant activity (DPPH assay). As indicated in Table 2, there were statistically significant 

differences among altitudes (p<0.05) on SSC, titratable acidity, total phenolic content, total 

flavonoid content and antioxidant activity. 

SSC content in berries of cv. Kabarcik was 17.1% at 800 m and after that it was steadily 

increased with altitude increase. Different altitudes such as 900, 1000 and 1150 m resulted 

SSC content as 17.4%, 18.1%, and 18.4% %, respectively (Table 2). Hizarci (2010) reported 
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SSC content of 25 local grapes between 11.30-20.85%. Kok et al. (2017) found that SSC content 

of grape cultivars quite variable ranged from 13.5 to 21.2%. Mercenaro et al. (2019) found 

that in cv. Cannonau grape, higher altitude promoted higher total soluble solids.  

Naryal et al. (2020) indicating that increase altitude increased SSC content in apricot. 

Our result is in agreement with reports on mandarin (Rokaya et al. 2016), where high SSC 

was found at higher altitude.  

Titratable acidity showed similar trend with SSC content. Titratable acidity increased 

with increase altitude. For example titratable acidity was 2.33% at 800 m and it was 2.55 % at 

900 m, 2.63 % and 2.81 %, respectively (Table 2). Hizarci (2010) reported titratable acidity (as 

tartaric acid) of 25 local grapes between 0.40-3.80%. Ramos et al (2015) and Martinez de Toda 

and Ramos (2019) found that in higher altitude, titratable acidity was also increased in 

grape. Korkutal et al. (2012) indicated that altitude increase increased acidity in grape. 

Yaman et al. (2015) found that titratable acidity of pomegranate (Hicaznar) increased with 

increase altitude. Murathan (2017) also indicated titratable acidity increase with increasing 

altitude in sea buckthorn fruits.  

Total phenolic content were increased by altitute increase. It was found 224 mg 

GAE/100 g FW at 800 m and increased to 241 mg GAE/100 g FW at 900 m, 267 mg GAE/100 g 

FW at 1000 m and finally reached the maximum level at 1150 m (281 mg GAE/100 g FW, 

respectively (Table 2). Previously total phenolic content were reported between 103-314 mg 

GAE/100 g FW in grape cultivars (Kok et al. 2017). Yi et al. (1997) revealed total phenolic 

content between 44-184 mg GAE/100 g among table grapes and 57-309 mg GAE/100 g FW in 

wine grapes. Marinova et al. (2005) found that average total phenolic content of grape 

cultivars in Bulgaria were 213 mg GAE/100 g in black cultivars and 184 mg GAE/100 g in 

white cultivars. Revilla et al. (2010) indicated a wide variation on total phenolic content in 

grape cultivars in the range of 92-468 mg GAE/100 g FW. Gundesli et al. (2018) determined 

average total phenolic content 222 mg GAE/100 mg FW in Kabarcik grape cultivar in 

Kahramanmaras condition. Murathan (2017) also indicated total phenolic content increased 

with increasing altitude in sea buckthorn berries. Korkutal et al. (2012) indicated that altitude 

increase increased total phenolic content in grape. Similar to the results obtained from this 

study, it is indicated in many studies that the distribution and accumulation of the phenolic 

compounds in grapes vary considerably with respect to the varieties (Gokturk-Baydar 2006; 

Cetin et al. 2012; Kok and Bal 2017). Phenolic compounds are defined as organic metabolites 

containing benzene ring and they have a large and complex family. These compounds are 

directly related to some quality characteristics such as colour, taste and odour of fruit, 

vegetables and their products. They have also antiradical and antioxidant properties 

(Gokturk Baydar et al. 2011). 

Similar to total phenolic content, total flavonoid content of whole berry of cv. Kabarcik 

were increased by altitute increase. Total flavonoid content was 163 mg QE/100 g FW at the 

lowest altitude (800 m) and increased to 178 mg QE/100 g FW at 900 m, 191 mg QE /100 g 

FW at 1000 m and finally reached the maximum level of 206 mg QE/100 g FW at 1150 m, 

respectively (Table 2). Ivanišov{ et al. (2019) studied on varieties of grape from the small 

Carpathians wine region of Slovakia and found that total flavonoids in red grape varieties 

ranged from 59 to 137 mg QE/g FW indicating lower values than our study. Liang et al. 

(2014b) used 24 grape varieties in the USA and reported the total flavonoid content in 

colored grape varieties was ~463 mg CE/100 g FW while in white grape varieties ~269 mg 

CE/g (catechin equivalent) indicating higher values than our study. Bayir Yegin and Uzun 

(2018) determined total flavonoid content between 269-391 mg CE/100 g FW in 12 grape 
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cultivars and genotypes indicating higher values than our study. However, Karadeniz et al. 

(2005) found lower total flavonoid content than our study (107 mg CE/100 g FW) in white 

grape cv. Müşküle in Turkey. Jin et al. (2017) found that the content of total phenolic 

compounds, total flavonoids and total anthocyanins increased with altitude in Merlot and 

Cabernet Sauvignon. The differences could be agro-ecological condition, grape origin, 

cultivar and the detection method. Flavonoids have known to exhibit cardio-protective, 

antioxidant, anti-inflammatory, anticancer and antimicrobial properties (Georgiev et al. 

2014). Murathan (2017) indicated total flavonoides increase with increasing altitude in sea 

buckthorn berries. 

The antioxidant activity of whole berry of cv. Kabarcik are shown in Table 2. Parallel to 

total phenolic and total flavonoid content, antioxidant activity increased by altitude increase. 

Lower DPPH values indicate higher antioxidant activity. DPPH value was 0.37 mg/ml (the 

lowest antioxidant activity) at 800 m and increased to 0.33 mg/ml and 0.31 mg/ml at 900 and 

1000 m (medium antioxidant activity) and finally reached 0.26 mg/ml (the highest 

antioxidant activity) (Table 2). In previous studies, DPPH values of whole grape berries 

were found between 0.94-1.14 mg/ml (Pehlivan and Uzun 2015), 0.22 mg/ml (Ozden and 

Vardin 2009), 0.32- 0.39 mg/ml (Bayir Yegin and Uzun 2018). The last two literatures are 

good in agreement with our study. There are many different antioxidants present in berries 

and fruits, and it is very difficult to measure each antioxidant component separately. 

Therefore, several methods have been developed to evaluate the total antioxidant activity of 

berries, fruits or other plants and animal tissues. Among them, FRAP, ABTS and DPPH are 

the representative methods frequently used in various investigations (Guo et al. 2003). 

Antioxidant activity of grapes depends on various factors such as cultivar, cultivation 

techniques, climate and soil conditions, maturity level and viticulture practices (Ozden and 

Vardan 2009; Lorrain et al. 2011; Pehlivan and Uzun 2015; Yilmaz et al. 2015).  
 

Table 2. Some biochemical parameters of cv. Kabarcik at different altitudes 

 

Parameters 

Altitudes 

800 m                900 m                   1000 m            1150 m 

SSC (%) 18.4a 18.1a 17.4b 17.1b 

T. acidity (g/100 ml tartaric acid) 2.33d 2.55c 2.63b 2.81a 

Total phenolic content (mg GAE/100 g FW) 224d 241c 267b 281a 

Total flavonoid content (mg QE/100 g FW) 163d 178c 191b 206a 

DPPH (mg/ml FW) 0.37a 0.33b 0.31b 0.26c 

Means with different letters in the same row differ significantly (p < 0.05). 

3.2. Phenolic acids 

 

Phenolic acid of whole berries of cv. Kabarcik at 800 m, 900 m, 1000 m and 1150 m are 

shown in Table 3. The major phenolic compounds of grape accessions were chlorogenic acid, 

syringic acid and rutin. These phenolic acids were followed by quercetin and o-coumaric 

acid (Table 3). Altitudes significant affacted all phenolic acid content (p<0.05). The main 

phenolic acid was chlorogenic acid for all altitudes in whole berries of cv. Kabarcik and it 

was 3.243 mg/l at 800 m and steadily increased with altitude increase and finally reached 
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4.922 mg/l at the highest altitude of 1150 m (Table 3). Syringic acid and rutin content were 

also increased by altitude increase from 1.420 to 1.811 mg/l and 1.134 to 1.644 mg/l from 800 

m to 1150 m altitude. Quercetin, o-coumaric acid, gallic acid, catechin and vanilic acid were 

also increased with altitude increase (Table 3). Eyduran et al. (2015) reported chlorogenic 

acid (1.22-2.80 mg/l), rutin (1.09-3.34 mg/l) and caffeic acid (0.40-2.73 mg/l) were dominant in 

local grape cultivars. Mota et al. (2018) reported that main phenolic compounds in grape 

berries were chlorogenic acid, rutin, o-coumaric acid and catechin in Portugal. Chlorogenic 

acids has been associated with the reduction of oxidative and inflammatory stress conditions 

(Liang and Kitts 2016). Rutin, abundant in plants and known as vitamin P, has antioxidant, 

cytoprotective, vasoprotective, anticarcinogenic, neuroprotective and cardioprotective 

activities (Ganeshpurkar and Saluja 2017). Coklar (2017) found that chlorogenic acid was the 

most abundant non-flavonoid phenolics in whole berries of cv. Eksikara grape and followed 

by gallic acid, gentisic acid and caffeic acid. The author also reported that all phenolic acids 

are increased with altitude increase from 1000 m to 1500 m. These results have a number of 

similarities with findings of Xing et al. (2015) who noted a favorable role of high altitude on 

flavonoid synthesis in the grape berry. They reported lower values for most of the flavonols, 

flavan-3-ols and anthocyanins, identified in Cabernet Sauvignon grapes, at higher altitude 

cultivation. Generally, high altitude is associated with lower temperature and more intense 

sunlight exposure, which act as main stimulants in flavonoid synthesis (Xing et al. 2015; 

Alonso-Amelot et al. 2007). 
 

Table 3. Phenolic compounds in grape cv. Kabarcik (mg/l) 

 

Phenolic acids 

Altitudes 

         800 m                            900 m                          1000 m                        1150 m 

Chlorogenic acid 3.243d 3.981c 4.456b 4.922a 

Syringic acid 1.420c 1.541ab 1.667b 1.811a 

Rutin 1.134d 1.345c 1.581b 1.644a 

Quercetin 0.611d 0.765c 0.904b 1.043a 

o-Coumaric acid 0.504b 0.593b 0.644ab 0.703a 

Gallic acid 0.310c 0.450b 0.492ab 0.517a 

Catechin 0.243d 0.390c 0.436b 0.578a 

Vanilic acid 0.240b 0.280b 0.350a 0.362a 

Ferulic acid 0.068b 0.080ab 0.085sb 0.098a 

Means with different letters in the same row differ significantly (p < 0.05). 

4. Conclusions 

 

The knowledge on altitudinal effect on grape quality is vital since it guide us in selecting 

orchard location towards improving berry quality. The geographic elevation had a marked 

influence on cluster weight, length, density, SSC, titratable acidity and bioactive content. At 

higher elevation delayed berry ripening occurs, and cluster remains smaller. Grapes from 



GEA (Geo Eco-Eco Agro) International Conference, 28-29 May 2020, Montenegro - Book of Proceedings 

58 

 
 

higher altitude regions are sweeter with high sugar content as compared to those grown at 

lower elevation. Higher altitude increased berry bioactive content. However, in sustainable 

viticulture those characteristics should be in account of yield because yield and quality are 

important parameters for economical viticulture.  
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Abstract: The authors critically consider the concept of unsustainable development of economy and 

society, the many manifestations of such development, as well as the causes and consequences of 

this phenomenon.  

The concept of growth and development hitherto arose with the advent of capitalism. It is 

elaborated in economic theory and practice of economic development. It is based on a profitable 

economy with positive and negative effects, which is why the concept of sustainable development is 

formulated. 

The paper specifically analyzes the indicators of unsustainable development: the problems of 

global poverty, the problems of ecology, climate change and energy. More recent literature is 

consulted. 

Changes are needed in the direction of the new development trajectory, i.e. new development 

paradigms. This requires a greater role for science, especially economic science. The new concept of 

economics implies new patterns of behavior in terms of eco-business and green economy. A new 

development strategy is needed. 

 

Keywords: Unsustainable development, new paradigm of development, sustainable development, 

ecological business, green economy. 

 

1. Introduction 

 

The concept of growth and development so far has led to a number of negative effects on the 

environment, society and mankind. In this regard, numerous global and national measures 

and actions have been taken so far. Science, unlike politics, makes a significant contribution 

to the theory and practice of sustainable development. In this context, the contribution of 

economics is also significant. 

The Nobel Prize in Economics (2019) also contributed greatly to the theory and 

practice of sustainable development: Economics Professors Michael Kremer, Harvard (USA) 

and married couple Abihit Banerjee and Esther Duflo, MIT (USA). They were awarded with 

Nobel Prize for an economically experimental approach to the study of global poverty. Field 

experiments tested a set of state interventions that could advance school and health 

problems in Kenya, India, Morocco. The experimental research methods applied by the 

laureates have contributed to the development of modern economics. The laureate's research 

findings have significantly improved our ability to combat poverty in practice. These are the 

key arguments of the Swedish Academy of Sciences. In their opinion, their contribution is 

that they have shown us the necessity of sustainable development and the unsustainability 

of the current development concept. 

There are numerous manifestations of unsustainable development. In this paper, we 

will focus on some of them: the problem of global poverty and hunger, the problems of 

ecology, climate change and energy. Exploring this topic, we have consulted a number of 

sources of recent relevant literature. The basic hypothesis of the work is that there are great 
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challenges for humanity and it is necessary to move from unsustainable development to 

sustainable development of economy and society. In this regard, at the end of the paper, a 

message was given instead of a conclusion, which indicates the necessity of change. 

 

2. Materials and Methods  

 

Sustainable development is essentially about improving quality of life in a way that can be 

sustained, economically and environmentally, over the long term supported by the 

institutional structure of the country. For this reason, sustainable development addresses 

four major dimensions: social, economic, environmental and institutional. The indicators are 

divided into three dimensions: social, economic and environmental; institutional questions 

are largely considered to be responses and not readily quantified as indicators (Đuran et al., 

2013). In order to test the basic hypothesis, we conducted the extensive consulting of the 

latest literature and current research of leading authors. We seek to describe, quantitavely 

and qualitatively what are the present and future challenges of (non) sustainable 

development. The research used normative methods, method of case study, mathematical 

method, also experiential (empirical) method and logical methods of induction and 

deduction.  

Hence, the paper aims to point out the vital review of previous concepts of growth 

and development, new development trajectory, i.e. new development paradigms. Authors 

specifically analyze the indicators of unsustainable development: the problems of global 

poverty, the problems of ecology, climate change and energy, as a kind of indicators of 

necessity to move from unsustainable development to sustainable development of economy 

and society. On the other hand, we present new patterns of behavior in terms of eco-

business and green economy. This path provides the possibilities and conditions for the 

development of the right tools for new development strategy which is more than needed. 

This topic provides an analytical overview of numerous manifestations of 

unsustainable development, its level of development according to words metrics and 

policies. It also addresses the factors for necessity to ‚green‛ the economy and let more 

influence of science to socio-economic development of future world. Specifically, the 

research was conducted by analyzing laws, strategies and action plans, existing studies. As 

we presented in this paper, these areas and thematic guidelines have been selected in 

accordance with the overall research methodology, as well as with recent ongoing initiatives 

of EU: Green Deal and the green economy policy in EU. 

Results are conceived in three subsections: first subsection provides an analytical 

overview of classical economic analysis, through former concepts of growth and 

development; second subsection detects and asserts problems of (un)sustainable 

development and underlines the consequences of the overall endangerment of the natural 

environment; Third subsection is dedicated to the problem of global poverty and hunger. It 

also addresses that even impressive progress made by the emergence and development of 

capitalism (since the 16th century), some parts of the world are still living in extreme 

poverty. Discussion contains the future challenges and factors, by widening the perspective 

to problems of ecology, climate change and energy. 

We note that this abundance of CE conceptualizations, this ‘circular economy 

babble’, constitutes a serious challenge for scholars working on this topic. Knowledge 

accumulation regarding the CE is difficult if scholar A conceptualizes the ‘how-to’ of CE as 

recycling, while scholar B considers the ‘how-to’ as reducing, reusing and recycling, to 
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provide an illustrative example. If scholars are not aware of their conceptually different 

understanding of CE, knowledge accumulation attempts may lead to misleading results. 

Dacin et al. (2010, p.38) has found that ‚the current state of conceptual confusion *on social 

entrepreneurship+ serves as a barrier to *<+ advances in the field‛. An issue of great 

topicality and media interest that characterizes this period and exerts a strong impact on our 

life and on the companies’ management concerns the sustainability and the Green Economy. 

The themes of the Green Economy and of the Circular Economy, in fact, are increasingly 

recurring and the European Directive of 2014 deems the Green Economy and the Circular 

Economy as a governance model able to grant a sustainable growth for the European Union 

and the entire world (Jesic, J., Vukadinovic, S., 2019).  

This papir aims to contribute to the new concept of sustainable economics, by clearer 

definition of green economy, green business strategies and harmonization of measurement 

tools for sustainable development through eco-indicators. Inspired for further exploration of 

the potential for economic advancement in the field of green economy, we not only have to 

hope, but to move in that direction. 

 

3. Results  

 

3.1. Former concepts of growth and development 

 

Growth and development are economic phenomena that have been studied since the time of 

classical economic analysis, embodied in the works of Adam Smith, David Ricardo and 

Thomas Robert Maltus. Each of them, in their own way, studied this issue and gave their 

own view of the reasons for the ups and downs of individual national economies. There is, 

of course, the theory of English economist William Petty, the founder of Classical Political 

Economy in England, whose thought that "work is a father and an active creator of wealth, 

like its mother country" is still relevant and instructive today, especially for us (since Serbia 

disposes of land, as a natural factor, as rarely any country). Among the classic economists 

involved in growth and development, I would like to point out the French economist Jean-

Baptiste Say. 

Say popularized those aspects of Smith's economic theory of natural order that 

support his theory of the market, which struck the foundations of economic liberalism and 

neoliberalism, nowadays very actual and the subject of heated debate among economists. 

Sey considered and tried to prove that the mechanism of a liberal capitalist economy, 

through the mediation of private property, private initiative and free market, could achieve 

full employment of the population and rational use of all factors of production (laissez faire 

concept). 

The Great Economic Crisis of 1929 dispelled the illusion of the market as an all-

powerful and sole institution of socio-economic growth and development. The depth of the 

crisis, especially in the US, required the involvement of the best economists of the time in 

solving the problems of the functioning of the then capitalist economies. As a result of these 

efforts, the economic doctrine of John Maynard Keynes emerged. Keynes, in the famous 

section "The General Theory of Employment, Interest and Money", stated that economic 

crises were possible under economic liberalism and that state intervention was necessary to 

maintain the required level of economic activity and full employment. Keynes's theory 

provided the basis for strengthening state intervention and expanding its field of action 
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beyond the norms of that time. The economic crises of 2008 and 2020 have also dispelled 

many misconceptions. 

In the second half of the 20th century, economic science was dominated by the 

following division of developmental theories: neoclassical, neo-Keynesian, radically Marxist 

theory, and structural imbalance theory. More recently, macroeconomic theory has 

encountered many other divisions: take-off theories, stagnation theories and balanced 

development theories. In addition, there is a division into short-term and long-term theories 

of economic growth. The divisions do not end here. They are the expression of different 

economics schools and opinions, whose bearers are some of the great economists. In each of 

these and other theories, which need to be carefully monitored and analyzed, a certain 

contribution is made to the study of the extremely complex problem of economic growth 

and development. What is dominant in the development of economic theory so far is the 

different attitude of individual schools towards the role of two key institutions of society-

market and state.1.  

Just as the misunderstanding and dogmatic conception of the market as an almighty 

regulator of growth and development was created by market fundamentalism, also emerged 

a second extreme-state totalitarianism, with all the negative consequences of both these 

models of socio-economic growth and development. What is needed is balanced growth and 

development, in which the market and the plan will have an equal and complementary 

importance and role. The famous American Nobel economist Joseph Stiglitz also talks about 

this in his book Free Fall (2014). In his book Capital in the 21st Century (2015), Thomas 

Piketti, a well-known French economist, believes that inequalities in society are the result of 

(up to) the present concepts of growth and development and that they are unsustainable in 

further development, and that a new fiscal state policy is needed, at global and national 

level. Jeffrey Sachs, a well-known American economist, UN expert on sustainable 

development and former Special Advisor to the Secretary-General of the United Nations, in 

his book, The Age of Sustainable Development (2014), says that at the same time, in the face 

of tremendous technological advancement of society, with existential challenges: the 

accelerated collapse of the planet's natural potentials and natural resources, as well as 

growing social inequalities and health problems. In a much more thoughtful and responsible 

way, we must jointly look at our present and future. This was also said at a summit 

dedicated to the 2030 Sustainable Development Agenda, held at UN headquarters in New 

York in October 2015. 

Growth and development are therefore parts of a broader development concept, 

with development being a far more complex term than economic growth, because in 

addition to quantitatively increasing production, placement of goods and services, it implies 

changes in the structure of the economy. That is why it is often pointed out that the creators 

of growth theory speak the language of mathematics, and the creators of development 

theory the language of value judgments, so to many - it seems that this gruops understand 

each other a little. 

Economic development is a complex process that expresses a series of successive 

changes in the socio-economic structure of society. They are not possible without changing 

the consciousness of man as the most important factor of production. This complex includes 

changes in the understanding of the economy, the relationship to nature, as well as the value 

                                                           
1 See more: Pejanovic, R., ‚Development Problems of Economy and Society‛, Academic Book, Novi 

Sad, 2017. 
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system, as well as changes in the structure of the economy that would contribute to a 

different distribution of income and increase the standard of living of the population. As 

noted and warned by the respected French economist François Peru, economic development 

represents the dynamism of society in its essence and root, which is why it not only means 

increasing production but also changing and renewing society and its every agent (F. Peru: 

‚For philosophy of new development ‛, 1986). 

Sustainable development is precisely this qualitative determinant of the concept of 

economic development. Sustainable development is, according to former UN Secretary-

General Ban Ki-moon, "the greatest challenge of our time." "The world we live in is under 

pressure. Communities and families continue to be plagued by poverty. Climate change 

threatens existence. Conflicts intensify. Unless we change the direction we are headed, those 

crises will only get worse", Mun warns. Corporate irresponsibility is particularly worrying 

when it comes to protecting the environment from industrial pollution. 

The development paradigm so far is based on the homo economicus, driven by profit 

motivation. It is the aspiration of people to make a profit by their economic activity, and 

thus increase their wealth. Profit is considered to be a legitimate initiative of man and the 

main driver of initiative and progress. (Pejanovic, R.: ‚Economics and Politics in Global 

Society,‛ 2018). 

The paradigm of growth and development, which has a long tradition and a rich 

history (primarily with the advent of capitalism), experiences two basic civilizational 

constraints: the environmental and social determinants. Ecological destruction is, in fact, a 

concomitant occurrence of the (up to) present paradigm of development. The environment 

in (until) present development has been considered a free good (a gift of nature) and has 

been mercilessly used, which has left and has multiple negative consequences. Social 

constraints are reflected in inequalities, poverty, hunger and disease.  

 

3.2. Problems of (un)sustainable development 

 

The consequences of the overall endangerment of the environment (natural environment 

and resources) are endangerment of the quality of life, human species and life in general. 

Problems of external effects (economic consequences of economic activity on the 

environment) have been recognized by economic theory in the last century. The 

consequences were initially interpreted mostly positively (as external savings, benefits). It 

was not until 1920 when the American economist Pigou, in his book, The Economics of 

Welfare, outlined the economic consequences of pollution. In the 1960s, the problems of 

environmental destruction came to light thanks to the left wing of French humanist (and 

economist) theorists, as well as the emergence of the green movement, which stood in the 

way of environmental protection. 

The problem of sustainable development was officially identified 1972, when the first 

UN Conference on the Environment was held in Stockholm. Then the book Boundaries of 

Growth was published, warning that economic development and its environmental (in) 

sustainability in the 21st century would create enormous problems. Two decades later, at the 

UN Conference on Environment and Development, held in Rio de Janeiro, also known as 

the Earth Summit, two important multilateral environmental agreements were adopted: the 

UN Framework Convention on Climate Change and the Convention on Biological Diversity 

(CBD) , and the foundation for the adoption, two years later, of the UN Convention to 

Combat Desertification (UNCCD). In June 2012, the 20th International Summit on Earth 
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hosted the third international meeting, also in Rio - the UN Conference on Sustainable 

Development, whose unofficial name was "Rio +20 Summit". At this gathering, leaders from 

around the world summarized the developments over the four decades since the inception 

of the international environmental movement and two decades since the conclusion of three 

important environmental treaties. The conclusions were very worrying as the situation 

worsened dramatically in the meantime. 

World leaders have agreed to move from the Millennium Development Goals 

(established in 2012) to the Sustainable Development Goals. Unlike the Millennium 

Development Goals, which mainly concerned poor countries, while rich countries were only 

referred to as donors, the Sustainable Development Goals should be applied in all countries. 

These goals should have given new momentum, infused new strength, triggered a new 

mobilization of society, provided new resources and new political will to meet the 

challenges that the world has been familiar with for over 40 years, but which have not yet 

been successfully addressed. 

At the Rio +20 Summit, a Network for Sustainable Development (SDSN) was formed, 

headed by a Council of Leaders, a group of distinguished champions from the world of 

science, business, civil society and politics from around the world. The Network has 

proposed Ten Sustainable Development Goals: 

The first goal of sustainable development is to eradicate extreme poverty, including 

hunger. (The World Bank leaders in 2013 adopted a decision to become involved in solving 

extreme poverty by 2030.) The second goal of sustainable development is to achieve 

economic development within the planetary boundaries. (All countries have the right to 

economic development as long as that development respects planetary boundaries and is 

environmentally sustainable). The third goal of sustainable development is to provide 

effective education for all children and young people in order to prepare for life. (This 

educational goal has been called "effective learning," meaning that children should be able to 

develop the skills they need to be productive. Effective learning also involves paying more 

attention to early childhood development, by the age of six). The fourth goal of sustainable 

development is to achieve gender equality and social inclusion, as well as to respect the 

human rights of all the inhabitants of our planet. (This objective will draw the attention of 

the world to the excessive inequality of income and wealth, as well as to the concept of 

"relative poverty", ie. situations where households do not live in extreme poverty but are 

still too poor to afford a dignified life in society. The fifth goal of sustainable development - 

the health and well-being of people, regardless of age (This is about establishing a universal 

coverage of health care at all stages of life, with particular emphasis on primary health care 

services). Sixth goal - Improvement of agricultural systems and increase of income, 

especially of small holdings, by improving agricultural practices, rural infrastructure and 

access to food production resources. (This objective confirms the crucial importance of 

sustainable agriculture and therefore the sustainability of food supply). Seventh goal - 

empowering inclusive, productive and resilient cities (It seeks to make cities socially 

inclusive, economically productive and environmentally sustainable, as well as safe and 

resilient to climate change and other hazards). Eighth objective - limiting anthropogenic 

climate change and securing sustainable energy. (It seeks to limit greenhouse gas emissions 

to avoid increasing climate change hazards). Nineth goal - Provide eco-systems and 

biodiversity services as well as good management of water and other natural resources. 

Sustainable Development Goal 10 - Transforming Governance to Ensure Sustainable 

Development. (The public sector, businesses and other actors should optimize for good 
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governance. Good governance to ensure sustainable development includes transparency, 

accountability, access to information, participation, abolishing "tax havens" and efforts to 

eradicate corruption.) 

The purpose of all these goals is to direct the world in a clear, concrete, measurable, 

concise and understandable way, to help it move from the increasingly dangerous "profit at 

all costs" (N. Comski) to a new trajectory of sustainable development. It is up to the world 

governments, in accordance with the mandate given at the Rio +20 Summit, by September 

2015 to select new sustainable development goals and establish operational agendas for their 

implementation, which has not been done. This is confirmed by the 2015 Paris Conference 

(one of the largest conferences held in the international community), which, unfortunately, 

excludes the USA (at the initiative of President D. Trump). 

 

3.3. The problem of global poverty and hunger 

 

Well-known American economist Jeffrey Sachs in his study (book) The Age of Sustainable 

Development warns of the problem of "increasing poverty in a world of abundance". 

Despite the impressive progress made by the emergence and development of capitalism 

(since the 16th century), some parts of the world are still living in extreme poverty. Poverty 

is usually defined as the absence of adequate income, while extreme poverty should be 

understood in a more general sense, as the inability to meet basic needs for food, water, 

sanitation, safe energy, health, education and generally livelihoods. Extreme poverty often 

also means that households cannot provide decent education for their children. It often 

happens that there is no school near the place of residence, or that there are no qualified 

teachers, or that the tuition is higher than the household income. 

It is believed that people living in extreme poverty are unable to meet their basic 

needs. Their life comes down to the daily struggle for human dignity, even for survival. 

Depending on the estimates and definitions used, more than one billion people, perhaps 

even two and a half billion (J. Sachs), can be said to be living in extreme poverty. "In all 

likelihood, it would be correct to say — it's scary to think — that about a billion people are 

fighting for bare survival every day. This struggle for survival is taking place in both rural 

and urban areas." Still, more rural (according to J. Sax, the ratio may be 60:40 percent), but it 

is increasingly becoming an urban phenomenon that is found in settlements around the 

world. 

Where does this extreme poverty meet? A relatively small number of countries have 

succeeded in eradicating it fully or to the fullest extent. These are countries with a GDP per 

capita of more than $ 30,000: the US and Canada, most of Western Europe, Japan, Australia 

and several small oil exporting countries in the Middle East. Following are countries whose 

per capita GDP is $ 12,000-30,000, so by world standards it remains high. These countries 

include: Israel, South Korea, New Zealand, Russia and several Central European countries. 

The highest concentration of population living in extreme poverty in the group is in 

countries where GDP is less than $ 2,000 per capita. These are the poorest countries in the 

world, located in the tropical zone of sub-Saharan Africa and north of the southern tip of the 

Black Continent. In these countries, close to half the population lives in extreme poverty. 

The next area is southern Asia, which includes India, Pakistan, Nepal and Bangladesh. 

Despite the fact that GDP per capita in South Asia is usually higher than in the tropical part 

of Africa, these are countries with huge numbers of extremely poor people. In some parts of 

the world there is a so-called pockets of poverty, such as landlocked countries-Bolivia in 
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South America, or the same countries in Central Asia, for example Mongolia. There is great 

poverty in them and the geographical conditions are unfavorable. 

Another aspect of extreme poverty is the infant mortality rate (number of deaths of 

children under one year per 1,000 newborns). If they live in extreme poverty, infants face 

many ailments and much more than other children at risk of death. The epicenters of this 

global danger are located in tropical parts of Africa and parts of southern Asia. 

Interestingly, even in countries where most of the population has escaped extreme 

poverty, there are still considerable pockets of poverty. One example is Brazil. We can 

sometimes see huge differences in income and social standing with our own eyes, as the 

poor see. Take, for example, a photo of Rio de Janeiro that shows the contrast between 

favelas and modern cloud makers. 

In addition to the unfair and unsustainable distribution, which Piketti, Stiglic, Sachs 

and others warn us about, extreme poverty, as a consequence of the "logic of capital", largely 

follows a particular geographical pattern. Geographic conditions affect many economic 

aspects, including farm productivity, population burden of infectious diseases (such as, say, 

malaria), trade costs, and access to energy resources. When it comes to the disease, it is 

disturbing to say that up to 30,000 people could be infected with cholera in Yemen in the 

coming period.  Thinking about geographical conditions, however, helps us to identify high-

profit investments that could help the poorest among the poor to improve their position. 

Global poverty is therefore a serious problem in modern society. More than 700 

million people worldwide are surviving with extremely low incomes today, with five 

million children (under the age of five) dying every year from diseases otherwise treated 

with simple medical interventions. While most children in poor countries attend primary 

school, many drop out early without knowing how to read, write and count. Africa remains 

the longest in the number of the poorest among the poor. Nearly one in three Africans, or 

about 422 million people, women, and children on the Black Continent today is living in the 

darkest scarcity with less than $ 1.16 (the International Standard of Extreme Poverty is $ 1.9).  

According to a United Nations report on world hunger (2019), every tenth inhabitant 

of the planet is starving. Globally, results have been achieved in reducing hunger since 2000, 

which has been reduced by 32 percent worldwide. Progress has been recorded in almost 

every country in the world. However, since 2017, the famine has been red-flagged in the 

Central African Republic. The general situation, especially when it comes to food, is 

frightening in this country, which is torn apart by armed conflict. Every eight child dies 

there five years ago. And in four other countries, the situation is very serious: in Chad, 

Madagascar, Yemen and Zambia. In 43 of the 117 countries covered by the index, the 

situation is serious. According to this report, 822 million people worldwide are starving. 

That's every eighth person in the world. Three years ago (2016), that number was below 800 

million. 

Two factors play a key role in increasing the number of hungry people, according to 

F. Paterson of the UN World Food Program. One is climate change and the other is 

increasing the number of armed conflicts around the world. Since the beginning of the 1990s, 

weather disasters have doubled. There are huge losses in harvest due to flooding, soil 

erosion and storm. Higher concentrations of carbon dioxide in the atmosphere lead to a 

decrease in micronutrients in crops, too little protein, zinc or iron, Patterson points out. We 

risk running into a climate of apartheid, where the rich can afford to escape global warming, 

hunger and conflict, while the rest of the population has to suffer from climate change, 

warns F. Elston, UN Special Rapporteur on Extreme Poverty and Human Rights. 
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When analyzing poverty issues at the Serbian level, it can be noted that the rate at 

which poverty risk is represented is related to almost 35 percent of the total population. In 

2016 surveys, the absolute poverty rate was close to eight percent, or nearly 500,000 citizens 

were affected by the most severe form of poverty. Economic inequality measured by the 

ratio of the income of one fifth of the richest to the income of one fifth of the poorest, which 

according to Eurostat data, is 9: 1 in Serbia, while at EU level it is 5: 1.  In 2011, the number 

of illiterate citizens was around 170,000. There is a far greater number of functionally 

illiterate, ie. those who cannot use a computer. Therefore, Serbia is not overlooked by these 

global problems, and it is therefore important to find adequate solutions.  

 

4. Discussion  

 

4.1. Problems of ecology, climate change and energy 

 

In addition to poverty as a consequence of the historical and present distribution in the 

process of capital expansion, environmental threats are also a major problem. Today, the 

annual world output is about 100 times larger than it was at the beginning of the industrial 

revolution. When it comes to individual dimensions of economic activity, it is even a 

thousand times larger.2 That kind of enormous growth has caused and it is still causing great 

damage to our planet. The enormous economic activity is changing the climate, the water 

cycles and even the chemical composition of the ocean. Due to global warming, which has 

caused ocean levels to rise around the world, ocean levels along the US East Coast, for 

example, have increased by about thirty centimeters until 2012 compared to a hundred years 

ago. This higher level of oceans greatly enhanced the effect of the floods associated with the 

occurrence of superstorms. Hurricane Sandy wasn't the only shock the US experienced that 

year3, which is linked to climate change.4 At the beginning of the same year, a major 

drought and heatwave hit the cereal regions in the west and the midwest, with climate 

change affecting the United States and causing enormous damage to crops. In 2014, 

California suffered the catastrophic effects of the droughts that struck it. Sudden rainfall in 

Somalia has brought relief from major droughts, but in a year (2016) the number of children 

who are malnourished due to starvation in this country has doubled. Three African 

countries (Nigeria, Somalia, South Sudan) are on the verge of mass famine. Experts warn 

that drought and famine on the continent could have far-reaching consequences, including a 

new wave of migrants to Europe.5 

On the other side of the world, in Beijing (PR China), in 2016 there were extremely 

heavy rains which caused huge floods. A major flood was experienced in Bangkok in 

                                                           
2 In the field of environmental protection, Serbia is lagging behind the CEE countries (Central and 

Eastern Europe). For example, the total amount of waste processed in Serbia is less than 5% and the 

average of the CEE is 50% (‚Politika‛, Belgrade, 15.XII 2018, p. 10). 
3 Hurricane Katherine ravaged New Orleans (USA) in 2005. The storm caused the deaths of 1,833 

people, while at least 88 people were killed by Harvey. In India, before that, the cyclone "Feylin" 

claimed 45 lives, and a similar storm that struck the same region 14 years earlier killed 10,000 people. 

(According to: ‚Danas‛, Belgrade, 21 IX 2018, p. 16). 
4 In the last 100 years, the average temperature on Earth has increased by one degree, resulting in 

severe storms, forest fires, reduced ice at the North Pole by about 40 percent, and in Serbia in 2019 as 

the warmest year since 1951. (According to ‚Politika‛, Belgrade, 31st and 2020, p. 08) 
5 According to: ‚Dnevnik‛, Novi Sad, 29.3.2017. 
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October 2011. Indonesia was hit in early 2014 by major flood, as was Serbia, while Australia, 

Europe, Russia, India were trapped by a devastating heat wave.6 

All these and many other events have greatly impaired the local and global economy, 

with the loss of human lives, fabulous property losses, multi-billion dollar damage, and 

disruption to the global economy. Although the natural disasters that are happening are not 

all the same, it is clear that they are more and more frequent, and that they belong to the 

same category - disasters caused by climate change. Serbia is also affected by climate 

change.7 In early 2020, Serbia was hit by major air pollution.8 

The frequency and severity of environmental threats have increased and will likely 

continue to increase. The transformation of the Earth's physical systems with regard to 

climate, chemical composition and the living world is so dramatic that scientists have called 

this phenomenon the Anthropocene. ‚The Anthropocene is an epoch - our epoch - in which, 

through the tremendous influence of the world economy, humans cause great disruption to 

the physical and biological systems on Earth.‛ (Jeffrey Sachs). The Intergovernmental Panel 

on Climate Change (IPCC) International Panel Report (Fifth, 2018) received support in 

August 2019 at the United Nations Scientific and Advisory Committee. The Executive 

Director of the United Nations Environment Program (UNEP) told the world: "Deafening 

alarm in the kitchen is on.9 

In the fall of 2019, we received confirmation of the effects of climate change, reflected in 

temperature or precipitation extremes. We have seen completely flooded parts of Venice due 

to the highest tide that has hit this city in the last fifty years. High water (Acqua Alta) is a 

combination of high tides and storm surges under the influence of strong winds. In addition, 

Australia has been on fire for a long time, with fires destroying millions of acres, damaging 

highways, closing homes due to smoke and endangering humans and animals (especially 

koalas, which are on the verge of extinction). More than one billion animals were swallowed 

by the fire.10  

European Union leaders agree (December 2019) on common goal of making Europe the 

first climate-neutral continent in the world by 2050.11 European Council conclusions state 

that member states will have "the right to decide on their own energy mix and the most 

acceptable technologies, including the use of nuclear energy within the national energy 

mix." The EU has enacted a Green Deal, which it will insist on.  

                                                           
6 In 2018 the world has experienced "historic weather - from drought-fueled forest fires in the US West 

in Greece and Sweden, to floods in Hawaii, southern India, and other places in South America. While 

‚Florence‛ roared California, the typhoon ‚Manghat‛ flooded the Philippines and southern China 

("Danas", Belgrade, 21 October 2018, p. 16). Venice has recently been hit by a major flood (‚Dnevnik‛, 

Novi Sad, 21st XI 2019, p. 4). 
7 In the first decades of the 21st century, Serbia faced several significant extreme meteorological 

incidents, which caused significant material and financial damage as well as human casualties. 

Estimates have shown that the droughts caused more than € 3.5 billion damage, while the 2014 floods 

caused more than € 1.5 billion damage. 
8 In Serbia, nearly seven thousand citizens die prematurely as a result of air pollution. It is estimated 

that around one million citizens are suffering from respiratory problems ("Danas", Belgrade, 25 

February 2020, p. 7). 
9 According to: ‚Politika‛, Belgrade, 20. IX 2019, p. 22. 
10 According to: ‚Politika‛, Belgrade, 22. XII 2019, p. 03 .; "Danas", Belgrade, 18-19. I 2020, p. 12. 
11 Poland, Hungary and the Czech Republic have expressed their concern about the cost, timing and 

manner of decarbonisation. These are the countries that rely most on the use of fossil fuels 

(‚Dnevnik‛, Novi Sad, 14 January 2019, p. 11). 
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On the other hand, the COP 25 United Nations Marathon Climate Summit (December 

2019) ended in Madrid, at which the major polluters did not agree to engage more in the 

fight against global warming. The negotiators postponed the decision to regulate the global 

carbon market. Specifically, Brazil, China, Australia, Saudi Arabia and the United States all 

opposed more radical action. It was a test of the collective will of governments to heed the 

advice of science and reduce greenhouse gas emissions faster to prevent further global 

warming. A disappointed UN Secretary-General A. Guterres said: ‚The international 

community has lost a great opportunity to show greater ambition in terms of adapting and 

financing the fight against the climate crisis. We must not give up ‛.12 

An important aspect of sustainable development is the problem of energy (See my 

book, “Challenges to Economic Education”). Of all the problems associated with aligning 

growth with planetary borders, none are more urgent, but at the same time more complex 

than the challenges facing the world energy system. In other words, the problem of energy 

stems from the fact that the world economy has been relying on fossil fossils since the 18th 

century (with the introduction of the steam engine). Energy has since been used everywhere 

in transportation systems, electricity generation, industry, agriculture, office buildings and 

households. Energy sources, which, however, have been crucial for global economic 

development for more than two centuries, today, given the carbon dioxide they are emitting, 

are clearly endangering our planet. Therefore, energy efficiency must be part of the solution 

to the problem of sustainable development. If we ‚do not change the course dramatically, 

and quickly, we will find ourselves on a very dangerous path‛ (Jeffrey Sachs). The 

continued use of fossil fuels could increase the frequency of heat waves that are already 

evident, for example, on the map of Professor James Hansen, the world's leading 

climatologist. 

Solutions to this problem include the "deep decarbonisation" of the energy system, and 

more precisely the production and use of energy that emits much less carbon dioxide than is 

happening today. Decarbonisation involves at least three major pillars. The first pillar is 

energy efficiency, that is, using much less energy per unit of GDP than it is now. The second 

pillar is the use of low-carbon electricity, which means that we produce that energy using 

aeolian, solar and nuclear technology. The third pillar is the transition from combustion of 

fossil fuels to the use of electricity obtained from low carbon sources as part of a process 

called "fuel swapping" or "electrification." 

The whole process, which therefore consists of three parts, should be involved. In other 

words, as far as energy is concerned, we really would have to change course - and quickly - 

much faster than politicians say, warns Jeffrey Sachs. With industrial countries accounting 

for three quarters of total energy use (with only one quarter of the world's population living 

in them), Professor Jonathan Harris ("Environmental and Natural Resources Economics: A 

Contemporary Approach") believes that increasing energy consumption in developing 

countries can be offset reducing consumption in rich countries.13 

Hope is provided at Paris Conference on Climate Change held in 2015. The goal of the 

conference is to reduce by 2050 the presence of "greenhouse gases" between 40 and 70 

percent. The conference aims at a comprehensive agreement that would oblige all countries 

in the world to gradually engage in the energy transition process, which is necessary to 

                                                           
12 According to: "Dnevnik", Novi Sad, 16th XII 2019, p. 6. 
13 In Serbia, about 70 percent of electricity is generated from lignite-fired power plants. If we add 

about two million passenger vehicles on Serbian roads - then it is clear that some of our cities are at 

the top of the world list of air pollution. 



GEA (Geo Eco-Eco Agro) International Conference, 28-29 May 2020, Montenegro - Book of Proceedings 

72 

 
 

reduce greenhouse gas emissions. A new climate agreement has been adopted that forms the 

basis for the long-term efforts of the States Parties to combat climate change. Unfortunately, 

the US is abandoning this agreement, which will have negative consequences for its 

implementation. 

 

5. Instead of a conclusion: The need for change 

 
The challenges of (un) sustainable development are large and require a greater role for science. 

Economics is a science and profession that has played and plays a huge role in the development 

of the productive forces of society. Therefore, she is not accidentally awarded the 1968 Nobel Prize for 

Contribution to Development. The economy, however, is also responsible for unsustainable growth 

and development so far. Economy has given birth to a homo economicus who, in his uncontrolled greed 

and race for profit, has led to the relentless use of natural capital, culminating in devastating climate 

change. It then led to unbearable inequalities in society, problems of social poverty, hunger, illness 

and many other problems that left and left worrying consequences. Science, as a global culture, needs 

to get a better place and a more important role in the future. Changes in the world are fast and big. 

They are difficult to grasp and understand, so many scientific studies are now being done 

collaboratively, multidisciplinarily and globally. That is why economic science is also set as an 

imperative: the necessity of realizing the concept of sustainable development. Economic science has 

already taken on this historical task: through the concept of the so-called. the new economy is 

increasingly striving to achieve this goal. This is evidenced by the Nobel Prize in Economics (2019) to 

three authors who have studied the problem of global poverty, an important aspect of unsustainable 

growth and development so far. 

Their contribution is best illustrated by their work. I will mention some of them: M. Kremer 

(Small Change - Big Result: Behavioral Economy At Work In Poor Countries); E.Diflo, A. Banerjee (Poor 

Economy: Thinking About the Way to Combat Global Poverty; Good Economy during Hard Times; Good 

Economy. Bad Economy; Handbook of Economic Field Experiments I, II). Their contribution is in the fact 

that they have shown us the necessity of sustainable development and the unsustainability of the 

current development concept. Therefore, a new socio-economic development strategy is necessary, 

both globally and nationally. 

The gap in the world, as it is and as it could be, is bigger than ever before. Overcoming this gap 

presupposes a redistribution of wealth. Health, threatened by social unrest, uncertainty are at stake. 

The economic crisis is multiple. The new ecosystem is changing the biosphere, flora and fauna are 

threatened. In addition, the population is increasing dramatically: 7.6 billion people live on earth 

now, with an estimated 9.7 billion in 2050.14 

To all this must be added the dangers of climate change, with the greatest disagreement here 

between science, the public and politicians. The question is: who is to blame for the Earth being 

warmer than ever in the last thousand years, which of the last 20 years has been the 19 hottest 

recorded since 2000, which is the hottest five, just the last five years? With the 2015 Paris Climate 

Agreement (abandoned by the US), all signatories have pledged to keep global warming below two 

degrees, halve CO2 emissions by 2030 and reduce to 2055, which is difficult to achieve due to a lack of 

consensus. 

Climate change is clearly a consequence of the increasing negative environmental impact of 

man.15 Climate change adaptation is an issue that should be addressed in all strategic or legislative 

documents, small and large countries, the poor and the richest. Namely, we are witnessing radical 

                                                           
14 Martin Rees, a philosopher, in the book About the Future, thinks that modern agriculture could feed 

so many people. But if 1,500 liters of water is consumed per kilogram of grain and ten times as much 

per kilogram of beef, then this becomes a difficult problem in the future. 
15 NASA was before the US Congress in 1988. confirmed that global warming is 99 percent the result 

of human activities. 
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destabilization on Earth - a massive undercutting of cereal yields (due to droughts), huge fires, major 

floods, epidemics, and millions of refugees fleeing places where they can no longer live. In this 

regard, American writer Jonathan Frenzen says, ‚And when we accept that we cannot prevent the 

climate apocalypse, there are strong, practical and moral reasons to continue working to reduce 

carbon dioxide emissions.‚16 Because, as philosopher Martin Rees tells us in the book "About the 

Future": "The most important thing is for people to avoid the self-destruction that threatens.17 

Investing in ecology not only boosts economic growth but also contributes to human health and 

living standards. This is one of the basic points of the EU's Green Compact, a joint document that 

includes plans to build cleaner energy systems based on renewable energy sources. This is a new EU 

economic development policy, which involves the transformation of the energy sector and food 

production. 

Disruptions in the electricity sector should make us particularly aware of the need to abandon 

coal as a major resource for electricity production.18 Global trends clearly indicate that strategic 

alternatives are possible to renewables and the use of gas in electricity production, due to much lower 

carbon dioxide emissions. It is necessary to initiate a discussion between politics, institutions and the 

profession in order to answer the question of what combination is acceptable and economically viable 

for Serbia, and then start implementing a long-term strategy for the development of the electricity 

system. 

 Reducing gas and pollution is one of the Millennium Goals of the UN's Sustainable 

Development, a document adopted in 2005, and the 2015 Paris Climate Agreement. The problem is 

that energy demand is expected to grow by 30 percent over the next two decades. This is a major 

obstacle to reducing emissions. Behind all energy decisions, there are strong interest groups and 

lobbies, namely behind all energy decisions is the question "who wins and who loses"? This makes it 

difficult to predict the future. 

The key issue of further socio-economic development is, therefore, the question of a new concept 

of economics, of new patterns whose competitive advantages are based on sustainable 

development19, free market, rule of law, knowledge, innovation, information, entrepreneurship and 

creativity. First of all, it is about the so-called. green business, the concept of a circular economy that is 

consistent with the need for sustainable development. In addition to profit-oriented activities, it also 

involves caring for the natural environment and the community. The emphasis of eco-business 

should be put on environmental protection, so that the negative impact would be minimized. In this 

context, the European Union has urgently adopted the "European Green Deal", which envisages 

investing around € 1,000 billion in climate protection measures by 2030. Unfortunately, Serbia is 

significantly behind in terms of allocations, but also in terms of measures and actions. 

The green economy is one of the most promising global development concepts, reducing 

environmental risks, which further has a positive impact on air, water and land, i.e. food (quality and 

health safety), which is in the function of general well-being.20 And when it is connected with the 

                                                           
16 According to: ‚Politika‛, Belgrade, Culture, 28th XII 2019, p. 09. 
17 According to: ‚Politika‛, Belgrade, 21. XII 2019, p. 04. 
18 Today, energy consumption is 65 percent higher than two thousand years ago. Coal consumption is 

rising, with Asia's share of coal consuming almost 80 percent. Coal-fired power plants produce and 

emit the most carbon dioxide and pollutants (According to: Danas, Belgrade, 18-19 and 2020, p. V). 
19 The term was defined by the then Prime Minister of Norway in 1987 as ‚a development that meets 

the needs of the present and does not impair the ability of future generations to meet their needs‛ 

(According to: ‚Politika‛, Belgrade, 21. XII 2019, p. 04). 
20 OECD has done a study: "Green Growth Indicators for 2017". The report showed that no country 

has made good progress in all green growth domains, that is, most research countries should separate 

economic growth from fossil fuel use and pollutant emissions. This research shows that Denmark, 

Estonia, the United Kingdom, Italy, and Slovakia have made the greatest progress in green growth 

since 2000. (According to: "Dnevnik", Novi Sad, June 22, 2017, p. 6). 
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natural beauties of Serbia and its tourism and agrarian potentials - then it is a multiple gain, even 

economically. The green economy is best reflected in the concept of organic (or integral) agriculture, 

which suppresses the so far prevalent concept of industrial (intensive), conventional agriculture, and 

for which Serbia has enormous potential. 
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Abstract: California bluebell - Phacelia tanacetifolia Benth. is a very attractive crop in the field, with 

deep blue flowers anda strong, pleasant aroma. With 1 ha can produce between 500 and 1200 kg of 

phacelia honey. Phacelia honey is from light beige to white, translucent glassy color. The experiment 

with phacelia variety NS Priora was carried out on the two localities, in Novi Sad (L1) and in Zaječar 

(L2), in an unfavorable year for production, 2019. The locality had a statistically significant effect to 

the tested morpho-productive and quality parameters of phacelia, p>0.5. Average plant height on 

both locality was 63 cm, average grain yield 810 kg ha-1 and average honey yield 750 kg ha-1. The 

nitrogen content of grain varied from 3.35% to 3.40%, protein content varied from 20.93% to 21.25%, 

cellulose content varied from 4.31% to 4.40% and ash content varied from 5.70% (L1) to 5.81% (L2). 

Research results have shou that variety NS Priora has excellent quality components of seed and 

potential for grain yield and honey yield. 

Keywords: Phacelia tanacetifolia, Grain yield, Honey yield, Locality, NS Priora. 

 

1. Introduction 

 

Lacy phacelia - Phacelia tanacetifolia Benth. belongs to the family Boraginaceae, subfamily 

Hydrophylaceae. There are about 200 species in the Phacelia genera, some perennial and some 

annual (Cazzola, 1987; Lakić et al., 2018). As a commercial species Phacelia tanacetifolia is for a 

long time recognized by beekeepers as a preferred foraging plant for honeybees (Teittinen, 

1980) with a high potential for honey yield (Orsi and Bionoi, 1987; Stevenson, 1990; 1991; 

Popović et al., 2016; 2019). Phacelia tanacetifolia Benth. is a very attractive crop in the field, 

with deep blue colored flowers and a strong, pleasant aroma. A single flower can give up to 

4.5 mg of nectar, with a sugar concentration of 28%. With 1 ha can produce between 500 and 

1200 kg of phacelia honey (Popović et al., 2016; 2017; 2019). Phacelia honey is from light 

beige to white, translucent glassy color, mild and delicate aroma with a fine pleasant flavor 

(nice soft lemony scent and taste). Crystallization is slow and into fine crystals making the 

honey finely creamy, because content of fructose in it is higher than content of glucose (like 

acacia honey). Phacelia have a sweet and complete flower for the honey bees because it 

provides both pollen (for protein – needed for egg production) and nectar (for carbohydrates 

– needed for energy). Significant is the potential of Phacelia as bee forage, with a high 

potential for honey yield, a green manure, forage crop (either on its own or in a mix with 

peas or vetch) to provide forage and production of honey, it is host of aphid parasite, has 

nematicidal properties, allelochemical properties of the plant, etc. Phacelia has high energy 

and protein content. Phacelia honey is good for our health. Monofloral honey is more 

expensive than multi-floral honey, and the price strictly depends on its botanical origin 
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(Stanek et al., 2019). Phacelia honey is a very good diuretic, has an estrogenic action, helping 

in fixing calcium in the bones, in women favors the emphasizing of feminine features and 

has strong rejuvenating effect, helpful for the treatment of sinus problems, maintains the 

blood cholesterol level, has disinfecting and skin care effect and helping in treating burns. 

Honey is the major part of Chinese medical industry. 
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 1. Lacy phacelia plant: (a) Phacelia seed; (b) Phacelia flowers and been; (c) Phacelia honey-

comb; (d) Phacelia honey 

Besides that phacelia is honey culture, it also has great agro-technical significance: 

Quick for establish; improves soil structure; drought tolerant; for erosion control; nitrogen 

savenger; weed suppression; potential for grazing; potential in hay; attractive for pollinators. 

Phacelia has been used as a forage crop, either on its own (Danial and Zobelt, 1986) or in a 

mix with peas or vetch to provide forage and for honey production (Petkov, 1966). Phacelia 

has also been used as a green manure crop in Europe for a number of years (Anon., 1989). 

When ploughed as a green manure, it has influence on increasing content of carbon and 

nitrogen in soil to over 80 cm of depth (Beckmann, 1977). It was also find, that the crop have 

nematocidal properties, (Anon., 1989; Booker Seeds, 1990) although it is not clear is this is 

the case when used as a green manure or the root system was actively nematocidal. Phacelia 

is commonly established quickly after the harvest of the main crop, to maintain soil 

structure, fertility and to protect the soil surface (Mariander et al., 1981). 

Honey is the major food reserve of Apis mellifera and the primary carbohydrate in the 

bee‘s diet; it is produced and stored in the honeycomb for consumption by the adult colony 

during periods with no nectar. Honey consists primarily of simple sugars, water, minerals 

and nitrogenous compounds. Concentrated sugars account for 95 to 99% of honey‘s dry 

matter (FAO, 1996). The majority of the sugars found in honey are fructose and glucose, 

which represent 85 to 95% of its total sugars, in accordance with the regulations on honey, 

which is comply with the world standard, Table 1. The predominance of these simple 

sugars, especially fructose, gives to honey most of its nutritional and physical characteristics. 

Honey was discovered in India about 2000 - 3000 BC according to their holy book - 

Vedas. Their forest honey yields 10,000 tons each year. Honey is the major antioxidant and is 

also used in building up of immunity. World honey production is estimated to 1.85 million 

tons, in the year 2018 (FAO, 2020). According to FAO (2020) estimate, leading producers 

according to their production shares are China (24.70%), then follow Turkey (6.18%), 

Argentina (4.21), Iran (4.19%), Ukraine (3.85%), USA (3.73%), India (3.64%), Russia (3.51%), 

Mexico (3.47%) and Ethiopia (2.70%).The EU countries are significant producers of honey 

with share of 13.97% in total world production. Countries former Yugoslav participates 

with: 0.62% Republic of Serbia, 0.47% Croatia, 0.22% Bosnia and Herzegovina, 0.07% 

Slovenia and 0.03% Montenegro, Table 2. 
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Honey is produced in small quantities in many countries and primarily used for 

domestic consumption. Of the total world annual honey production about 67% is marketed 

in its country of production and about 23% is traded in the export market. The five biggest 

honey exporting countries in the world are: China, Argentina, Mexico, Germany and Brazil, 

accounted for more than 65% of world honey exports in 2004. Germany and the United 

States were the biggest honey importing countries in 2004 with more than 20% market share. 

Germany is by far the leading honey market in the EU. China has become the world’s 

biggest honey consumer, significantly increasing its share of the global market from 8% in 

1993 to 16% in 2004 (CAP, 2008). 

As the only available natural sweetener honey was an important food for Homo sapiens 

from very beginning. Indeed, the relation between bees and man started as early as Stone 

Age (Crane, 1983). In most ancient cultures honey was used for both nutritional and medical 

purposes. The belief that honey is a nutrient, a drug and an ointment has been carried into 

our days. For a long time, in human history, it was an important carbohydrate source and 

the only widely available sweetener until industrial sugar production started with its 

replacement after 1800 (Crane, 1975). 

The honey consumer establishes the quality of honey by eyes, nose and mouth. 

Therefore, the sensory properties of honey have a great importance. Sensory evaluation 

enables us to distinguish the botanical origin of honey and to identify and quantify certain 

defects (fermentation, impurities, of odours and flavours). Honey consists of various sugars, 

mainly fructose and glucose, and other substances such as organic acids, enzymes and solid 

particles that reach honey during its production. Honey can be of liquid or viscous 

consistency, partially or completely crystallized, and the color of honey can vary from light 

yellow to dark brown (Rulebook (2015) on the quality of honey and other bee products, 

Official Gazette of RS, 101/2015). The smell and taste of honey vary depending on the type of 

plants from which it originates. Conditions regarding the quality of honey are defined by 

this rulebook, Table 3. According to the regulations, there are four types of honey: 

Monofloral honey; Polyfloral honey; Honey-dew and Bakers honey. Monofloral honey is a 

product that honey bees produce from the nectar of flowers of honey plants of a certain 

species. Honey with the name of a certain type of honey plant should have the taste, smell 

and color characteristic of that plant, with the predominant number of pollen- grains of that 

type of plant. Monofloral honey can be labeled according to a certain plant species, if the 

insoluble part contains at least 45% of pollen grains of that plant species. Notwithstanding 

paragraph 3 of Article Rulebook on the quality of honey and other bee products (Rulebook 

(2015) Official Gazette of RS, 101/2015) for labeling monofloral honey with the name of 

certain plant species, the share of pollen grains of these plant species in insoluble honey can't 

be less than the share given in Table 3.Polyfloral honey (meadow, floral) is a product that 

honey bees produce from the nectar of flowers of different types of honey plants. Honey-

dew is a product that bees produce by collecting insect excrement (Hemiptera), which feeds 

on juices from living parts of plants or secretions from living parts of plants. Bakers honey is 

honey of altered quality that is used in industry or as an ingredient in other foods that are 

further processed and may have an uncharacteristic taste or smell, in a state of boiling, 

boiled or overheated. Other bee products are classified as: 1) pollen; 2) propolis; 3) royal 

jelly. Pollen is a product that bees collect from the flowers of plants, form it into lumps and 

add their own specific substances. Propolis is a product of a mixture of natural beeswax and 

resinous substances that bees collect from woody plants. Royal jelly is a product of 

allotrophic (hipopharings) glands of young bees, milky color, thick consistency, 
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characteristic taste and smell, which was extracted 68 to 72 hours after transplanting larvae, 

with mandatory removal of larvae from an extracted royal jelly (Rulebook (2015) Ordinance 

on quality of honey and other bee products, Official Gazette of RS, 101/2015). 

Honey is sold and consumed around the world. It is consumed as raw (unprocessed); as 

an ingredient in food, cosmetics and natural medicine; as a source of sugar for making wine 

or beer. Honeys have been extensively used as a topical therapeutic agent in clinical trials on 

abscesses, ulcers and burns (Molan, 2001; 2004). There are a lot of benefits of using it to 

medical treatments, including reduction of inflammation, pain reduction, reduction of 

odour, debridment of necrotic tissue and improvement of granulation and epithelization 

(Tonks et al, 2003). Honey has been used by humans since ancient times as both a dietary 

source and sweetener, and until recent times it was also highly regarded treatment for many 

ailments, in traditional medicine (Crane, 1999). Honey represents goods for barter, cash and 

export. Honey exports contribute significantly to the agricultural economy of many 

developing nations. Most developing countries are capable of exporting honey as long as 

national production exceeds local requirements (FAO, 2003). Beekeeping in our country has 

an ancient history and is integral part of the lifestyle of the farming communities. The major 

portion of honey production at ours is done using traditional bee hives which are mostly 

cylindrical in shape (about 1-1.5 meter in length and 30-50 cm width). 

Based on the classification of plants in relation to honey yields, phacelia is classified in 

the sixth class, in the group of the most honey-bearing plants, and it is with the potential for 

yields over 500 g ha-1 of honey (Popović et al., 2016, 2017, 2019). According to this, phacelia 

is a desirable culture both in the world and in our country. Phacelia is used in our country as 

fodder plant, ornamental plant, medicinal plant and honey-bearing plant and sown in a 

regular and second sowing. The aim of this study was to determine the impact of the locality 

on the morpho-productive traits of phacelia variety NS Priora, quality seed and honey yield.  

 

2. Materials and Methods  

 

2.1. Experimental design  

 

In this study was determine the productivity of phacelia variety NS Priora, quality seed and 

honey yield, produced in 2019 in two localities: L1- Novi Sad and in L2-Zajecar, Serbia. The 

basic plot amounted to 10 m2 in three replications. The experiment was conducted according 

to a split-plot design. The standard technology for crop cultivation phacelia was applied in 

both localities. Autumn ploughing was carried out to a depth of 25 cm, with application of 

250 kg ha-1 of NPK nutrients. Pre-sow plowing was done at 25 cm of depth, and nitrogen 

was applied once the plant was at the rosette stage. Sowing was the end of March 2019 at a 

depth of 2 cm. Using of 12 kg ha-1 of phacelia seed for sowing and density of 100 plant per 

m2 is recommended. Harvest was carried out at stage of technological maturity of plants. 

After harvest, samples from all replications were taken for morphologically productive 

parameters: plant height and grain yield. The yield of honey per hectare was determined. 

Quality parameters were also examined. Protein content and nitrogen content, %, was 

determined by the Kjeldahl method; Oil content, %, was determined by methods of Soxhlet; 

Cellulose content, %, was determined by a modified method by Sharer; Ash content, %, was 

determined by SRPS EN ISO 2171:2012, gravimetric; was determined annealing the samples 

in electric muffle furnace at a temperature of 500-600 °C. The procedure lasted 3h. 
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2.2. Tested variety 

 

Serbian variety NS Priora continues flowering over 8-9 weeks period (50-63 days) and have 

a high genetic potential of seed yields, about 1000 kg ha-1 in favorable years for production. 

Length of vegetation period NS Priora variety is 135 days. Phacelia need 50 kg N, 20 kg P 

and 10 kg potassium for good growth. Weed control with Fusilade forte was effective 

(Popović et al., 2016; 2017a; 2017b).  

 

2.3. Statistical Analysis 

 

The resulting data were analysed using mathematical and statistical analysis of variance and 

the obtained difference of the height was evaluated by LSD test. All of the research results 

are presented as tables and figures. All statistical analyses were carried out using 

STATISTICA software, version 13 (StatSoft Inc., Tulsa, OK, USA). 

 

2.4. Meteorological conditions 

 

Compared with perennial data (period 1985-2015), the amount of precipitation in vegetation 

period 2019 in Novi Sad and Zaječar was higher. Precipitation in period Mart-August in 

2019(392.5 mm) in Novi Sadfor 44.7 mm were higher than perennial average (347,8 mm), 

while the average temperature (21.6 °C) was higher for 1.5 °C than perennial average (20.1 

°C), Figure. 1a.  

Precipitation in Zaječar in 2019 (443 mm) were higher than the long-term average for 

101.2 mm, while the average temperature was 20.5 °C, which were higher than the long-term 

average (20.1 °C) for 0.4 °C, Figure. 1b. April to May period was characterized by 

precipitation above average in locality of Novi Sad. In May, June and July, precipitation was 

above the multiannual average in locality of Zaječar. 

 

 
(a) 

 
(b) 

Figure 1. Total total precipitation (mm) and average temperature (°C) in the vegetation period, VP, 

2019 and in average VP of 30 years: (a) in Novi Sad; (b) in Zaječar, Serbia. 

Precipitation in July exceeded perennial values for 63 mm. The main problem was the 

enormous amount of precipitation that caused incidence of rot. During the ripening phase in 

August, the average temperatures were at the level of perennial averages in locality Zaječar. 

All this caused lower habitus of phacelia plants, shorter flowering length, lower honey seed 

yield and postponed further the phacelia harvest and reduced yields (Table 1, Figure 3a). 

3. Results and Discussion 
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Honey plants, like a phacelia, are of great importance for beekeeping. Share of pollen 

grain in phacelia is 60%, Table 1.  

Table 1. The smallest share of pollen-grains in the insoluble part for certain plant species 

No. Name of plant Share of pollen, % 

1. Tame chestmnut/Pitomi kesten (Castanea sativa Mill.) 85 

2. California bluebell (Phacelia tanacetifolia Benth.) 60 

3. Rapeseed/Uljana repica (Brassica napus L.) 60 

4. Sunflower/Suncokret (Helianthus annuus L.) 40 

5. Alfalfa/Lucerka (Medicago sativa L.) 30 

6. Linden/Lipa (Tilia spp.) 25 (10)* 

7. Acacia / Bagrem (Robinia pseudoacacia L.) 20 

8. Mint/Menta (Mentha spp.) 20 

9. Heaths/Vres (Calluna vulgaris L.) 20 

10. Coastal heath/Primorski vres (Satureja montana L.) 20 

11. Taraxacum/Maslačak (Taraxacum officinale Weber) 20 

12. Rosemary/Ruzmarin (Rosmarinus officinalis L.) 20 

13. Sage/Žalfija (Salvia officinalis L.) 15 (10)* 

14. Strawberry tree/Planika (Arbutus unedo L.) 10 

15. Agrumi (Citrus spp.) 10 (5)* 

16. Lavender/Lavanda (Lavandula spp.) 10 (5)* 
1 Source: Rulebook on the quality of honey and other bee products, Official Gazette of RS, 101/2015 

* With characteristic sensory properties of honey for a certain type of plants (smell, taste, color) 

Republic of Serbia are significant producers of honey with share of 0.62% in total world 

production, Table 2. 

Table 2. Honey production in Word in 20181 

Honey production t Share, % Honey production t Share, % 

Word 1.850.868 100.00 Romania 29.162 1.58 

Asia 855.835 46.24 Hungary 27.936 1.51 

Europe 426.380 23.04 Poland 23.472 1.27 

America 355.835 19.23 Greece 21.400 1.16 

Africa 200.700 10.84 Germany 20.333 1.10 

Oceania 32.310 1.74 France 17.489 0.94 

China  457.205 24.70 Serbia 11.427 0.62 

EU 258.610 13.97 Bulgaria 10.338 0.56 

Turkey 114.113 6.18 Portugal 10.030 0.54 

Argentina 79.468 4.29 Italy 9.500 0.51 

Iran 77.567 4.19 Czechia 8.992 0.49 

Ukraine 71.279 3.85 Croatia 8.727 0.47 
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USA 69.104 3.73 Pakistan 4.289 0.23 

India 67.442 3.64 Slovakia 4.112 0.22 

Russian Federation 65.006 3.51 Switzerland 4.005 0.22 

Mexico 64.253 3.47 Austria 4.000 0.22 

Ethiopia 50.000 2.70 Bosnia &Herzegovina 3.992 0.22 

Brazil 42.346 0.23 Albania 3.937 0.21 

Canada 39.116 0.21 Sweden 3.400 0.18 

Spain 36.394 1.97 Finland 2.606 0.14 

Australia 11.300 0.60 Denmark 1.500 0.08 

Portugal 10.030 0.54 Slovenia 1.360 0.07 

Israel 3.600 0.19 Norway 1.350 0.07 

Japan 2.886 0.16 Montenegro 500 0.03 

1Source: FAO, 2020; 

Honey is a sweet and viscous fluid produced by honeybee from the nectar of flowers. 

Nectar is a fine, sticky, sweet liquid that is changed (ripened) by the honey bee to a stable, 

dense and high-energy food. According to Codex Alimentarius Commission 

Standardization: ‚Honey is the natural sweet substance produced by honey-bees from the 

nectar of plants or from secretions of living parts of plants or excretions of plant-sucking 

insects which suck it from the living parts of plants, which the bees collect, transform by 

combining with specific substances of their own, deposit, dehydrate, store and leave in the 

honeycomb to ripen till mature‛ (CAC, 2001).  

Climate change, modern agriculture, impact of pesticides and other factors have 

reduced different types of nectar and pollen in world which affected the diet of the bees. 

Honey is produced in small quantities in our country and primarily used for domestic 

consumption. Honey production is in accordance with the regulations on honey, which is 

comply with the world standard, Table 3. 

Table 3. Comparison of test results of different honeys with the world standard. 

Parameters 
Serbian honey 

standards1 

Ethiopian 

honey 

standards* 

World honey  

standards* 

Moisture content (% by mass) <20.0 17.5-21.0 18-23.0 

Mineral content (% by mass) 0.1-0.5 <0.6 0.25-1.0 

Total reducing sugars (% by mass) >60.0 >65.0 60-70.0 

Sucrose (% by mass) <5.0 <5.0 <10.0 

Acidity meq/kg <50.0 <40.0 <50.0 

HMF mg/kg <40.0 <40.0 <80.0 

1 Source: Rulebook on the quality of honey and other bee products, Official Gazette of RS, 101/2015 

* Source: Nuru Adgaba (1999) FAO, Agricultural Services Bulletin 68 in MoARD (2007) 

 

https://www.tehnologijahrane.com/pravilnik/pravilnik-o-kvalitetu-meda-i-drugih-proizvoda-pcela
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The composition of honey is rather variable and primarily depends on the floral source; 

however, certain external factors also play a role, such as seasonal and environmental factors 

and processing. Honey contains at least 181 substances (Chow, 2002); it is a supersaturated 

solution of sugars, mainly composed of fructose (38%) and glucose (31%), containing also 

minerals, proteins, free amino acids, enzymes and vitamins (Perez, 2002; Terab et al., 2003). 

A wide range of minor constituents is also present in honey, many of which are known to 

have antioxidant properties. These include phenolic acids and flavonoids (Martos, 2000; 

Tomas-Barberan et al., 2001; Dimitrova et al., 2007), certain enzymes (glucose oxidase, 

catalase) (Molan and Betts, 2014) and aminoacids (Pérez et al., 2007), Table 4. 
 

Table 4. Average composition in honey (data in g/100 g) 

No. Component Average (%)* 

1. Water 17.2 

2. Fructose 38.19 

3. Glucose 31.28 

4. Sucrose 1.31 

5. Disaccharides, calculated as maltose  7.31 

6. Higher sugars  1.5 

7. Free acid as gluconic  0.43 

8. Lactone as gluconolactone 0.14  

9. Total acid as gluconic  0.57 

10. Ash  0.169 

11. Nitrogen 0.041 

12. Minerals  0.2 

13. Amino acids, proteins  0.3 

14. pH value  3.9 

* Source: Chow, 2020; Perez, 2002; Terab et al., 2003; Martos, 2003; Tomas-Barberan et al., 2001; Dimitrova et al., 2007; Molan and Betts, 2014; Pérez et al., 2007. 

3.1. Lacy phacelia quality and productivity parameter  

 

Based on the analysis of variance, it can be concluded that are highly significant differences 

at grain yield regard the locality of investigation (Fexp=28.59*). Highly significant 

differences are also for protein content (Fexp = 31.50*), honey yield and plant height regard 

the locality of investigation (Fexp=52.83** and 55.68**), Table 5. 
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Table 5. Analysis of variance for tested parameters 

Effect SS Deg.of Freed. MS F p 

Nitrogen content 

Intercept 68.3437 1 68.3437 10935.00 0.00000 

Locality 0.0037 1 0.0037 0.60 0.4818 

Error 0.0250 4 0.0062   

Protein content 

Intercept 2668.72 1 2668.729 524995.80 0.00000 

Locality 0.160 1 0.160 31.50* 0.00495 

Error 0.020 4 0.005   

Cellulose content 

Intercept 113.535 1 113.535 11353.50 0.00000 

Locality 0.0150 1 0.0150 1.50 0.28786 

Error 0.400 4 0.0100   

Ash content 

Intercept 198.720 1 198.720 22973.43 0.00000 

Locality 0.0182 1 0.0182 2.10 0.22104 

Error 0.0346 4 0.0086   

Plant height 

Intercept 23940.10 1 23940.17 6529.14 0.00000 

Locality 204.17 1 204.17 55.68** 0.00172 

Error 14.67 4 3.67   

Seed (Grain) yield 

Intercept 3943083 1 3943083 7721.44 0.00000 

Locality 14603 1 14603 28.595* 0.00589 

Error 2043 4 2043   

Honey yield 

Intercept 3241350 1 3241356 5556.600 0.00000 

Locality 30817 1 30817 52.825** 0.00190 

Error 2333 4 583   
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3.1.1. Nitrogen content 

Average nitrogen content at both localities was 3.37%, and varied from 3.40% (L2) to 3.35% 

(L1). The locality did not have a statistically significant influence on the obtained values of 

the examined parameter. At the locality L2, higher values for NC were achieved by 1.49% in 

relation to the locality L1, Table 6, Fig. 2b. 
 

3.1.2. Phacelia protein content 

Average protein content at both localities was 21.09% and varied from 21.25% (L2) to 20.93% 

(L1). The locality had a statistically significant influence on the obtained values of the 

examined parameter. At the locality L2, higher values for PC were achieved by 1.52% in 

relation to the locality L1, Table 6, Fig. 2a. Phacelia has been found to have high energy and 

protein content, but some questions were raised about possible allelochemical properties of 

the plant (Danial and Zobelt, 1986). 

Table 6. Lacy phacelia quality parameters 

Level of Factor No Mean 
Std. 

Dev. 
Std. Err. -95,00% +95,00% 

Nitrogen content, NC, % 

Total L1 and L2 6 3.375 0.075 0.031 3.295 3.455 

Locality–L1 Novi Sad 3 3.350 0.050 0.029 3.226 3.474 

Locality-L2 Zaječar 3 3.400 0.100 0.057 3.151 3.648 

Protein content, PC, % 

Total L1 and L2 6 21.090 0.189 0.077 20.890 21.290 

Locality-L1 Novi Sad 3 20.927 0.087 0.051 20.709 21.144 

Locality-L2 Zaječar 3 21.253 0.050 0.029 21.128 21.378 

Cellulose content, CC, % 

Total L1 and L2 6 4.350 0.105 0.043 4.239 4.460 

Locality-L1 Novi Sad 3 4.300 0.100 0.057 4.051 4.548 

Locality-L2 Zaječar 3 4.400 0.100 0.058 4.152 4.649 

Ash content, AC, % 

Total L1 and L2 6 5.755 0.103 0.042 5.647 5.863 

Locality-L1 Novi Sad 3 5.700 0.100 0.058 5.452 5.948 

Locality-L2 Zaječar 3 5.810 0.085 0.049 5.598 6.022 

1  

Parameter LSD Locality NC PC* CC AC 

 
0.5 

 
0.179 0.161 0.227 0.211 

0.1 0.297 0.268 0.376 0.350 
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3.1.3. Phacelia cellulose content 

 

Average cellulose content at both localities was 4.35% and varied from 4.30% (L1) to 4.40% 

(L2). The locality did not have a statistically significant influence on the obtained values of 

the examined parameter. At locality L2, values higher for CC by 0.10% were achieved 

compared to locality L1, Table 6, Figure 2b.  

 

3.1.4. Phacelia ash content 

 

Average ash content in both localities was 5.76 and varied from 5.70% (L1) to 5.81% (L2). 

The locality did not have a statistically significant influence on the obtained values of the 

examined parameter. At the locality L2, the values higher by CC by 0.11% were realized in 

relation to the locality L1, Table 6, Figure 2b. 

Phacelia tanacetifolia, used as a honey-crop and cover-crop species in arable agricultural 

systems. These results have implications both from an ecological perspective and in terms of 

the prescription of plants to remediate or condition soil structure in managed systems (Bacq-

Labreuil et. al., 2019). In agricultural systems, the use of cover crops is increasing (Storr et al., 

2019) in order to increase the sequestration of carbon (Scott et al., 2017), soil macro-porosity 

(Abdollahi et al. 2014; Cercioglu et al., 2018) and decrease soil erosion (Storr et al., 2019). 

Furthermore, cover crops have an impact on the biota of the soil, increasing microbial 

diversity and richness (Fernandez et al., 2016) and the abundance of saprophytic and 

mycorrhizal fungi (Finney et al., 2017). 
 

 
(a) 

 
(b) 

Figure 2. Lacy phacelia quality parameters; (a) Linear 3D Surface Plot for protein content, ash content 

and cellulose content (b) Linear 3D Surface Plot for cellulose, nitrogen content and protein content. 

3.1.5. Phacelia plant height 

 

Average plant height in both localities was 63.17 cm, and varied from 57.33 cm (L2) to 69.00 

cm (L1). The locality had a statistically significant influence on the obtained values of the 

examined parameter. 

 At the locality L1-Novi Sad, significantly higher values were achieved for the height of 

plants, i.e. higher 16.91% in relation to the locality L2 - Zaječar, Table 7, Figure 3a. 

3D Surface Plot (Phacelia GEA 2020 13v*90c)
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Phacelia tanacetifolia is an annual herb that grows erect to a maximum height near 100 

centimeters with none to a few branches. The wild form is glandular and coated in short stiff 

hairs. The dense and hairy inflorescence is a one-sided curving or coiling cyme of bell-

shaped flowers in shades of blue and lavender  

(https://ucjeps.berkeley.edu/eflora/eflora_display.php?tid=37579). 

 

3.1.6. Phacelia seed yield 

 

The locality had a statistically significant influence on the yield of phacelia seeds. At the 

locality L1-Novi Sad, a significantly higher seed yield was achieved in relation to the locality 

L2-Zajecar. Average seed yield on both localities was 810.67 kg ha-1 and varied from 761.33 

kg ha-1 (L2) to 860.00 kg ha-1 (L1). Locality L1 had higher seed yields by 11.47% compared to 

locality L2, Table 7, Figure 3a. 

Phacelia seed traits depend on many factors: genotype, the moisture content in 

physiologically mature seeds at harvest time, the technological maturation of seed, seed 

infection by pathogens, the presence of pests etc. Seed characteristics are changed and due to 

different agro-ecological conditions (Popović et al., 2016; 2017; 2018; Lakić et al., 2018).  

Cazzola (1987) reported potential phacelia seed yields of 1000- 1500 kg ha-1, which 

would possibly be attainable if could be harvested all seed and if losses through uneven 

maturity and/or shattering minimize. 

 

3.1.7. Phacelia honey yield 

Honey-bearing crop was attractive to bees. About 3 hives per hectare should be provided if 

there is no bee source nearby (Glamočlija et al., 2015).  

The phacelia plants in both localities were highly attractive to bees. Phacelia bloomed 

for 57 days at locality L1, four days longer than at the locality L2 (53 days).  

Table 7. Lacy phacelia productivity parameters, Novi Sad and Zaječar, 2019 

Level of Factor No Mean Std. Dev. Std. Err. -95,00% +95,00% 

Plant height, PH cm 

Total L1 and L2 6 63.167 6.616 2.701 56.224 70.109 

Locality Novi Sad 3 69.000 1.000 0.577 66.515 71.484 

Locality Zaječar 3 57.333 2.516 1.453 51.081 63.584 

Seed yield, SY, kg ha-1 

Total L1 and L2 6 810.667 57.698 23.555 750.116 871.217 

Locality Novi Sad 3 860.000 26.457 15.275 794.276 925.724 

Locality Zaječar 3 761.333 17.925 10.349 716.803 805.863 

Honey yield, HY, kg ha-1 

Total L1 and L2 6 735.000 81.425 33.242 649.549 820.450 

Locality Novi Sad 3 806.667 30.551 17.638 730.775 882.558 

Locality Zaječar 3 663.333 15.275 8.819 625.387 701.279 

 

Parameter LSD Locality PH SY HY 

 
0.5 

 
4.342 51.220 54.743 

0.1 7.201 84.949 90.791 
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The locality had a statistically significant effect on phacelia honey yield. At the locality 

L1-Novi Sad, a significantly higher honey yield was achieved compared to the locality L2-

Zaječar. Average honey yield in both localities was 735.00 kg ha-1 and varied from 663.33 kg 

ha-1 (L2) to 806.67 kg ha-1 (L1). At locality L1, the values for honey yield were higher by 

17.77% compared to locality L2, Table 7, Figure 3b. 

 

 
(a) 

 
(b) 

Figure 3. Phacelia productivity parameters: (a) Linear 3D Surface plot for grain yield, plant height and 

honey yield; (b) Quadratic 3D Surface plot for honey yield, plant height and grain yield. 

Kumova and Korkmaz (2013) states that the flower densities of phacelia plant were 

176.33 pcs/m2 at the beginning of flowering, 6538.67 pcs/m2 at the most dense period of 

flowering, and 508.33 pcs/m2 at decreasing period of flowering. It was also determined that 

phacelia plant takes place within 4th class nectary plants with its 14.45 kg/h nectar potential 

by excreting averagely 0.66 mg/flower/day of nectar. Also, it was found that the dry matter 

content of its nectar was 15.90%. It was revealed that phacelia plant excretes 0.56 mg/flower 

pollen daily, and it provides 12.26 kg/ha productivity in terms of pollen productivity. It was 

expressed that the phacelia plant provides enough pollen and nectar source during its 

flowering period. 

The application of HPLC and HPTLC methods allowed the complete differentiation of 

Phacelia tanacetifolia honey samples in context of content of other plants pollen. Thus, honeys 

containing more than 45% pollen from Phacelia tanacetifolia appear to exert more similarities 

in their respective chromatograms, while the chromatograms of two samples (Ph1 and Ph9), 

which derived from honey containing majority of pollen from other plants, differed 

significantly (Stanek et al., 2019). 

Botanical origin of honey is important because it has influence on unique color, flavor, 

and pharmacological properties of honey. Depending on its botanical origin honey is 

classified, in broad terms, as either polyfloral or monofloral. On the world market, 

monofloral varieties of honey, produced from the nectar of a single plant species typically 

have a higher value. Monofloral honeys account for a sizeable portion of Europe‘s premium 

honey market (FAO, 1996). In contrasts to sugar,  honey has a higher nutritional value, 

possessing more calories than other foods (1 lb or 0.454 kg of honey has the value of 1,380 

calorie value, 1g of honey is equal to 303 caloric value) (Earo, 2000). One of the most obvious 

physical characteristics of honey is colour. Colors of honey form a continuous range from 

very pale yellow through amber to a darkish red to black and this can be helpful in the 

identification of floral source of the original nectar of differing honeys. The variations are 

entirely due to the plant source of the honey, although heat may modify the color of honey 

3D Surface Plot (Phacelia GEA 2020 13v*90c)
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by darkening action (Atrouse et al., 2004). Honey also has a range of viscosity that can be 

altered depending on the temperature at which is measured. The colour and consistency of 

honey is not only affected by the source of flower from which the nectar was collected but is 

also affected by factors such as weather and climatic change. The flavor and aroma of honey 

vary even more than the color. There seems to be a characteristic "honey flavor," but infinite 

types of flavor variations can be observed. These variations depend upon the floral source. 

Light-colored honey is mild in flavor and adarker honey has more pronounced flavor. 

Exceptions to the rule sometimes endow a light honey with very definite specific flavors. 

Since flavor and aroma judgments are personal and considering the tremendous variety of 

honey is available, everyone should be able to get a favorite honey (Crane, 1975). Honey 

quality control is also important to protect honey from contamination and fraudings. Honey 

is mainly falsified with table sugar and the collectors are the major practitioners of this act. 

Its greatest medicinal potential is its application as topical agent to wounds and skin 

infections. Honey has anti-inflammatory, immune boosting property, and exhibits broad 

spectrum antibacterial activity, which are attributed both to physical factors: acidity and 

osmolarity, and chemical factors: hydrogen peroxide, volatiles, beeswax, nectar, pollen and 

propolis. Its antioxidant activity is attributed to: glucose oxidase, catalase, ascorbic acid, 

flavonoids, phenolic acids, carotenoid derivatives, organic acids, Maillard reaction products, 

amino acids, and proteins. Honey prevents and treats gastrointestinal disorders such as 

peptic ulcers, gastritis and gastroenteritis. It also poses prebiotic effects and promotes health 

of gastrointestinal tract (Abeshu and Geleta, 2016). 

5. Conclusions 

 Beekeeping is a long-standing cultural agricultural practice at ours.  

 Beekeeping has low start-up cost, requires little land and labor, it is accessible to 

many rural community. Ranges of applications of what emerging from apiculture 

development are enormous and it is considered a major tool in combating against 

insecurity for food. 

 Climatic change, with frequent droughts or heavy rainfall (and floods), have been 

noted in our country and in the world in the last few years. 

 Bees survive in drought-threatened areas and supply the vulnerable communities 

with nutrition, honey, and a source of income 

 The cultivation locality has a great influence on phacelia productivity and honey 

yield.  

 Phacelia, as the most honey-bearing crop, has an advantage here, because growing 

phacelia provides profitable beekeeping in divergent years.  
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Abstract: Yogurt as a fermented dairy product is one of the most used in the daily diet due to the 

large number of positive effects on human health (improve digestion, rich amount of calcium and 

protein, increased immunity, improved bioavailability of other substances, etc.). According to this, 

the study was carried out to determine the effect of storage time of yogurt after opening (the first and 

fifth day), in the refrigerator, on titration acidity, viscosity and water holding capacity (WHC). The 

results of the research have shown that storage time has an impact on them. The changes that occur 

are more pronounced in the samples of yogurt analyzed after one month of refrigeration i.e. the 

quality of the yogurt is correlated with the expiry date. 

Keywords: yogurt, quality, water holding capacity (WHC), titration acidity, viscosity 

 

1. Introduction 

 

Yogurt is a fermented dairy product produced by fermentation of lactic acid through the 

action of Streptococcuss salvarius subsp. thermophilus, Lactobacillus delbrueckii subsp. bulgaricus 

(Younus et al. 2002). The quality and composition of the applied bacterial cultures affect the 

quality of the yogurt obtained as a result of the fermentation processes of the milk. There is a 

symbiotic relationship between the two species of bacteria Lactobacillus bulgaricus and 

Streptococcus thermophilus (Tamime and Robinson 2000). Different combinations of starter 

cultures are selected during yogurt production to achieve the desired product 

characteristics. Depending on its activity, the manufacturer usually adds 2-4% starter culture 

(Deasi et al. 1994). 

Yogurt is the most commonly used dairy product in the diet due to its favorable Ca/Na 

ratio and it belongs to the group of functional food that fulfils the nutritional and immune 

needs of the human body (Mckinley, 2005). Proteins in yogurt are with excellent biological 

quality, as in milk, because the nutritional value of milk proteins are well preserved during 

the fermentation process (Vucic, 2014). It is claimed that yogurt proteins are easier to digest 

than milk proteins, because it may occur bacterial overdose of milk proteins in yogurt 

(Adam, 2008). 

In the group of the most commonly used parameters for analyzing the quality of yogurt 

are included: titration acidity, viscosity, and water holding capacity (WHC). The titration 

acidity of yogurt is a result of the lactic fermentation of lactose into lactic acid as a result of 

the action of starter cultures in yogurt, which mainly takes place during the incubation 

period (Adam, 2008). Viscosity is a characteristic property of yogurt that depends on the 

composition of the milk, standardization, heat treatment, added starter cultures and time, 

temperature and pH value during fermentation (Zamberlin et al. 2007). WHC is the amount 

of water that proteins can absorb (Vucic, 2014). 
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2. Materials and Methods  

 

The aim of the study was to investigate the quality of yoghurt during cold storage, for that 

purpose ten samples of yogurt packed in a 1 liter tetrapack were taken. Five of the examined 

samples were taken on the day of filling, while the remaining five were stored in a 

refrigerator at a temperature of 4-6 °C and were analyzed one month after the day of filling. 

Samples for analysis were opened on the day of analysis (1st day) and stored at a 

temperature of 4-6 °C until the fifth day (5th day) when the second analysis was made. 

 The titration acidity of the yogurt was examined by the Soxhlet Henkel method (20g 

yogurt, 20 ml water and 2 ml 2% phenolphthalein (indicator) were titrated with 0.1 M NaOH 

until the appearance of a pale pink color). The viscosity of the yogurt was measured using a 

viscometer ThermoScientific HAAKE Viscotesters аt a temperature of 20 °C with a constant 

spindle speed of 50 rpm. Meanwhile, the examination of the water holding capacity (WHC) 

was performed according to the Parnell-Clunies method with the help of centrifugation, 

after which the mass of the separated whey was measured. The results are expressed as a 

mass of separate whey per 100 g of yogurt (Andreas Hettich GmbH & Co. KGUNIVERSAL 

320 R. 

 

3. Results and Discussion 

 

The obtained results (Table 1) indicate that during the storage of yogurt there is an increase 

in titration acidity (p<0.05). This increase is more pronounced in samples stored one month 

in the refrigerator before analysis, where during the analysis period the titration acidity of 

42.44 0SH increases to 46.62 0SH (p<0.05), while in the samples analyzed on the day of filling 

the increase in titration acidity is insignificant (from 39.02 0SH to 40.50 0SH) (p>0.05). The 

results of our analysis correlate with the studies of Adam, (2008) and Ezeonu et al. (2016). 

In addition, according to research by Alkali et al. (2007), during the storage period, an 

increase in titration acidity is followed by decreased activity due to improper storage 

conditions and possible microbiological contamination. 
 

Table 1 - Table of values obtained from the analysis of yogurt samples (N = 10) 

Sampling time for analysis On the day of filling After 1 month 

Titration acidity  (0SH) 

1st day 39.02a 42.44b 

5th  day 40.50a 46.62с 

Viscosity (mPas) 

1st day 693.50a 1197.53b 

5th  day 701.90a 1253.35b 

WHC (%) 

1st day 11.83a 10.71b 

5th  day 11.10a 9.90a 

 * Differences in values with different superscripts in the same group are statistically significant at the level: 

a: b, a: c, b: c p <0.05* 
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According to the obtained results (Table 1) we can notice that on the first day of the 

analysis the samples stored for one month in the refrigerator have higher viscosity (1197.53 

mPas), compared to those samples that are analyzed on the day of filling (693.50 mPas), i.e. 

there is a significant difference between the obtained results (p<0.05). However, in both 

types of yogurt, the storage period of the open sample does not lead to a significant increase 

in viscosity, i.e. on the fifth day we have insignificant increase in viscosity from 1197.53 

mPas to 1253.35 mPas (p>0.05). The same tendency is observed in yogurt samples analyzed 

on the day of filling where the increase in viscosity is not significant (p>0.05), i.e. the same is 

increased from 693.50 mPas to 701.90 mPas during the fifth day of storage of samples in the 

refrigerator. Similar results were noticed by Vucic, (2014). In general, continuous viscosity or 

its minimal increase during the storage period of open yogurt is the result of the addition of 

a stabilizer in its production (Younus et al. 2002). According to research by (Zamberlin et al. 

2007) significant changes would be observed on the 14 day of the opening and the same 

would result with changes in texture (Isteten and Karagul 2006).  

On the first day of the analysis we can notice that the samples analyzed on the day of 

filling have a higher WHC (11.83%), compared to the samples stored for one month in the 

refrigerator (10.71%), which indicates the fact that the storage period leads to a decrease in 

WHC (p<0.05) (Table 1). In addition, as a result of low storage temperatures, a decrease in 

WHC was observed on the fifth day of analysis, 11.10% in the samples examined on the day 

of filling, compared to the samples examined after one month of filling and it was 9.90% (p> 

0.05). These results are confirmed by the results obtained by Bievzunska et al. (2019). 

According to Vucic, (2014), yogurt with a higher percentage of protein would have higher 

WHC as a result of the interaction of casein and whey protein and the newly formed porous 

gel who can absorb more amount of water (Sodini et al. 2004). 

In the retail network, the quality of yogurt as a final product varies from manufacturer 

to manufacturer (Ezeonu et al. 2016) and when stored it is inevitable to preserve its physico-

chemical characteristic and sensory properties (Younus et al. 2002). It is well known that 

during storage there is an increase in the acidity of yogurt (Sun et al. 2018), and thus a 

change in the original properties of yogurt - taste and texture (Al-Kadamany et al. 2002). 

 

4. Conclusions 

 

Monitoring the quality of yogurt is an inevitable segment if we want it to retain its 

characteristic properties. Depending on the remaining term, storage period and conditions 

as the most viable parameters in yogurt are: titration acidity, viscosity and water holding 

capacity. As a result of the storage period, the samples analyzed on the day of filling had 

lower titration acidity, compared with those stored in the refrigerator for one month. After 

the opening of the yogurt, the increase in titration acidity was significant in the samples that 

were stored in the refrigerator for one month. The increase in viscosity was observed on the 

first day of analysis in samples that were stored in the refrigerator for one month, and no 

significant differences were recorded during the analysis. The decrease in WHC as a result 

of the storage period was observed in the samples that were stored in the refrigerator for one 

month and the same was followed in both types of yogurt during the analysis.  
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Abstract: Lettuce (Lactuca sativa L.) is an annual plant of the Asteraceae family, which is grown as a 

leafy vegetable. Worldwide lettuce is mostly produced on soil. For its development during 

vegetation, lettuce requires essential macro and microelements, which uptake by root system. 

Microelements are present in lettuce in lower content than macroelements, but are essential for its 

development, as they contribute many physiological processes in the plant. There are many factors 

which effect content of microelements and one of the most important ones is fertilization. The goal 

of this research was to determine the effect of fertilization by different phosphorus forms on 

microelements content in lettuce. The field fertilization experiment was set up in Velika Kosnica 

(Zagreb County, Croatia) with lettuce cultivar 'Aquarel' according to the Latin square method with 

three fertilization treatments: T1 (control, without fertilization), T2 (500 kg/ha YaraMila Complex; 

phosphorus in polyphosphate form) and T3 (370 kg/ha Petrokemija NPK 15-15-15; phosphorus in 

orthophosphate form). Average lettuce leaves samples were cut up, dried at 105°C and 

homogenized. The samples were digested by nitric acid (HNO3) and perchloric acid (HClO4) in 

microwave owen. Iron, zinc, manganese and copper were determined by atomic absorption 

spectrometry-AAS. Dry matter was determined gravimetrically by drying until constant mass. The 

highest dry matter (DW) content was determined in T3 treatment (8.85 % DW). Microelements 

content in dry matter of lettuce leaves (mg/kg dry matter) ranged: Fe 1280-2373, Zn 36.0-48.5, Mn 

54.1-87.6 and Cu 9.4-10.7, while in fresh matter (mg/100 g fresh matter) it ranged: Fe 10.5-20.6, Zn 

0.30-0.41, Mn 0.45-0.76 and Cu 0.078-0.091. The highest values of microelements were determined in 

the treatment without fertilization (T1) because potassium, applied in fertilization treatments, 

probably had an antagonistic effect on their uptake. 

Keywords: iron, Lactuca sativa L., micronutrient, polyphosphate, vegetable 

 

1. Introduction 

 

Lettuce (Lactuca sativa L.) is leafy vegetable from Daisy family (Asteraceae). (Parađiković, 

2009) It is considered that it originates from the Mediterranean area. It was, most likely, first 

cultivated on the territory of today’s Egypt 4 500 years B.C. (Whitaker, 1974). Its vegetation 

ends within a year so it is listed as an annual plant (Lešić et al., 2016). 

Iron in soil is found in two forms: ferrous (Fe3+) and ferric (Fe2+) (Schulte, 2004). 

Römheld (1987) have, during their study on the mechanisms of iron absorption in different 

plants, divided mechanisms of iron absorption in plants in two strategies. Strategy I is found 

in plants which are not members of Poaceae family, whereas Strategy II is found only among 

members of Poaceae family. Walker and Connolly (2008) explained Strategy I of iron 

absorption as an response which enables increased solubility of iron and transport of iron to 

the roots of plants, in conditions when iron is not readily available in the soil. This response 

includes induction of three activities located in cell membrane of root cells: proton pump 
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which acidifies the rhizosphere, which causes more iron to transport to the liquid phase in 

soils, reductase of iron chelates turns Fe(III)chelates into two components; Fe(II) and Fe-II-

transporter which transports iron through cell membrane to cells. Iron takes part in 

chlorophyll synthesis, reduction of nitrates and sulfates, nitrogen assimilation, electron 

transport, ect. Iron is main component of two groups of protein: hem protein (cytochromes, 

peroxidases, legases, leghemoglobin bacteria) and Fe-S protein (ferredoxin) (Vukadinović 

and Vukadinović, 2011). 

Plants absorb copper in ionic form Cu2+ or in form of chelates (Yurela, 2009). In 

physiological processes, copper is found in Cu2+ and Cu+ form. Copper acts as structural 

element in regulatory proteins and it participates in photosynthetic transport of electrons, 

mitochondrial respiration, response to oxidative stress, cell wall metabolism and in sending 

hormonal signals (Marschner, 2012). Copper ions act as cofactors for many enzymes such as 

Cu/Zn superoxide dismutase (SOD) or cytochrome C oxidase. On cell level, copper has 

essential role in signalization for transcription phase, oxidative phosphorylation and 

mobilization of iron (Yurela, 2005). 

Plants easily apsorb reduced Mn (water soluble Mn2+, exchangeable adsorbed Mn2+ and 

easily reductive MnOOH) while they can’t access the more oxidized forms such as Mn3+ and 

Mn4+ (Vukadinović and Vukadinović, 2011). Mn can freely be transported by transpiration 

through xylem (Loneragan, 1988). Manganese is involved in numerous biochemical 

processes in plants. Unlike other essential micro elements such as Fe, Cu, Zn and Mo, which 

are usually integral enzyme components, Mn usually acts as enzyme activator and is capable 

to replace other metal ions. Manganese is, similar to Mg, in biochemical function and is 

involved in activation of enzyme reactions, including phosphorylation, decarboxylation, 

reduction and hydrolysis (Graham et al., 1988). 

According to Broadley (2007) zinc can be found in soil in 3 primary fractions; as water 

soluble (Zn2+ and other water soluble organic fractions), exchangeable absorbed Zn on the 

soil colloidal particles (including clay particles and humic components of Al and Fe 

hydroxide), insoluble Zn (trapped in different complexes and crystals). Zinc is more 

available to plants in soils with lower level of humic acid. As the pH of soil increases (from 

6.5 to 7.5), phytotoxic effect of Zn is reduced (Wyszkowska et al., 2013). According to 

Vukadinović and Vukadinović (2011) Zn is included in formation of many enzymes such as 

carboanhydrase, dehydrogenase, alcohol dehydrogenase and superoxide dismutase. It also 

serves as an activator for the mentioned enzymes. It has significant role in biosynthesis of 

DNA and RNA, protein synthesis, auxin synthesis, and it effects plants growth and 

stabilization of bio membranes. It is also needed for absorption and transport of 

phosphorous and for activation of phosphatases.  

Table 1 shows content of microelements in lettuce leaves according to different authors. 

Tyksiński and Komosa (2008) have conducted a research on the effect of iron chelates on the 

levels of iron, copper, manganese and zinc in lettuce leaves. Even though, in experiment, 

different levels of iron were applied, the most varied levels were those of zinc (73.9-120.2 mg 

Zn/kg in dry matter) and manganese in lettuce leaves (14.10-46.68 mg Mn/kg in dry matter), 

while the levels of iron ranged from 76.9 and 96 mg Fe/kg in dry matter. Giordano et al. 

(2019) stated that the red cultivar of lettuce accumulated 45 % more iron (average 77.1 mg 

Fe/kg in dry matter) than the green cultivar of lettuce (average 52.9 mg of Fe/kg in dry 

matter). Roosta et al. (2017) and Ylivainio (2009) state significantly lower levels of Zn than all 

the other cited authors (ranging from 17.3-42.2 mg Zn/kg in dry matter). Wolf et al. (2017) 

have researched bio accumulation of zinc and copper and the effect of phytotoxicity on the 
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growth of lettuce (Lactuca sativa L.) in uncontaminated, metal contaminated and swine 

manure enriched soils. On copper contaminated soils, copper levels in lettuce ranged 

between 0.92 and 13.06 mg Cu/kg in dry matter, while the levels of zinc in soils 

contaminated with zinc ranged between 58.13 and 177.85 mg Zn/kg in dry matter. On soils 

enriched with swine manure, concentration of copper ranged from 0.82 to 8.33 mg Cu/kg in 

dry matter, while the levels of zinc were significantly lower and ranged between 0.68 and 

13.27 mg Zn/kg in dry matter. Kleiber (2014) has established that with increased manganese 

fertilization, the concentration of manganese in lettuce is increased as well. The mentioned 

concentration was significantly higher than all the other cited authors (140.3-168.5 mg 

Mn/kg in dry matter). He also obtained significantly higher concentration of other 

micronutrients in lettuce. Dala-Paula et al. (2018) have conducted a research without 

application of mineral fertilization on 3 cultivars of lettuce. Average concentration of copper 

ranged between 0.40 and 0.82 mg Cu/100 g in fresh matter. Da Silva and Cadore (2019) have 

conducted a research on lettuce enriched with selenium (Se). Increased levels of Se lead to 

decreased absorption of Cu and Fe, but it didn’t significantly affect absorption of Zn and 

Mn. Concentration of micronutrients in lettuce leaves ranged between 1.7 to 3.2 mg Fe/100 g 

in fresh matter, 0.044 to 0.058 mg Cu/100 g in fresh matter, 0.394-0.466 mg Zn/100 g in fresh 

matter and 0.493 to 0.723 mg Mn/100 g in fresh matter. 

The goal of this research was to determine the effect of fertilization with different 

phosphorus fertilizers on the status of microelements in lettuce. 

Table 1. Content of microelements (Fe, Zn, Mn, Cu) in lettuce leaves according to different authors  

Source 

mg/kg in dry matter 

Fe Zn Mn Cu 

Dala-Paula et al. (2018) 

   

8.8 

Giordano et al. (2019) 52.9-77.1 

   

Kleiber (2014) 140.3 -168.5 116.9 -140.8 328.4 -479.6 9.86 - 11.04 

Roosta et al. (2017) 47-80 21.6-41 36.3-58 

 Senkondo et al. (2018) 

   

0.7 -27.0 

Shiyab (2018) 

   

0.1-0.5 

Tyksiński and Komosa (2008) 76.9-96 73.9-120.2 14.10-43.68 5.33-8.26 

Wolf et al. (2017) 

 

119.6-177.9 

 

13.0-13.1 

Ylivainio (2009) 61.2-79.9 17.3-42.2 29.4-77.9 8.9-11.8 

 

2. Materials and Methods  
 

A field experiment was conducted in Velika Kosnica in Zagreb County (Croaita) with lettuce 

(Lactuca sativa L.) cultivar ‘Aquarel’ (Bejo). 

Experiment was conducted according to the Latin square method with three 

fertilization treatments: 
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1. T1- control (without fertilization)  

2. T2 -500 kg/ha YaraMila Complex (55 kg/ha P2O5; producer Yara, NPK 12-11-18 + 3 

MgO + 8S + B, S, Fe, Mn, Zn; phosphorous in form of poly phosphate) 

3. T3 – 370 kg/ha NPK 15-15-15 (55 kg/ha P2O5; producer Petrokemija; phosphorous in 

form of ortho phosphates). 

Planting of lettuce seedlings was conducted on 18 June 2018. Row distance was 39 cm 

and in the row 27 cm. Standard agricultural technology was used, plowing was carried out 

in the spring after which the soil was treated with a pre-sowing machine. Fertilization was 

performed manually and was incorporated into the soil by hoe. Harvesting of lettuce was 

carried out once on 06 August 2018 and average samples were taken for chemical analysis. 

Prior to setting up the fertilization experiment, the soil chemical analysis was performed 

(Table 2) which showed that the soil was alkaline pH reaction, poorly with humus content, 

well supplied with nitrogen, poorly supplied with physiologically active phosphorus and 

rich in physiologically active potassium. 

Table 2. Results of soil chemical analysis prior to experiment set up  

pH % AL-mg/100 g % 

H2O nKCl humus N P2O5 K2O CaCO3 CaO 

8,16 7,35 2,68 0,17 9,5 26,0 3,8 - 

 

Average sample of lettuce after sampling were delivered to analytical laboratory of 

Department of plant nutrition of Faculty of Agriculture University of Zagreb, where 

chemical analysis was conducted from the samples of lettuce heads. Leaves of lettuce were 

cut up in small parts, dried at 105°C, after which they were grinded and homogenized. After 

digestion of samples with concentrated nitric acid (HNO3) and perchloric acid (HClO4) in 

microwave oven iron, zinc, manganese and copper were determined by atomic absorption 

spectrometry – AAS (AOAC, 2015). Dry matter was determined gravimetrically by drying 

until the constant mass. 

Statistical data processing followed the variance analysis model (ANOVA). The SAS 

System for Win program was used. ver 9.1 (SAS Institute Inc.), and Tukey's significance 

threshold test (SAS, 2002-2003) was used to test the results. 

 

3. Results and Discussion 

 

3.1. Dry matter 

 

Graph 1 shows content of dry matter in analyzed samples of iceberg lettuce expressed in 

percentages. No statistically significant differences in dry matter were found in fertilization 

treatments T1, T2 and T3. The lowest content of dry matter was determined in treatment T2 

(8.22 %), while the highest content of dry matter was determined in T3 fertilization 

treatment where the phosphorous was applied in the form of orthophosphates (8.85 %). 
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Figure 1. Dry matter content of lettuce leaf according to different fertilization treatments. Different 

letters represent significantly different values according to Tukey's test, p≤0.05. The non-letter values 

are not significantly different. 

3.2. Iron 

 

Iron concentration in dry matter in lettuce in three applied fertilization treatments ranged 

between 1280 and 2373 mg Fe/kg in dry matter (Graph 2). No statistically significant 

difference was determined among the iron samples in mentioned three fertilization 

treatments. The highest concentration was found in T1 treatment – the control treatment, 

with concentration of 2373 mg Fe/kg in dry matter. The lowest concentration of iron was 

1280 mg Fe/kg in dry matter, which was detected in T2 treatment where the phosphorous 

was applied in the form of polyphosphates. Iron concentration in fresh matter in lettuce in 

all three fertilization treatments ranged between 10.5 and 20.6 mg Fe/100 g in fresh matter 

(Graph 3). No statistically significant difference was determined among the mentioned 

treatments. The highest concentration of iron was detected in treatment T1 (control 

treatment), where no fertilization was applied, with 20.6 mg Fe/100 g in fresh matter. The 

lowest concentration of iron was found in T2 treatment where phosphorous was applied in 

the form of polyphosphates (10.5 mg Fe/100 g in fresh matter). The reason for lower levels of 

iron in treatments where fertilizers were applied could be due to antagonistic interaction 

between iron and potassium (Rietra et al., 2017) from fertilizers applied in T2 and T3 

fertilization treatments. Levels of iron documented in this research are significantly higher 

than those in the literature sources, in which Kleiber (2014) documented the highest 

concentration of iron of 168.5 mg Fe/kg in dry matter (Table 1). Concentrations of iron in 

fresh matter from the literature sources were also lower than those documented in this 

research (3.2 mg Fe/100 g in fresh matter). High levels of iron can be caused by lettuce’s 

ability to accumulate metals such as Fe, Zn, Cu, Mn and Pb in case it was grown on soil 

contaminated with sewage sludge, mine wastes and application of live-stock and poultry 

manures (Ferri et al., 2012). Chang et al. (2013) state that leafy vegetables, such as lettuce, 

have highest affinity for metal accumulation among vegetables. 
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Figure 2. Iron content in dry matter of lettuce leaf according to different fertilization treatments. 

Different letters represent significantly different values according to Tukey's test, p≤0.05. The non-

letter values are not significantly different. 

 

 

 

 

Figure 3. Iron content in fresh matter of lettuce leaf according to different fertilization treatments. 

Different letters represent significantly different values according to Tukey's test, p≤0.05. The non-

letter values are not significantly different. 

3.3. Zinc 

 

Concentration of zinc in dry matter in lettuce in three fertilization treatments ranged 

between 36.0 and 48.5 mg Zn/kg in dry matter (Graph 4). The highest statistically significant 

concentration of zinc was determined in T1 treatment, compared to treatments T2 and T3, 

which had no significantly different concentrations of zinc. The lowest concentration of zinc 
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was found in T2 treatment, where phosphorous was applied in the form of polyphosphates, 

while the highest concentration of zinc (48.5 mg Zn/kg in dry matter) was found in 

treatment T1. Concentration of zinc in fresh matter in lettuce in three fertilization treatments 

ranged from 0.30 to 0.41 mg Zn/100 g in fresh matter (Graph 5).  

 

 

Figure 4. Zinc content in dry matter of lettuce leaf according to different fertilization treatments. 

Different letters represent significantly different values according to Tukey's test, p≤0.05. The non-

letter values are not significantly different. 

 

 

Figure 5. Zinc content in fresh matter of lettuce leaf according to different fertilization treatments. 

Different letters represent significantly different values according to Tukey's test, p≤0.05. The non-

letter values are not significantly different. 

The highest statistically significant concentration of zinc was documented in T1 treatment. 

Although the mentioned values of zinc in dry matter are comparable to values found in 

some of literature sources (Roosta et al., 2017; Ylivainio, 2009), they are much lower than 

a 
[VRIJEDNOST] 

b 
[VRIJEDNOST] 

b 
[VRIJEDNOST] 

0

10

20

30

40

50

60

T1 T2 T3

Control 500 kg/ha
YaraMila Complex

370 kg/ha
Petrokemija NPK 15-15-15

m
g 

Zn
/k

g 
d

ry
 m

at
te

r 
 

FERTILIZATION TREATMENTS 

mg Zn/kg dry matter of lettuce leaf 

a 
[VRIJEDNOST] 

b 
[VRIJEDNOST] 

ab 
[VRIJEDNOST] 

0.0

0.1

0.2

0.3

0.4

0.5

T1 T2 T3

Control 500 kg/ha
YaraMila Complex

370 kg/ha
Petrokemija NPK 15-15-15

m
g 

Zn
/1

0
0

 g
 f

re
sh

 m
at

te
r 

 

FERTILIZATION TREATMENTS 

mg Zn/100 g fresh matter of lettuce leaf 



GEA (Geo Eco-Eco Agro) International Conference, 28-29 May 2020, Montenegro - Book of Proceedings 

103 

 
 

values of zinc found in other literature sources (177.9 and 140.8 mg Zn/kg in dry matter; 

Wolf et al., 2017 and Kleiber, 2014), which is the value to strive as such lettuce has higher 

nutritional value. Concentrations of zinc in fresh matter are comparable to literature sources 

(0.394-0.466 mg Zn/100 g in fresh matter; Da Silva and Cadore, 2019). It is assumed that 

lower levels of zinc found in fertilization treatments are due to antagonistic relationship 

between zinc and applied potassium (Marschner, 2012). 

3.4. Manganese 

Concentration of manganese in dry matter in lettuce in three fertilization treatments ranged 

between 54.1 and 87.6 mg Mn/kg in dry matter (Graph 6). No statistically significant 

difference was found in manganese concentration in three mentioned treatments. The 

highest concentration was found in T1 treatment (87.6 mg Mn/kg in dry matter) and the 

lowest (54.1 mg Mn/kg in dry matter) in T2 treatment, where the phosphorous was applied 

in the form of polyphosphates. Concentration of manganese in fresh matter in lettuce in 

three fertilization treatments ranged between 0.45 and 0.76 mg Mn/100 g in fresh matter 

(Graph 7), there was no statistically significant difference among the fertilization treatments. 

Again, the highest concentration of manganese was found in T1 treatment and the lowest in 

T2 treatment. Concentrations of manganese obtained in this research were mostly higher 

than those from literature sources, where the concentrations ranged between 14.1 and 77.9 

mg Mn/kg in dry matter (Roosta et al., 2017; Ylivainio, 2009; Tyksiński and Komosa, 2008), 

even though they were lower than those stated by Kleiber (2014) which ranged between 

328.4 and 479.6 mg Mn/kg in dry matter, who fertilized the lettuce with manganese, which 

explains the higher concentrations of manganese in lettuce. Concentrations of manganese in 

fresh matter in lettuce are aligned with concentrations of manganese obtained by Da Silva 

and Cadore (0.493-0.723 mg Mn/100 g in fresh matter). 
 

 

Figure 6. Manganese content in dry matter of lettuce leaf according to different fertilization 

treatments. Different letters represent significantly different values according to Tukey's test, p≤0.05. 

The non-letter values are not significantly different. 
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Figure 7. Manganese content in fresh matter of lettuce leaf according to different fertilization 

treatments. Different letters represent significantly different values according to Tukey's test, p≤0.05. 

The non-letter values are not significantly different. 

3.5. Copper 

Concentration of copper in dry matter in lettuce in three fertilization treatments ranged from 

9.4 to 10.7 mg Cu/kg in dry matter (Graph 8). No statistically significant difference was 

found among copper concentrations in the three mentioned treatments. The highest 

concentration of copper was determined in T1 treatment (10.7 mg Cu/kg in dry matter), 

whereas the lowest concentration of copper was found in T3 treatment (9.4 mg Cu/kg in dry 

matter) where phosphorous was applied in the form of orthophosphates. Concentration of 

copper in fresh matter in lettuce in three fertilization treatments ranged from 0.078 to 0.091 

mg Cu/100 g in fresh matter (Graph 9). No statistically significant difference among copper 

concentration among the three fertilization treatments was found. The highest concentration 

of copper was determined in T1 treatment (0.091 mg Cu/100 g in fresh matter) and the 

lowest (0.078 mg Cu/ 100 g in fresh matter) was found in T2 treatment where phosphorous 

was applied in the form of polyphosphate. Concentrations of copper determined in this 

experiment align with most of the cited literature sources from Table 1 where concentrations 

range from 8.8 to 27.0 mg Cu/kg in dry matter, but the copper values found in fresh matter 

were double the amount of those obtained by Da Silva and Cadore (2019) who’s copper 

values range between 0.044 and 0.058 mg Cu/100 g in fresh matter. 
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Figure 8. Copper content in dry matter of lettuce leaf according to different fertilization treatments. 

Different letters represent significantly different values according to Tukey's test, p≤0.05. The non-

letter values are not significantly different. 

 

 

Figure 9. Copper content in fresh matter of lettuce leaf according to different fertilization treatments. 

Different letters represent significantly different values according to Tukey's test, p≤0.05. The non-

letter values are not significantly different. 

5. Conclusions 
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The highest content of dry matter was determined in T3 treatment (8.85 %) where 
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Fe/kg in dry matter, 48.5 mg Zn/kg in dry matter, 87.6 mg Mn/kg in dry matter and 10.7 mg 

Cu/kg in dry matter. 

The highest value of microelements in fresh matter in lettuce leaf was determined in 

control treatment as follow 20.6 mg Fe/100 g in fresh matter, 0.41 mg Zn/100 g in fresh 

matter, 0.76 mg Mn/100 g in fresh matter and 0.091 mg Cu/100 g in fresh matter. 

Conflicts of Interest: The authors declare no conflict of interest. 
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Abstract: Maintaining up‐to‐date figures on land degradation vulnerabilities is essential for creating 

ecosystems resilient. Different watersheds have different land erosion vulnerabilities and capacities 

depending on many environmental factors. Soil erosion is standing as a natural indicator of land 

degradation but actually it can be accelerated from human disturbances. Towards this, the present 

research practiced the program package Intensity of Erosion and Outflow- IntErO model (Spalevic, 

2011) for a sub-watershed located in the close of the main outlet of KoozehTopraghi Watershed, in 

Ardabil Province, Northwestern Iran. To this end, sub-watershed 2 selected as a case study with the 

area (F) and length (O) of 8.44 km2 and 13.68 km, respectively. The highest (Hmax) and lowest (Hmin) 

elevations also are 1491 and 1387 m, in that respect. Besides, 97.63% of the sub-watershed is covered 

by agriculture land use. Average annual precipitation (Hyear) and air temperature (t0) are estimated 

as 330.33 mm and 9.16 °C, respectively. The results showed that the symmetry coefficient (A) has a 

value of 0.31 indicating a possibility for large flood waves to appear in the sub-watershed. The value 

of G coefficient (density of the river network of the sub-watershed) of 0.50, indicates there is a low 

density of the hydrographic network. The value of Z coefficient of 1.289 indicates that the study sub-

watershed belongs to I destruction category out of five. It means the strength of the erosion process 

is excessive, and according to the erosion type, it is mixed erosion (out of the surface, mixed and 

deep). The calculated net soil loss from the sub-watershed is 1123.89 m³ per year and its specific 

133.16 m³ km-2 per year, which indicates, according to Gavrilovic classification (1972), that the sub-

watershed belongs to very weak erosion category. The present results are applicable for local and 

national policy frameworks in effect determining the potential hydro-meteorological hazards.  

 

Keywords: Land use impact; Soil loss model; Threat assessment; Vulnerable watershed 

 

1. Introduction 

 

Soil is one of the valuable natural resources of human beings (Spalevic et al. 2014). Soil 

management practices include six main methods viz., proper amount and type of soil tillage, 

soil organic matter conservation, maintenance of suitable nutrients for plants, prevention of 

soil contamination, soil acidity balancing, and soil erosion control (Simmons and Nafziger 

2014). As can be seen, soil erosion control is one of the main managerial practices. So, 

knowing the soil erosion and the related process is essential to sound soil management. The 

soil erosion process includes four steps viz. a detachment of soil particles by erosive factors 



GEA (Geo Eco-Eco Agro) International Conference, 28-29 May 2020, Montenegro - Book of Proceedings 

109 

 
 

such as water, wind, gravity power, and so on, detached soil particles' entertainment, 

transport, and deposition (Lal, 2003). 

Soil erosion is one of the most important environmental issues in the world that causes 

various problems and threatening the natural ecosystems health and human society’s 

sustainability (Chalise et al. 2019; Hazbavi, 2018; Toy et al. 2002). Soil erosion is a type of non-

point pollution that can increase the rivers sedimentation, pollute the water and affect the 

floods, vital ecosystem services, and efficient electricity projects (Barovic et al. 2015; Wilson 

et al. 2008). Different researchers quantified the soil erosion and its impact on different 

environmental components of land degradation including fertility loss, floods increasing, 

sedimentation, eutrophication, ecological security decline and economic losses (Boardman 

and Robert 2019; Borrelli et al. 2017; Rao et al. 2017; Kim et al. 2016) These such new studies 

provided increasing alarms from accelerated soil erosion during last few decades compared 

to the UNEP’s project of Global Assessment of Soil Degradation (GLASOD; Oldeman, 1994) 

that conducted the early 1990s. Towards this, regional assessments of erosion risk are 

required to monitor the critical areas. In addition, it is one of the straightforward 

requirements of integrated and sustainable land management, natural resources monitoring 

and conservation adapting (Hazbavi et al. 2019; Khaledi Darvishan et al. 2014). 

Different models provided significant data on the physical processes of soil erosion. 

One of the new-introduced model in the soil erosion assessment is the Intensity of Erosion 

and Outflow (IntErO) model (Spalevic, 2011). This model recently received much attention 

in Asian, and some parts of Europian countries because of its simplicity and its ability to 

handle large datasets (Chalise et al. 2019). The IntErO model is a new graphical model that 

has user-friendly software and could present a comprehensive view of watershed erosional 

components. Provided data on the important coefficients such as watershed development, 

sub-watershed tortuousness, erosion energy, the region's permeability, vegetation cover and 

deposit retention coefficients by IntErO model will be a piece of key information to adapt 

proper watershed management and conservative measures (Spalevic et al. 2000; Spalevic 

2011). Spalevic et al. (2014) evaluated the soil erosion in Lipnica, Polimlje, and Montenegro 

used the IntErO model. They concluded that the soil erosion of these study region belongs to 

the "V-class indicating very poor erosion risk. Barovic et al. (2015) also estimated the 

sediment yield of S1-5 of the Shirindareh Catchment in Iran, using the IntErO model. They 

concluded that the net loss of soil per year is about 13228 m3 y-1. In addition, they verified 

the performance of this model. Khaledi Darvishan et al. (2018) studied the effectiveness of 

the IntErO model for predicting soil erosion intensity and sediment in Khamsan Watershed, 

Kurdistan Province in western Iran. The results showed that the erosion intensity in the 

watershed was at a moderate level. The value of the coefficient Z is equal to 0.876, which 

indicates that the watershed belongs to the second category of the destruction group. 

Chalise et al. (2019) also estimated the sediment yield and maximum outflow using the 

IntErO model in the Sarada River Basin in the western hills of Nepal. The results showed 

that maximum outflow from the river basin was 1917.8 m³ s−1. The Z coefficient, estimated as 

0.40, shows the river basin belongs to III destruction class and the strength of the erosion 

process is medium. Real soil losses were found to be 397.21 m3 km−2 year−1, which specifies 

the river basin falls in the very weak erosion category. 

In total, due to the positive reports on the proper efficiency of the IntErO model in 

previous studies in two regions of Iran (e.g., Khaledi Darvishan et al. 2018; Barovic et al. 

2015; Behzadfar et al. 2014, 2015; Spalevic et al. 2014), the present study thus was conducted 

to provide comprehensive information on the erosive characteristics of the sub-watershed 2 
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located in the southern part of Ardabil Province (northwestern Iran) using IntErO model. 

The results will be strategic tools in adapting sound land conservation and management 

practices. 

 

2. Materials and methods 

 

2.1. Study area 

 

The sub-watershed 2 which located in the KoozehTopraghi Watershed, the southern part of 

Ardabil Province, Iran is selected as a case study to predict the soil erosional characteristics 

using IntEro model.  

 

Figure 1. General view of the study region, located in the KoozehTopraghi Watershed, Ardabil Province, Iran.  

 

Sub-watershed 2 
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The total area and perimeter of this sub-watershed are 8.44 km2 and 13.68 km, 

respectively (Figure 1). The average, maximum and minimum elevation of the sub-

watershed 2are about 1436, 1491, and 1387 m, respectively. Furthermore, the average annual 

temperature and average annual precipitation are 9.16 °C and 330.33 mm, in that respect 

(Alaei et al. 2019a).  

 

2.2. IntErO model application and data used 

 

The IntErO model was developed based on the Erosion Potential Method (EPM) in its 

algorithm background (Chalise et al. 2019). The advantage of this model is related to 

incorporating the geometric, topographic, maximum outflow, hydrological and climatic 

characteristics with the EPM. This model is a well-managerial tool that can be used to 

calculate a large number of data. This model uses 26 simple and wide available variables as 

inputs. For the present research, all primary maps for study sub-watershed were processed 

and provided in the ArcGIS 10.6 environment. Then, according to the required standards of 

the model, the data bank was provided in the Excel 2016 environment. Finally, after running 

the IntErO model, 22 components related to the soil erosion process of sub-watershed 2 

located in the KoozehTopraghi Watershed was obtained. The detailed data used for running 

the IntErO model as follows.  

 

Topographical data 

Digital topography map at a scale of 1: 25000 was used to calculate the geometric and 

topographic variables viz., sub-watershed area (F), sub-watershed line length (O), area of the 

larger part of the sub-watershed (Fv), area of the smaller part of the sub-watershed (Fm), the 

natural length of the main watercourse (Lv), length of the contours/isohypses (liz), and areas 

between neighboring contours/ isohypses (fiz).  

 

Geological data 

Geological map of 1: 100000 assisted us to calculate the percent area that characterized by fp 

- very permeable rock (limestone, sand, gravel), fpp - medium permeability (slates, marls, 

sandstones), and fo - poor permeability (heavy clay, compact eruptives) products. 

 

Hydrological data 

The hydrological data including the total length of the main watercourse with tributaries of I 

and II degrees (∑L) and the shortest distance between the fountainhead and mouth (Lm) 

were calculated from the digital stream map.  
 

Meteorological data  

The meteorological data of the stations located in and around the KoozehTopraghi 

Watershed is used to calculate the volume of the torrent rain (hb), average annual air 

temperature (t0) and average annual precipitation (Hyear). 

 

Soil erosion intensity data 

Data on the soil erosion intensity was extracted from previous studies conducted for 

KoozehTopraghi Watershed (Alaei et al. 2019b). This information includes types of soil 

products and related types (Y), coefficient of the sub-watershed planning (Xa), and numeral 

equivalents of visible and clearly exposed erosion process (φ). To calculate these 
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characteristics, the geological map of the region and the EPM model was used (Esmali and 

Abdollahi 2011). 

 

3. Results  

 

The results of the model inputs calculated for sub-watershed 2 are shown in Table 1. In 

addition, the IntErO model outputs are summarized in Table 2. 

 

3.1. Climatic characteristics  

 

The average annual air temperature (t0) and the average annual precipitation (Hyear) are 

9.16 °C and 330.33mm, respectively, based on the data analysis of the KoozehTopraghi 

Meteorological Station. The temperature coefficient of the region (T) was calculated equal to 

1.01. 

 

3.2. The geological structure and soil characteristics of the area  

 

The geological data showed that the structure of the sub-watershed is 100% very permeable 

(fp). So, the coefficient of the region's permeability, S1, was calculated by about 0.4. 

 

3.3. Vegetation and land use 

 

According to the analysis, the main portion of the sub-watershed is totally under plough-

lands (90%) and mountain pastures (10%). The coefficient of the sub-watershed planning 

(Xa) and the coefficient of the vegetation cover (S2) were calculated about 0.87 and 1, 

respectively. 

 

3.4. Soil erosion and runoff characteristics 

 

The coefficient of the sub-watershed form (A) calculated as 1.02. The coefficient of the 

watershed development (m) was 0.25 and the average sub-watershed width (B) was 1.64 km. 

The symmetry coefficient indicates that there is a possibility for large flood waves to appear 

in the sub-watershed, which was calculated as 0.31. 

Drainage density (G) of 0.50 km km-2 verified the moderate density of the hydrographic 

network. The height of the local erosion base of the sub-watershed (Hleb), was 104 m, and 

also the coefficient of the erosion energy of the sub-watershed relief, Er, was calculated as 

19.42. Average sub-watershed decline (Isr) witha value of 6.99% indicates that in the sub-

watershed prevails mild slopes. 

The value of Z coefficient of 1.29 indicates that the sub-watershed belongs to I 

destruction category. The strength of the erosion process is excessive, and according to the 

erosion type, it is mixed erosion. For the current state of land use, the calculated maximal 

outflow from the sub-watershed is 7.67 m3s-1for incidences of 100 years. 

The production of erosion material in the sub-watershed (Wyear), is calculated as 

12919.32 m3 year-1; and the coefficient of the deposit retention (Ru) at 0.087. 

Real soil losses at the sub-watershed outlet (Gyear) was calculated as 1123.89 m3 year-1; 

and real soil losses per km2 at 133.16 m3 km-2 year-1. 
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Table 1. Part of the IntErO report (inputs of the model) for the sub-watershed 2, KoozehTopraghi watershed. 

 

Input data Symbol Units Value 

Sub-watershed area F km² 8.44 

The length of the watershed O km 13.68 

Natural length of the main watercourse Lv km 2.62 

The shortest distance between the fountainhead and mouth Lm km 0 

The total length of the main watercourse with tributaries of I and II 

class 
ΣL km 4.22 

Sub-watershed length measured by a series of parallel lines Lb km 5.15 

The area of the bigger sub-watershed part Fv km² 4.88 

The area of the smaller sub-watershed part Fm km² 3.56 

Contour line length Liz km 5.9 

Altitude of the first contour line h0 m 1400 

Equidistance Δh m 100 

The lowest sub-watershed elevation Hmin m 1387 

The highest sub-watershed elevation Hmax m 1491 

A part of the sub-watershed consisted of a very permeable products 

from rocks (limestone, sand, gravel) 
fp - 1 

A part of the sub-watershed area consisted of medium permeable rocks 

(slates, marls, brownstone) 
fpp - 0 

A part of the sub-watershed consisted of poor water permeability rocks 

(heavy clay, compact eruptive) 
fo - 0 

A part of the sub-watershed under forests fs - 0 

A part of the sub-watershed under grass, meadows, pastures and 

orchards 
ft - 0.02 

A part of the sub-watershed under bare land, plough-land and ground 

without grass vegetation 
fg - 0.98 

The volume of the torrent rain hb mm 22.36 

Incidence Up years 100 

Average annual air temperature t0 °C 9.16 

Average annual precipitation Hyear mm 330.33 
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Types of soil products and related types Y  1.9 

Coefficient of the sub-watershed planning Xa  0.87 

Numeral equivalents of visible and clearly exposed erosion process φ  0.53 

 

Table 2. Part of the IntErO report (outputs of the model) for the sub-watershed 2, KoozehTopraghi Watershed. 

Output data Symbol Units Value 

Coefficient of the sub-watershed form A -  1.02 

Coefficient of the watershed development m -  0.25 

Average sub-watershed width B km 1.64 

symmetry of the sub-watershed a  - 0.31 

Density of the river network of the basin G km km-2 0.5 

Coefficient of the sub-watershed tortuousness K  - -1 

Average sub-watershed altitude Hsr m 1409.03 

Average elevation difference of the sub-watershed D m 22.03 

Average sub-watershed decline Isr % 6.99 

The height of the local erosion base of the sub-watershed Hleb m 104 

Coefficient of the erosion energy of the sub-watershed relief Er  - 19.42 

Coefficient of the region's permeability S1  - 0.4 

Coefficient of the vegetation cover S2  - 1 

Analytical presentation of the water retention in inflow W m 0.31 

Energetic potential of water flow during torrent rains 2gDF^½ m km s 60.39 

Maximal outflow from the sub-watershed Qmax m³ s-1 7.67 

Temperature coefficient of the sub-watershed T  - 1.01 

Coefficient of the sub-watershed erosion Z -  1.28 

Production of erosion material in the sub-watershed Wyear m³ y-1 12919.32 

Coefficient of the deposit retention Ru   0.087 

Real soil losses Gyear m³ y-1 1123.89 

Real soil losses per km2 Gyear/km² m³ km-² y-1 133.16 
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4. Conclusion 

 

Since, soil erosion is strongly nonunique regarding the key drivers, its accurate estimation 

leftovers as a challenging issue, worldwide. Towards this, the current study was conducted 

to provide an up-to-date assessment of soil erosion in a sub-watershed located north of 

KoozehTopraghi Watershed, Ardabil Province, Iran. From the results of the recently 

developed model of IntErO, it could be concluded that the maximal outflow from the sub-

watershed is 7.67 m3 s-1 for a return period of 100 years. The value of Z coefficient of 1.28 

indicates that the sub-watershed belongs to the second destruction category out of five. The 

production of erosion material in the sub-watershed was 12919.32 m3 y-1, and the specific 

real soil losses per km2 to 133.61 m3 km-2 y-1. The strength of the erosion process is strong, 

and according to the erosion type, it is surface erosion. This study further confirmed the 

findings of Behzadfar et al. (2014a, b and 2015), Khaledi Darvishan et al. (2018) as well as 

Barovic et al. (2015) in the successful implementation of IntErO model in Iran. It could be 

that the IntErO model may be a useful tool for researchers in the calculation of runoff and 

sediment yield at the level of the watershed. 
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Abstract: The proposed study is an effort to map the ground water potential zones and establish a 

drainage map pattern for the region enclosed by the SRBC and the Kundu River to identify rain 

water discharge zones in the area between Kurnool and Nandyal in Andhra Pradesh. An extensive 

survey was conducted by me to identify the ground water logging conditions and similar data for 

the Kurnool basin for 2017. Using this data I have developed a projected map of ground water 

potential zone of the boundary of Andhra Pradesh. The area is very significant as it lies in the 

Hyderabad to Ongole Highway. A topographic map of the area of the interest had been generated. 

We also created a slope map of the area. A TIN with Contour map with the area of interest and map 

to identify the stream order to identify the flow accumulation lines using Stroler Method. In our 

work we had identified the following digitization maps as Watershed Dilineation Zone for interest. 

We developed a Digital Elevation map for the gradation of the contour stream points. We were able 

to identify the reservoir points to detect the rainwater potential zones which may be responsible for 

volume of the rain water and water movement. 

 

Keywords: Groundwater prospecting, DEM, GIS, Remote Sensing, Srisailam Righ Bank Canal 

 

Introduction 

 

The proposed study is an effort to map the ground water potential zones and establish a 

drainage map for the region enclosed by the SRBC and the Kundu River to identify rain 

water discharge zones in the area between Kurnool and Nandyal in Andhra Pradesh. 

Srisailam Right Bank Canal Project is useful for analysis of Ground water conditions in the 

drought prone areas. In this study, it was intend to develop a planned study of development 

for the region between Kurnool and Nandyal to develop irrigation potential by conducting a 

detailed Geomorphology based study. In this study various thematic layers (maps) such as 

base maps, geology, drainage, lithology, soil, rainfall, geomorphology, land use land cover 

map, DEM and to generate hydro-geomorphology map were discussed.  

This study could be useful for determination of future ground water recharge basins 

and the rainfall bearing capacity of this region which has been found to exist in the study 

that we conducted. However sufficient energy is lacking in simultaneous formulation of 

artificial groundwater recharge schemes and generation of additional power. This has led to 

steep decline of water table and power crisis in certain parts of the country. Also in the 

present scenario, water shed wise development projects in critical areas to reduce soil 

erosion, run-off and to increase groundwater recharge from annual rainfall are the suitable 

measures to tackle over-exploitation of groundwater as shown in Figure 1. 
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Figure 1: Location of the SRBC Area map 

So far a lot of effort, time and money have been spent in the formulation of ground 

water exploitation using agricultural pump set energisation program. The methods 

incorporated by us include: 1) Watershed wise assessment of groundwater; 2) Water level 

fluctuation and specific yield method using renewable energy sources.  

In the present scenario, watershed wise development projects in critical areas to 

reduce soil erosion, run-off and to increase groundwater recharge from annual rainfall are 

the suitable measures to tackle over-exploitation of groundwater. In this regard we hope to 

analyze the best possible stations which have the ground water deficit. Our analysis leads us 

to the digitization of the images for identification of the geological analytical aspects of the 

research work and we have also identified the flow lines of water movement for relief 

scheduling and water recharge analysis. In this regard that we apply SRTM satellite data 

from the analytical point of identifying the zones which are having inundated water using a 

depth elevation model design. It is thus possible to define the elevation of the region.  

Our next step will be to identify the water distribution capacity of the different 

basins. We can identify the area of the Watershed is a drainage basin or catchment with 

natural stream outlet and is separated from another watershed by topographic ridge and 

slope. The catchment of bigger river like Ganga, Godavari, Krishna are called basin, the 

catchment of tributaries of bigger rivers are called sub basin and the catchment of smaller 

stream is watershed.  

The groundwater assessment is done taking watershed as a unit which covers 

catchment of a small stream, covering about 12 to 15 villages. Even micro-watersheds 

comprising the area under the jurisdiction of one village is also suggested as this help in 

grouping the people in one co-operative society.  

 The entire rain fall experienced by a watershed could be accounted easily as the total 

Rainfall, evaporation, surface run-off and soil moisture are confined to the catchment of 

water shed only. 
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Geology Map 

 

The lithostratigraphy of the Kurnool group is a 500 m thick succession of quartzite, 

sandstone, shale, limestone which overlies the Cuddapah sediments in Kurnool and Palnad 

sub-basins. The Kurnool sub basin lies in the west central part of the Cuddapah basin and 

lies between Northern Srisailam sub basin and Southern Papaghni sub basin. The Palnad 

sub basin forms the north eastern part of the crescent shaped Cuddapah basin. 

 

 

Formation Lithology  Thickness Range (in m) 

Nandyal Shale Shale 50-100 

Koikuntla Limestone  Limestone  15-50 

Paniam Quartzite Quartzite 10-35 

Owk Shale  Shale (ocherous) 10-15 

Narji Limestone Limestone 100-200 

Banganapalle Quartzite Conglomerate Quartzite 10-50 

 

Waters from Banaganapalli sand stones, pinacle quartz and Owk shales are generally good 

and suitable for both domestic and irrigation purposes. The Kurnool groups of rocks are less 

water bearing and less water yielding. The proposed link will help recharge these areas, 

adding additional availability of water for drought based areas. Krishna (Srisailam) - Pennar 

link lies entirely in Kurnool and Cuddapah districts of Andhra Pradesh. In the initial reaches 

this scheme is integrated with the ongoing Srisailam Right Branch Canal and Telugu Ganga 

Canal. Initially Srisailam reservoir was planned as a hydro-electric project. Subsequently, 

Andhra Pradesh State Government made proposals for utilising Krishna waters for 

benefiting the drought prone areas in Kurnool and Cuddapah districts through Srisailam 

Right Branch Canal and Telugu Ganga project.  

Prior to these schemes, the only major project located in the area is Kurnool-

Cuddapah canal (KC canal), which draws water from Tungabhadra river (tributary of 

Krishna) for utilization in Kurnool and Cuddapah districts. These three major projects are 

briefly described in the following paragraphs. Kurnool-Cuddapah canal off-takes from 

Sunkesula anicut on Tungabhadra River, traverses through Kurnool and Cuddapah districts 

and finally terminates at Cuddapah.  

This canal is connected to the natural streams Nippulavagu, Galeru and Kunderu 

hrough controlling structures on these streams viz. Lock-In-Sula, Santajutur anicut and 

Rajoli anicut respectively. 

The Kurnool rocks comprise of Banaganapalli quartzites and conglomerates, Narji 

limestones, Owk shales, plateau and pinnacle quartzites, Koilkuntla limestones and Nandyal 

shales. The rocks in general have undergone compaction and metamorphism to a 

considerable extent, which has obliterated the primary porosity and permeability of the 

rocks. The occurrence and movement of groundwater is therefore controlled by the presence 

of bedding planes, faults, fissures, solution channels and cavities. Groundwater is developed 

by means of dug-cum-bore wells and borewells.  
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Figure 2: Geological Map of SRBC with interpolation of data using ground water data 

 
From the analytical point of view we have tried to establish the work from position of the borewells, 

dug wells and permanent wells across the SRBC area 

 
Figure 3: Geological Map of different Ground water Measurement spots 
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There are three important components in the assessment of groundwater: 

1) Recharge of groundwater basin. 

2) Surface run-off. 

3) Evaporation and Transpiration. 

 

The following watershed wise methods enable to increase the groundwater recharge 

from rainfall. 

1.    Gully plugging in minor streams. 

2.    Sub-surface dykes or percolation tanks along stream. 

3.    Contour bunding. 

4.    Trenching along hill slopes. 

5.    Farm ponds in the foot hill zone. 

6.    Check dam cum minor irrigation on the main stream. 

7.    Land leveling (terracing) 

8.    A forestation. 

 

The KWDT in 1973 has allocated 800 TMC (75% dependable flows) of Krishna waters 

to AP State. Using this, the state is entitled to make any adjustments and re-allocations 

within the allotment made especially to the state and also entitled to utilize 11 TMC of 

regenerated water as its share to irrigate Nandyal, Banaganapalli, Koilkuntla Taluks of 

Kurnool District and Jammalmadugu taluk of Kadapa District. The source of water to the 

scheme is river Krishna tapped from foreshore of Srisailam reservoir (Now named as 

N.S.R.S.Project). Water will be drawn from reservoir through Pothidreddy padu head 

regulator with an approach channel of 3.40 Kms long inside the reservoir and from the head 

regulator the Sri Sailam Right main canal is aligned cutting across the Mittakandala ridge up 

to Banakacherla village to enter the Kundu sub-valley. At Banakacherla, a cross regulator 

complex is constructed and from this point the main canal i.e., SRMC branches into three 

canals. The right side canal taking off to feed SRBC scheme with a capacity of 5,000 Cusecs, 

left canal taking off to feed the TGP and the middle escape channel to feed K.C.Canal. Thus 

SRBC starts from Banakacherla cross regulator complex and runs for a length of 198.00 Km 

and joins in pennar river duly filling two balancing reservoirs one at Goralkallu village and 

another at owk village. Remote sensing not only provides a wide-range scale of the space-

time distribution of observations, but also saves time and money (Murthy, 2000; Leblanc et 

al., 2003; Tweed et al., 2007). In addition it is widely used to characterize the earth surface 

(such as lineaments, drainage patterns and lithology) as well as to examine the groundwater 

recharge zones (Sener et al., 2005). To understand groundwater prospects of an area, 

integration of different thematic layers is required. In the hard rock terrain, availability of 

groundwater is limited and its occurrence is essentially confined to fractures and/or 

weathered horizons (SudarsanaRaju,et al., 2012;  Suja Rose and Krishnan, 2009).The length 

of canal in Kurnool district is 141 km. This S.R.B.C Scheme was formulated to irrigate an 

Ayacut of 1,90,000 Acres to benefit the chronic drought prone areas in 82 villages of 

Nandyal, Panyam, Banaganapalli, Owk, Koilakuntla, Vuyyalwada and sanjamala mandals 

of Kurnool district (1,57,422 Acres ) and 18 villages of Jammalamadugu mandal of Kadapa 

district (32,578 Acres). 
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Figure 4: Geological Map of SRBC Canal interpolated with total data 

 

Srisailam Right Branch Canal envisages utilisation of 538 Mm water for bringing 76890 ha of 

land under irrigation which is at present under rainfed cultivation on the Right Bank of the 

Kunderu valley.  Out of   of Krishna  the 76890 ha of total  ayacut,  67744 ha  is  in  Kurnool  

district  and  9146 ha  is  in Cuddapah  district.  Srisailam Right Branch Canal is proposed to 

utilise Krishna water drawn from Srisailam reservoir during the flood season through the 

head regulator at Pothireddipadu. The water thus drawn will be conveyed in an open 

channel of 125 km length cutting across Krishna-Pennar ridge and stored in Gorakallu and 

Owk reservoirs, formed by damming up minor streams, to utilise the same during Rabi 

season.  Telugu Ganga Canal connects Srisailam reservoir in Andhra Pradesh with Poondi 

reservoir in Tamil Nadu.  The length of the main canal from Srisailam reservoir to Poondi 

reservoir is 434 km.  The main objectives of this project are, to convey 425 Mm domestic use, 

821 Mm 3 3   of  Krishna water to Chennai city for  (29 TMC) of  Krishna flood waters to 

irrigate 111290 ha in Kurnool and  Cuddapah districts and   890 Mm  (31 TMC) of Pennar 

flood waters to irrigate 123434 ha (As per Telugu Ganga Project Report Vol.I-1983)  in 

Nellore and Chittoor districts. In order to facilitate the storage of flood waters of Krishna 

and Pennar drawn through Telugu Ganga Canal, balancing reservoirs viz., Velugodu 

reservoir, Sri Pothuluri Veerabrahmendra Swamy reservoirs between Krishna and Pennar, 

Somasila on Pennar and Kandaleru reservoir between Somasila and Poondi reservoirs have 

been proposed.   The work is based on the analysis of the Gorakallu Resorvoir(15.5660° N, 

78.4105° E). even though irrigation systems are used in agricultural field to reduce 

dependency of rain, most of them are either regulated manually or having time based 

automation. In these types of system water is applied to field on the basis of fixed intervals 

which required high manpower for monitoring and also it reduces the field efficiency. In 

addition, this fixed interval operation leads to over irrigation than the actual plant 
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requirement and under irrigation when plants required more water in their peak periods. 

Retardation of crop growth rate, late flowering and reduction of the yield are the major 

events caused due to water deficiency.  The entire area in the vicinity of the link proposal is 

already served/ proposed to be served by the existing Kurnool - Cuddapah Canal, ongoing 

Srisailam Right Branch Canal and Telugu Ganga Canal.  Hence  no fresh command area is 

proposed to be served directly from the waters drawn through Krishna (Srisailam) - Pennar 

link canal. Out of the total diversion of 2310 Mm 3 of water through the link canal from 

Srisailam  reservoir,  a  quantity  of  2095 Mm 3   will reach Somasila reservoir, the rest of 215 

Mm 3  being accounted towards transmission losses.  The total quantity of   10743 Mm  3  i.e 

2095 Mm 3  from this link and 8648 Mm 3  through Nagarjunasagar - Somasila link would be 

diverted  2  further south  from  Somasila reservoir for use in Pennar and Cauvery basins 

and also the areas south of Cauvery.  8.6 Topography and Soils Kurnool district is 

characterised by rolling topography with scattered hill ranges intermountain valleys and 

plains.   

The chief soils of the district are red loamy sands, red sandy loams, red clay and 

black soils. The surrounding areas of natural streams that form the link canal are covered by 

geological formations called Kurnool group of rocks. Cuddapah district is characterised by 

rolling topography with deep fronted hill ranges and intervening valleys and plains. The 

chief soils of the district are black clay, black loam, red loam and red sandy. Groundwater is 

developed by means of dug-cum-bore wells and borewells. The depth of water levels varies 

from 2.4 to 19.9 m below ground level. The yields of bore wells drilled by CGWB up to 

depths of 45 to 60 m below ground level vary from 150 to 2000 litres per hour. The quality of 

water is generally poor and brackish in Nandyal shales.  Waters from Banaganapalli sand 

stones, pinacle quartz and Owk shales are generally good and suitable for both domestic 

and irrigation purposes. The Kurnool groups of rocks are less water bearing and less water 

yielding. The proposed link will help recharge these areas, adding additional availability of 

water for use.  It has been argued that resource efficient technologies such as drip irrigation 

could result in irrigation water savings of over 80% as compared to conventional flood 

method of irrigation while maintaining or even improving the crop yields in some situations 

and crops. 

However, the water savings are likely to be lower at the basin scale because water 

lost though deep percolation and tail water runoff at one location is available for reuse at 

another location in the basin. Studies have shown potentially significant basin-scale water 

savings from adoption of efficient irrigation such as drip irrigation. Water efficient drip 

irrigation management is also likely to reduce the operation costs (e.g. electricity) and 

enhance the water productivity (crop yield per unit of water used) and improve water 

quality. The range the contours are then identified from our study using the different set of 

tools. In this regard we hope to analyze the best possible stations which have the ground 

water deficit. Application of the study involved in identifying the stations across the 

network where there a total of 140 monitoring stations where dug wells, bore wells and 

permanent wells were dug for analysis and monitoring.  Our analysis leads us to the 

digitization of the images for identification of the geomorphological, geological analytical 

aspects of the research work and we have done a 

 



GEA (Geo Eco-Eco Agro) International Conference, 28-29 May 2020, Montenegro - Book of Proceedings 

124 

 
 

 
Figure 5: Geological Map of SRBC Region with well log data for ground water 

 

We have also identified the flowlines of water movement for relief scheduling and 

water recharge analysis. It is in this regard that we apply SRTM satellite data from the 

analytical point of identifying the zones which are having inundated water using a depth 

elevation model design. It is herefore possible to define the elevation of the region. Our next 

study will be to identify the water drising capacity of the different basin . We can identify 

the area of the different basins . We need to identify the slide of the dam and use the rainfall 

statistics. The Slope tool can be used to create a slope map by identifying the slope from each 

cell of a raster surface. Contour lines are usually presented as line features in a shapefile or 

feature class (vector data). However, a slope map cannot be created directly from contour 

lines because the Slope tool does not support vector data as the input.  

 
Figure 6: Identification of location of monitoring network in the SRBC region 

 



GEA (Geo Eco-Eco Agro) International Conference, 28-29 May 2020, Montenegro - Book of Proceedings 

125 

 
 

 

 
Figure 7: Identification the surface lines 

and the drainage patterns as identified 

We create a digital elevation model (DEM) from 

the contour layer. Creating map for each one of 

the sub-criteria and the existing criteria. That 

includes Determining impact factor for each sub 

criteria; Creating effective criteria map in site 

selection; Determining impact factor of each 

criterion; Creating classification map and locating 

streams on map; Evaluating streams in relation to 

each other and their classification to construct 

check dams. 

According to the main purpose of the project 

which is considered the spatial classification of 

check dams, tree model as the analyzing method 

and compounding of natural spatial factors maps 

including sedimentation (erosion), runoff, 

properties related to the basin, facilities and 

economical-social problems of basin (quality) 

while each of these factors include several sub-

criteria were investigated. Factors and limitations 

were shown in raster maps with the same Geo-

reference and also pixel size (analogous pixels 

were put on each other). We were able to Select 

the output of the Topo to Raster tool as the input 

raster. Specify the location of the output raster. 

Select the output measurement. The slope map is 

created from the DEM layer. 

 

Conclusion 

 

With this approach we are able to obtain the centroid coordinates, maximum height and 

minimum height of the basin for the resorvoir. Also we were able to define coordinates of a 

point in different projection systems (tool: Capture coordinates), but also obtaining 

precipitation data and potential evapotranspiration of the valley bottom and valley top; 

including obtaining of water surplus from precipitation data and potential 

evapotranspiration. This includes determination of precipitation regression lines, potential 

evapotranspiration and water surplus with elevation. It includes anlso generation of 

precipitation rasters, potential evapotranspiration and water surplus from the elevation 

raster and defining of the Contour lines of main components of the water cycle. 
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Abstract: Climate change refers to the new weather patterns (especially in precipitation levels and 

global temperature) that occur over several decades with strong potential to decrease centuries of 

global progress. According to the World Economic Forum’s Global Risks Report climate change 

disaster is the biggest threat to global economy nowadays, so it is more than clear that awareness of 

this issue must be increased. Climate change is increasingly affecting every aspect of people’s lives 

together with species, communities, industries, as well, consequently obstructing global economic 

stability. The interaction between economic development and climate change on a global scene is 

evident and many companies have already felt the impact of extreme weather events on profits. In 

addition to that, there is a growing demand from different shareholders who are concerned about 

how the business activities reflect on the environment. From this perspective, we can expect that 

natural disasters will be intense and more frequent in the upcoming years which is the reason why 

most scientists and economic analysts agree that ‚the most expensive thing we can do is nothing‛ 

(USC, 2011). This burning issue imposes the need for a multistake holder approach and public-private 

sector collaboration to find the most appropriate model for obtaining sustainable economic growth. 

 

Keywords: climate change; global economy; extreme weather events; economic development. 

 

„Climate change is moving faster than we are.‚ 

- António Guterres, The secretary-general of the United Nations 

 

1. Introduction 

 

Climate change is increasingly affecting every aspect of people’s lives together with species, 

communities, industries, as well, consequently obstructing global economic stability 

(Simunic et al, 2019; Cadro et al, 2019). The beginning of the third millennium confronted us 

with an increasingly pronounced discrepancy between the size of the human population 

and the spatial and resource assumptions for its existence. Demographic expansion, 

uncontrolled economic development and the technological revolution have resulted in 

environmental contamination of alarming proportions. Harmful emissions, ionizing 

radiation, forest erosion, terrain devastation, wastewater, fossil fuels and depletion of 

irreversible resources are just some of the witnesses to the aggressive and heated human 

tendency to subordinate nature and its laws to the elements of the market mechanism 

(where the environment is seen as the only "free lunch").  

Climate warming probably entails extreme changes in climatic conditions, a large 

number of floods, earthquakes, volcanoes, storms, hurricanes, tsunamis, with all the 

consequences that these natural disasters bring. The tension of the drama is further 

intensified by the fact that the biosphere is beginning to provide a wider and more vivid 

range of responses to this decades-long anthropogenic challenge - global warming, 

devastating climate change, stratospheric ozone depletion, genetic mutations and the spread 
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of endangered plant and animal species list (Mihailović, 2018), thus putting man on top of 

the most endangered species list. 

It is worth mentioning that the structural crisis that gripped the world in the mid-1970s, 

called stagflation, was triggered by the oil and energy crisis. In response to this aspect of the 

crisis, the global scene has undergone positive changes not only in the energy market 

(whose price has risen due to the inclusion of external costs), but also in terms of increasing 

energy efficiency across the developed part of the world. The same comment can be made 

on intervention measures related to economic development, economic structure and the 

necessary social balance, as each of these aspects lacks a sustainability factor. 

From today's perspective, it is interesting to note that until the 1990s, the company's 

decisions regarding the choice of social problems to be solved were most often guided by the 

idea of "making a good public impression with as little effort as possible", and the 

affirmation of social action programs was predominantly affected by personal preferences of 

management and administration without adequate coordination with business strategies. 

The oil spill from the Exxon Valdez ship in 1989 exposed all the weaknesses of the previous 

practice according to which corporations participate in the elimination of only those social 

problems that are far from their business activities and unsuitable for inclusion in business 

goals. When Exxon needed contact with environmentalists to obtain expert opinion and 

support in disaster recovery, it turned out that "management has nothing to do with 

reputable environmentalists, who are funded by the company." This event marked the 

obsolescence of previous practice and the beginning of a completely new strategic approach 

to business that will reconcile the requirements of taking responsibility and economic 

productivity.  

 

Global economy at the scissors of climate change 

 

The Earth's climate has changed throughout history. Just in the last 650,000 years, there have 

been seven cycles of glacial advance and retreat, with the abrupt end of the last ice age about 

11,700 years ago marking the beginning of the modern climate era — and of human 

civilization. Most of these climate changes are attributed to very small variations in Earth’s 

orbit that changing the amount of solar energy our planet receives. The current warming 

trend is of particular significance because most of it is extremely likely (greater than 95 

percent probability) to be the result of human activity since the mid-20th century and 

proceeding at a rate that is unprecedented over decades to millennia (IPCC Fifth Assessment 

Report, 2014). Climate change is, as we have seen so far, a natural phenomenon which, due 

to its causes and consequences, belongs to the domain of society, politics, law and economy, 

rather than to ecology and environmental protection. 

Climate change poses a unique threat to the economy which poses a challenge to look at 

things globally and provide long-term forecasts in light of the economy of risk and 

uncertainty. What makes these challenges even more demanding is the time distance 

between the actions taken in the present and the consequences they will cause in the future. 

Although it is not questioned that anthropogenic activities are a key cause of climate 

change21, no one can predict their consequences with complete certainty because they are 

                                                           
21 There is still fresh memory of the biggest environmental disaster in the history of the USA, caused 

by the explosion of the oil platform (in which eleven employees lost their lives) of the British 

Petroleum company in 2010. The oil eruption caused by the explosion covered almost 10,000 km2 of 
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beyond the reach of human experience. Yet even from this point we know enough to be able 

to perceive potential risks, as well as the fact that ignoring climate change threatens 

economic growth. Addressing climate change should be a continuous and sustainable 

strategy in favour of long-term economic growth, and the sooner effective efforts are made 

in this area, the more efficient and cost-effective the results will be (European Movement 

Serbia, 2010). 

The Intergovernmental Panel on Climate Change (IPCC) estimates in its recent Special 

Report on „Global Warming of 1.5°C‚ that the „mean net present value of the costs of 

damages from warming in 2100 for 1.5°C and 2°C (including costs associated with climate 

change-induced market and non-market impacts, impacts due to sea level rise, and impacts 

associated with large scale discontinuities) are $54 and $69 trillion, respectively, relative to 

1961–1990". This gives the indication that the gap between necessary financing to deal with 

climate induced risks and impacts is even bigger than earlier projected (Eckstein, Hutfils et 

al., 2018). Climate change could affect the level of output (by changing agricultural yields, 

for example) or an economy’s ability to grow in the long-term if the changes in climate 

variables are persistent, through reduced investment and lower labour productivity in most 

sectors of the economy. To measure the damage caused by climate change, economists have 

sought to quantify how aggregate economic growth is being affected by rising temperatures 

and changes in rainfall patterns. The global average temperature has risen by 0.0181 degrees 

Celsius per year over the last half century (1960-2014), with positive country-specific trend 

estimates in 169 out of 174 countries. A persistent change in climate conditions has a long-

term negative efect on per capita GDP growth. Specifically, if temperature rises (falls) above 

(below) its historical norm by 0,01 degrees Celsius annually, income growth will be lower by 

0,0543 percentage points per year (Kahna, Mohaddesby et al., 2019). Many countries 

considered that a level of global warming close to 2°C would not be safe and, at that time, 

there was only limited knowledge about the implications of a level of 1.5°C of warming for 

climate-related risks and in terms of the scale of mitigation ambition and its feasibility. 

Climate change could affect tourism, energy systems and transportation through direct 

impacts on operations (e.g., sea level rise) and through impacts on supply and demand, with 

the risks varying significantly with geographic region, season and time. Projected risks also 

depend on assumptions with respect to population growth, the rate and pattern of 

urbanization, and investments in infrastructure (Masson-Delmotte, Zhai, 2019).  

 

Climate change as a generator of social differentiation 

 

UN data show that since the 19th century, at the time of the expansion of the technological 

era and the intensification of industrial activities, there has been an increasingly pronounced 

differentiation between people and nations. From 1950 to the end of the 20th century, global 

wealth increased as much as six times, and in the same period the percentage of the poor 

increased in 100 of the 170 countries surveyed (Đukić, 2011). Earlier this year, the world’s 10 

richest people owned wealth greater than the GDP of the world’s 85 poorest countries. This 

                                                                                                                                                                                     
the Atlantic Ocean and caused irreparable damage to the marine flora and fauna, and stopping its 

spill (which took three months, although the fact that all state rescue teams were mobilized), did not 

stop the unforeseeable consequences for people's health. This and countless similar examples prove 

the fact that big corporations occupy a predominant place in environmental contamination. Available 

at: https://en.wikipedia.org/wiki/Deepwater_Horizon_explosion (Accessed: 20 April 2020).  

https://en.wikipedia.org/wiki/Deepwater_Horizon_explosion
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is just one illustration of the rapid social and existential differentiation in different areas of 

the same planet. What is particularly worrying is that climate change is becoming a very 

important factor in this differentiation as climate burden is disproportionately divided and 

is to the detriment of poor countries. 

The disproportion in the consequences of climate change to which developed and 

developing countries will be exposed will accentuate the already existing gap between them 

and lead to an increase in poverty. In this sense, it should be noted that developing areas 

have one geographical disadvantage, which is reflected in the fact that they are usually 

significantly warmer than developed regions, and they also have additional problems in the 

pronounced variability of precipitation.  Besides that, developing countries are closely 

dependent on agriculture, which is the most sensitive of all economic sectors to extreme 

weather conditions. When we add to this, insufficient health care, low incomes, lack of 

quality of public services and limited capacity to deal with environmental disasters, the 

obvious conclusion is that climate change is a major obstacle to global efforts to reduce 

poverty (European Movement Serbia, 2010). 

Poorer countries, which are least equipped to deal with rapid change, could suffer the 

most. Plant and animal extinctions are predicted as habitats change faster than species can 

adapt. And the World Health Organization (WHO) has warned that the health of millions 

could be threatened by increases in malaria, water-borne disease and malnutrition.22 

Scientists have been aware since the late 1960’s of high concentrations of carbon dioxide 

(CO2) and other greenhouse gases (GHG) such as methane (CH4) and nitrous oxides (N2O) in 

the atmosphere. It is in recent decades, though, that the link between greenhouse gases and 

climate warming has caught the attention of scientists and politicians, as well as the general 

public, via the well-known ‚greenhouse effect‛ (Koubi, 2016). If we consider the countries 

with the highest carbon dioxide emissions, which has become the main concern, it is easy to 

come to the conclusion that these are the most developed economies in the world.  

In this way, in addition to unpredictability, climate change is also characterized by 

"injustice" because the countries that are least responsible for this phenomenon are the most 

vulnerable. Therefore, developing countries are demanding from the industrialized world to 

face historical responsibility and do something in the domain of climate for the welfare of 

all. Climate change is a global phenomenon in its causes and consequences, so in order to 

achieve an effective and efficient response to them, joint international action is necessary.23 

The United Nations Framework Convention on Climate Change established an 

Adaptation Fund Board in Bali in 2007 to oversee financial support for adaptation measures 

in developing countries. The first activities in the direction of forming dedicated funds for 

adaptation to climate change began in 2001 in Marrakesh at the Seventh Conference of the 

Parties (COP7), when the special sensitivity and vulnerability of developing countries to the 

consequences of climate change was recognized. The three funds were formed: 

                                                           
22 ‚What is Climate Change? A Really Simpe Guide”, Available at: https://www.bbc.com/news/science-

environment-24021772 (Accessed: 31 March 2020) 

23 There is other evidence that climate change is being used to achieve comparative advantages in the 

global economic-technological competition and politics. The development of new fast-growing 

economies (especially Asian ones) is supposed to be based on far more dynamic emissions of carbon 

dioxide and other greenhouse gases, so "global actions" for climate are in fact attempts to slow their 

growth, which, according to these claims, aims to maintain economic -technological domination of 

highly developed industrial countries.  

https://www.bbc.com/news/science-environment-24021772
https://www.bbc.com/news/science-environment-24021772
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1. Least Developed Countries Fund (LDCF) 

2. Special Climate Change Fund (SCCF) 

3. Adaptation Fund (AF) 

All three funds were initially under the auspices of the Global Environment Facility 

(GEF). This has drawn criticism regarding the fund management structure, as GEF is 

characterized as a grant-funded institution that can only be influenced by developing 

countries through a partnership in the UNFCCC.  

 

 

Figure 1: The world’s top emitters of carbon dioxide 

Later, the management structure of the funds was changed, so that today the 

Adjustment Fund has a board that manages funds collected from private and state 

donations, but also 2% of funds provided by activities of certified emission reductions under 

clean development mechanisms. The characteristic of the Board of the Adaptation Fund is 

that the membership is equally distributed between developed and developing countries, 

includes representatives of the least developed countries and small island developing states, 

and that it is formed at UNFCCC and not at GEF. However, given that the Fund is mostly 

funded by donations, there is a gap in the interests of donors and the requirements of 

developing countries. Representatives of these countries believe that such financing only 

represents compensation for the damage done by the developed world, and not 

development aid in the true sense of the word (Avramović, 2018). 

 

Climate apartheid 

 

In recent decades, the excesses and demands of a global economy dependent upon 

unrelenting growth and industrialization have created new victims—entire populations now 

being dislocated by human-induced climate change—an emerging class of environmental 

refugees. The impact of climate change exacerbates existing pressures and inequalities 
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related to economics, conflict, urban mega-development and land-use changes (Brisman, 

South et al., 2018). Unlike the climate change mitigation, which is perceived as the 

conservation of shared resources because it is carried out globally, adaptation refers to 

climate change and changes or losses of living conditions at the local level. Taking into 

consideration its local character, adaptation to climate change is not seen as a problem of 

shared resources and thus funding mechanisms are often brought into question. However, 

insufficient local adaptation to climate change has a direct impact on a global scale, such as 

migratory flows of environmental refugees and transnational conflicts over resources 

(Brisman, South et al., 2018).  That is the main reason why developing countries are 

constantly expressing concern about the emergence of "climate apartheid" or "adaptation 

apartheid". These terms emphasize the gap between developed and developing countries 

when the consequences of climate change become dramatic.  

 

Table 1. Climate Risk Index24 

CRI 

1999-2018 

Country CRI 

score 

Death toll Deaths per 

100 000 

inhabitants 

Total 

losses in 

million 

US$ PPP 

Losses per 

unit GDP 

in % 

Number 

of events 

(total 

1999-2018) 

1 Puerto Rico 6.67 149.90 4.09 4 567.06 3.76 25 

2 Myanmar 10.33 7 052.40 14.29 1 630.06 0.83 55 

3 Haiti 13.83 274.15 2.81 388.93 2.38 78 

4 Philippines 17.67 869.80 0.96 3 118.68 0.57 317 

5 Pakistan 28.83 499.45 0.30 3 792.52 0.53 152 

6 Vietnam 29.83 285.80 0.33 2 018.77 0.47 226 

7 Bangladesh 30.00 577.45 0.39 1 686.33 0.41 191 

8 Thailand 31.00 140.00 0.21 7 764.06 0.87 147 

9 Nepal 31.50 228.00 0.87 225.96 0.40 180 

10 Dominica 32.33 3.35 4.72 133.02 20.80 8 

 

According to the newest UN report, more than 120 million people could slip into 

poverty within the next decade because of climate change. Besides that, climate change 

threatens democracy and human rights. ‚Even if current targets are met, tens of millions will 

be impoverished, leading to widespread displacement and hunger. Climate change 

threatens to undo the last 50 years of progress in development, global health, and poverty 

reduction. We risk a ‘climate apartheid’ scenario where the wealthy pay to escape 

                                                           
24 H., Hayder, Pakistan is 5th Most Vulnerable Country to Climate Change: Report, Avaliable at: 

https://propakistani.pk/2019/12/05/pakistan-is-5th-most-vulnerable-country-to-climate-change-report/ 

(Accessed: 28 March 2020) 

https://propakistani.pk/2019/12/05/pakistan-is-5th-most-vulnerable-country-to-climate-change-report/
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overheating, hunger, and conflict while the rest of the world is left to suffer‛(United Nations 

Human Rights, 2019). Key factors for stopping climate apartheid are long-term planning and 

funding through the engagement of all stakeholders. For example, early-warning systems 

against natural disasters pay for themselves manifold in lives saved and assets spared (Ki-

moon, Verkooijen, 2019).  

The Global Climate Risk Index 2020 analyses to what extent countries and regions have 

been affected by impacts of weather-related loss events (storms, floods, heat waves etc.). The 

countries most susceptible to heatwaves and prolonged drought – mainly in the global 

South – are often in a much more precarious situation as they cannot rely upon government 

support in the form of financial resources or technologies. Furthermore, many African 

countries are particularly drought-prone and are already subjected to desertification and 

other forms of land degradation, which negatively impacts agriculture and frequently spurs 

conflicts over subsistence crops, thus perpetuating food insecurity and the risk of hunger. 

The Climate Risk Index may serve as a red flag for already existing vulnerabilities that may 

further increase as extreme events will become more frequent or more severe due to climate 

change (Global Climate Risk Indeks 2020, 2020). 

 

Climate change and economic security  

 

Climate change is transforming the way we think about security. Our increasingly unstable 

climate is no longer seen as primarily an environmental or economic issue and it becomes 

increasingly clear that climate change has consequences that reach the very heart of the 

security agenda: flooding, disease and famine, resulting in migration on an unprecedented 

scale in areas of already high tension; drought and crop failure, leading to intensified 

competition for food, water and energy in regions where resources are already stretched to 

the limit and economic disruption (Parry, 2007). Climate change has a direct impact on 

security through its effect on the critical infrastructure underpinning a nation’s security. This 

includes sea level rise risks to military installations that can degrade a nation’s ability to 

conduct military operations, as well as extreme weather events that can devastate essential 

energy, financial and agricultural centers that undergird a nation’s economic viability. In 

some cases, as with some low-lying small island states, sea level rise presents an existential 

threat (A Project of the Center for Climate and Security, 2014). In its 15th Global Risks 

Report the World Economic Forum (WEF) has said that for the first time in the report's 

history all of the "top long-term risks by likelihood" are environmental.  

While in the previous decade economic and financial crises were seen as most 

dangerous, the report has found that risk perceptions have shifted to extreme weather, 

environmental disasters, biodiversity loss, natural catastrophes and failure to mitigate 

climate change (The Global Risks Report, 2019). The changing global climate accompanied 

by water and food scarcity has become the driver of global insecurity. Climate change can be 

seen as a factor that is exacerbating an already instable global security environment, 

threatened by numerous other factors. Water and food security are the two main issue-areas 

exposing the link between climate change and national security. The scarcity or surfeit of 

water will have continuing and serious effects on crucial systems on which civilization is 

based, such as food production and availability, energy production, transportation, 

distribution channels, as well as basic environmental systems. 

People all over the world have to face the reality of climate change – in many parts of 

the world manifesting as increased volatility of extreme weather events. Between 1998 and 
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2017, more than 526 000 people died worldwide and losses of US$ 3.47 trillion (in PPP) were 

incurred as a direct result of more than 11 500 extreme weather events. The UNEP 

Adaptation Gap Report 2016 warns of increasing impacts and resulting increases in global 

adaptation costs by 2030 or 2050 that will likely be much higher than currently expected: 

‚*...+ two-to-three times higher than current global estimates by 2030, and potentially four-

to-five times higher by 2050‛ (UNEP, 2016). 

From a legal-political point of view, security in the light of climate change began to be 

considered about ten years ago. The paper „Climate Change and International Security‚25 

from the High Representative and the European Commission to the European Council has 

drawn attention to the impact of climate change on international security. The following 

section outlines some of the forms of conflicts driven by climate change which may occur in 

different regions of the world: 

 

1) Conflict over resources  

Reduction of arable land, widespread shortage of water, diminishing food and fish 

stocks, increased flooding and prolonged droughts are already happening in many parts of 

the world. Climate change will alter rainfall patterns and further reduce available freshwater 

by as much as 20 to 30% in certain regions. A drop in agricultural productivity will lead to, 

or worsen, food-insecurity in least developed countries and an unsustainable increase in 

food prices across the board. Water shortage in particular has the potential to cause civil 

unrest and to lead to significant economic losses, even in robust economies. The 

consequences will be even more intense in areas under strong demographic pressure. The 

overall effect is that climate change will fuel existing conflicts over depleting resources, 

especially where access to those resources is politicized.  

 

2) Economic damage and risk to coastal cities and critical infrastructure  

It has been estimated that a business as usual scenario in dealing with climate change 

could cost the world economy up to 20% of global GDP per year, whereas the cost of 

effective concerted action can be limited to 1%. Coastal zones are the home of about one fifth 

of the world’s population, a number set to rise in the years ahead. Mega-cities, with their 

supporting infrastructure, such as port facilities and oil refineries, are often located by the 

sea or in river deltas. Sea-level rise and the increase in the frequency and intensity of natural 

disasters pose a serious threat to these regions and their economic prospects. The East coasts 

of China and India as well as the Caribbean region and Central America would be 

particularly affected. An increase in disasters and humanitarian crises will lead to immense 

pressure on the resources of donor countries, including capacities for emergency relief 

operations.  

 

3) Loss of territory and border disputes  

Scientists project major changes to the landmass during this century. Receding 

coastlines and submergence of large areas could result in loss of territory, including entire 

countries such as small island states. More disputes over land and maritime borders and 

other territorial rights are likely. There might be a need to revisit existing rules of 

                                                           
25„Climate Change and International Security“ S113/08 14 March 2008, Available at: 

https://www.consilium.europa.eu/uedocs/cms_data/docs/pressdata/en/reports/99387.pdf (Accessed: 7 

April 2020). 

https://www.consilium.europa.eu/uedocs/cms_data/docs/pressdata/en/reports/99387.pdf
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international law, particularly the Law of the Sea, as regards the resolution of territorial and 

border disputes. A further dimension of competition for energy resources lies in potential 

conflict over resources in Polar regions which will become exploitable as a consequence of 

global warming. Desertification could trigger a vicious circle of degradation, migration and 

conflicts over territory and borders that threatens the political stability of countries and 

regions.  

 

4) Environmentally-induced migration  

Those parts of the populations that already suffer from poor health conditions, 

unemployment or social exclusion are rendered more vulnerable to the effects of climate 

change, which could amplify or trigger migration within and between countries. The UN 

predicts that there will be millions of "environmental" migrants by 2020 with climate change 

as one of the major drivers of this phenomenon. Some countries that are extremely 

vulnerable to climate change are already calling for international recognition of such 

environmentally-induced migration. Such migration may increase conflicts in transit and 

destination areas. Europe must expect substantially increased migratory pressure.  

 

5) Situations of fragility and radicalization  

Climate change may significantly increase instability in weak or failing states by over-

stretching the already limited capacity of governments to respond effectively to the 

challenges they face. The inability of a government to meet the needs of its population as a 

whole or to provide protection in the face of climate change-induced hardship could trigger 

frustration, lead to tensions between different ethnic and religious groups within countries 

and to political radicalization. This could destabilize countries and even entire regions.  

 

6) Tension over energy supply 

One of the most significant potential conflicts over resources arises from intensified 

competition over access to, and control over, energy resources. That in itself is, and will 

continue to be, a cause of instability. However, because much of the world's hydrocarbon 

reserves are in regions vulnerable to the impacts of climate change and because many oil 

and gas producing states already face significant social economic and demographic 

challenges, instability is likely to increase. This has the potential to feed back into greater 

energy insecurity and greater competition for resources. A possible wider use of nuclear 

energy for power generation might raise new concerns about proliferation, in the context of 

a non-proliferation regime that is already under pressure. As previously inaccessible regions 

open up due to the effects of climate change, the scramble for resources will intensify. 

 

 7) Pressure on international governance  

The multilateral system is at risk if the international community fails to address the 

threats outlined above. Climate change impacts will fuel the politics of resentment between 

those most responsible for climate change and those most affected by it. Impacts of climate 

mitigation policies (or policy failures) will thus drive political tension nationally and 

internationally. The potential rift not only divides North and South but there will also be a 

South - South dimension particularly as the Chinese and Indian share of global emissions 
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rises. The already burdened international security architecture will be put under increasing 

pressure.26  

To prevent those conflicts, it is necessary intensively dealing with climate change, both 

from aspects of mitigation and adaptation. Climate change is a key issue in international 

relations, and therefore in international security. If the efforts of the international 

community to address the climate challenge continue, it can represent and launch positive 

pathways in global governance. Some of the activities that can contribute to this are: 

focusing on safe risks related to climate change, strengthening international cooperation in 

detecting and monitoring preliminarily security-related climate oscillations. The European 

Union, as a world leader in the climate change policy, should intensify its research, 

monitoring and early use capacities, build civil protection capacities and benefit crisis 

management and continue to review the security risks associated with climate change, in 

order to keep moving global politics in a positive direction (Avramović, 2018). 

 

Conclusion 

The consequences and costs of climate change on our world will define the 21st century. 

Even if nations across the planet were to take immediate steps to curb carbon emissions—a 

warmer climate is inevitable. As the recent report by the U.N. Intergovernmental Panel on 

Climate Change noted, human-created warming will persists for centuries to millennia and 

will continue to cause further long-term changes in the climate system, such as sea level rise. 

As these effects progress they will have serious impacts on human society. In the coming 

decades climate change will increasingly threaten human security in many parts of the 

world, disproportionately affecting the least developed countries. Climate change will pose 

economic, social, and political predicaments that will challenge the successful 

implementation of the Sustainable Development Goals (SDGs) (Koubi, 2016). 

Without resolute counteraction, climate change will overstretch many societies’ 

adaptive capacities within the coming decades. This could result in destabilization and 

violence, jeopardizing national and international security to a new degree. However, climate 

change could also unite the international community, provided that it recognizes climate 

change as a threat to humankind and soon sets the course for the avoidance of dangerous 

anthropogenic climate change by adopting a dynamic and globally coordinated climate 

policy. If it fails to do so, climate change will draw ever-deeper lines of division and conflict 

in international relations, triggering numerous conflicts between and within countries over 

the distribution of resources, especially water and land, over the management of migration, 

or over compensation payments between the countries mainly responsible for climate 

change and those countries most affected by its destructive effects (German Advisory 

Council on Global Change, 2008). 

In isolation, these are daunting challenges; faced simultaneously, we will struggle if we 

do not work together. There has never been a more pressing need for a collaborative and 

multistakeholder approach to shared global problems. This is an era of unparalleled 

resources and technological advancement, but for too many people it is also an era of 

insecurity. We are going to need new ways of doing globalization that respond to this 

insecurity. In some areas, this may mean redoubling efforts at the international level— 

implementing new approaches to a range of issues: technology and climate change to trade, 

taxation, migration and humanitarianism (The Global Risk Report, 2019). 

                                                           
26 ibid, p. 3-5. 
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Abstract: Climatic extremes demonstrated that agriculture is sensitive to climate change. Climate 

changes shifting climate variables: temperature, precipitation, humidity, evaporation, sunlight, wind 

speed, etc. Climatic change has created challenges for the agricultural sector and added pressure on 

global agricultural and food systems. On many crops there are negative impacts from extreme 

weather as droughts, floods, higher temperatures and season shifts that climate change brings. Rising 

temperatures and water stress have already led to lower crop yields for maize, wheat, soybean, 

sunflower, buckwheat, millet, flax, potato, phacelia and other crops which typically relies on 

precipitation instead of irrigation. The rising temperature has adverse effect on flowering and leads to 

pests and disease buildup. Flood and excess rain over a short duration of time cause extensive 

damage to crops.  

For one country a decrease yields bring a high decline in production and therefore reducing the 

budget i.e. economic weakening. Climate change therefore threatens global food supply as certain 

crops become more expensive due to a decrease in production and supply. In such situations, should 

be introduced into production alternative crops like sorghum and millet, which can be grow at 

conditions where the dry season prevails during the crop vegetation. The agriculture also has to take 

place and in adverse climatic conditions and produce enough food by sowing tolerant varieties in 

changed environmental conditions. 

Keywords: climate change, temperature, precipitation, agricultural production. 

 

Introduction  

 

Climate change predictions over this century are: warmer (at least 1–2◦C) and drier 

conditions, with increased extreme weather events and increased CO2 levels, in the regions 

where the cereals, oil crops, legume and vegetable mainly grown. The most important global 

debate of this century is on climate change. It is predicted that by 2050 there will be 

significant impacts of climate changes, including rising temperature, increasing drought due 

to higher evaporation and changing rainfall distribution, and increased levels of CO2 due to 

greenhouse effect and agriculture gas emissions. Thus, it is predicted that present levels of 

field crops productivity and agricultural production itself, will be in a big way affected, in 

different environment and regions (Popović, 2015; Glamočlija et al., 2015; Maksimović et al., 

2018).  

Climatic extremes demonstrated sensitivity of agriculture to climate change. Climate 

changes shifting climate variables: temperature, precipitation, humidity, evaporation, 

sunlight, wind speed, etc. Climatic change has created challenges for the agricultural sector, 

adding pressures on global agricultural and food systems (Popovic et al., 2019a). Many crops 

suffer negative impacts of extreme weather, droughts, floods, higher temperatures and 

season shifts that climate change brings. Rising temperatures and water stress have already 

led to lower crop yields for maize, wheat, soybean, sunflower, buckwheat, flax and other 
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crops which typically relies on precipitation instead of irrigation. Temperature is one of the 

most important ecological factors, which allows and determines the basic processes in plants 

and their spread from the equator to the poles and from the base to the top of the mountain. 

Basic physiological and biochemical processes - photosynthesis, respiration, transpiration, 

growth, development and reproduction, depend on the thermal factor (Popović et al., 2018; 

Šarčević – Todosijević et al., 2018; Šarčević-Todosijević et al., 2019a). The rising temperature 

has adverse effect on flowering and leads to pests and disease buildup. Flood and excess 

rain over a short duration of time cause extensive damage to crops.  

 

Effect of Climate Change for Agricultural Production  

 

Ecological factors represent all the effects of the environment by which organism is 

surround. Ecological factors are the basic determinant of ecology and, depending on the 

nature of their activity and extent of variation, the life of all biological species, populations, 

individuals and communities in ecosystems depends. Although almost all factors are 

equally important for the life of cultivated plants, in open field ecological conditions impact 

of light, temperature and water prevail (Popović et al., 2017; Šarčević-Todosijević et al., 

2019a). Crop growth is greatly dependent on climate as plant physiological processes 

respond directly to changes in air and soil temperature, solar radiation, moisture availability 

and wind speed (Monteith, 1981; Andrews and Watson, 2010; McKenzie and Andrews, 

2010). Climate can also influence the incidence of weeds, pests and diseases which can affect 

crop growth and yield (Oleson and Bindi, 2002; Aggarwal et al., 2004; McKenzie and 

Andrews, 2010). However, secondary metabolites play an important role in protecting 

plants from biotic and abiotic stress. It is believed that precisely these secondary metabolites 

are the mechanism of adaptation for plant species to different ecological factors and that 

they are exactly those who enable a survival of species. It is undisputably proved that 

secondary metabolites have a protective role for a plant which is manifested in various 

ways, from preventing bacteria, fungus and viruses to infect tissue (function of 

phytoalexins), to protecting from excessive doses of ultraviolet radiation, excessive 

transpiration or from other unfavorable effect of ecological factors. These metabolites are 

also the places for inactivating and depositing harmful products of plant metabolism 

(Popović et al. 2019b, Popović et al., 2019c; Šarčević – Todosijević et al., 2018; Šarčević – 

Todosijević et al., 2019b, Šarčević – Todosijević et al., 2019c).  

If climate change is substantial in regions of crop growing, it could greatly affect growth 

and yield of crops grown there. Parry et al. (2004; 2005) and IPCC (2007a, 2007b) assessed the 

effects of projected climate change from 2010 to 2060 on crop/food production and risk of 

hunger in different regions of the world: different climate change scenarios developed by 

the IPCC were considered. Generally, the scenarios predicted yield increases in developed 

countries at mid and high-mid - latitudes but yield decreases in developing countries in the 

tropics and sub-tropics with the risk of hunger particularly high in Southern Asia and Africa 

(Parry et al., 2004; 2005; Aggarwal et al., 2004). Aggarwal et al. (2004) argued that assuming a 

medium growth scenario, the population of South Asia will increase by 700 million people 

from 2005 to 2035 (see also United Nations Population Division, 2009) and that the demand 

for grain legumes will increase by 30% between 2010 and 2030. In relation to cool season 

grain legumes in the major areas of production highlighted above, climate change would be 

expected to result in increased yields in North America and Northern Europe but decreased 

yields in Ethiopia, Southern Asia and possibly Australia (Australian Government Bureau of 
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Meteorology, 2009) and Turkey (Oleson and Bindi, 2002; Yano et al., 2007). Parry et al. (2004; 

2005) and IPCC (2007a, b) emphasized that there will be exceptions to the generalizations. 

For example, yields are projected to increase in areas subjected to increased monsoon 

intensity or where more northward penetration of monsoon leads to increases in available 

moisture. They also emphasized that the effectiveness of adaptation strategies to counter the 

negative effects of climate change is difficult to predict. Possible adaptation strategies 

highlighted that are relevant to cool season grain legume production include crop relocation, 

changes in sowing date, use of more stress tolerant genotypes, genetic adjustment of crops 

to increase their tolerance of stress, increased nutrient and plant protection inputs and 

intercropping with other crops, to lower the risk of total crop production failure under 

adverse conditions. Genetic adjustment of grain legume for cool season crops should also 

include consideration of the rhizobial symbiont (Andrews et al., 2009; Stevanović et al., 

2018). 

Legumes have a strategic role in the food and feed economy, as a high protein source 

and as inputs nitrogen fixation in the soil for subsequent cereal and oil seed crops. They also 

act as a break crop for facilitate control of weeds, pests and diseases that appear under, 

predominantly cereal cropping (Yadav et al., 2007a, 2007b; Đorđević et al., 2015; Lakić et al., 

2018).  

Generally, grain production from cereals is more reliable. This is in part because cereals 

have benefited more to a greater extent from modern breeding varieties responsive now 

used as a input (Mantri et al., 2010). Also, dry matter and carbon gain per unit plant nitrogen 

or per unit time are generally greater for cereals than for nitrogen fixing legumes. This 

difference can at least in part be related to the greater specific growth rate of cereals 

(Andrews et al., 2009). The temperature increase occurred over the globe, but was greater on 

land than in oceans and greatest at higher northern latitudes and smallest over the Southern 

(Antarctic) Ocean and parts of the North Atlantic Ocean. From 1900 to 2005, precipitation 

increased in eastern parts of North and South America, Northern Europe and Northern and 

Central Asia but decreased in the Mediterranean region, parts of Southern Asia, the Sahel 

and Southern Africa. In addition, the frequency of extreme weather and climate events, in 

particular, heat waves, storms and floods due to heavy precipitations and extreme high sea 

levels increased over most land areas (Meehl et al., 2000; IPCC, 2007a, 2007b). There is 

considerable evidence that the primary cause of increased global average temperature from 

1956 to 2005 was the increase in anthropogenic greenhouse gas concentrations (IPCC, 2007a, 

2007b). Gasses made in greenhouse effect absorb a proportion of the heat leaving the earth’s 

surface and re-emit it downward, causing the lower-atmosphere temperature increase and 

hence global. Carbon dioxide produced in fossil fuel use (and to a lesser extent land change 

use such as deforestation; Fearnside and Laurance, 2004) is the major anthropogenic gas, but 

methane (primarily due to fossil fuel use and agricultural practices), nitrous oxide (primarily 

due to agricultural practices) and chlorofluorocarbons (use in refrigeration systems, fire 

suppression systems and manufacturing processes) are also important (IPCC, 2007a, 2007b). 

Global atmospheric CO2 concentration increased from around 280 ppm in the late eighteenth 

century to 379 ppm in 2005 (IPCC, 2007a). All countries contribute to global CO2 emissions 

but China, the United States (US) and the European Union (EU, twenty seven countries) are 

responsible for around fifty per cent of global CO2 emissions (Netherlands Environmental 

Assessment Agency, 2009).  

In 2008, China was the world’s largest emitter of CO2, with the US and the EU second 

and third respectively. This is in part related to the large number of population in these 
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regions. On a per capita basis, CO2 emissions are much lower in China than in the US, the 

EU or several other countries such as Australia which have substantially lower total CO2 

emissions. In response to increasing greenhouse effect gas production worldwide, the Kyoto 

Protocol, an international agreement linked to the United Nations Framework Convention 

on Climate Change, was adopted in 1997 and entered into force in 4 (Andrews and Hodge 

2005; Marišov| et al., 2015; United Nations Framework Convention on Climate Change, 

2009). 

Interestingly, potato production may be positively impacted by elevated CO2 

concentration, as reported by the experts at the Central Potato Research Institute, where they 

claimed that potato yield will increase by 11.12 per cent at elevated CO2 of 550 PPM and 1°C 

rise in temperature. However, further increase in CO2 with a likely rise in temperature by 

3°C will result in decline in production by 13.72 per cent in the year 2050 (Ranadive, 2017). 

The optimum temperatures for the photosynthesis process of most cultivated plants range 

from 25 to 35oC. The temperature optimum at low light and reduced CO2 in air is about 

10oC, at slightly higher light and normal CO2 is about 20oC, and at full light and increased 

CO2 is about 30oC (Šarčević – Tododsijević et al., 2019a). 

The soybean yield and biomass increased for all treatments in the 2030 s with positive 

correlation with the climatic variables. The maximum temperature represented the most 

significant correlation with yield and biomass for almost all treatments. Finally, soybeans 

might achieve an optimal threshold temperature in the future, leading to yield increases in 

the 2030s. Climate change impact assessment can facilitate selection of better adaptation 

strategies related to irrigation water management and agricultural practices in the future 

(Ahmadzadeh Araji et al., 2018). Many studies show that global maize yields were 3.8 

percent smaller than they would have been without warming and that wheat yields were 5.5 

percent smaller. A study projected that global wheat yields could drop between 4.1 and 6.4 

percent for each global temperature increase of 1°C. Climate change threatens global food 

supply as certain crops become more expensive due to reduced production and supply. 

Increasing frequency and duration of droughts require strongly adaptation of agricultural 

crops and their diversification under changed agro-pedological conditions. In such 

situations, alternative crops like sorghum and millet should be sown, because they have 

pronounced resistance to unfavorable abiotic factors and good adaptive capacity towards 

the dry conditions which prevails during the growing season. 

 

Conclusion 

 

Rise in world population will result in a need to increase food production, despite reducing 

available arable land and water supply for irrigation conditioned by urban environments 

growth. Climate change therefore threatens global food supply as certain crops become 

more expensive due to a decrease in production and supply. Decrease yield causes a high 

fall in production and thus a reduction in budget and economic decline.  

In arid years, should be introduced into production and alternative crops like sorghum 

and millet, which can be grow at conditions where the dry season prevails during crop 

vegetation. 

The agriculture has to take place and in adverse climatic conditions and enough food 

will be produced if, in changed environmental conditions, tolerant varieties are grown. 
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Abstract: Wheat (Triticum sp. L.) is one of the oldest and most important cultivated plants today 

because wheat bread is used by more than 70% of the Earth's population. Wheat had and will play in 

the future the most important role in the nutrition of the population for a long time (Rakaščan et al., 

2019; Rajičić et al., 2019). Worldwide, wheat accounts for about one-third of the sown cereals area, or 

about 26%. Wheat adapts well to the climate and soil, and has many species and varieties. There is 

winter and spring wheat so it is grown almost all over the world and is included in the euro-types 

(Dončić et al., 2019). The aim of this study was to investigate the effect of the locality and cultivation 

year, and on the morphological characteristics and productivity of winter wheat: plant height (cm), 

1000-seed weight (g) and seed yield (kg ha-1.) of domestic winter wheat varieties. The experiments 

were conducted at three localities during three years, in the wider area of Belgrade. The most 

unfavorable year for wheat production was 2015/2016, the year in which the smallest amount of 

rainfall was recorded, only 335 mm. Cultivation locality had a statistically significant effect on grain 

yield. The average values for the yield for all three localities and three-year period were 5189 kg ha-1. 

In Pozarevac place the average yields were higher by 10.2% compared to the locality of Mladenovac. 

The highest total yield, for the tested period, was at the locality Požarevac 5.583 kg ha-1 while the 

lowest average yield for all three years of investigation was recorded at the place Mladenovac 5.067 

kg ha-1. Wheat yields largely depended on weather conditions that prevailed during the vegetation 

period of wheat, agricultural practices used and the locality. 

 

Key words: Wheat, locality, morphological and productive traits, environments  

 

Introduction 

 

Wheat (Triticum sp. L.) is one of the oldest and most important cultivated plants because 

today wheat bread is used by more than 70% of the Earth's population. Likely, neither 

human population could develop without wheat nor wheat could survive without the 

presence of a man. Wheat had and will play the most important role in the nutrition of the 

population for a long time (Rakaščan et al., 2019). Over 70% of the world’s population is fed 

with wheat bread. Wheat bread has a high protein content (16-17%), carbohydrates (77-78%), 

fat (1.2-1.5%) and good digestibility. In conventional production in Serbia, wheat is grown 

on the surface of 500 to 550.000 hectares. Due to the favorable environmental conditions, in 

addition to satisfactory yields, excellent technological quality can be acheived. Thanks to the 

properties of wheat bread i.e. storage proteins in the endosperm (gliadins and glutenins), it 

is an ideal food for the human population. A complex chemical composition which consists 

of essential amino acids, starch, sugars, cellulose, fats, vitamins and mineral matter, 

contribute to the great importance of the wheat in the system of a healthy diet (Popovic, 
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2010). The prerequisite for successful wheat production is the choice of the appropriate 

variety, the choice of soil, amount of seeds and application of agro-technical measures 

(Pavićević, 1991; Popović, 2010). The area of 500.000 ha is sufficient to ensure food security 

of the population of Serbia. The role of small grains is crucial for maintaining soil fertility 

potential. The high proportion of row crop leads to intensive decomposition of organic 

matter, and thus to a reduction of the capacity for water, air and activity of microorganisms 

(Sabovljević et al., 2010). Variety is one of the main elements that determines yield and is the 

only carrier of technological quality. Applying adequate agro-technical measures reduces 

the impact of negative factors of the year, maximizes the genetic potential of the variety and 

technological quality (Ugrenović et al., 2018). 

Wheat has high requirements in terms of fertility and soil physical properties. For the 

successful production of wheat, fertile, not infested by weeds and timely cultivated soils, 

fine-crumbly structure with high organic matter content is desirable. The most successful 

cultivation is on chernozem, meadow black soil, lime and fertile alluvial soils (Popović, 2010; 

Popović et al., 2013). 

Thanks to its polymorphism wheat is spread almost all over the world, but the areas of 

cultivation of winter and spring wheat forms do not match. For its growth winter wheat 

requires mild climatic conditions with uniform distribution of rainfall. The sowing of winter 

wheat is possible up to about 800 m above sea level, and spring wheat up to 1300 m above 

sea level (Popović et al., 2013). 

Quantity of seed depends on the variety, seed size, 1000 grain weight, germination and 

seed purity. The number of viable seeds per m2 or kg ha-1, depends on physical indicators of 

seed varieties, level of agricultural technology, planting dates. For bread wheat cultivars, 

having a pronounced productive tillering, 450-550 viable seeds are recommended per m2 

(200-250 kg ha-1), and for standard varieties 550-650 kernels per m2 (250-300 kg ha-1). In the 

case of durum wheat it is recommended about 600 plants per m2 (280-300 kg ha-1), and for 

spelt wheat 500-550 viable seeds per m2 (300-350 kg ha-1) (Popovic, 2010; Đekić et al., 2015). 

Wheat has a huge agro-technical character, because it represents an excellent preceeding 

crop for corn and all industrial culture, leaving the soil clean of weeds, where under 

irrigation stubble crops and aftercrops can be grown. To achieve high and stable yields of 

wheat and adequate grain quality it is necessary to respect all agro-technical measures that 

will enable expression of full genetic potential of varieties. 

Most significant for wheat production are varieties that are capable to, in the given soil 

conditions, climate and machinery, provide high and stable yields. Therefore the proper 

varieties zoning for specific environmental conditions is of exceptional importance. In order 

to fully exploit the value of the variety sowing of processed and declared seeds is required. 

Good agricultural practice implies that the potential possibility of soil for planting wheat is 

obtained from the chemical analysis of soil. After that, potential of soil, fertilizer and 

planned yields are also important. On different soil types and in a variety of environmental 

conditions nitrogen is carrier of a high yield of wheat. Therefore, the relationship between 

NPK nutrients is very important. Under current conditions the amount of macronutrients is 

in the range: 50-150 kg ha-1 nitrogen (N), 50-120 kg ha-1, phosphor (P) and 40-100 kg ha-1 

potassium (K). Regarding the introduction of nutrients the total amount of phosphorus and 

potassium is introduced under the basic soil managing, and approximately 1/2 -2/3 of 

nitrogen under the basic soil managing. The residual nitrogen is entered during the 

fertilization in spring period, preferably on the basis of N-min method of nitrogen nutrients. 

In our agroecological conditions optimal sowing time is 5th- 25th October. The amount of 
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seeds should ensure optimal number of spikes per area unit. With subsequent sowing norm 

of sowing seeds should be increased by 10% every 10 days of overdue (Popović, 2010; 

Janković et al., 2015) preferably based on N-min method of nitrogen nutrients. 

The aim of this study was to investigate the influence of cultivation locality and the 

productivity of wheat in divergent years. 

 

Materials and methods 

 

Experiments wit the native variety of winter wheat "A" were carried out at three localities in 

the wider area of Belgrade: Mladenovac, Pozarevac and Surcin during 2015/2016, 2016/2017 

and 2017/2018 years. During the experiment varietal growing technology was applied. 

Together with the basic soil managing basic fertilization with the mineral fertilizer 

formulation of NPK 15:15:15 with the norm of 250 kg ha-1 was performed. Sowing norm for 

establishing experiment was 250 kg ha-1 of the declared certified seed. Crop fertilization was 

carried out in spring with Calcium ammonium nitrate (CAN 27% N) with the norm of 200 

kg ha-1. The harvest was done in technological maturity. At harvest time plants were taken 

from each replicate for plant height analysis (cm) and the seeds were taken for 

determination 1000 grains mass (g) and the yield (kg ha-1). 

 

Statistical analysis of the data 

 

Data were analyzed using descriptive statistics and are presented in tables and charts. The 

standard deviation and coefficient of variation were used to describe the variability. 

Standard deviation (sign σ) is the average mean square deviation of the numerical value of 

some value x1, x2, ..., xN from their arithmetic mean x 

 

 

The relative standard deviation (coefficient of variation) (sign V) is the ratio of standard 

deviation to the arithmetic mean (x) multiplied by 100, i.e. V = (σ/x) 100. 

 

Meteorological conditions 

 

Table 1 shows the total amount of precipitation and average temperature during the 

growing season of wheat, for the three-year period, in the area of Belgrade. 

The most unfavorable year for production was 2015/2016, the year in which the lowest 

amount of precipitation was recorded (only 334 mm) (Chart 1). The largest amount of 

precipitation was recorded in 2017/2018 production year (470 mm) when the highest yields 

of wheat grain were recorded. 

 

  



GEA (Geo Eco-Eco Agro) International Conference, 28-29 May 2020, Montenegro - Book of Proceedings 

148 

 
 

Table 1. Total monthly precipitation and average temperatures for Belgrade in the 

production years 2015/2016, 2016/2017 and 2017/2018  

Year/ 

Month 
X XI XII I II III IV V VI 

The total precipitation (mm) 

2015/2016 70.6 50.8 10.8 46.4 46.4 78.8 34.4 74.4 98.2 

2016/2017 70.6 75 4.8 18.6 27 22 46.2 71.6 106.6 

2017/2018 57 48 40.6 38.8 47.2 58.2 29.4 81.0 70.0 

Average monthly temperatures (0C) 

2015/2016 10.8 6.5 2.8 0.2 7.3 7.8 13.9 16.3 21.5 

2016/2017 9.6 5.9 -0.7 -5 3.3 9.9 11.1 17.2 22.5 

2017/2018 11 6.3 2.9 3.2 1.4 5.3 16.5 19.8 21.1 

 

 

Figure 1. Total precipitation in the vegetation period, Belgrade, years 2015/2016 - 2017/2018 

The average temperature in 2015/2016 amounted to 9.6 °C while in 2016/2017 and 

2017/2018 amounted to 8.2 °C and 9.7 °C, respectively (Table 1, Figure 1). 

Results 

 

Investigated morphological and productivity characteristics of wheat are shown in Table 2. 

From all investigated locations, in three-year period, the average value for the height of the 

plants was 87 cm. The average deviation of the value of examined parameter from the 

arithmetic mean, between investigation years, was 1.6. The tested parameter records the 

great stability, Cv = 2.2%. 
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The highest average value for plant height (cm), for all three years of investigation, was 

recorded at the locality of Pozarevac (88.2 cm), while the lowest average value, for all three 

tested years, was recorded at the locality of Surcin 87.3 cm. 

 

Table 2. Productivity parameters of wheat "A" on the test localities 

Locality 2015/16 2016/17 2017/18 Average Std. dev. Cv 

Plant height (cm) 

Mladenovac 83.6 88.2 88.0 87.9 2.3 2.97 

Pozarevac 84.3 89.1 88.3 88.2 2.2 2.95 

Surcin 86.6 87.4 87.8 87.3 0.5 0.71 

Average 84.8 88.2 88.0 87.0 1.6 2.2 

CV 1.9 1.1 0.3 0.5 - - 

Mass of 1000 seeds (g) 

Mladenovac 37.2 38.1 37.2 37.5 0.5 1.4 

Pozarevac 37.1 38.0 37.8 37.6 0.4 1.3 

Surcin 37.6 38.5 38.0 38.0 0.4 1.2 

Average 37.3 38.2 37.7 37.7 0.37 1.2 

CV 0.8 0.7 1.2 0.7 - - 

Grain yield (t ha-1) 

Mladenovac 5000 5050 5150 5067 62.4 1.5 

Pozarevac 5300 5790 5500 5530 201.2 4.5 

Surcin 5150 5000 5200 5117 85.0 2.3 

Average 5150 5280 5283 5238 62.0 1.5 

CV 2.9 8.4 3.6 5.1 - - 

 

Average values for the mass of 1000 grains (g), for all three tested localities, in the three-

year period were 37.7 g. The largest average value for 1000-seed weight (g), for the 

experimental period, was at the locality of Surcin 38.0 g, while at the locality of Mladenovac 
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the average value was lower (37.5 g). The average deviation value of the examined 

parameter from the arithmetic mean, between years, was 0.4. 

The average value for the yield, for all three localities, for the three-year period, was 

5.238 kg ha-1. The largest grain yield mean value, for the tested period, was at the locality of 

Pozarevac (5.330 kg ha-1), while the lowest average yield, for all three experimental years, 

was recorded at the locality of Mladenovac (5.067 kg ha-1). 

The average deviation of the average grain yield values from the mean value, between 

the years, was 62. The largest deviation was observed at the locality of Pozarevac (201.2). 

Grain yield between years records stability, 2.9% < Cv < 8.4% (Table 2). 

At the locality of Pozarevac the average yield was greater for 463 kg compared to the 

Mladenovac locality (Figure 2). 

 

 

Figure 2. The impact of the locality on the yield of wheat, 2015/2016-2017/2018 

Our results are in accordance with the results of Mirosavljević (2020). The author notes 

that, according to the results achieved in the experiments, it can be concluded with certainty 

that at the top of most yielding varieties are high yielding native varieties of NS wheat such 

as NS 40S, SB Obala, NS Mila and NS Ilina. Also, the new bread varieties (NS Epoha, NS 

Igra and NS Grivna) are singled out primarily on the high fertility basis which is above the 

level of the majority of standard varieties. Latest NS wheat genetics is characterized by good 

adaptability to the stressful conditions that is more pronounced in recent times due to the 

negative impacts of climate changes. Therefore, in the future period, when selecting 

varieties, preference should be given to new varieties of wheat (Mirosavljevic et al., 2018 and 

2020). 

NS cultivars of small grains have achieved high and stable yields in macro trials, but 

also and by agricultural producers in 2018/19 season. From Institute of Field and Vegetable 

Crops varieties in these experiments are already tested widespread varieties like Simonida, 

NS 40S, Zvezdana, NS Futura, NS Ilina, NS Mila, NS Obala, but also and Nova Genetika (NS 

wheat breeding). The results of these trials confirmed the excellent genetic yield potential of 

varieties from Novi Sad, and above all the latest genetics. These results indicate the 

commercial value of the new assortment of Novi Sad in relation to other domestic and 

foreign varieties that are in production on the fields of Serbia. Depending on the locality 
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yield varied from 4.50 up to 7.50 tonnes, with an overall mean of 6.40 tons/ha. These yield 

differences indicate that the conditions of production in the Backa are extremely variable, 

and that it is necessary to choose the right varieties for individual localities. For example, the 

average yield of all varieties in the experiment at locality of Vrbas amounted to 7.50 t/ha, 

where from NS variets the the largest yield had NS Obala (8.14 t/ha) and Simonida (8.11 

t/ha). On the other hand, NS 40S variety achieved the yield of 7.40 t/ha at the Gakovo - 

Sombor locality, which was almost two tons more than the average in the experiment. The 

varieties of the latest generation (NS Epoha and NS Igra) with average yield, in all localities, 

of 7.00 t/ha singled out as the most yielding ones in Backa. 

These varieties achieved yield which was around 600 kg higher than the average of all 

experiments. The yield of Simonida, Zvezdana and NS Futura varieties’ improvers was at 

the average level. These results indicate that NS varieties’ improvers, recognized for their 

excellent quality, can achieve high yields and in less favorable conditions like in the 

production season 2018/2019. Terrain of Srem had an average yield of about 500 kg larger 

than in Backa and Banat. In Srem singled out varieties NS Obala, NS Epoha, NS Ilina and NS 

40S that have achieved yield of approximately 7.50 t/ha. The yields of these four varieties 

were over a half tone larger than the average and for them it can be emphasized that they 

are extremely adapted to the conditions prevailing in that terrain (Mirosavljevic et al., 2020). 

Wheat is the most widely grown cereal crop in the world, covering about 220 million 

hectares annually and giving for a total of 590 million tons (Popović, 2010; Maksimovic et al., 

2018; Rajičić et al., 2019; Lakic et al., 2018), and so it makes at least one-fifth calories ingested 

by man (Glamočlija et al., 2015). According to FAO (2017) all types of wheat in the Republic 

of Serbia are cultivated at about 588.820 ha. In addition to the main product - grain, 

significant quantities of by-products are remaining in the field, in warehouses and in 

industrial production and processing (Rakaščan et al., 2019; Dončić et al., 2019). 

The yield per unit area is the result of the action of factors of variety and interaction 

with environmental factors. The yield is largely dependent on the genetic potential and 

considerably vary primarily as a result of agro-ecological conditions during the growing 

season (Đekić et al., 2017a ili 2017b; Rajičić et al., 2019). 

 

Conclusion 

 

Based on the results attained during the research we can conclude the following: 

Cultivation locality had a statistically significant effect on grain yield. In Pozarevac the 

average yields were larger by 10.2% compared to the Mladenovac locality. The average 

values for the yield for all three localities for three-year period were 5.189 kg ha-1. The largest 

average values for grain yield, for the tested period, were recorded at Pozarevac locality 

(5.583 kg ha-1), while the lowest average yield for all three years of testing was obtained at 

the Mladenovac locality (5,067 kg ha-1). 

Differences in yields indicate that the production conditions in the City of Belgrade 

area, which includes North Sumadija, Eastern Srem and Southwestern Banat, are highly 

variable, and that it is necessary to choose the right variety for individual locality. The most 

unfavourable year for the wheat production was 2015/2016, the year in which the minimum 

amount of precipitation was recorded (335 mm) and the lowest yields of grain. 

In order to achieve large yield and profitable wheat production regional division is 

necessary to be done. 
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Abstract: Maize (Zea mays L.) is one of the biggest profits in 20th-century agriculture. Strategically, it 

is important agricultural species that occupies the third place in the world's  widespread distribution 

(143 mil. ha), after wheat (215 mil.ha) and rice (151 mil. ha). On successful production affect in 

addition to genotype, abiotic factors and biotic factors. Microorganisms are the most important factor 

in forming of soil fertility. The number and enzyme activity stand for the current state of 

microbiological soil activity. Microorganisms that participate in the processes of soil matter 

circulation, encompass representatives of different ecophysiological groups and are a very significant 

indicator of soil fertility. Among the microorganisms mentioned are actinomycetes, which are 

phylogenetically belonging to the group of Gram - positive bacteria, and ecologically represent aerobic 

organotrophic groups of microorganisms. In this paper, the influence of environmental factors on the 

number of actinomycetes in the soil type "cernozem", at different physiological stages of maize 

development, was determined. The analysis of variance was found that the examined factors 

influenced the number of this group of microorganisms. 

Key words: ecological factors, soil, microorganisms, actinomycetes, maize. 

1. Introduction 

 

Maize (Zea mays L.) is one of the biggest profits in 20th-century agriculture. Strategically, it is 

important agricultural species that occupies the third place in the world's widespread 

distribution (143 mil. ha), after wheat (215 mil. ha) and rice (151 mil. ha) (Božović et al., 

2018). Like other types of cereals, maize is a very important source of starch and other 

carbohydrates, which is why it is used in human and animal nutrition. Maize is also an 

important source of minerals such as magnesium, copper, phosphorus, potassium and zinc, 

which are important for the proper functioning of organism and enzymes. It is rich in B 

vitamins, plant fibers (cellulose, hemicellulose and lignin), as well as antioxidants. Regular 

intake of maize, helps prevent digestive tract diseases, hypertension, cardiovascular disease 

and cancer.  

On successful production of maize affect in addition to genotype, abiotic factors and 

biotic factors. In order to achieve high, quality, stable, but also economically justified maize 

yields, timely, rational and optimal application of fertilizers is also necessary. 

Microorganisms are the most important factor in forming of soil fertility. The number and 

enzyme activity stand for the current state of microbiological soil activity (Đorđević, 1998; 

Šarčević-Todosijević et al., 2016; Popović et al., 2017; Šarčević-Tododsijević et al., 2019; 
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Popović et al., 2019; Živanović et al., 2019). Among the microorganisms mentioned are 

actinomycetes, which are phylogenetically belonging to the group of Gram - positive bacteria, 

and ecologically represent aerobic organotrophic groups of microorganisms. Forms with 

developed mycelium have a structure similar to eukaryotic fungi, but in the soil live simple 

forms of actinomycetes, which do not produce mycelium, and develop in the form of 

microcolonies. 
 

 
Figure 1. Actinomycetes colonies on SCN agar (Kekuda et al., 2015) 

 

Although they represent soil microorganisms, which primarily participate in the 

processes of soil matter circulation, some types of soil actinomycetes also possess pathogenic 

properties (Đukić and Đorđević, 2004; Đukić et al., 2011). In this paper, the influence of 

environmental factors on the number of actinomycetes in the soil type "cernozem", at 

different physiological stages of maize development, was determined.  

 

2. Materials and Methods  

 

In this paper, the influence of environmental factors on the number of actinomycetes in the 

soil type "cernozem", and in the climate conditions of Eastern Srem, at different 

physiological stages of maize development, was determined. During vegetation period, 

optimal cultivation technology was applied. The examinations covered the following 

systems of maize fertilization:                  

 

 1 - Control (without fertilizer); 

 2 - P90K60N30 kg ha-1 (basis, phon);      

 3 - P90K60N60 kg ha -1;                       

 4 - P90K60N120 kg ha-1; 

 5 - P90K60N180 kg ha-1. 

 

The number of actinomycetes (10-4g-1) was determined by the standard indirect method 

of sowing diluted soil samples on a selective nutrient medium starch-ammonia agar, and the 

sown samples were then incubated at 280C. The results of the research were processed by 

the method of descriptive statistics. 
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Table 1. Chemical composition of nutritious  

substratum of starch-ammonia agar 
(NH4)2SO4 2.0 g 

K2HPO4 1.0 g 

MgSO4 1.0 g 

NaCl 1.0 g 

CaCO3 1.0 g 

Starch 10.0 g 

Agar 20.0 g 

 Distilled water 1000 ml 

 

3. Results and Discussion 

 

Microorganisms that participate in the processes of soil matter circulation, encompass 

representatives of different ecophysiological groups and are a very significant indicator of 

soil fertility. Among the microorganisms mentioned are actinomycetes. The analysis of 

variance was found that the examined factors influenced the number of this group of 

microorganisms (table 2). 

 

Table 2. The number of actinomycetes in the soil depending on the phenophase 

of the plant, "ugar" or crop and the amount of N fertilizer (104 g-1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A C B 
 ̅ 

Time N (fertilizer) „Ugar" Under crop 

Phenophase of maize 

flowering 

 

1. 

2. 

3. 

4. 

5. 

10.8 

12.3 

8.4 

14.6 

9.0 

8.0 

4.0 

10.4 

13.5 

7.8 

9.4 

8.15 

9.4 

14.05 

8.4 

  ̅ 11.02 8.74 9.88 

Phenophase of plant 

maturation 

1. 

2. 

3. 

4. 

5. 

13.9 

10.0 

14.4 

18.5 

15.9 

12.9 

21.0 

14.3 

17.2 

9.0 

13.4 

15.5 

14.35 

17.85 

12.45 

  ̅ 14.54 14.88 14.71 

  A C ABC 

L S D 0.05 1.43 2.27 3.21 

 0.01 1.92 3.03 4.29 
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The phenophase of the plant significantly affected the number of actinomycetes in the 

time period of the research, in which it is more pronounced in the phenophase of plant 

maturation compared to the phenophase of maize flowering. Although actinomycetes 

belong to the group of drought-resistant microorganisms (Madigan et al., 1997), higher 

precipitation and an increase in soil moisture in the phenophase of plant maturation, caused 

actinomycetes to proliferate.  

The number of actinomycetes in the phenophase of maize flowering was higher on 

"ugar" compared to the crop, while in the phase of physiological maturity of the plant, the 

difference was not statistically significant (table 2).  

The number of actinomycetes was significantly affected by the applied fertilizers. The 

applied amounts of fertilizers mainly increased the number of this group of microorganisms. 

A similar trend was observed in the phenophase of flowering and phenophase of plant 

ripening, on "ugar" and under crops. In the phenophase of maize flowering, the highest 

number of actinomycetes, both on "ugar" (14.6 x 104g-1) and under crop (13.5 x 104g-1), was 

determined in the variant where N120 kg ha-1 was applied. The amount of nitrogen N180 kg ha-

1 very significantly reduced the number of actinomycetes compared to this maximum 

number, but compared to the control, the differences are not significant (table 2). 

 

4. Conclusions 

 

According to the conducted research, it can be concluded that on the soil of "cernozem" type 

and in the climate conditions of Eastern Srem, a proper nitrogen nutrition applied on the 

examined number of actinomycetes (10-4g-1) , implies the use of 120 kgha-1 N, on a fon 90 

kgha-1 of phosphorus and 60 kgha-1 of potassium.  

The number of actinomycetes in the phenophase of maize flowering was higher on 

"ugar" compared to the crop. In the phase of physiological maturity of the plant, the 

difference was not statistically significant.  

The phenophase of the plant significantly affected the number of actinomycetes in the 

time period of the research, in which it is more pronounced in the phenophase of plant 

maturation compared to the phenophase of maize flowering.   
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Abstract: This study assessed farmers’ association into machinery rings in order to be better equipped 

with agricultural machinery in 2008-2010 with an additional evaluation in 2019. Seven machinery 

rings were formed with 36 associated farmers in the northeast Montenegro in 2009 and 8 machine 

rings with 56 associated farmers in the northwest Montenegro in 2010. The aim of this study was to 

assess the sustainability, development and operation of machinery rings after 10 years since their 

establishment. The results showed that the number of tractors per farm almost doubled from 0.44 to 

0.79 in the northeast Montenegro. Average tractor power increased by 10.14% from 31.05 kW to 34.2 

kW. Machinery availability increased by 71.76%, from 1.31 to 2.25 machines per farm. Ratio of two-

axle tractor with average power of 31.05 kW was 2.83 machinery attachments. In the northwest 

Montenegro, number of tractors per farm increased by 20.83% from 0.96 to 1.16. The number of 

tractor attachments per farm increased by 16.27% from 3.75 to 4.36. There were 3.75 attachment 

machines per one two-axle tractor with average power of 36.11 kW. Machinery rings increased the 

number of tractors, the average power of tractor and the number of attachment machines on the 

farms.  

 

Keywords: machinery ring; farm equipment; tractors; machinery attachments  

 

1. Introduction 

 

One of the basic preconditions of an economically successful production of roughages in the 

north Montenegro is the availability of agricultural machinery on family farms. Most small 

farms in the north Montenegro did not have appropriate agricultural machinery, due to 

limited finances and high purchase prices of the machinery.  

The projects funded by international donor organizations were one of the possibilities to 

easily acquire machinery (Božić et al. 2008; Topisirović et al. 2007; Koprivica et al. 2010a; 

Koprivica et al. 2010b), which encouraged farmers to join machinery rings (MRs) (Nešić & 

Radić, 2003; Tot, 2013; Radić et al. 2016; Pajić et al. 2014; Zimmer, 2019; Veljković et al. 2020). 

In some European countries, farmers created MR associations on their own initiative in 

order to acquire common machinery so as to better equip the farms and utilize the machines 

(Nešić & Radić, 2003; Tot, 2013; Radić et al. 2016; Pajić et al. 2014; Zimmer, 2019). 

According to the model of establishing MRs in Serbia (Topisirović et al. 2007), FAO UN 

established them in Montenegro and Kosovo within the project „Aid in the development of 

livestock breeding in the mountainous areas of Montenegro and Kosovo". The first MRs 

were established in the northeast Montenegro in 2008 and in the northwest Montenegro in 

2009.  

The aim of this study was to assess the sustainability, development and operation of 

MRs after 10 years since their establishment. 
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2. Materials and Methods  

 

This study focused on the northern part of Montenegro in 2008, 2009, 2010, and 2019. In the 

first study year, 79 farmers were surveyed in 44 villages so as to test their willingness to join 

MRs (Koprivica et al. 2009). The initial number of tractors and attachment machinery on the 

farms was assessed (Koprivica et al. 2010a). In 2009, 36 farmers joined to form 7 MRs. The 

project further expanded into northwest Montenegro and surveyed 123 family farms in 65 

villages. In the early 2010 in the northwest Montenegro, 56 farmers joined to form 8 MRs. 

Ten years after the establishment of machinery rings, the same farmers were surveyed in 

2019. The condition and availability of agricultural machinery was assessed, as well as the 

sustainability of MRs, by means of a comparative analysis of the first survey before the 

establishment of MRs and the second survey 10 years after the establishment. 

 

3. Results and Discussion  

 

In the surveyed area of the north Montenegro, family farms mainly rear livestock and 

cultivate crops for feed. Production of roughages is basically hay collection from natural and 

cultivated meadows. Due to the lack of appropriate machinery, know-how and experience, 

farmers from this area did not produce silage and haylage.  

In 2010, Montenegrin farms had 4437 two-axle tractors, 2499 (56.32%) of which were 

within the surveyed area. Out of those, 52% tractors were older than 20 years, and 8.4% were 

younger than 10 years (Statistical Office of Montenegro, 2010). In comparison, 91.8% of the 

registered tractors in Croatia were older than 10 years, and average age of tractors in 

Slovenia was 21 years (Poje, 2016). In Hungary, the average age of tractors was 18.3 years 

until 2013, and 12 years in 2016 (Кesmarki-Gally & Rak, 2018). In Serbia, 95% of tractors 

were older than 10 years in 2010 (Radivojević, 2014). In Turkey, 54% of tractors are older 

than 24 years, and in western Turkey only 12% of tractors are older than 20 years (Ozpinar, 

2020). 

In the surveyed area there were 16 two-axle tractors on 36 family farms before 

machinery rings. Total energy availability, or tractor motor power, was 496.85 kW, and the 

average two-axle tractor motor power was 31.05 kW (Table 1). Average two-axle tractor 

motor power was also used as a parameter in other studies, e.g. it was of 35.79 kW in 

Kosovo (Koprivica et al. 2010b) and 61.6 kW in Hungary (Kesmarki-Gally & Rak, 2018).   

From the establishment of MRs up to 2019, the farmers purchased 19 tractors, two of which 

are shared tractors. At the beginning, farmers had to purchase used tractors (IMT-539, IMT-

558 and Volvo) due to limited finances, later they bought new tractors (Ursusa-5212, IMT-

549 DV). Owing to incentives from the Ministry of Agriculture which started in 2010, 

farmers were able to purchase new tractors with more motor power and front and rear 

wheel drive (Foton 45, Foton 604, Tafe 47, Mahindra 7030 and Belarus 820). Average power 

of the purchased tractors was 36.89 kW, meaning that the total average tractor power 

increased by 10.14% and the number of tractors per farm almost doubled to 0.79 (Table 2). 
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Table 1. Number of tractors in machinery rings before association in the northeast Montenegro in 

2009 

Machinery 

ring 

No. farmers No. tractors Average power  

of tractors (kW) 

No. tractors  

per farm 

Total power  

of tractors (kW) 

Sušica 5 4 33.42 0.8 133.7 

Sipanje 5 1 28.5 0.2 28.5 

Tomaševo 7 3 24.15 0.43 72.45 

Zaton 5 4 32.77 0.8 131.1 

Bor 5 1 28.5 0.2 28.5 

Seošnica 5 1 28.5 0.2 28.5 

Konjuhe 4 2 37.05 0.5 74.1 

Total 36 16 31.05 0.44 496.85 

 

Table 2. Number of tractors in machinery rings after association in the northeast Montenegro in 2019 

 

Machinery 

ring 

No. farmers No. purchased 

machinery 

Average power 

of purchased 

tractors 

(kW) 

Total no. 

tractors 

Average 

power of 

tractors 

(kW) 

No. tractors 

per farm 

Total power 

of tractors 

(kW) 

Sušica 6 2 31.5 6 32.78 1.0 196.7 

Sipanje 5 2 28.5 3 28.5 0.6 85.5 

Tomaševo 9 4 36.6 7 31.30 0.78 219.11 

Zaton 5 3 33.22 7 32.96 1.4 230.7 

Bor 9 5  39.89 6 37.99 0.67 227.96 

Seošnica 5 0 0.00 1 28.5 0.2 28.5 

Konjuhe 5 3 45.04 5 41.84 1.0 209.22 

Total 44 19 36.89 35 34.22 0.79 1197.69 

 

The surveyed area has higher number of tractors per farm than Hungary 0.253, Kosovo 

0.43, Portugal 0.51, Italy 0.59, Serbia 0.64, and Poland 0.77, but lower than Turkey 0.99, 

Austria 1.32, Slovenia 1.47, France 1.58, Great Britain 2.05, and Osijek-Baranja County of 

Croatia 3.3 (Koprivica et al. 2010a; Radivojević, 2014; Poje, 2016; Juscinski et al. 2017; 

Кesmarki-Gally & Rak, 2018; Zimmer, 2019; Ozpinar, 2020). 
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After the establishment of MRs, the total number of tractors with power up to 30 kW 

increased by 63.4%, and those with power of 31-40 kW increased from 12.5% to 22.85%. Two 

tractors with power above 50 kW were purchased for the first time (Figure 1). 
 

 

 

Figure 1. Machinery rings supply with tractors according to categories in nominal values before and 

after association in the northeast Montenegro  

Interest to join MRs increased, especially in small farms where number of member 

farmers increased from 36 to 44. There were farmers who did not own any machinery and 

utilized the resources of other MRs members. They found economic efficiency in the pre-

defined cost of all services and they did not bear any costs of purchase or maintenance of the 

necessary machinery. 

In the northwest Montenegro there were 54 two-axle tractors (one shared) with average 

power of 35.12 kW before any association into MRs (Table 3).  
 

Table 3. Number of tractors in machinery rings before association in the northwest Montenegro in 

2009  

Machinery 

rings 

No. farmers No. tractors Average power 

of tractors (kW) 

No. tractors  

per farm 

Total power of 

tractors (kW) 

Glibaći 10 8 39.03 0.8 312.24 

Glibaći 1 5  7  30.1 1.4 210.7 

Kosanica 7  8  31.5 1.14 251.0 

Kruševo 7  8 34.78 1.14 278.24 

Piperi 6 5  34.0 0.83 170.0 

Lijeska and 

Adrovići 
6 10 39.65 1.67 396.5 

Strahov Do 9  3  43.2  0.33 129.6 

Zbljevo 6 5 29.5 0.83 147.5 

Total 56 54 35.12 0.96 1896.78 
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After the establishment of MRs, the number of tractors increased by 20.37%. Supply 

with machinery increased by 20.83%, from 0.96 to 1.16 tractors per farm (Table 4). After MRs 

establishment, 63.63% tractors with power 41-60 kW were purchased, with the average 

power of 42.28 kW with rear and front wheel drive. In the total number of tractors, there 

were fewer tractors with power up to 30 kW, while the number of tractors with power of 41-

50 kW increased (Figure 2). In comparison, there were 33% of purchased tractors with power 

40-60 kW in Slovenia in 2014 (Poje, 2016), and 61% of tractors with power 19-37 kW in Serbia 

with an increasing trend of tractors with power of 37-66 kW (31%) (Radivojević, 2014). In 

Poland, 31% of the total number of tractors had power up to 50 kW (Juscinski et al. 2017). In 

Hungary, the number of tractors with power of 60 kW increased 4.5 times, but the highest 

number of tractors on farms were with the power up to 59 kW (0.12 tractors per farm) 

(Кesmarki-Gally & Rak, 2018). 

 

Table 4. Number of tractors in machinery rings after association in the northwest Montenegro in 2019  

Machinery 

rings 

No. farmers No. purchased 

tractors 

Average power 

of purchased 

tractors (kW) 

Total no. 

tractors 

Average power 

of tractors (kW) 

No. 

tractors 

per farm 

Total power of 

tractors 

(kW) 

Glibaći  10 1  35.0 9 38.58 0.9 347.22 

Glibaći 1 5  0 0 7 30.1 1.4 210.7 

Kosanica 7  3 38.70 11 33.46 1.57 368.06 

Kruševo 7  0 0 8  34.78 1.14 278.24 

Piperi 6 0 0 5 34.0 0.83 170 

Lijeska and 

Adrovići 
6 4 44 14 40.63 2.33 568.82 

Strahov Do 9  2  46.25 5  44.42 0.56 222.1 

Zbljevo 6 1 34.5 6 30.33 1 181.98 

Total 56 11 42.28 65 36.11 1.16 2347.12 

 

 

 

Figure 2. Machinery rings supply with tractors according to categories in nominal values before and 

after association in the northwest Montenegro  
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In the ten years since the establishment of MRs, the number of purchased tractors 

increased on average by 20.37% in the northwest and 118.73% in the northeast Montenegro. 

The number of tractors increased 30-50% in the ten years since the establishment of MRs in 

Romania (Takacs & Takacs, 2012). 

According to the official statistical data, there were 8,196 attachment machines for two-

axle tractors on family farms in Montenegro. Out of the total number, attachment machines 

were the following, in a descending order: tractor trailers (57%), tillage machines, mowers 

(17%), hay press (12.63%), and finally sowing and planting machines (3.11%) (Statistical 

Office of Montenegro, 2010). 

In the studied area of the north Montenegro, there were 3,193 attachment machines, 

making up 40% of the total number of attachment machinery in Montenegro. There was the 

highest number of tractor trailers (65%), followed by mowers (15.5%), but basic tillage and 

combined pre-sowing soil preparation machines were lacking in this area (Statistical Office 

of Montenegro, 2010). According to Oljača et al. (2012) and Oljaca et al. (2014), it is necessary 

to invest in new, modern and efficient machines for conservation tillage in order to achieve 

better and more rational land conservation. 

The number of attachment machines per two-axle tractor in Montenegro was 1.85, and 

1.28 in the surveyed area.  
 

Table 5. Machinery rings supply with attachment machinery before and after association in the 

northeast Montenegro  

Machinery 

ring 

Before association After association 

No. 

machines 

Machinery 

per farm 

Machinery 

per tractor 

Purchased 

machines 

No. 

machines 

Machinery 

per farm 

Machinery  

per tractor 

Sušica 9 1.8 2.25 11 20 3.33 3.33 

Sipanje 1 0.2 1.0 3 4 0.8 1.33 

Tomaševo 7 1.0 2.33 10 17 1.89 2.43 

Zaton 24 4.8 6 11 35 7.0 5 

Bor 2 0.4 2.0 12 14 1.56 2.33 

Seošnica 1 0.2 1.0 2 3 0.6 3 

Konjuhe 3 0.75 1.5 3 6 1.2 1.2 

Total 47 1.31 2.94 52 99 2.25 2.83 

 

In the northeast Montenegro, before the establishment of MRs, farmers had a total of 47 

different attachment machines. After the establishment, total of 52 attachment machines 

were purchased (Table 5), out of which there were 36.53% hay preparation machines, 32.69% 

tillage machines, and 5.77% forage harvesters which were non-existent prior to the 

establishment of MRs (Koprivica et al. 2010a). The availability of attachment machinery on 
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farms increased from 1.31 machines per farm before joining MRs to 2.25 after joining MRs, 

which makes up an increase of 71.76%. The number of attachment machines per two-axle 

tractor with average power 31.05 kW was 2.83. In comparison to other countries, Kosovo 

had 2.67, Serbia 5.89, Turkey 7.26 attachment machines per tractor (Koprivica et al. 2010b; 

Radivojević, 2014; Ozpinar, 2020). 

In the northwest Montenegro, the number of attachment machines increased by 16.19% 

from 210 to 244 since the establishment of MRs (Table 6). After joining MRs, the farmers 

purchased tillage machines, sowing machines, mowers, hay collectors, hay presses and 

forage harvesters. The total number of machines for two-axle tractors did not include those 

donated to MRs by UN FAO. The number of attachment machines on the family farms 

increased from 3.75 to 4.36. Before the establishment of MRs, the number of attachment 

machines per two-axle tractor with average power of 36.11 kW was 3.89. The farmers 

associated into MRs in the northwest Montenegro had a higher number of machines per 

tractor than in the northeast Montenegro (2.7) or Kosovo (2.67), yet lower than in Serbia 

(5.89) or Turkey (7.26) (Koprivica et al. 2009; Koprivica et al. 2010b; Radivojević, 2014; 

Ozpinar, 2020).  
 

Table 6. Machinery rings supply with attachment machinery before and after association in the 

northwest Montenegro 

Machinery 

ring 

Before association After association 

No. 

machines 

Machinery 

per farm 

Machinery 

per tractor 

Purchased 

machines 

No. 

machines 

Machinery 

per farm 

Machinery 

per tractor 

Glibaći  37 3.7  4.62 8 45  4.5 5.0 

Glibaći 1 28 5.60  4 0 28 5.60  4 

Kosanica 36 5.14 4.5  5 41 5.86 3.73 

Kruševo 34 4.86 4.25  0 34 4.86  4.25 

Piperi 11 1.83 2.2 2 13 2.17 2.6 

Lijeska and 

Adrovići 
39 6.5 3.9 10 49 8.17 3.5 

Strahov Do 7 0.78 2.33 3 10 1.11  2.0 

Zbljevo 18 3 3.6 6 24 4.0 4.0 

Total 210 3.75 3.89 34 244 4.36 3.75 

 

Examples of good agricultural practice show that joining MRs is successful due to joint 

purchases and shared utilization of agricultural machinery (Nešić & Radić, 2003; Koprivica 

et al. 2010a; Koprivica et al. 2010b; Tot, 2013; Radić et al. 2016; Pajić et al. 2014; Veljković et al. 

2020). On the other hand, there are some examples of MRs that ceased operation, and 

unfortunately there were such MRs in the surveyed area of Montenegro, while some utilize 
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only the donated common machinery. Larger farms purchased tractors with power of 60 kW 

and appropriate attachment machinery (three-bottom plow, rotary harrows, roll press, bale 

twister and catcher), thus increasing own capacities above their needs, so they rent their 

services to other farmers. 

 

4. Conclusions 

Successful operation of machinery rings depends on the number of farmers, plot size, land 

fragmentation, available machinery, its rational use and productivity, as well as skilled 

handling and organization of labor. For a machinery ring to be sustainable, it is necessary to 

utilize machines as much as possible during the year, and to clearly define the terms and 

timetable of machinery use. Subsidies and incentives are needed for MRs to function 

properly and to be recognized as factors of agricultural development. 

The establishment of machinery rings increased the number of tractors and attachment 

machinery. Additionally, it increased cultivated area, enabled the application of new 

technologies in animal feed preparation (silage and haylage) and a more rational use and 

higher productivity of machinery, decreased costs and increased cost-efficiency, and 

provided better access to information through the exchange of personal experiences among 

MRs members. After the first MR was established, farmers became more interested in 

joining and associating, even one additional association was established on its own in 

Tomaševo. 
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Abstract: Conservation of the global climate system is a demanding, time-consuming and multidisciplinary 

process and is an obligation of all relevant national and international actors. The United Nations Framework 

Convention on Climate Change establishes common standards and objectives for the international community in 

the field of environmental protection. Climate and climate change are a particular challenge to the law, because 

the global characteristic of the impact of climate on the life of the entire planet creates the need for cooperation 

and commitment at international, regional and national levels.The right to a healthy environment belongs to the 

modern human rights corps. As rights and obligations are proportionate in their realization, it is our duty to 

contribute to this significant global challenge. Environmental law as a whole, and in particular the section on 

climate change, presents a complex challenge in various professional and scientific fields. The right of its 

instruments should help and improve solutions for overcoming the negative consequences of the complex 

problem of contemporary civilization in the field of climate change. Montenegro, as part of the international 

community, has defined its commitment to the Constitution, Article 23: ‚Everyone has the right to a healthy 

environment,‛ as well as the possibility of ‚< influencing and deciding on matters of environmental and legal 

importance. Protection of these rights, ‛which she confirmed by access to relevant international treaties in this 

area. The subject of this paper is focused on the analysis of legal regulations at local and national level with the 

aim of improving legislative processes in the implementation of relevant regulations, strategies and plans for the 

implementation of the Paris Convention on Climate Change, ratified by Montenegro on October 11th 2017, as 

well as harmonization national regulations with European legislation. The paper will also look at the possibilities 

of strengthening human resources and inter-sectoral linking of relevant institutions, with the aim of contributing 

to the efficiency of work of relevant national actors. 

 

Keywords: climate change, international regulations, Paris convention 

 

1. Introduction 

 

The modern international community shares the common values of the natural environment 

on a global level. Nature gives us its rich resources of water, air, flora and fauna. With the 

progress of scientific technologies, there is a continuous need to harmonize natural resources 

and technological developments defined in the broadest sense as sustainable 

development:,,Humanity has the ability to make development sustainable to ensure that it 

meets the needs of the present without compromising the ability of future generations to 

meet their own needs (Report of the World Commission on Environment and Development, 

1987).  

The concept of sustainable development implies the development of the individual and 

the society, without endangering natural systems and the environment. Global warming, 

ozone depletion, the greenhouse effect, changes in soil structure, the extinction of certain 

plants and animal species are just some of the environmental problems that the international 

community will have to solve in order to preserve healthy humanity and our planet. These 

serious challenges require mutual cooperation that is realized through a multidisciplinary 

spectrum of international legal instruments and specialized institutions at the global and 

regional level.  
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The multidisciplinary approach of the international community to the environment was 

created in response to the various challenges posed by human activity in its environment. 

The legal system which regulates the rights and responsibilities of the subjects in the 

international community, concerning the field of environmental protection, implies the 

effort to harmonize and implement international agreements, including the application of 

legal norms in practice. 

 

2. Methods 

 

Applied scientific methods are general methods of social research as: analysis, synthesis, 

concretization and description. In this paper, the method which was used introduced 

comparing national legal regulations with positive international legal regulations, as well as 

the axiological method for assessing the value of the content within legal norms and their 

effect in society. 

 

3. Discussion and Results 

 

For the analysis in this paper, the author focused on the content of the Framework 

Convention (UN Framework Convention on Climate Change, 1992, 1), the Paris Agreement 

(FCCC, 2015, 1), the Regulation of the European Union (EU) 2018/842 (EU regulation, 2018,1) 

and relevant national documents, in an effort to point out the connection between 

international and national legal regulations, as a necessary condition for environmental 

protection. 

The importance of preserving health as a human right, through preserving the 

environment was first established by principle 1, Stockholm Declaration, 1972,: ,, Man is 

both a creature and a treasure of his environment, which provides him with physical 

support and provides him with the opportunity for intellectual, moral, social and spiritual 

growth. In the long and arduous evolution of the leaves of the human race on this planet, a 

phase has been reached when, through the rapid acceleration of science, man has gained the 

power with technology to transform his environment in countless ways and in ways that are 

of unprecedented scale. Both aspects of the human environment, natural and man-made, are 

essential to the well-being and enjoyment of basic human rights, the right to life itself. 

(Stockholm Declaration on the Human Environment, 1972) ‛ 

The Framework Convention on Climate Change was adopted in New York on May 9, 

1992. The application of the provisions within the Convention, implements its principles in 

the legal systems of the signatory states. As stated in the Convention: 1. ‚Negative effects of 

climate change, means changes in the physical environment or biota as a result of climate 

change, which have significant detrimental effects on the composition, resilience or 

productivity of natural or aquatic ecosystems or on the functioning of socio-economic 

systems; human health and well-being (UN Framework Convention on Climate Change, 

1992, 2) ‛. 

The significance of the Convention is in recognizing the need to determine the 

responsibilities of States parties in proportion to their capabilities. Pursuant to Article 4, 

paragraph 5, of the Convention: ‚The developed country Parties and other developed 

Parties shall take all practical steps to promote, facilitate and finance, as appropriate, the 

transfer of, or access to, environmentally sound technologies and knowhow to other Parties, 
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particularly developing country Parties, to enable them to implement the provisions of the 

Convention (UN Framework Convention on Climate Change, 1992, 3) ‛. 

The implementation of the norms within the Convention was realized by concluding 

international agreements such as the Kyoto Protocol and the Paris Agreement. 

 

1)The Paris Agreement: The right to a healthy environment as one of the human rights 

‚The environment is the natural surrounding of  a mankind. Human rights in this area are 

now recognized at the international and national level (UNGA, 1950, UNTS, 1989).‛ Also 

‚As applied to climate change, what does the duty to cooperate require of states? At the 

most general level, it simply requires that states work together to protect the people of the 

world from the effects of climate change on their human rights (Knox, 2009).‛ 

The preamble to the Paris Agreement recognizes the right to a healthy environment as 

one of the human rights:  ‚Acknowledging that climate change is a common concern of 

humankind, Parties should, when taking action to address climate change, respect, promote 

and consider their respective obligations on human rights<, (FCCC, 2015, 2)‛. ‚The Paris 

Agreement entered into force on 4 December 2016 and replaces the approach from the 1997 

Kyoto Protocol which will not continue after 2020, preamble, (EU regulation, 2018,2)‛. 

The Paris Agreement strengthens the application of the Framework Convention and 

sets the obligations of states on a new basis. ,, The Paris Agreement on Climate Change 

represented an important diplomatic triumph after many years of failed climate negotiations 

(Murthy, 2019). ‛ 

The Paris Agreement indicates the need for joint action by the international community 

in addressing climate changes, and states are invited to:‚ respect, promote and consider 

their respective obligations on human rights, the right to health, the rights of indigenous 

peoples, local communities, migrants, children, persons with disabilities and people in 

vulnerable situations and the right to development, as well as gender equality, 

empowerment of women and intergenerational equity (FCCC, 2015 , 4).‛ 

 The goals of the agreement are defined, as well as the obligations of the contracting 

parties and the manner of their realization which are clearly determined. In the context of 

sustainable development, inter alia, Article 2 (a) indicates the need to: ‚Hold the increase in 

the global average temperature to well below 2 ° C above pre-industrial levels and to pursue 

efforts to limit the temperature increase to 1.5 ° C above pre-industrial levels, recognizing 

that this would significantly reduce the risks and impacts of climate change; (b) Increasing 

the ability to adapt to the adverse impacts of climate change and foster climate resilience 

and low greenhouse gas emissions development, in a manner that does not threaten food 

production; (c) Making finance flows consistently with a pathway towards low greenhouse 

gas emissions and climate-resilient development (FCCC, 2015, 5). ‛ 

By acceding to the Paris Agreement, states have committed themselves in their efforts to 

balance the anthropogenic emissions according to its sources and to remove greenhouse 

gases. The signed states also agreed to reduce greenhouse gas emissions by 80-95% as late as 

2050, compared to 1990 levels. The nationally determined contributions of the parties to the 

Paris Agreement should reflect their highest possible goals in order to make progress over 

the time. 

The Agreement sets out the principles of fairness, common, but also different, and 

individual capabilities of states, which depend on "the light of different national 

circumstances". Each party to the Agreement ‚is responsible for its emission level (FCCC, 

2015, 6), in accordance with the relevant provisions of the Agreement. 
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 Cooperation between the countries includes taking into account the Cancun 

Adaptation Framework, including sharing information, good practices and experiences, ,, 

strengthening scientific knowledge on climate, including research, systematic observation of 

the climate system and early warning systems, in a manner that informs climate services and 

supports decision-making; assisting developing country Parties in identifying effective 

adaptation practices, adaptation needs, priorities, support provided and received for 

adaptation actions and efforts, and challenges and gaps, in a manner consistent with 

encouraging good practices (FCCC, 2015, 7).  Each Party shall, in accordance with Article 

(13.7), submit a national inventory report of anthropogenic emissions by sources and 

removals by sinks of greenhouse gases, prepared using good practice methodologies 

adopted by the Intergovernmental Panel on Climate Change and agreed upon by the 

Conference of the Parties serving as the meeting of the Parties to the Paris Agreement; 

Information necessary to track progress made in implementing and achieving its nationally 

determined contribution under Article 4 (FCCC, 2015, 8).‛ 

In addition, the parties to the Paris Agreement should seek to develop long-term 

development strategies that target low levels of greenhouse gas emissions and communicate 

these strategies, bearing in mind the objectives of the Paris Agreement. 

The conclusions of the Council of Europe from 17 November 2017 point out ,,< the 

importance of long-term low greenhouse gas emission development strategies as a policy 

tool for developing reliable pathways and the long term policy changes needed to achieve 

the goals of the Paris Agreement (Council conclusions on the Paris Agreement, EU, 2018)‛. It 

is therefore obvious that the legal nature of the Paris Agreement is based on due diligence 

compliance with the provisions in fulfilling the obligations of the signatory state. Through 

the procedure of regular national reporting, the results achieved at the level of each country 

are monitored, so that ‚soft law has the potential to influence the strength of binding 

institutions by putting pressure on slow adopters while simultaneously giving compliant 

States greater negotiating power for future agreements (Lawrence and Wong, 2017).‛ 

For the purpose of authoritative reporting under the Paris Agreement, following the 

negotiation process, at the summit in Katowice, guidelines for the implementation of the 

Paris Agreement from Article 6 of the Agreement were adopted. The special significance of 

these guidelines is the most efficient way of achieving the action of states in fulfilling 

international and national obligations in achieving the best possible results in the field of 

climate changes. It is especially important that the Guide defines the obligations of states in 

order to enable effective monitoring, communication and reporting to improve cooperation 

and provide support to states with limited capacity in this area. 

‚The guidelines for adaption communications offer an opportunity for Parties to change 

course, learn from earlier shortcomings, and provide greater support for rights-based 

adaptation, The guidelines on the preparation of adaption communications could invite 

Parties to submit information concerning specifically right-based approaches to adaption, 

both in the context of planning and priorities, and monitoring of measures taken (Duyck at 

al.2018).‛  

 

2)Regulation (EU) 2018/842 of the European Parliament and of the Council of 30 May 2018 

on binding annual greenhouse gas emission reductions by Member States from 2021 to 2030 

contributing to climate action to meet commitments under the Paris Agreement and 

amending Regulation (EU) No 525/2013 (Text with EEA relevance). 
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The legal nature of the Regulation is binding, of a supranational character. The 

regulation implements the provisions of the Paris Agreement, through European Union 

directives, as legally binding acts for the implementation of the Paris Agreement. In order to 

achieve the main goal of the Paris Agreement, which is to keep the global temperature 

increase below 2 ° C above pre-industrial period. Efforts should be made to keep it at 1.5 ° C 

above pre-industrial period. The Agreement also emphasizes the importance of adapting to 

the negative impacts of climate changes and aligning financial flows with efforts aimed at 

lowering the greenhouse gas emissions including the climate resilient development. 

The legal nature of the Regulation is a binding one, with a supranational character. The 

regulation sets out the obligations of the Member States with regard to their minimal 

contributions for the period from 2021 until 2030, in order to meet the Union's target of 

reducing its greenhouse gas emissions by 30%, compared to the 2005 levels by the end of 

2030 (Article 1.1), thus contributing to achieving the objectives of the Paris Agreement. This 

Regulation also defines rules for setting the annual emission quotas and assessing Member 

States' progress in achieving their minimal contributions. For the purposes of this 

Regulation, CO2 emissions from source categories under the IPCC "1.A.3.A civil air 

transport" are considered equal to zero. 

Each Member State (Article 4) must limit its greenhouse gas emissions at least by the 

percentage set for that Member State till 2030. The Regulation establishes the obligation of 

states to submit a report on the latest data from national inventories for the years 2005 and 

the period from 2016 until 2018, in accordance with Article 7 of Regulation (EU) no. 

525/2013. L 156/32. Those implementing acts shall specify the value of the greenhouse gas 

emissions for each Member State in 2005, which shall be used to determine the annual 

emission quotas (EU regulation 2018,3).‛ 

 

3)The most important national strategic acts for environmental protection 

Montenegro is harmonizing the regulation of environmental issues in the field of 

international law, through the conclusion of relevant agreements. In the process of accession 

to the European Union, Montenegro is regulating the environmental issues by concluding 

international agreements and adopting relevant national regulations.  

Montenegro is a signatory party to the Framework Convention of 23 October 2006 (UN 

Framework Convention on Climate Change, 1992, 4), Kyoto Protocol, (Law on Ratification of 

the Kyoto Protocol to the UN Framework Convention on Climate Change, 2007), Aarhus 

Conventions (Law on Ratification of the Aarhus Convention, 2009), and Paris Agreement 

(Law on Ratification of the Paris Agreement, 2017). By signing the Paris Agreement, 

Montenegro has committed to contribute to the global reduction of greenhouse gas 

emissions (GHG), by reducing GHG emissions at least by 1,572 kt CO2eq, to a level of 3,667 

kt CO2eq or less. Montenegro's contribution to the international efforts addressing the 

climate changes, expressed through the Intended Nationally Determined Contribution 

(INDC) to the reduction of GHG emissions, is set as a reduction of at least 30% by 2030, 

compared to the base year 1990. 

The Paris Agreement stipulates in Article 6, that the parties choose to cooperate 

voluntarily with other contracting parties in order to implement their national strategies, 

aiming to "ensure greater ambition in mitigation and adaptation actions and promote 

sustainable development and environmental integrity" (Article 6.1). "This article, in other 

words, allows the use of market mechanisms to achieve greenhouse gas mitigation at the 

lowest possible cost and in line with sustainable development. This, in theory, can lead 
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parties to make stronger greenhouse gas mitigation commitments, while ensuring that 

greenhouse gas mitigation represents a real reduction in emissions (Legget, 2016).‛ 

To this day, a large number of laws and strategic documents for environmental 

protection have been adopted. The National Strategy for Sustainable Development (NSSD) 

until 2030 was adopted with an action plan, which outlines activities to preserve the balance 

of the environment and technological progress.  

The National Strategy for Climate Changes until 2030 contains measures to reduce and 

further minimize greenhouse gas emissions, a draft strategic framework for adaptation to 

climate changes, including an assessment of costs, socio-economic impacts and an 

accompanying action plan. The Strategy provides guidelines for the development of a 

National Climate Change Adaptation Plan in accordance with the Framework Convention 

and defines activities in the process of harmonization of national legislation with European 

Union legislation.  

,, The National Climate Change Strategy will be the main planning tool along with its 

action plans for the implementation of Montenegro's intended nationally determined 

contribution until 2030. The Energy Development Strategy of Montenegro by 2030 also takes 

into consideration climate changes as one of its six objectives and the INDC is developed in 

line with the trends foreseen for the energy sector development of Montenegro. Montenegro 

is in the process of accession to the European Union which involves the gradual 

transposition and implementation of the European Union’s climate and energy legislation 

(INDC, 2015).‛ 

National strategy for transposition, implementation and application of the acquis 

communautaire in the field of environment and climate change with the Action Plan for the 

period (2016-2020). (NEAS), which defines a strategic planning framework for achieving full 

compliance of the national legal and institutional framework with the requirements of the 

acquis communautaire in order to improve the state of the environment, provides answers 

to the challenges of climate changes and sustainable management of natural resources. 

 

4.Discussion 

 

Facts - Excerpts from climate change acts 

 

1. UN Framework Convention on Climate Change, 1992 

1.1.According to Article (4-2.a) each of these Parties shall adopt national policies and 

make appropriate measures on the mitigation of climate changes, by limiting its 

anthropogenic emissions of greenhouse gases, as well as protecting and enhancing its 

greenhouse gas sinks and reservoirs. 

 

2. The Paris agreement 

2.1. Less developed countries may develop their own strategies, plans and actions that 

reflect their specific circumstances. Each of the signatory parties is obliged to adjust national 

policies and appropriate measures by reducing the greenhouse effect (art.4.6) 

2.2. All Parties should endeavor to formulate and communicate development strategies 

for low greenhouse gas emissions, bearing in mind Article 2 and taking into account 

common but different responsibilities and respective options, taking into account the 

different circumstances in States ( art.4-19). 
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2.3. The Parties share a common long-term vision of the importance of the full 

realization of the development and transfer of technologies in order to improve resilience to 

climate change and reduce greenhouse gas emissions. (10-1) 

2.4. Each Party shall regularly provide the following information: (a) a national 

anthropogenic inventory report; and (b) information necessary to monitor progress made in 

implementing and achieving its nationally determined contribution. (13-7). 

 

3. Regulation (EU) 2018/842) of the European parliament and of the Council of 30 May 

2018, on a binding annual reduction in greenhouse gas emissions in the Member States from 

2021 to 2030 contributing to climate action to meet the obligations under the Paris 

Agreement and amending Regulation (EU) no. 525/2013 (Text with EEA relevance) 

3.1. In its conclusions of 23 and 24 October 2014 on the Framework for climate and 

energy policy until 2030, the European Council endorsed the binding target of a domestic 

reduction of greenhouse gas emissions in the economy as a whole by 2030 by at least 40% 

compared to 1990, which was reaffirmed as an objective in the conclusions of the European 

Council of 17 and 18 March 2016 (1.preamble) 

 

4. The Montenego second biennial update report on climate change, 2019. 

4.1.The National Climate Change Strategy (NCCS,2015) is the key strategic overview in 

the area of climate changes in Montenegro until 2030. It provides guidance and directions 

for climate-change policies, as well as analysis of the mitigation policies measures and 

actions that will be implemented during this period to reduce GHG emissions. The NCCS 

has a strong focus on harmonization with the EU’s climate-change legislative framework, 

including mitigation measures, while it is relatively important for further adaptation to 

climate changes. 

 

5. National strategy for transposition, implementation and application of the eu acquis 

in the field of environment and climate change with an action plan for the period (2016-

2020). years (NEAS,2016) 

5.1. Administrative capacity building plan 

The organization of institutions and current administrative capacities do not yet enable 

efficient transposition and implementation of regulations in the climate change sector in 

Montenegro, harmonized with the acquis communautaire. With the adoption of the 

National Strategy on Climate Change and the establishment of a special Directorate for 

Climate Change in Ministry of Sustainable Development and Tourism (MORT), the first 

foundations of the organization of institutions have been laid, which need to be further 

upgraded and strengthened in the future. In this sense, it is necessary to continue with the 

following activities: 

 Establishing an adequate institutional structure and cross-sectoral 

cooperation for the effective implementation of Montenegro's climate change policy  

 Ensuring adequate administrative capacity of competent institutions at the 

state level 

 Strengthening the staff of the Directorate for Climate Change in MORTA  

 Strengthening the staff and performing additional staff training in EPA 

 Establishing adequate organization, capacity and operation of the inspection 

bodies responsible for supervising the implementation of horizontal regulations in 
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the climate change sector, in accordance with Recommendation 2001/331 / EC of the 

European Parliament and of the Council of 4 April 2001  

 Establishing minimum criteria for environmental inspection in EU Member 

States 

 

6. Findings 

 

The national legal system has adopted a significant number of regulations in the field of 

climate changes and strives to harmonize the relevant regulations with the acquis 

communautaire. 

By acceding to various international agreements, Montenegro has undertaken 

obligations to preserve the environment and reduce the effects of the greenhouse. The Paris 

Agreement includes regular reporting, presenting any progress in the environmental 

process. The regulation defines all issues related to greenhouse gases on a new basis, which 

was adopted in order to implement the provisions of the Paris Agreement, in order to 

preserve the environment. According to the Regulation, in the forthcoming period, the state 

is obliged to adopt legal regulations at the national and local levels, necessary for 

harmonization with the provisions of the Regulation.  

Pursuant to the Regulation, the state has the right to independently determine the 

manner of submitting data and adjust its activities, if there is an obligation to compile an 

appropriate report on the fulfillment of the treaty obligations. 

 The state should also ensure an effective implementation of its provisions at national 

and local levels, by adopting appropriate laws and other accompanying acts. By transposing 

legal regulations from the states, it will further harmonize legal acts with the provisions of 

the Paris Agreement. The results presented in the report indicate progress or stagnation in 

environmental protection. 

Inspecting the excerpts from the above-mentioned national documents, it can be 

concluded that there are certain circumstances that may hinder the implementation of these 

international regulations. Namely, the specificity of the new measures requires appropriate 

administrative procedures and capacities for their implementation, meaning that in the 

forthcoming period, administrative capacities and inter-institutional cooperation should be 

strengthened with special attention to creating more favorable conditions for the realization 

of demanding obligations in order to exercise the right to a healthy environment. 

Personnel capacities for implementation of regulations in other competent institutions. 

at the state and local levels, are very modest in quantitative terms and represent one of the 

key obstacles to better implementation of the acquis communautaire. Communication and 

coordination of activities between the authorities responsible for the application of 

regulations, as well as with the stakeholders must be intensified. Capacities for inspections 

concerning the implementation of horizontal legislation, are very modest. The capacity of 

the judiciary to conduct administrative proceedings, regarding the right to legal protection 

in matters of environmental protection, needs to be strengthened. 

 

7.Conclusion 

 

It is the obligation of the entire international community to preserve further environmental 

devastation. This common value of preserving life has been translated into the whole 

spectrum of international and national legal regulations. Recognizing the new circumstances 
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in the field of climate changes, in order to respond more effectively to the growing 

challenges, the Paris Agreement was adopted, which set new principles in environmental 

protection at the global level, as one of the human rights.  

Specially structured reporting on the results achieved in environmental protection, is a 

new instrument for monitoring the progress of each state signatory to the Paris Agreement. 

International law thus acquires a new form of action, through the harmonization of joint 

responsibility at the global level and individual responsibility at the local level. 
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Abstract: Soil temperature and how it changes over time and space, are important factors that not 

only affect the exchange of matter and energy in the soil, but we can say that the amounts and 

directions of all physical processes of soil are dependent on the temperature, directly or indirectly. 

Since the weather stations measure temperature data only for specific areas, in this study, land 

surface temperature was determined by using Landsat 8 satellite images and Split-Window method. 

The present study was carried out in Yazd plain-Ardakan and by using remote sensing techniques 

and geographic information systems and then, land surface temperature was randomly measured at 

16 points using a digital thermometer and the data were compared with the obtained temperature by 

using Split-Window method. Absolute error and the percentage of estimation error were determined 

as well as the correlation amount and equation using simple linear regression. In this method, the 

maximum absolute error was estimated to be 3 degrees Celsius, which this error is acceptable 

according to the area extent and the existence of different types of facies. 

 

Keywords: Cartography, environment, Modelling, Temperature, Split-Window Algorithm. 

 

1. Introduction 

 

Land surface temperature is one of the most important affecting parameters among the 

components of water balance in the drainage basin surface (Kaviani et al., 2013: Fathizad et 

al., 2017:  Aliabad et al., 2019: Ardakani et al., 2018). In the past, the fixed stations or infrared 

thermometers were used to measure the temperature, and it is while the surface temperature 

of a parameter varies over space and time that its fluctuation interval is higher in wide areas. 

On the other hand, point measurements are required spending much time and cost. In this 

regard, the remote sensing science has shown its ability compared to this parameter changes 

by using thermal bands of the satellite images (Maimaitiyiming, 2014; Friedel, 2012: 

Ardakani et al., 2018). Landsat 8 satellite is the eighth satellite in the series of American 

Landsat satellites which consists of two sensors of OLI and TIRS; that OLI sensor of this 

satellite has 9 bands in the ranges of the visible, near infrared and infrared with short 

wavelengths. The TIRS sensor is equipped with two bands with central wavelengths of 

10.895 and 12.05 micrometer in the range of thermal infrared (Irons, 2012). Air temperature 

of near the land's surface and land surface temperature are the key variables in hydrological, 

ecological and climate studies (Parviz et al., 2011). The Split-Window method is based on the 

combination of two thermal bands; in fact, this method tries to reduce the effects of the 

atmosphere by using a combination of the adjacent thermal bands. Among the advantages 

of this method, no need for accurate atmospheric profile as well as this method efficiency for 
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all sensors with at least two thermal bands can be mentioned (Tang et al, 2013). Rajeshwari 

and Mani (2014) evaluated land surface temperature using Split-Window algorithm and 

Landsat 8 satellite images and assessed the accuracy of this method and calculated RME 

value of 0.9 for the work. Afer et al. (2014) in a study by Split-Window algorithm evaluated 

surface temperature of the study area using Landsat 8 images that the square root of LST 

error was estimated to be 0.93°C. Feizizadeh et al. (2016) estimated land surface temperature 

using Landsat 8 satellite images and Split-Window algorithm in the drainage basin of 

Mahabad; finally, the land surface temperature was estimated with an accuracy of 1.4 

degrees Celsius. The results show that the Split-Window algorithm method is presented 

reliable and confident results in estimation of land surface temperature. Alavipanah et al. 

(2008) estimated temperature and vegetation index of land surface by using remote sensing 

data in Hamedan Province; the results showed that the estimated surface temperature of 

land from the remote sensing data, has reasonable correspondence with the statistics 

recorded by weather stations and here was not a significant difference between the 

estimated and measured values of surface temperature and SEBAL coefficient with 

correlation coefficient of 0.75, error square mean root of 5.4 degrees and the absolute error 

mean of 4.2 degrees have acceptable accuracy. Jouybari Moghaddam et al. (2015) presented a 

Split-Window algorithm in order to estimate land surface temperature using Landsat 8 

satellite data and the evaluation results showed that the minimum values of the root of 

mean square error (RMSE) were 1.21, 1.91 and 1.03 degrees, respectively. Therefore, the 

proposed method is the appropriate and acceptable method for determining land surface 

temperature from the Landsat 8 satellite images. In the present study, we tried to present an 

algorithm that is simpler and more accurate than other methods and has high accuracy, 

especially in arid regions which land surface temperature is high. 

 

2. Materials and Methods 

 

Evaluation of the Study Area 

Yazd plain-Ardakan with over 1140152 hectares area is located in the southwestern of Yazd 

province and in the geographic coordinates of 48" 23' 52 to 11" 50' 54 East longitude and 

50" 18' 31 to 00" 20' 32 North latitude. This plain consists of Mehriz, Taft, Ashkezar, 

Meybod, Ardakan, Yazd and Zarach and Siah koh and Shirkooh heights are around it 

(Aliabad & Shojaei, 2019). Figure 1 presented the geographical ranges of this plain. 
 

           
Figure 1. Location of the Study area 
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Land surface temperature (LST) Index 

 

In order to perform radiometric correction, the relations shown below were used to convert 

the digital values of the image into spectral radiance related to optical bands and the amount 

of brightness temperature for the thermal bands. 

 

Lλ  (ML  Qcal)  AL                                                                                                           (1) 

 

In this relation: 

Lλ: Spectral radiance at top of atmosphere, 

ML: Multiplicative rescaling factor of specific band, 

AL: Additive rescaling factor of specific band, 

Qcal: Digital number of the corresponding band, ML and AL values are available in the 

reference file of the obtained images, then, in the thermal bands, the spectral radiance 

converted into brightness temperature at the sensor surface. 

 

   
  

   
  
  

   
                                                                                                                                         (2) 

 

Tb: Radiant temperature which is recorded on the sensor surface (Kelvin), K1 and K2: are 

thermal conversion constants of thermal bands that were extracted from the reference file. 

Diffusion coefficient values or Emissivity: 

 

Table 1: Diffusion coefficient values 

BAND 11 BAND 10 EMISSIVITY 

0.977 0.971 S SOIL EMISSIVITYε   

0.989 0.987 PLANT EMISSIVITY Vε 

(Askokoik et al., 2014; Sabrino et al., 1996, Shao Zhao et al., 2009) 

 

NDVI index in Landsat 8 is obtained by using band 4 and band 5 and in accordance 

with the following equation; in this relation, NDVI index values vary between -1 and 1+. 

When the vegetation cover is denser, this amount would be closer to +1 and the index will 

tend towards -1 in areas with poor vegetation cover. The common range for this index is 0.2 

for bare soils and 0.9 for dense vegetation cover. 

 

NDVI= (NIR-RED)/ (NIR+RED)                                                                                              (3) 

 

Fractional Vegetation Cover (FVC) is obtained by using NDVI index thresholding. In 

areas where vegetation index is less than 0.2, soil would be considered to be bare, infrared 

reflection represents the emissivity of the surface. On the other hand, when the vegetation 

index is more than 5.0, the entire surface would be considered full coverage but in-between 

state, the diffusion capability of soil and vegetation should be considered together. 

Fractional vegetation cover is a fractional estimation of the area which is covered by the 

vegetation cover. This factor is used to estimate the LSE. 

 

    
               

                           
                                                                                                    (4) 
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At this stage, Land Surface Emissivity (LSE) would be estimated. Land surface 

emissivity measures the inherent characteristics of the land's surface. LSE measures its 

ability to convert thermal or heat energy to radiant energy. Three factors are required to 

calculate LSE:  

1. Soil emissivity,  

2. Vegetation cover emissivity,  

3. FVC. 

 

LSE= εs*(1-FVC) + εv*FVC                                                                                                                  (5) 

εs: Soil emissivity 

εv: Vegetation cover emissivity 

 

Fractional Vegetation Cover (FVC) 

Use the formula to calculate LSE for band 10 and band 11, individually: 

 

              
           

 
                                                                                                       (6) 

Difference of LSE= ∆m= LSE10-LSE11                                                                                                (7) 

Split-Window Algorithm 

LST= TB10+C1 (TB10-TB11)2+C0+ (C3+C4W) (1-m) + (C5+C6W) ∆m-237.15                            (8) 

TB10 and TB11: Brightness temperature of band 10 and band 11, 

C0-C9: Prayb amounts of Split-Window algorithm, 

m: LSE mean 

∆m: LSE different of band 10 and band 11, 

W: The amount of water vapor in the atmosphere; in this study, equal to 0.013 (Shahid Lati, 

2014). 

 

Numerical values of Split-Window algorithm coefficients: 

 

Table 2: Numerical values of Split-Window algorithm coefficients: 

COEFFICIENTS VALUE 

0.268- C0 

1.378 C1 

0.183 C2 

54.300 C3 

2.238- C4 

129.200- C5 

16.400 C6 

(Askokoik et al., 2014; Sabrino et al., 1996, Shao Zhao et al., 2009) 

 

Land sampling 

 

For this research, 16 points were randomly determined in the area to estimate the accuracy 

of the Split-Window method in determining land surface temperature and the soil surface 

temperature was measured using a digital thermometer. Due to limitations of time and the 

area extent, the sampling was carried out in three days which the maximum and minimum 

temperatures of the days were the similar to the maximum and minimum temperature of 

the day of the image. The temperature on the image in the sampling points was estimated 
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and compared with the temperatures measured by thermometers; also, the absolute error 

and the amount of correlation were determined (Figure 2). 
 

 
Figure 2. Location of the temperature measurement points 

 

3. Results and Discussion 
 

The estimation of land surface temperature 

First, NDVI vegetation cover index was prepared using band 4 and band 5 of the Landsat 8 

satellite that is shown in Figure 3. When the NDVI index is closer to 1 it would indicate the 

vegetation density and when the index tends towards -1 it would indicate poor vegetation 

cover. In this image, the maximum of NDVI is 0.51 which has appropriate cover since the 

image is belong to the summer. Minimum amount of NDVI is 0.2 and in the highlands. Also, 

the vegetation cover in the southern parts of the study area in Mehriz station and Shirkooh 

heights were more than the rest of the province. 

 
Figure 3. NDVI vegetation cover index in Yazd plain-Ardakan 
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Fractional Vegetation Cover (FVC) 

Fractional Vegetation Cover (FVC) is one of the parameters that are applicable in many 

applications of the environment and climate change. A common approach for the estimation 

of FVC is non-linear combination of the two spectral elements in a remote sensing image 

including bare soil and green vegetation cover (Figure 4). Usually, the spectral properties of 

these two elements are estimated in different forms which included field measurements, an 

estimation of the additional data sources (eg, soil database or lands cover maps), or is 

directly extracted (Johnson, 2007). The algorithm relies on an analysis of spectral mixture 

optimization method (SMA) based on the case of vegetation cover, along with using 

standard SMA, is used to improve  the understanding of the impressibility of two elements 

in the derivation of the vegetation cover part of sub-pixels on a global scale (Garcia et al., 

2005 ). 

 
Figure 4. Fractional vegetation cover index of Yazd plain-Ardakan 

 

Corrections of the thermal image data is done in two stages: 

 

Calculation of the spectral radiance 

The thermal image with high efficiency of this sensor was converted to surface temperature 

through pixel to pixel method, respectively. Radiances of band 10 and band 11 are shown in 

Figure 5 and Figure 6.  
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Figure 6. Radiance map of thermal band 11 

 

Figure 5. Radiance map of thermal band 10 

 

Brightness Temperature Recovery 

 

The next step is to convert the spectral variance to blackbody temperature, which Planck's 

equation is used to convert the spectral radiation values to the blackbody temperature (BT) 

(Figure 7 and Figure 8). 

  
Figure 8. Brightness temperature map of 

band 11 

 

Figure 7. Brightness temperature map of 

band 10 
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Calculation of Land Surface Emissivity (LSE) (Surface Emissivity) 

 

The estimation of emissivity capability at the land surface is another criterion which is 

necessary to calculate land surface temperature; that this criterion is obtained by using 

brightness temperatures of band 10 and band 11, fractional vegetation cover index and land 

surface emissivity for band 10 and band 11 (Figure 9 and Figure 10). 

  
Figure 10. Land Surface Emissivity of 

band 11 

 

Figure 9. Land Surface Emissivity of 

band 10 

 

Calculation of LSE difference and LSE average 

After calculating the LSE for each thermal band, the difference and average of these two 

bands were also calculated (Figure 11 and Figure 12). 

  

Figure 12. Average map of land surface emissivity 

(LSE) 

Figure 11. Difference map of land surface 

emissivity (LSE) 
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Land Surface Temperature (LST) Index 

As mentioned in previous sections, (SW) algorithm method is one of the appropriate 

methods for determining the land surface temperature which different criteria are used to 

achieve this. Each of these criteria was calculated by mathematical equations. The 

temperature of the study area was obtained by replacing in the formula for calculating the 

land surface temperature. The temperature values have been fluctuated between 56 to 7 

degrees Celsius. The maximum temperature values were related to areas without vegetation 

cover (Figure 13). 

 
Figure 13. Map of land surface temperature using Split-Window method 

 

The results obtained from the comparison between the measured temperature and the 

temperature obtained from Split-Window method showed that the correlation between 

these two temperatures was 0.75 and the maximum absolute error was 2.95 and the 

minimum absolute error was 0.9 (Figure 14 and Table 3). Thus, the maximum error for the 

Split-Window method was about 3 ℃ and this algorithm is an appropriate method to 

determine the temperature of land surface by using the satellite images. 

 
Figure 14. Evaluation of correlation between the temperature measures by the thermometer 

and the temperature obtained from the satellite images 
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Table 3: Comparison between the estimated temperature and the temperature measured by 

using Split-Window method 

Sampling 

points 

lst measured Absolute error 

of 

measurement 

Error 

percentage 

1 46.8 44.31 -2.49 -6% 

2 47.05 48.52 1.47 3% 

3 44.98 44.08 -0.9 -2% 

4 49.71 51.27 1.56 3% 

5 47.95 45.26 -2.69 -6% 

6 46.91 47.59 0.68 1% 

7 40.73 38.57 -2.16 -6% 

8 43.19 41.36 -1.83 -4% 

9 41.22 44.17 2.95 7% 

10 39.7 36.91 -2.79 -8% 

11 39.18 37.24 -1.94 -5% 

12 39.78 41.08 1.3 3% 

13 42.49 43.51 1.02 2% 

14 38.56 40.33 1.77 4% 

15 39.01 40.9 1.89 5% 

16 45.61 48.04 2.43 5% 

 

4. Conclusion 

 

Land surface temperature and surface emissivity are two important indicators in studies of 

the Earth's surface. These indicators are the most important indicators in the fields of energy 

budget estimation, assessment of land cover and heat transfer study. Considering that the 

soil temperature is high in the desert areas and this fact is very important, weather stations 

for this temperature are determined point to point. So, to estimate the surface temperature of 

the whole area using the satellite images is essential. Landsat 8 with having thermal bands 

and high spatial resolution, prepared an image with suitable quality in order to determine 

land surface temperature and the Split-Window method presented in this study with high 

accuracy and minimum absolute error of 3 ℃ could well determine the land surface 

temperature in all points of the surface; and has reduced problems such as errors in 

temperature readings, lack of temperature measurement stations, the cost and time of taking 

temperature and etc. According to the results of this study, it is necessary to seek a way in 

order to use thermal energy of the land surface in the desert areas which have a lot of 

energy. 
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Abstract: This descriptive-analytical study was carried out in Mashhad metropolis and based on both primary 

and secondary data sources. The study utilises official documents, questionnaires, interviews schedule and 

software (MICMAC and SCENARIO WIZARD) to get the results. Based on previous studies, 30 primary 

variables of sustainability were selected and finally, based on the opinions of 120 experts; six key variables in 

economic, socio-cultural, physical and environmental dimensions were identified and evaluated in the MICMAC 

software cross-impact matrix for 13 regions of Mashhad metropolis. Then, by determining the optimal, moderate, 

and catastrophic states for each of the key variables, the effects of these conditions on each other were 

determined in the interval of 3 to -3. In this way, using the SCENARIO WIZARD software, the patterns of the 

study areas could be determined. The results of this analysis included one optimal scenario and one catastrophic 

scenario for the advantaged areas, three optimal scenarios, one moderate and one catastrophic scenario for the 

semi-advantaged areas, and five optimal scenarios, one moderate scenario, and one catastrophic scenario for the 

disadvantaged areas. According to these results, it seems that unless policy-making and development projects 

are substantially transformed, it will not be possible to follow moderate scenarios, but also the catastrophic 

scenarios will prevail throughout the city. Accordingly, the strategic recommendation of the research is to pursue 

optimal scenarios in all regions under study. 

Keywords: Sustainability; Scenario development; Mashhad- Iran. 

 

1. Introduction 

 

Rapid urbanization often results in the loss of land and valuable natural ecosystems in order 

to meet the daily needs of citizens; a process that will lead to more environmental and social 

challenges. In order to deal with this trend, several paradigms have been put forward, the 

most famous of which is sustainable development (Saberifar, 2009: 13). In particular, 

following this trend in cities facing high production and population densities is strongly 

emphasized. Therefore, various organizations have made great efforts in this area and as a 

result, many concepts and definitions of the sustainable city have been proposed and 

developed (Shen et al., 2011). The European Commission (2018), for example, defines urban 

sustainability as a challenge in solving urban problems, and believes that a sustainable city 

is a city where the flow of resources and energy does not exceed environmental capacity 

(European Commission, 2018). Many believe, however, that sustainability is a complex 

concept for which it is impossible to provide a definite and exact meaning (Lele, 1991: 609). 

However, many studies have been carried out in this connection and numerous aspects and 

dimensions of this issue have been illustrated. For example, Sims et al (2019) have proposed 

strategies to prevent land degradation within the framework of the UN Sustainable 

Development Goals. Phillis et al. (2017) also selected 106 cities across the world using fuzzy 

method and ranked the cities by the use of 46 variables. Morelli also argued that 

environmental sustainability is a concept toward conservation that links human needs and 

ecosystem services without compromising ecosystem health (Morelli, 2011). Egger stated 

mailto:saberifar@yahoo.com
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that the global system of urban areas is interconnected through business communication, 

migration, capital, and information flows and that control of the external conditions is also 

largely impossible (Egger, 2006: 1236). 

In Iran, transformations related to urbanization and housing in over 70% of urban areas 

have had significant negative effects on the efficiency of cities in meeting the needs of 

residents (Azizi, 2006: 36). To this end, these challenges need to be carefully analyzed in 

accordance with the sustainability perspective (Gonzalo et al., 2015: 16). In particular, the 

existence of significant differences between poor and rich neighborhoods and the persistent 

exacerbation of this gap, the determination of the factors involved in this process, and the 

level of intervention to improve the current situation, necessitate careful studies. Like most 

Iranian metropolises, Mashhad, as the second largest metropolis, has special conditions 

because the population growth in this city is very high with an average of 7.5% during 

different years on average (Statistical Yearbook of Mashhad, 2017). For this reason, 

unemployment, social issues, disintegration of urban texture, urban sprawl, urban 

landscape disruption, unthoughtful urban construction have led to the most critical 

conditions for the urban environment. This is while, planning for cities and especially for 

each area is very sophisticated due to the involvement of environmental factors and 

different needs of citizens and it is sometimes impossible to balance between the dimensions 

of sustainability and the daily needs of residents (Ibrahim et al., 2015: 323); a necessity that 

raises the issue of smart design and planning for the future of cities (Rafiepour, et al., 2016: 

2). The purpose of this study is to achieve this goal in the city of Mashhad with the help of 

urban planning knowledge and future research. 

 

2. Materials and Methods  

 

The research method in this study was descriptive-analytical, while the required data and 

information were obtained from existing documents along with supplementary 

questionnaires. The collected data were evaluated using software analyses. In fact, after 

collecting data from different study sources, 30 variables were finally selected and included 

in the final model for data collection and identification of primary variables. Available 

sampling method was used in the present study.  Accordingly, experts and researchers 

willing to interview and complete the questionnaire were invited to answer the questions. 

The significance of the selected indicators was determined in the framework of cross-impact 

matrix within the range of 0 to 3 in which, zero meant no impact, one meant weak impact, 

two meant moderate impact, three meant high impact, and P meant direct and indirect 

impacts potentially. Finally, the scores were entered into the MICMAC and SCENARIO 

WIZARD software and Mashhad conditions were measured. It should be noted that since it 

was not possible to present the results for the 13 districts of Mashhad, the areas were 

categorized into three groups of wealthy, semi-wealthy and disadvantaged according to 

which the final results were provided. 

 

2.1 Study Area 

 

Mashhad is the second largest metropolitan area of Iran, with an area of over 300 square 

kilometers and a population of more than three million (Statistical Yearbook of Mashhad, 

2017).  The city is administratively divided into 13 districts, with vast differences in 

population and area. For this reason, in this study, the 13 districts of this city are classified 



GEA (Geo Eco-Eco Agro) International Conference, 28-29 May 2020, Montenegro - Book of Proceedings 

192 

 
 

into three groups (Saberifar, 2017) prosperous (advantaged), semi-prosperous (semi-

advantaged) and non-prosperous – disadvantaged (Figure.1). 

 

Figure 1. Development level of Mashhad area 

According to statistics, approximately one-third of the population of Mashhad now 

resides in the low-lying areas. In fact, the city has 8 main zones and 66 suburban 

neighborhoods that accommodate more than 922,000 people. In other words, out of the 13 

municipal districts in the city, seven districts have suburban population. In addition, more 

than 19 percent of the city's area is considered worn-out, and with the exception of district 

11, the worn-out texture ranges from at least 2 to a maximum of 77 percent of the total area 

of other districts. At present, more than 52 square kilometers of the city area is devoted to 

worn-out textures, accommodating a population of over 500,000. The concentration of worn-

out and suburban areas in certain parts of the city along with the concentration of 

population and other factors have made the region economically and regionally significant 

as well. This difference, of course, is also evident within each district. 

Due to other conditions and especially the price of land, high quality and big houses are 

usually found in advantaged areas. For example, in the case study, it was found that the 

share of large-scale units in advantaged areas was 8 to 10 times that of disadvantaged areas. 

Comparison of the licenses issued in the city also shows that the dominant tendency of 

construction in advantaged areas is high-rise and over 5 floors. However, in the 

disadvantaged part, three- and four-story units are dominant. Further investigations 

indicate that construction in disadvantaged areas has been often carried out on the lands 

without the necessary infrastructure (brownfields). However, advantaged areas experience 

an opposite trend. These conditions lead to more and more visible gaps associated with 

facilities through the physical development of the districts, increasing the area of suburbs.  
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3. Results 

 

According to the matrix used in this study and the respondents' comments, the status of 

each district was determined separately and finally, in order to reduce the data size, it was 

presented in three groups. Initial analysis of the matrix data and impacts showed that some 

of the houses were matrix zero, meaning that the factors were not influenced by each other. 

However, about 17 percent of the houses had one, 19 percent two and more than 25 percent 

three common aspects. In other words, more than 60 percent of factors were somehow 

related to one another and affect each other (Table 1). 

 

Table 1: Initial Analysis of Matrix Data and its Statistics 

 

 

District 

Matrix 

Dimensions 

Number of 

Repetitions 

No 

Impact 

(0) 

Low 

Impact 

(1) 

Average 

Impact 

(2) 

High 

Impact 

(3) 

Tot

al 

Total  

Degree  

of Fill 

Advantaged  30-30 3 351 153 171 225 900 61% 

Semi-

advantaged 

30-30 3 351 153 171 225 900 61% 

Disadvantaged  30-30 3 351 153 171 225 900 61% 

 

3.1 Impact Analysis of Direct Dependence of Sustainability Variables in Advantaged 

Areas 

 

According to the data collected, awareness of projects, participation in projects and 

municipal accountability in the institutional sector; building strength, age of buildings and 

adaptability of land uses (physical); income (economic) and population density 

(environmental) were put in the direct impact matrix. However, inadequate pavement 

quality and texture (physical), sense of belonging and security (socio-cultural), and 

ownership (economic) were considered as the dependent variables. Also, membership in 

NGOs and referrals to the municipality (institutional); household density, education and 

communication with neighbors (socio-cultural); noise pollution, water and air quality 

(environmental); diversity of housing (physical) and activity rate (economic) were 

independent variables of the system. Bidirectional variables included identity (socio-

cultural), bicycle path (environmental), public areas and different land use per capita 

(physical) and land value (economic) variables. Among the bi-directional variables, identity, 

bicycle path, land value, public transportation and public areas were considered as the key 

system variables. 

 

3.2 Impact Analysis of Direct Dependence of Sustainability Variables in the Semi-

advantaged Areas 

 

Within this range, the variables of land use compatibility, services, building strength, age of 

buildings and land use compatibility (physical), income (economic) and land use 
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interference were included in the direct impact matrix for environmental criterion. Bicycle 

path, population density and water quality (environmental); low-quality housing (physical); 

household density in housing unit (socio-cultural) and employment rate (economic) were 

assessed as independent variables.  Bidirectional variables included identity (socio-cultural); 

public transportation (environmental); buildings strength and services (physical) and land 

value (economic) variables. Bidirectional variables were identity, bicycle path, land value, 

public transportation, and public areas. Among the two bidirectional variables, land value, 

public transportation, quality of sidewalks and public areas were the key variables of the 

system. 

 

3.3 Impact Analysis of Direct Dependence of Stability Variables in Disadvantaged Areas 

 

In disadvantaged areas, participation in projects (institutional) and income (economic) were 

independent variables. The variables of sense of belonging, identity and security (socio-

cultural), land value and ownership of housing (economic) and public transportation 

(ecological) were the dependent variables. Municipal accountability, membership of NGOs, 

awareness of plans and referrals to the municipality (institutional); noise and air pollution 

and water quality (environmental); diversity of housing (physical); education, 

communication with neighbors (socio-cultural) and activity rates (economic) were evaluated 

as independent variables. Also, the age of buildings, different land use per capita, quality of 

sidewalks, public areas, buildings strength and inefficient texture (fully physical) were bi-

directional variables. Among the bi-directional variables, land use per capita, building 

strength and inefficient texture were identified as key variables. 

Impact Analysis of Indirect Dependence of Sustainability Variables in Advantaged Areas 

 According to calculations and investigations, influential and critical variables of this 

area were participation in projects, municipal accountability and awareness of the projects 

(institutional); land use compatibility and buildings age (physical); income (economic) and 

population density (environmental). Dependent variables were also sidewalk quality 

(physical); housing ownership (economic); noise pollution (environmental), and sense of 

belonging as well as security. For the bi-directional variables, land use per capita, services, 

public areas, and inefficient texture (physical); bicycle path, public transportation 

(environmental) and identity (socio-cultural) were more important. Among these variables, 

services, land value, bicycle paths, public transportation, and public areas played a key role. 

Finally, referrals to the municipality and membership in NGOs (institutional); building 

strength and diversity of housing (physical); weather (environmental) quality; activity rate 

(economic); education, communication with neighbors and household density in housing 

unit(Socio-cultural) were classified as independent variables. 

 

3.4. Impact Analysis of Indirect Dependence of Sustainability Variables in Semi-

advantaged Areas 

 

Results showed that awareness of projects, referral to municipality and municipal 

accountability (institutional); employment and income (economic) and household density in 

residential unit (socio-cultural); air and water quality, noise pollution and population 

density (environmental) and housing diversity and sidewalk conditions (economic) were 

indirect independent variables. Also, municipal accountability (institutional); land use 

compatibility (physical); activity rate (economic) and identity (socio-cultural) were indirect 
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influential variables. However, the value of land (economic); public transportation 

(environmental) and identity, security, sense of belonging, and communication with 

neighbors (socio-cultural) were indirect dependent variables. Public areas, age and strength 

of buildings, and quality of sidewalks (physical); bicycle path (environmental) and land 

value (economic) were evaluated as bidirectional variables. Among these variables, land use 

per capita, land value, and quality of sidewalks were the key variables. 

 

3.5 Impact Analysis of Indirect Dependence of Sustainability Variables in Disadvantaged 

Areas 

 

Results showed that referral to municipality and membership in NGOs (institutional); 

activity rate (economic) and household density in residential unit (socio-cultural); air and 

water quality variables, noise pollution and bicycle path (environmental); and housing 

diversity (economic)were indirect independent variables. Also, participation (institutional); 

access (physical), income (economic) and education (socio-cultural) were indirect influential 

variables. In contrast, ownership (economic); population density (environmental); and 

security (socio-cultural) were the indirect dependent variables. Land use per capita, 

inefficient texture, strength of buildings and quality of sidewalks (physical), bicycle path 

(environmental) and land value (economic) were evaluated as bidirectional variables. 

Among these variables, land value, inefficient texture and quality of buildings were the key 

variables. 

 

3.6 Impact Analysis of the Direct and Indirect Potential Dependence of Sustainability 

Variables in Mashhad Districts 

 

Combined investigation of the selected variables showed that in advantaged areas the 

variables of participation in projects, different land use per capita and public areas were at 

the first to the third priorities of the potential direct impact, but in semi-advantaged areas, 

public areas, inefficient texture and old age of the buildings assigned the first to the third 

places of the direct impacts to themselves. However, in disadvantaged areas, inefficient 

texture and building strength were at the first to the third priorities of the potential direct 

impacts. Participation in projects, different land uses per capita and municipal 

accountability were the most influential potential indirect variables in the advantaged areas. 

In semi-advantaged areas, municipal accountability, public areas and inefficient texture and 

in disadvantaged areas, inefficient texture, and building strength had the first to the third 

priorities of potential indirect impacts. Inefficient texture, sense of belonging and security in 

advantaged areas; security, worn-out texture, and sense of belonging in semi-advantaged 

areas, and inefficient texture, sense of belonging, and strength of the buildings in 

disadvantaged areas were potential direct influential variables. Variables of inefficient 

texture, sense of belonging and security were at the first to the third priorities of indirect 

dependent variables in advantaged areas. However, security, inefficient texture, and sense 

of belonging had the first to the third place of indirect dependent variables. But in 

disadvantaged areas, inefficient texture and sense of belonging were the first and second 

priorities of the potential indirect impact, while the third rank of potential indirect impact 

was assigned to the security variable. 
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3.7 Identifying the Key Driving Variables 

 

Based on all the information gathered and the assessments made, it can be stated that in the 

advantaged areas, identity, bicycle path, public transportation, public areas, services and 

land value are the key driving forces. In the semi-advantaged areas, public areas, land use 

per capita, quality of sidewalks and services are the key driving forces. However, these 

conditions include the strength of buildings, public areas, inefficient texture and land value 

for disadvantaged areas. In fact, advantaged areas have a higher economic and social base 

disadvantaged compared to disadvantaged areas and, therefore, this factor is influential in 

different aspects of the study areas, including physical, economic and environmental, so the 

key development drivers of each of them act differently. 

 

3.8 Developing Sustainability Scenarios 

 

Based on the identified variables, optimal, catastrophic and moderate conditions can be 

plotted for each, so that the required strategies can be formulated. The horizon of these 

projects in this study is 10 years, which means that it is possible to develop different 

scenarios for each region whose full specifications are presented in Tables 2 to 4.  
 

Table 2. Status of key driving variables in sustainability in the advantaged areas 

Area Key factor/ 

Scenario 

Optimal 

Scenario 

Moderate 

Scenario  

Catastrophic 

Scenario 

Advantaged 

areas 

Identity Upgrading 

elements of 

urban identity 

Stability of the 

existing identity  

Reduction of 

elements with 

urban identity 

Bicycle -based 

paths 

Development of 

bicycle-based 

paths 

Maintenance of 

the existing of 

bicycle-based 

paths 

Reduction of 

bicycle-based 

paths 

The value of the 

land 

Stability of land 

value 

Increase of land 

supply at a low 

inflation rate 

Increase of land 

supply with 

high inflation 

rates 

Public 

transportation 

Development of 

public transport 

network 

infrastructure 

Continuation of 

the current 

trend 

Lack of 

attention to 

public transport 

infrastructure 

and capacities 
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Table 3. Status of key driving variables in sustainability in the semi-advantaged areas 

Areas Key Factor/ 

Scenario 

Optimal Scenario Moderate Scenario  Catastrophic Scenario 

Semi-advantaged 

Areas 

Public Areas Quantitative and 

qualitative 

development of the 

public areas 

Preserving existing 

public areas 

Inattention to the 

quantity and quality 

of public areas 

turning them into 

other uses 

Services Creation and 

development of 

services taking into 

account the access 

radius of all services 

Creation and 

development of 

services according 

to the access radius 

of some of them 

Creation and 

development of 

services regardless of 

their radius of access 

Land Use Per 

Capita 

Creation and 

development of land 

uses according to the 

proposed per capita 

of upstream plan 

Creation and 

development of 

land uses along 

with the 

shortcomings of 

some land uses 

Creation and 

development of land 

uses regardless of the 

proposed per capita of 

upstream plan 

Quality of 

Sidewalks 

Improvement of the 

quality and quantity 

of sidewalks 

Continuing the 

current trend 

Decrease of the 

quantity and quality 

of the sidewalks 

 
Table 4. Status of key driving variables in sustainability in the disadvantaged areas 

Areas Key Factor/ 

Scenario 

Optimal Scenario Moderate 

Scenario  

Catastrophic 

Scenario 

Disadvantaged 

Areas 

Strength of 

Buildings 

Development of 

durable materials 

in the 

construction of 

buildings 

Continuing the 

current trend 

Use of durable 

materials 

Inefficient 

Texture (worn-

out and 

marginal) 

Resuscitation, 

resuscitation and 

prevention of 

non-expansion of 

inefficient 

textures 

Continuation of 

the current status 

of inefficient 

textures 

Expansion and 

non-resuscitation 

or regeneration of 

inefficient textures 

Public Areas Quantitative and 

qualitative 

development of 

the public areas 

Preserving 

existing public 

areas 

Inattention to the 

quantity and 

quality of public 

areas turning 

them into other 

uses 

The Value of the 

Land 

Creating 

variation in land 

value 

continuing the 

current trend 

Decrease of 

variation in land 

value 
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After numerous reforms carried out through various meetings based on the views of 

experts in the field, it became clear that the continuation of the current situation, especially 

in the disadvantaged areas, would lead to the catastrophic scenario. For this reason, it is 

necessary to thoroughly and substantially review the existing scenarios. Based on the 

findings of this study, two consistent scenarios can be supposed for advantaged areas. Given 

that four factors will affect these areas in the future, 8 basic conditions are likely to be 

imagined in this area for the years to come.  

This situation for semi-advantaged areas also includes five different scenarios in the 

form of three optimal scenarios, one moderate scenario and one catastrophic scenario. Of 

course, there are six consistent scenarios for the disadvantaged areas, leading to a total 

number of 24 different states if the effective factors on the sustainability of the area (4 

factors) are also taken into account. Of course, not all of these options are fully desirable and 

can be classified from the most optimal to the most catastrophic, depending on the 

circumstances. Accordingly, the perceived future for Mashhad is be as presented in Table 5 

to 7. 
 

Table 5. Scenarios for the future of advantaged areas 

Key Factor Scenario One (Desirable) Scenario Two (Disaster) 

Identity 

 

Upgrading elements of urban 

identity 

Reducing elements of urban 

identity 

Bicycle -based paths Maintain existing of bicycle-

based paths 

Reducing bicycle-based paths 

The value of the land Value stability 

 

Increasing the value of land 

with high inflation rates 

Public transportation Development of public 

transport network 

infrastructure 

Continuation of the current 

trend 

Services Creation and development of 

services taking, into account 

the access radius of all services 

Creation and development of 

services regardless of their 

radius of access 
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Table 6. Scenarios for the future of semi-advantaged areas 

Scenario Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 

Key Factor Optimal 

 

Moderate Catastrophic 

Sidewalk 

Quality 

Quantitative and 

qualitative 

development of 

sidewalks 

Quantitative 

and 

qualitative 

development 

of sidewalks 

Quantitative 

and 

qualitative 

development 

of sidewalks 

Continuation of 

the current trend 

Quantitative and 

qualitative reduction 

of the sidewalks  

 Public 

Areas 

Quantitative and 

qualitative 

development of 

public areas 

Quantitative 

and 

qualitative 

development 

of public 

areas 

Quantitative 

and 

qualitative 

development 

of public 

areas 

Preserving the 

existing public 

areas 

Inattention to the 

quality and quantity 

of public areas and, 

converting them to 

other uses 

Services Creation and 

development of 

services, taking 

into account the 

access radius of all 

services 

Improvement 

of access 

radius to 

existing 

services 

Replacement 

of low quality 

services with 

high quality 

types 

Continuation of 

the current trend 

Creation and 

development of 

services regardless of 

their radius of access 

 

Table 7. Scenarios for the future of disadvantaged areas 

Scenario Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 5 

Key Factor Optimal 

 

Moderate Catastrophi

c 

Strength of 

buildings 

Continuatio

n of the 

current 

trend 

Development 

of durable 

materials in 

building 

construction 

Continuation the 

current trend 

Development 

of durable 

materials in 

building 

construction 

Continuatio

n of the 

current 

trend 

Use of 

nondurable 

materials 

Inefficient 

texture 

(worn-out 

or 

marginal) 

Resuscitatio

n, 

reconstructi

on, and 

prevention 

of inefficient 

textures’ 

developmen

t 

Resuscitation, 

reconstruction, 

and prevention 

of inefficient 

textures’ 

development 

Resuscitation, 

reconstruction, 

and prevention 

of inefficient 

textures’ 

development 

Resuscitation, 

reconstructio

n, and 

prevention of 

inefficient 

textures’ 

development 

Continuatio

n of the 

current 

trend 

Expansion 

without 

resuscitatio

n or 

reconstructi

on of 

inefficient 

textures 

The value 

of the land 

Continuatio

n the current 

trend 

Decrease of the 

variation in 

land value 

Decrease of the 

variation in land 

value 

Decrease of 

the variation 

in land value 

Diversifying 

the value of 

land 

Diversifyin

g the value 

of land 

Land uses  

per capita 

Creation 

and 

developmen

t of  land 

uses 

according to 

the 

proposed 

per capita of 

upstream 

plan 

Creation and 

development 

of  land uses 

along with 

some 

shortcomings 

Creation and 

development of  

land uses along 

with some 

shortcomings 

Creation and 

development 

of  land uses 

along with 

some 

shortcoming 

Creation and 

developmen

t of  land 

uses 

according to 

the 

proposed 

per capita of 

upstream 

plan 

Creation 

and 

developme

nt of  land 

uses 

according 

to the 

proposed 

per capita 

of 

upstream 

plan 
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 In total, 4 key factors were identified for each region. In fact, identity, bicycle paths, 

land and public transportation were the most important factors for sustainable future in the 

developed areas, public areas, services and quality of the sidewalks were the most important 

ones in the semi-advantaged areas, and ultimately the strength of the buildings, inefficient 

texture, land value and land use per capita were the main factors for achieving a sustainable 

future in the disadvantaged areas. Accordingly, different scenarios can be proposed for each 

area. Although each of these factors can be examined in detail and it is possible to determine 

their impacts on each other, two optimal scenarios for advantaged areas, five moderate 

scenarios for semi-advantaged areas and six scenarios for disadvantaged areas have been 

considered for bravity. Since desirability and effectiveness of these scenarios are affected by 

different factors and contexts, their desirability needs to be determined at this stage. 

According to investigations, the disadvantaged area had one optimal scenario and one 

catastrophic scenario. However, the semi-advantaged scenarios three optimal, one 

moderate, and one catastrophic scenario could be predicted. Finally, the disadvantaged 

areas had four optimal, one moderate, and one catastrophic scenario.  

 

4. Discussion 

 

All the metropolises of Iran have numerous environmental, social and economic problems, 

and there is a great deal of material and physical damage to citizens each year, so that in 

some cities, including Mashhad, sometimes the number of healthy days is less than 100 days 

(Statistical Yearbook of Mashhad, 2017). However, because of the lack of careful and 

targeted investigations, the basic solution to this problem is overlooked. Even at best, 

reactive measures are put forward that can only be considered as short-term solution for the 

existing bottlenecks. Even in these conditions, more emphasis is placed on physical 

dimensions and no action is taken on social, economic and institutional conditions (Momeni 

et al., 2016: 107). For this reason, there has been a great deal of emphasis on the institutional 

dimension in this study. The importance of this emphasis stems from the fact that in the 

absence of this key factor, political pressures and sources of power have easily affected 

allocation of resources and provision of facilities (Gonzalo et al., 2015) and perhaps this is 

why the difference between urban areas in this city is significant and in fact unimaginable 

(Saberifar, 2017). However, according to the results of this study, the institutional dimension 

does not directly affect the sustainable development of the city, but it is strongly influential 

on other variables (Ibrahim et al., 2015). Of course, the role and position of other dimensions 

in this process also vary. For example, the physical, socio-cultural, economic, and 

environmental dimensions in the advantaged areas and the physical dimension in the semi-

advantaged and disadvantaged areas are more important. This is also emphasized in 

Saberifar's study (2017). However, depending on the factors influencing each area, different 

scenarios are also proposed, so that an optimal scenario and a catastrophic scenario were 

considered for advantaged areas with uniform conditions. However, three optimal 

scenarios, one moderate scenario and one catastrophic scenario were considered for the 

semi-advantaged areas, and finally for the disadvantaged areas four optimal scenarios, one 

moderate scenario and one catastrophic scenario were considered. According to these 

results, if optimal scenarios are realized, conditions will continue to improve toward 

sustainability of most areas and when the moderate scenarios are considered, the current 

situation will stabilize. Nevertheless, if the catastrophic scenario is dominant, the destruction 



GEA (Geo Eco-Eco Agro) International Conference, 28-29 May 2020, Montenegro - Book of Proceedings 

201 

 
 

and reduction of sustainability factors will follow and even the current situation will not be 

possible to continue, leading to crisis and major challenges. 

 

5. Conclusions 

 

The results of this analysis included one optimal scenario and one catastrophic scenario for 

the advantaged areas, three optimal scenarios, one moderate and one catastrophic scenario 

for the semi-advantaged areas, and five optimal scenarios, one moderate scenario, and one 

catastrophic scenario for the disadvantaged areas. According to these results, it seems that 

unless policy-making and development projects are substantially transformed, it will not be 

possible to follow moderate scenarios, but also the catastrophic scenarios will prevail 

throughout the city. Accordingly, the strategic recommendation of the research is to pursue 

optimal scenarios in all regions under study. 

 This study also had some limitations such as lack of access to future plans and 

projects in Mashhad. If these conditions were available, it would be possible to evaluate the 

consistency of these predictions with the scenarios presented. In addition, due to different 

bottlenecks, large random samples were not available in this study. For this reason, it is 

suggested that in future research, future plans and projects are also considered while 

coordinating with different institutions and investigating whether or not they correspond to 

the scenarios developed. In addition, provision should be made for the views of more 

groups of experts and researchers in the field. 

Conflicts of Interest: The authors declare no conflict of interest. 
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Abstract: Flood is considered as one of the most devastating and destructive type of natural disaster, 

causing significant damages in terms of livelihood, properties, social and economic assets as well as 

a strong environmental degradation. Indeed, an accurate flood modelling is important to identify 

the flood prone areas in order to prevent and/or decrease the flood damage. Lower resolution of the 

Digital Elevation Models (DEMs) are usually used because of their availability but they have a 

considerable limitation in providing accurate results related to the flood inundation areas and flood 

risk maps. This research aims to test the sensitivity of the flood model results to the different DEM's 

resolution taking into account two different case studies in Bosnia and Herzegovina: (A) a large and 

long river section on Bregava River, 33.5 km located in Adriatic River Basin District and (B) a small 

and short river section on Joševica River, 7 km located in Sava River Basin District.  

Eight 1D flood models are created using HEC-RAS model in GIS environment, the same input data 

in terms of cross sections, river structures, hydrology (Q 1/100 return period) roughness were 

considered. In addition, four different DEM resolutions were introduced respectively to the models; 

LiDAR 1x1m which is the most accurate DEM dataset and it is considered as the flood model 

reference in this study, DEM 5x5m, DEM 20x20m and the open source EU DEM dataset Copernicus 

25x25m. The sensitivity analysis is produced, an error index (RMSE) is calculated for each case study 

and the Flood Risk Maps are created to investigate either the flood inundation as well as the flood 

risk are over or under estimated. The analysis of these specific study areas demonstrate that lower 

resolution DEM dataset is overestimating water surface elevations and flood inundation results, and 

it seems to overestimate the flood risk as well. Therefore, using an available low-resolution dataset 

could be misinterpreted to the planning process. 

Keywords: Flood risk, inundation areas, HEC-RAS model, DEM Resolution, sensitivity analysis. 

1. Introduction 

Floods are one of the most widespread and destructive natural disasters. The floods are 

responsible for claiming more lives and causing more property damage than any other 

natural phenomena (Chakraborty and Biswas, 2019). According to the EEA, flood damage in 

Europe in the period between 1991-1995 reached the level of 99 Billion EUR (EEA, 2001) 

while the absolute record in Europe was observed in August 2002 when the material losses 

exceeded 20 Billion EUR (Svetlana et al., 2015). Therefore, taking in consideration several 

factors such as the human impact to nature and the climate changes, these numbers may 

easily increase in the near future.  

Specifically, in Bosnia and Herzegovina UNDP declare that in sum, the total economic 

impact of the disaster (destruction or severe damage to property, infrastructure and goods 

as well the effects of destruction on livelihoods, incomes and production, among other 

factors) is estimated to have reached 2.04 billion EUR during the floods of May 2014 (UNDP, 

2014). In such situation the importance of an accurate Flood risk maps is evident in order to 

prevent and/or decreasing the flood damages by quickly evacuating local residents in a safe 

and proper manner in the event of floods or to facilitate to the planners to identify the prone 

areas and prioritize their mitigation or response efforts. It is important to the flood experts to 

mailto:salwa.cherni@heis.ba
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use the most adequate tools providing the most precise flood risk maps, following the Flood 

Directives (2007/60/EC).  

The flood risk maps illustrate precisely the information on the consequences of flooding 

(De Moel et al., 2009), that is why flood maps present a prerequisite step for developing 

flood risk management strategies (Merz et al.,2007). A step that also the World Bank (2016) is 

encouraging and as well emphasizing that a proper estimation of risk is challenging and 

requires careful consideration of a number of factors or receptors including watershed 

properties, topography, land use, hydrology specifications and the Digital Elevation Model 

(DEM) which is considered as one of the most important elements for the flood modelling 

[World Bank,2016; Saksena and Merwade,2015). 

In this study, a sensitivity analyses was made to quantify the impact of different DEM 

resolutions on the flood inundation modelling and as well as on the  flood risk maps aiming 

to  provide the best-case scenario of flood risk results using the available DEM (Copernicus 

25x25m) which is not the most accurate tool to be used.  

 

2. Materials and Methods  

 

Two study reaches in Bosnia and Herzegovina, are chosen for this work paper to represent 

varying reach length and different riverbed width. as shown in Figure 1 and 2. 

 

(1) Bregava river is located in the Adriatic River basin district, starting from the Entity line 

FBiH/RS to the confluence with the Neretva River.  the modelled section length is 33.5 

km and it belongs to a gauged catchment with the reference hydrologic station HS 

Stolac Do. The upstream and downstream boundary conditions coordination’s are 

respectively (X= 6401710.59, Y= 4770471.72) and (X= 6477185.66, Y= 4772817.81), see 

Figure 1. 

 

Figure 1. Bregava river section 

 

(2) Joševica river is located in Sava River basin district, starting from Lipnica Donja in the 

municipality of Lukavac to the confluence with the Jala River. The modelled section 

length is 7 km and it belongs to an ungauged catchment. The upstream and 

downstream boundary conditions coordination’s are respectively (X= 6549392, Y= 

4936783) and (X= 6548772, Y= 4931392), see Figure 2. 
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Figure 2. Joševica river section 
 

HEC-RAS is the Hydrologic Engineering Centers River Analysis System, the most 

used to efficiently carry out flood analysis using the ArcGIS environment. In order to 

simulate one flood event, the software requires several inputs such as the Geometry (Cross 

sections, Land use values, the river structures, etc<), the hydrology developed for each 

cross section and the Digital Elevation Model (DEM). 

In this work frame, the method used in this study is based on the HEC-RAS software, 

creating eight 1D models, four for each study area. The same input data in terms of cross 

sections, river structures, hydrology (Q 1/100 return period) and roughness were 

considered. In addition, four different DEM resolutions were introduced respectively to the 

models; LiDAR 1x1m which is the most accurate DEM dataset and it is considered as the 

flood model reference in this study, DEM 5x5m, DEM 20x20m and the open source EU-

DEM dataset Copernicus 25x25m.Thus, the DEM will be considered as the unique variable 

in these models.   

The results of these eight models will be analysed in order to test the sensitivity of the 

spreading of the prone areas to the different DEM Resolutions. In addition, the 

determination of the error index using the Rout Mean Square Error (RMSE) will provide a 

significant comparison between the different DEM-resolution used in the models. It 

measures the dispersion of the frequency distribution of deviations between the original 

elevation data which is the DEM reference (1m x1m) in this study and the other compared 

DEM data, mathematically expressed as:  

                                    RMSE = √
 

 
 ∑           

   
 
 ,                            (1) 

Where:  

 Zdi is the elevation value measured on the DEM surface;  

 Zri is the corresponding original elevation;  

 n is the number of elevation points checked. 

 

As a third step in this methodology, the determination of the flood Risk maps for these 

eight models, these maps are created by multiplying spatial flood hazard coefficients from 

the flood hazard maps with the flood risk vulnerability indices represented by the weighted 

factor for the study areas. The flood hazard maps are based on the results of the hydraulic 

models, it is depth maps multiplied by velocity maps. Once these maps are created, their 

analysis will be carried on to determine the sensitivity of the flood risk to the different DEM-

resolution. 
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3. Results and Discussion 

 

3.1. Inundation boundaries  

 

The Bregava river section’s length is 33.5 km, the model contains 694 cross sections and 11 

bridges. The hydrological inputs to the hydraulic model were based on the methods used to 

calculated the discharges for the gauged catchments with the reference hydrological station 

HS Stolac Do (Figure 3). Therefore, the upstream flood discharges for the return period 1/100 

were estimated by 63 m3/s while the downstream boundary condition was added as a 

normal depth. 

 

Figure 3. Position of the hydrological station 

 

The four hydraulic models were run based on the above described inputs and for four 

different DEM-resolutions 1x1m and 5x5m, 20x20m and 25x 25m, providing the following 

inundation boundaries, shown in Figure 4.  

 

Figure 4. Inundation boundary resulting from the four different DEMs 

Profile 1 
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The Joševica river section’s length is 7 km, the model contains 162 cross sections and 21 

bridges. The hydrological inputs to the hydraulic model were based on the methods used to 

calculated the discharges for ungauged catchments. Therefore, the flood discharges for the 

return period 1/100 were estimated in the upstream river section by 28 m3/s while 

downstream was estimated as 55 m3/s. 

The four hydraulic models were run based on the above described inputs and for four 

different DEM-resolutions 1x1m and 5x5m, 20x20m and 25x 25m, providing the following 

inundation boundaries, shown in Figure 5.  

 

Figure 5. Inundation boundary resulting from the four different DEMs 

 

Several random areas were selected for each study case, demonstrating the impact of 

the use of a coarser DEM resolution to the inundation area. The spatial extent of the floods in 

these areas are different depending on the topographic characteristics for each zone. By 

comparing the inundation areas computed with the LiDAR DEM and the one using the 

Copernicus EU DEM, the impact on the flood polygons is presented by a larger flood surface 

area, which leads to the consideration of a larger areas for the assessment of the flood 

damage.     

The reason of this sensitivity is shown in the Figures 6 and 7, where two cross sections 

were chosen to identify the difference between the used DEMs in one specific profile: Profile 

1 is from Bregava river and profile 2 from Joševica river. 

Profil 2 
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Figure 6. Different DEMs in Profile 1 for Bregava river section 

 

For profile 1 (Figure 6), the DEM 1x1m and 5x5m, the riverbed is well formed and 

defined but it is noticeable that the riverbed in the other two DEMs is completely absent 

forming a larger flood plain than what reflects the reality. 
 

 
Figure 7. Different DEMs in Profile 1 for Joševica river section 

 

For profile 2 (Figure 7), from the Joševica river section, the flood plain is completely 

different from DEM to the other. And comparing with the LiDAR, the Terrain for the other 

DEMs is higher in elevation and the riverbed is not defined.  

Table 1 illustrates the percentage of the inundated area’s increase with respect to the 

decrease of the DEM resolution. The inundation’s percentage is relative to the DEM 1x1m, 

considering that the DEM resolution obtained from LiDAR is the most accurate in this work 

study. 
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Table 1. Percentage of the inundation area by type of DEM 

 DEM-resolution Inundation areas (ha) % of inundation areas increase  

Bregava river section 

DEM 1x1m 126.5 Ref. 

DEM 5x5m 343.3 171 % 

DEM 20x20m 599.2 374 % 

DEM 25x25m 786.6 522 % 

Joševica river section 

DEM 1x1m 41.1 Ref. 

DEM 5x5m 60.4 47 % 

DEM 20x 20m 111.5 171 % 

DEM 25x 25m 115.6 181 % 

 

Overlapping the maps of the inundation boundaries resulting from the different 

models, it is concluded that the use of a low-resolution DEM overestimates the prone areas 

as it is shown in the Figures 4 and 5. The flood surface area for Bregava river using DEM 

1x1m is 126.5ha while it is 786.6 ha using DEM 25x25m. 

For Joševica river section, the flood surface area is larger 3 times using DEM 25x25m 

than 1x1m. However, for this section it exists an Area for Further Assessment polygon 

(AFA), which is the result from the Preliminary Flood Risk Assessment (PFRA). The 

inundation area of the AFA is 99.36 ha; resulting that increase percentage comparing to 

DEM 20x 20m and DEM 25x 25m are respectively 12.21 % and 16.34 % which is relatively 

acceptable.      

After the inundation boundaries are produced and compared to each other, RMSE is 

computed for each DEM with respect to the LiDAR DEM. The RMSE calculated for the two 

rivers selected for this study increases with decreasing the DEM-resolution as shown in 

Table 2. And the magnitude of the RMSE is found to be related to the size of the study area. 

Table 2. The Root Mean Square Error with respect to LiDAR DEM 

DEM-resolution RMSE 

Bregava river section 

DEM 1x1m Ref. 

DEM 5x5m 2.2 m 

DEM 20x20m 6.5 m 

DEM 25x25m 14.2 m 

Joševica river section 

DEM 1x1m Ref. 

DEM 5x5m 1.3 m 

DEM 20x20m 3.2 m 

DEM 25x25m 4.5 m 
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Figure 8. RMSE versus grid size for Bregava and Joševica river sections 

 

The figure 8 shows that RMSE is higher in magnitude for Bregava which presents a 

larger and longer river than Joševica river section. The linear trend shows as well that the 

effect of coarser resolution DEMs on the DEM accuracy is relatively bigger for larger reaches 

with 2m of error for DEM 25x25m. 

The results of the RMSE were compared with the results obtained overlapping the 

inundation boundaries and it confirms the fact that using a coarser DEM-resolution leads to 

overestimation of the flood prone areas for both type of rivers but in same time comparing 

to the existing AFA polygon for some zones the increase is relatively acceptable. Also, it 

confirms the results shown in Table 1 and Figure 8, confirming that the use of a low DEM-

resolution increases the flood prone area as it is for Bregava river section was approximately 

increased 5 times compared to the reference, however the error index shows 2m error. 

 

3.2. Risk maps  

 

For each study location, same input data in terms of detailed inventory of assets at risk 

flooding which includes areas of individual housing, apartment buildings, administration 

facilities, educational facilities, industrial plants, health facilities, cultural facilities, 

agriculture land and facilities, traffic, protected areas, IED/IPPC plants, were used to create 

the flood risk maps. for each study areas and the unique variable is the DEM.  

The results of these maps (Figure 9 and 10) show that using a coarser DEM-resolution 

might increase the flood risk in certain areas which could lead to a misinterpretation of the 

real flood damage and that’s mainly related to the increase of the flood prone areas without 

considering the water surface elevation. 
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Figure 9. Flood Risk maps for Joševica river section 

 

Figure 10. Flood Risk maps for Bregava river section 
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5. Conclusions 

 

The resolution of the Digital Elevation Model plays an important role in the accurate 

prediction of the flood inundation areas and as well the degree of the flood risk in these 

areas. Indeed, using a LiDAR DEM will provide a highly accurate flood results, but since the 

use of such terrain if not always available, then, a coarser DEM resolution attempt to be the 

best solution to carry out flood risk maps, taking in consideration that the acceptance of the 

increase percentage of the inundation areas depends on the purpose of the use of these 

models. 

This study shows clearly that the use of a low-DEM resolution, overestimates the 

inundation boundaries and the flood damages. The comparison of the RMSE shows that the 

error index increases by decreasing the DEM-resolution, but it shows as well a minor 

percentage between the results of the preliminary Flood Risk Assessment and the EU DEM. 

So, the coarser DEM can be used in assessment studies.   

Further researches and investigations are recommended where the flood risk modeling 

for a small-scale area should include in the methodology the DEM error index in case of the 

use of a coarser DEM-resolution also it would be useful to work on the water surface 

elevation error index in terms of vertical errors. 

 

Acknowledgments: 

Western Balkans investment Facility Infrastructure Project Facility Technical Assistance 5 

(IPF5), This technical assistance operation is financed with EU fund and Contracting 

Authority is European Investment Bank. WB12-BIH-ENV-04C1 / WB19-BIH-ENV-01 Flood 

hazard and risk maps in Bosnia and Herzegovina. 

 

References 
Chakraborty, S. and Biswas, S., Application of Geographic Information System and HEC-RAS in 

Flood Risk Mapping of a Catchment. In: Ghosh J., da Silva I. (eds) Applications of Geomatics in 

Civil Engineering. Lecture Notes in Civil Engineering, vol 33, pp 215-224, Springer, Singapore, 

2019. 

De Moel, H., Van Alphen J., Aerts, J. C. J. H, Flood maps in Europe – methods, availability and use, 

Nat. Hazards Earth Syst. Sci, 9, 289-301, 2009. 

EEA (European Environment Agency), Sustainable water use in Europe. Part 3 - Extreme 

hydrological events: Foods and droughts, pp 1-84. Copenhagen, 2001. 

Merz, B., Thieken, A.H., Gocht, M,. Flood Risk Mapping at the local scale:concepts and challenges. In: 

Begum, S,. et al. (eds.), Flood Risk Mapping in Europe, pp 2031-251, Springer, 2007. 

Saksena, S. and Merwade, V., Incorporating the Effect of Dem Resolution and Accuracy for Improved 

Flood Inundation Mapping, Journal of hydrology. 530 pp190-194, 2015. 

Svetlana, D., Radovan, D., Dobrovič J., The Economic Impact of Floods and their Importance in 

Different Regions of the World with Emphasis on Europe, Procedia Economics and Finance 34, 

pp 346-655, 2015. 

UNDP, Bosnia and Herzegovina floods 2014, Recovery needs assessment, 2014, pp 1-302. 

World Bank, Methods in Flood Hazard and Risk Assessment, International Bank for Reconstruction 

and Development, pp 1- 28, 2016. 

  



GEA (Geo Eco-Eco Agro) International Conference, 28-29 May 2020, Montenegro - Book of Proceedings 

213 

 
 

Article 

Grain yield and yield components of winter barley  

Vera RAJIČIĆ1,*, Dragan TERZIĆ1, Vesna PERIŠIĆ1, Marijana DUGALIĆ1,  

Ksenija MAČKIĆ2, and Vera POPOVIĆ4 

1 University of Niš, Faculty of Agriculture, Kosančićeva 4, Kruševac, SERBIA; e-mail: verarajicic@yahoo.com 
2 University of Novi Sad, Faculty of Agriculture, Square Dositej Obradovic St. 8, Novi Sad, SERBIA;  
3 Institute of Field and Vegetable Crops, Maxim Gorky St. 30, Novi Sad, SERBIA; e-mail: bravera@eunet.rs 

* Correspondence: e-mail: verarajicic@yahoo.com; Tel.: +381 65 229 32 55 

 

Abstract: This investigation included a three winter barley cultivars (Grand, Zlatnik and Rekord) 

during the two growing seasons in Serbia. The objective of the research was to evaluate the effect of 

cultivars and the environment on the yield of winter barley. The following characteristics were 

analyzed: grain yield, 1000 grain weight and test weight. The average grain yield and test weight of 

all cultivars in 2014/15 growing season was significantly greater than in 2013/14, mostly as the result 

of highly favourable weather conditions at major stages of plant development. The grain yield of the 

studied genotypes of winter barley ranged from 5.342 t/ha (2013/14) to 5.922 t/ha (2014/15), while the 

average grain yield was 5.623 t/ha. The 1000 grain weight of barley ranged from 49.22 g (2013/14) to 

32.93 g (2014/15), while the average 1000 grain weight was 41.08 g. The average value of test weight 

was found in two growing seasons was 65.28 kg/hl. Variance analysis showed statistically very 

significant differences for grain yield, 1000 grain weight and test weight between the vegetation 

seasons and very significant differences for grain yield between the effects of genotype.  
 

Keywords: cultivar, grain yield, winter barley 

 

1. Introduction 

 

Barley cultivars that were in production until the end of the eighties were characterized by the 

lower yields, good technological quality and higher stem sensitive on lodging. Barley is 

globally cultivated on an area of about 47.5 million hectares, an average yield of 2.6 t/ha being 

realized making it the fifth grown crops (maize, rice, wheat and soybeans). In Serbia, barley is 

grown on 84.166 ha with an average yield of 2.9 t/ha and ranks third with 244.081 tons (FAO, 

2010). The largest areas under barley are in Russia, Australia, Ukraine and Canada (FAO, 2010).  

Barley is one of the oldest agricultural species, which has gone through genetic alterations 

during the process of domestication. The basic purpose of the barley usage has been changed 

during thousands of years of the cultivation, i.e. from the main grain in the human diet to the 

very important animal nutrient. The grain quality of barley is affected by genetic and 

environmental factors as well as their interaction (Đekić et al. 2011; Madić et al. 2014; Pržulj et 

al. 2014; Bratković et al. 2018). Because of this, the same cultivar in different years can behave 

like brewing or feeding barley, according to the content of grain nutrients, which determines 

end-use (Đekić et al. 2017). It is known that individual or mutual influence of abiotic stress 

factors (high and low temperatures, drought, acidic and saline soil) in different barley growth 

stages limited expression of the maximum grain yield potential (Đekić et al. 2019). The length 

and intensity of the stress period vary from the environment to the environment, as well as 

between years in the same environment (Bratković et al. 2018).  

Cultivars of the new generation exhibit the high degree of the tolerance against 

temperatures shocks during the phase of the forming and filling of grain as well as against 

drought. High and stable yield of barley is the main goal of breeding, especially in 

institutions where it is not possible to adequately test the breeding material on quality traits 
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(Bratković et al. 2014, Pržulj et al. 2014). The need for a variety of short or long growing 

season depends on the environmental conditions of a particular area. In winter barley often 

variations in yield can be detected, also between the years and between locations (Pržulj et 

al. 2014; Bratković et al. 2018, Đekić et al. 2019; Rajičić et al. 2019).  

The interaction between the genotype and environment greatly limits the effectiveness 

of selection, if it is performed only on the basis of the average yield. Varieties that have a 

smaller contribution to interaction are less sensitive to changing environmental conditions, 

such varieties are stable (Bratković et al. 2014; Đekić et al. 2010; Jelić et al. 2014). New varieties 

are characterized by good technological quality, better resistance to lodging and diseases, 

shorter stem and more efficient assimilates usage (Pržulj et al. 2004).  

The aim of this study was the determination of the cultivars and ecological 

environmental factors influence on differences in stability and adaptability of cultivars 

regard the grain yield, 1000 grains weight and test weight of tested winter barley cultivars, 

as well as specificity cultivars exploring regard growing season conditions. 

 

2. Materials and Methods  

 

2.1. Experimental design and soil conditions 

 

During the 2013/14 and 2014/15 growing seasons, three cultivars of winter barley (Grand, 

Zlatnik and Rekord) grown at the experimental field of the Small Grains Research Centre in 

Kragujevac (Serbia) were studied. The experiment was laid out in a randomised block 

design with five replications and a plot size of 50 m2 (10 m x 2 m). In all years, winter barley 

was sown in the second half of October at a row spacing of 12.5 cm. The usual techniques for 

barley production were applied, and it was done in the optimum sowing time in late 

October. Fertilizers have used in the 300 kg/ha of form of complex NPK fertilizer (8:24:16, 

superphosphate (17% P2O5) and ammonium nitrate (AN) 34.4% N. The following traits were 

analysed: grain yield, 1000 grain weight and test weight. Grain yield was measured for each 

plot and calculated as grain yield in t/ha at 14% grain moisture. Then, a sample was taken 

for 1000 grain weight and test weight determination.   

Soil analyzes have been performed by standard chemical methods, as follows: pH in 

H2O and KCl, electrometrically with a glass electrode in a 1:2.5 suspension; content humus 

by Kotzmann's method; total nitrogen has been determined by the Kjeldahl's method, 

available phosphorus and potassium by Egner-Riehm's Al method. The soil used in the trial 

was vertisol having a very acid reaction (pH in KCI: 3.92-4.27), the content of total nitrogen 

is central (0.12-0.15%), while the content of affordable phosphorus is high (26.9 mg P2O5/100 

g soil), while the content of affordable potassium is high and ranges from 19.5 to 21.0 mg of 

K2O/100 g of soil. The climate of the region was characterised by variable precipitation and 

its uneven distribution across months. 

 

2.2. Meteorological conditions 

 

Kragujevac area is characterized by a moderate continental climate, which general feature is 

uneven distribution of rainfall by month. Data in Table 1 for the investigated period (2013-

2015) clearly indicate that the years in which the researches were conducted differed from 

the typical multi-year average for Kragujevac region, regarding the meteorological 

conditions. The average air temperature in 2013/14 was higher by 1.49C and 2014/15 was 
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higher by 1.71C than the average of many years. The sum of rainfall precipitation in 2013/14 

was higher by 221.4 mm, where the sum of rainfall in 2014/15 was 132.3 mm higher than the 

average of many years and with a very uneven distribution of precipitation per months. 

During the April and May in 2013/14 it was 129 mm and 227 mm of rainfall, what was 77.1 

mm and 169.4 mm more compared with the perennial average. Based on the 

fact that sufficient amounts of rainfall in these months are very important for the successful 

production of cereal crops it can be concluded that the years in which the researches were 

conducted were favorable for the barley growing.  

Table 1. Precipitation sum and average monthly temperature in Kragujevac, Serbia 

Months 
Mean monthly air temperature (oC) The amount of rainfall (mm) 

2013/14 2014/15 Average 2013/14 2014/15 Average 

X 13.5 12.6 12.5 41.7 50.4 45.4 

XI 9.2 9.1 6.9 61.2 18.9 48.9 

XII 2.4 3.5 1.9 6.4 98.7 56.6 

I 5.0 3.0 0.5 21.2 44.9 58.2 

II 6.9 3.2 2.4 90.0 46.2 46.6 

III 9.0 6.7 7.1 67.1 98.8 32.4 

IV 12.2 19.8 11.6 129.0 35.8 51.9 

V 15.3 17.4 16.9 227.0 93.6 57.6 

VI 19.7 19.9 20.0 45.8 113.0 70.4 

Average 10.36 10.58 8.87 689.4 600.3 468.0 

 

Regard the high importance of sufficient rainfall amounts during the spring months, 

particularly. Namely, the total amount of precipitation is reflected on the multi annual 

average, but the distribution, especially at critical stages of development, is significantly 

disturbed in the 2013/14 year. In addition to the necessary reserve for the spring part of the 

vegetation, winter precipitation greatly influences the distribution of easily accessible 

nitrogen in the soil (Popović et al. 2011; Đekić et al. 2012; Jelic et al. 2014; Bratković et al. 2018; 

Rajičić et al. 2019). 

 

2.3. Statistical Analysis 

On the basis of achieved research results the usual variational statistical indicators were 

calculated: average values and standard deviation. Experimental data were analyzed by 

descriptive and analytical statistics using the statistics module Analyst Program SAS/STAT 

(SAS Institute, 2000) for Windows. All evaluations of significance were made on the basis of 

the ANOVA test at 5% and 1% significance levels. Relative dependence was defined through 

correlation analysis (Pearson's correlation coefficient), and the coefficients that were 

obtained were tested at the 5% and 1% levels of significance. 
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3. Results and Discussion  

 

Table 2 shows the impact of the year, cultivar and interaction of year x cultivar on yield, 

1000 grain weight and test weight. Analysis of variance was found highly significant effect 

of year on the grain yield (F=10.351**), 1000 grain weight (F=240.215**) and test weight 

(F=42.373**). Based on the analysis of variance, it can be concluded that there are very 

significant differences in grain yield and 1000 grain weight regard the cultivar (Table 2). 

Table 2. The analysis of variance for the traits analyzed in Kragujevac, Serbia 

Effect  df 
Mean sqr 

Effect 

Mean sqr 

Error 
F p-level 

The analysis of variance for grain yield 

Year, (Y) 1, 22 2.149 0.208 10.351 0.004 

Cultivar, (C) 2, 21 1.539 0.173 8.888 0.002 

Year x Cultivar, (Y x C) 2, 18 0.090 0.073 1.239 0.313 

The analysis of variance for 1000 grain weight 

Year, (Y) 1, 22 1591.810 6.627 240.215 0.000 

Cultivar, (C) 2, 21 48.911 78.084 0.626 0.544 

Year x Cultivar, (Y x C) 2, 18 4.808 2.130 2.257 0.133 

The analysis of variance for test weight 

Year, (Y) 1, 22 253.091 5.973 42.373 0.000 

Cultivar, (C) 2, 21 28.732 15.573 1.845 0.183 

Year x Cultivar, (Y x C) 2, 18 6.141 3.425 1.793 0.195 

Statistically very significant difference in 1000 grain weight is determined under the 

influence of the year. Grain quality is a qualitative property influenced by the genetic factors 

and environmental factors, as well as their interaction, so the variety can behave in some years 

as forage crop, which can be determined by the testing and directed for a particular purpose 

(Pržulj et al. 2004; Paunovic et al. 2006; Madić et al. 2009; Popović et al. 2011; Bratković et al. 

2014; Đekić et al. 2015; Rajičić et al. 2019). 

Table 3. Mean values for the tested parameters at winter barley cultivars 

  Grain yield, (t/ha) 1000 grain weight (g) Test weight (kg/hl) 

 x  Sd x  Sd x  Sd 

Years 2013/14 5.324 0.386 49.22 3.061 62.03 2.715 

 2014/15 5.922 0.515 32.93 1.971 68.53 2.139 

        

Cultivar Grand 6.078 0.502 38.27 8.082 63.77 3.145 

 Zlatnik 5.202 0.259 42.05 8.523 67.41 3.584 

 Rekord 5.590 0.447 42.92 9.813 64.66 4.897 

 Average 5.623 0.540 41.08 8.692 65.28 4.089 
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As the result of favourable weather conditions i.e. sufficient amounts of precipitation at 

major stages of plant development and moderate temperatures at the end of the growing 

season, the average grain yield of all cultivars was significantly higher in 2014/15. 

Significantly lower yields were obtained in 2013/14 (Table 3).  

The grain yield of winter barley significantly varied across years, from 5.324 t/ha in 2013/14 

to 5.922 t/ha in 2014/15 (Table 3).  Average grain yield of barley cultivars ranged from 5.202 

t/ha in cultivar Zlatnik to 6.078 t/ha in cultivar Grand. The average two-year value of grain 

yield was 5.623 t/ha. Thousand grain weight were significantly greater in 2013/14 than in the 

2014/15 year. The 1.000 grain weight of winter barley varied across cultivars, from 38.27 g in 

cultivar Grand to 42.92 g in cultivar Rekord. The average two-year value of 1.000 grain 

weight was 41.08 g. Test weight were significantly greater in 2014/15 than in the previou 

year. The average two-year value of test weight was 65.28 kg/hl.  

The need for a variety of short or long growing season depends on the environmental 

conditions of a particular area. In winter barley often variations in yield can be detected, also 

between the years and between locations (Popović et al. 2011; Đekić et al. 2015; Rajičić et al. 

2019). The 1000 grain weight and test weight are direct components of grain yield and 

change under the influence of environmental factors, but primarily varietal characteristics 

(Pržulj et al. 2004). They indicate the grain size and are important criterions in breeding 

barley.  

Table 4. Mean values for the tested parameters by studied environments in barley 

  Grain yield, (t/ha) 1000 grain weight (g) Test weight (kg/hl) 

 x  Sd x  Sd x  Sd 

2013/14 Grand 5.761 0.271 45.80 0.864 61.00 1.283 

 Zlatnik 5.017 0.170 49.93 1.014 64.70 2.337 

 Rekord 5.194 0.206 51.93 2.549 60.40 2.337 

        

2014/15 Grand 6.394 0.497 30.73 0.573 66.55 0.950 

 Zlatnik 5.388 0.190 34.17 1.666 70.12 2.223 

 Rekord 5.985 0.086 33.90 1.186 68.92 1.464 

 

During the first year of investigations, cultivar Grand achieved the highest grains yield 

(5.761 t/ha), followed by Rekord (5.194 t/ha), while the lowest yield was at Zlatnik cultivar 

(5.017 t/ha). During the second year of investigations the yield of Grand cultivar was the highest 

with 6.394 t/ha. The excessive amount of moisture on the crops growing season 2013/14 (March-

May) influenced the poorer heading and filling of grain, lodging of crops, the abundance of the 

weeds and the intense occurrence of the disease in the examined barley and other winter grains. 

Regard the high importance of sufficient rainfall amounts during the spring months, particularly 

May for small grains production, the distribution and amount of rainfall over the growing 

season 2014/15 were considerably more favorable, which resulted in the increment of yields 

during that year. Considerable variation in yield depending on years of research have 
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established Madić et al. (2009), Popović et al. (2011), Bratković et al. (2014), Đekić et al. (2011), Jelić 

et al. (2014) and Rajičić et al. (2019). 

During the first year of investigation, cultivar Rekord achieved the highest average 1000 

grain weight (51.93 g) compared with other tested barley cultivars. During the second year 

of investigation 1000 grain weight observed was the highest at Zlatnik variety (34.17 g), 

while the lowest was obtained by Grand cultivar (30.73 g). Malting barley is expected to have 

1000 grain weight of 40 and 46 g and test weight of 68 to 75 kg/hl (Paunović et al. 2006).  

Average test weight observed in the first year period was the highest at Zlatnik variety 

(64.70 kg/hl), while the lowest was obtained by Rekord cultivar (60.40 kg/hl). During the 

second year of investigation test weight observed was the highest at Zlatnik variety (70.12 

kg/hl), while the lowest was obtained by Grand cultivar (66.55 kg/hl). Generally, the test 

weight of barleys ranged from 52 to 72 kg/hl (Pržulj et al. 2004).  

Table 5 shows the correlation coefficients between the studied the two growing seasons 

and analysed traits. Negatively and medium strong correlations were observed between 

grain yield and thousand grain weight in the 2013/14 (r=-0.687*), in the 2014/15 (r=-0.582*) 

and investigation period (r=-0.684**). Positively correlations were observed between 

thousand grain weight and test weight in the first year (r=0.178) and second year (r=0.731**). 

Table 5. Correlation coefficients by studied environments in barley 

 Grain yield 1.000 grain weight  Test weight 

Correlations between the traits analysed in the 2013/14 

Grain yield 1.00 -0.687* -0.412 

1.000 grain weight   1.00 0.178 

Test weight   1.00 

Correlations between the traits analysed in the 2014/15 

Grain yield 1.00 -0.582* -0.661* 

1.000 grain weight   1.00 0.731** 

Test weight   1.00 

Correlations between the traits analysed in the 2013/15 

Grain yield 1.00 -0. 684** 0.208 

1.000 grain weight   1.00 -0.715** 

Test weight   1.00 

ns-non significant; *-significant at 0.05; **-significant at 0.01 

Pearson’s coefficient of correlation (r) by studied environments in barley in the two 

growing season, are shown in Table 5. Negative and significant correlations were found 

between the grain yield and 1000 grain weight in all growing season. Barley yield in all 

growing season was negatively correlated with test weight. Positive and non significant 

correlations were found between the 1000 grain weight and test weight in first growing 
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season. Negative correlations of yield and 1000-grain weight, seeds that are not significant, are 

confirmed in their study of barley by Dodig (2000). Most authors point to very positive effect of 

1000 grains weight on grain yield of barley (Carpici and Celim 2012; Ebrahim et al. 2015). Đekić 

et al. (2019) state that even if there is no direct dependence between the height of the plant and 

the yield, the decrease in height influences the yield increase indirectly, by increasing the weight 

of 1000 grains and increasing resistance to lodging. The present results confirm the statement 

of many authors that the traits analyzed and their correlations are genetically determined 

but are strongly modified by the nutrient status of the environment and weather conditions 

(Carpici and Celim 2012; Ebrahim et al. 2015; Đekić et al. 2017). 

The importance of these components in the formation of grain yield depends on the 

climatic conditions in critical phases of growth and development, applied agro-technology 

and various combinations and relationships of NPK nutrients (Jui et al. 1997; Popović et al. 

2011; Đekić et al. 2015; Jelić et al. 2014; Bratković et al. 2018; Rajičić et al. 2019). Therefore, it is 

important to know the effect of these properties, i.e. yield components, as well as their 

interdependence on grain yield. 

 

5. Conclusions 

 

Based on the gain results during the two-year investigation on winter barley cultivars, it can 

be concluded that the grain yield of barley ranged from 5.202 t/ha (Zlatnik) to 6.078 t/ha 

(Grand). More favourable conditions in 2014/15 resulted in a higher average the grain yield 

value (5.922 t/ha) compared to 2013/14 (5.324 t/ha). The average 1000 grain weight in the 

study was 41.08 g, with a variation of 32.93 g in the vegetation year 2014/15 to 49.22 g in the 

vegetation year 2013/14. During the 2014/15, statistically significantly higher grain yield per 

area unit, as well as test weight was achieved, compared with 2013/14 year.  

Based on these results, it can be concluded that several traits have a decisive role in the 

formation of grain yield. The contribution of each individual feature can be different for 

different genotypes and the various environmental conditions so that this results from the 

interaction between the features within each genotype and genotype interactions with 

environmental factors. 
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Abstract: Most of the Origanum species are locally distributed within the Mediterranean region 

where they grow in the mountainous areas on the islands. Due to this, the rate of endemism is high, 

as in case of dittany of Crete (O. dictamnus). O. vulgare possesses the largest distribution area and can 

be found throughout the Mediterranean region, however, the yield and quality of the essential oil is 

controlled genetically and strongly affected by the environmental influences. Origanum essential oils 

predominantly containing carvacrol, are generally of superior quality and highly valuable raw 

material for food as well as in pharmaceutical industry. Essential oil of O. dictimus contains 70.8% of 

carvacrol, while O. vulgare ssp. hirtum essential oil contains 78.5%. This study indicates the high 

quality of investigated Origanum species from Greece, and indicates it to be highly valuable raw 

material for food and in pharmaceutical industry. 

Keywords: Greek oregano, dittany of Crete, essential oil, GC-MS, carvacrol 

 

1. Introduction 

Most of the Origanum species are locally distributed within the Mediterranean region where 

they grow in the mountainous areas on the islands. Due to this, the rate of endemism is high 

(about 70%). O. vulgare L. possesses the largest distribution area and can be found 

throughout the Mediterranean region, in most parts of the Euro-Siberian and the Irano-

Turanian regions (Lukas, 2010). O. vulgare is an extremely variable species that includes six 

subspecies: ssp. glandulosum, ssp. hirtum, ssp. gracile, ssp. virens, ssp. vulgare and ssp. viride. It 

is known that subspecies differ significantly in morphological features as well as in content 

and essential oil composition (Mechergui et al. 2016; Kosakowska and Czupa 2018). The 

Greek oregano (O. vulgare L. ssp. hirtum (Link) Ietswaart, syn. O. heracleoticum L.) is the most 

commonly used commercial type of oregano. It grows wild throughout nearly across all of 

Greece (Goliaris et al. 2002). On the other hand, O. dictamnus L. also known as dittany of 

Crete, is native and endemic to the island of Crete, where it grows wild but is also cultivated 

(Varsani et al. 2017). 

The yield and quality of the essential oil is controlled genetically and strongly affected 

by the environmental influences (Goliaris et al. 2002; Toncer et al. 2009). The main bioactive 

components of oregano are essential oil and phenolic components, generated from cymyl- 

pathway such as γ-terpinene, p-cymene, carvacrol and thymol (Lukas 2010; Stanojević et al. 

2016). Their ratio represents the quality of the oil and indicates the aroma value. Oils 

containing predominantly carvacrol are generally of superior quality (Morsy 2017). 

As a herbal tea, oregano is traditionally used for treating respiratory disorders, 

dyspepsia, painful menstruation, rheumatoid arthritis, scrofulosis and urinary tract 

disorders (Teixeira et al. 2013). It is also used as a culinary herb in gastronomy (Krigas et al. 

2015). Oregano essential oil with high carvacrol content possesses good antimicrobial (Lesjak 
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et al. 2016; Leyva-López et al. 2017) and antioxidant properties (Karakaya et al. 2011; 

Stanojević et al. 2016). Because of this, oregano essential oil rich in carvacrol is a highly 

valuable raw material for food and in pharmaceutical industry (Ibišević et al. 2019). 

The aim of this study was to determine the chemical composition of essential oils 

obtained by hydrodistillation of O. dictamnus and O. vulgare ssp. hirtum commercial samples 

from Greece.  

 

2. Materials and Methods  

Dry commercial O. dictamnus and O. vulgare ssp. hirtum were purchased at a local market in 

Greece (producer Avramglou, Thessaloniki) in 2018. Air-dried aerial parts of Origanum were 

submitted to hydrodistillation (Clevenger apparatus, 3 h). Then, the essential oil was dried 

over anhydrous sodium sulfate and analyzed using an HP 5890 gas chromatograph coupled 

to an HP 5973 MSD and fitted with a capillary column HP-5 MS (30 m × 0.25 mm × 0.25 μm 

film thickness). Analytical conditions were as follows: helium was used as carrier gas; inlet 

pressure was 25 kPa; linear velocity: 1 ml/min at 210 °C; injector temperature: 250 °C; 

injection mode: splitless. MS scan conditions were: source temperature, 200 °C; interface 

temperature, 250 °C; electron energy, 70 eV; mass scanrange, 40–350 amu. Temperature 

program: 60 °C to 285 °C at a rate of 4.3 °C/min. The components were identified based on 

their linear retention index relative to C8-C32 n-alkanes, comparison with data reported in 

literature (Wiley and NIST databases). Percentage (relative) of the identified compounds 

was computed from GC peak area.  

 

3. Results 

A total of 35 compounds were detected in Greece Origanum essential oils (Table 1). In O. 

dictimus 31 compounds compromised 99.1%, carvacrol being the dominant compound with 

70.8%, followed by p-cymene (9.8%) and γ-terpinene (9.0%). A GC-MS chromatogram of O. 

dictimus essential oil is shown in Figure 1a. The sum of the three above mentioned major 

essential oil constituents in O. dictimus was 89.6%. In O. vulgare ssp. hirtum 28 compounds 

compromised 99.4%, the dominant compound was carvacrol with 78.5%, followed by p-

cymene (6.8%) and γ-terpinene (4.4%). A GC-MS chromatogram of O. vulgare ssp. hirtum 

essential oil is shown in Figure 1b. The sum of these three major constituents was 89.7%. 

However, thymol as an isomer of carvacrol in both samples was present in low 

concentrations (with 0.3% and 0.5%, respectively).  

 (a) 

(b) 

Figure 1. A GC-MS chromatogram of O. dictimus (a) and O. vulgare ssp. hirtum (b) essential oil 
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Table 1. Chemical composition of O. dictamnus and O. vulgare ssp. hirtum from Greece. 

No Compound Rt KI O. dictimus O. vulgare ssp. hirtum 

1 α-Thujene 5.786 918 0.3 0.1 

2 α-Pinene 5.975 927 0.4 0.5 

3 Camphene 6.378 935 0.1 0.1 

4,5 β-Pinene + 1-Octen-3-ol 7.174 971 0.4 0.4 

6 3-Octanone 7.411 981 - 0.1 

7 Myrcene 7.551 987 1.0 1.3 

8 3-Octanol 7.672 990 0.1 - 

9 α-Phellandrene 8.030 1005 0.1 0.1 

10 δ-3-Carene 8.224 1010 0.1 0.1 

11 α-Terpinene 8.425 1015 1.5 1.1 

12 p-Cymene 8.697 1021 9.8 6.8 

13 Limonene 8.854 1025 0.6 - 

14 β-Phellandrene 8.855 1025 - 0.5 

15 cis-β-Ocimene 9.160 1033 - 0.1 

16 γ-Terpinene 9.940 1052 9.0 4.4 

17 cis-Sabinene hydrate 10.228 1059 0.4 0.1 

18 Terpinolene 11.089 1081 0.1 0.2 

19 trans-Sabinene hydrate 11.443 1090 0.1 0.1 

20 Linalool 11.493 1091 0.3 - 

21 Borneol 14.246 1159 0.3 0.4 

22 Terpinen-4-ol 14.765 1172 0.7 0.6 

23 α-Terpineol 15.371 1187 0.1 0.1 

24 trans-Dihydro carvone 15.683 1196 - 0.1 

25 Carvacrol, methyl ether 17.700 1241 0.2 0.3 

26 Thymol 19.876 1290 0.3 0.5 

27 Carvacrol 20.476 1302 70.8 78.5 

28 α-Copaene 23.582 1374 0.1 - 

29 tans-Caryophyllene 25.462 1418 1.2 1.3 

30 α-Humulene 26.918 1452 0.1 0.2 

31 β-Bisabolene 29.250 1508 0.4 1.1 

32 δ-Cadinene 29.854 1522 0.1 - 

33 Caryophyllene oxide 32.251 1580 0.3 0.3 

34 1,10-di-epi-Cubenol 33.520 1612 0.1 - 

35 α-Cadinol 35.021 1654 0.1 - 

 TOTAL   99.1 99.4 

Rt – Retention time; KI – Kovats Indices relative to n-alkanes on HP-5 MS 
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4. Discussion 

 

It is well known that essential oils of Origanum species is rich in cymyl-compounds (Figure 2), i.e. 

phenolic monoterpenoids, such as carvacrol (2-Methyl-5-(propan-2-yl)phenol) and thymol (5-Methyl-

2-(propan-2-yl)phenol), and its biosynthetic precursors (γ-terpinene and p-cymene) (Lukas 2010).  

 

Figure 2. Cymil biosynthetic pathway 

Carvacrol was a predominant compound in all O. dictimus samples (Economakis et al. 

1999). Investigations with commercial samples of O. dictamnus from Crete showed that, 

apart from carvacrol (52.2%), they contained γ-terpinene (8.4%), p-cymene (6.1%), linalool 

(1.4%) and caryophyllene (1.3%), while the content of thymol was very low (0.5%) 

(Mitropoulou et al. 2015). Furthermore, wild population of O. dictamnus from Crete grown in 

Northern Greece contained carvacrol as the main compound in its essential oil (45.3-75.1%), 

followed by p-cymene (4.3-12.5%), γ-terpinene (0.4-9.5%) and linalool (0.8-13.4%) in 

percentage depending on distilled parts and year of cultivation (Argyropoulou et al. 2014).  

The quantitative analysis of 23 essential oils obtained from O. vulgare ssp. hirtum all over 

Greece show that the major constituents are carvacrol (2.3-93.8%) and thymol (0.2-90.2%), 

accompanied by p-cymene (2.2-15.8%) and γ-terpinene (0-16.4%). Furthermore, carvacrol 

and thymol contents are highly negative correlated (Vokou et al. 1993). Therefore, O. vulgare 

ssp. hirtum is a chemically non-uniform species (Fleisher and Sneer 1982). There are three 

different chemotypes distinguished on the basis of the main compound in essential oil: 

thymol, carvacrol and intermediate one, contains both thymol and carvacrol (Stešević et al. 

2018). 

Carvacrol can be found in many aromatic plants including O. dictammus, O. vulgare ssp. 

hirtum, as well as O. majorana, Thymbra capitata, Satureja hortensis, S. montana, Thymus 

vulgaris, T. zygis and T. serpyllum (Suntres et al. 2015). It is generally recognized as a safe food 

additive and used as a flavoring agent in baked foods, sweets, beverages and chewing gums 

(Mehdi et al. 2011). Furthermore, antimicrobial and antibiofilm activities of carvacrol against 

different bacteria and fungi responsible for human infectious diseases (Marchese et al. 2018), 

as well as anticancer properties (Mehdi et al. 2011; Ozkan and Erdogan 2011) characterize it 

as a natural remedy. 
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5. Conclusions 

 

Because of the high content of carvacrol in the respective essential oils, O. dictamnus and O. 

vulgare ssp. hirtum from Greece have high quality and represent highly valuable raw 

material for food and in pharmaceutical industry. 

 

Acknowledgments: The authors would like to express their gratitude to Herb Elixa Ltd., 

Belgrade, who was the initiator of this investigation. 

 

Conflicts of Interest: The authors declare no conflict of interest. 

 

References 
Argyropoulou, C., Papadatou, M., Grigoriadou, C., Maloupa E.& Skaltsa, H. (2014): Evaluation of the 

essential oil content of Cretan dittany cultivated in Northern Greece. Medicinal and Aromatic 

Plants, 3(2):157. 

Economakis, C., Demetzos, C., Anastassaki, T., Papazoglou, V., Gazouli, M., Loukis, A., Thanos, C. & 

Harvala, C. (1999): Volatile constituents of bracts and leaves of wild and cultivated Origanum 

dictamnus. Planta Med., 65:189-191. 

Fleisher, A. & Sneer, N. (1982): Oregano spices and Origanum chemotypes. Journal of Food and 

Agriculture, 33(5):441-446. 

Goliaris, A.H., Chatzopoulou, P.S.  Katsiotis˛, S.T. (2002): Production of new Greek oregano clones 

and analysis of their essential oils. Journal of Herbs, Spices and Medicinal Plants, 10(1):29-35. 

Ibišević, M., Husejnagić, D., Kazanović, R. & Arsić, I. (2019): Antibacterial activity of Origanum 

compactum essential oil tested on vaginal and cervical clinical bacterial strains. Acta Facultatis 

Medicae Naissensis, 36(3):219-228. 

Karakaya, S., Nehir, E.S., Karagozlu, N. & Sxahin, S. (2011): Antioxidant and antimicrobial activities 

of essential oils obtained from oregano (Origanum vulgare ssp. hirtum) by using different 

extraction methods. Journal of Medicinal Food, 14(6):645-652. 

Kosakowska, O. & Czupa, W. (2018): Morphological and chemical variability of common oregano 

(Origanum vulgare L. subsp. vulgare) occurring in eastern Poland. Herba Polonica, 64(1):11-21. 

Krigas, N., Lazari, D., Maloupa, E. & Stikoudi, M. (2015): Introducing Dittany of Crete (Origanum 

dictamnus L.) to gastronomy: A new culinary concept for a traditionally used medicinal plant. 

International Journal of Gastronomy and Food Science, 2:112-118. 

Lesjak, M., Simin, N., Orcic, D., Franciskovic, M., Knezevic, P., Beara, I., Aleksic, V., Svircev, E., Buzas, 

K. & Mimica‐Dukic, N. (2016): Binary and tertiary mixtures of Satureja hortensis and Origanum 

vulgare essential oils as potent antimicrobial agents against Helicobacter pylori. Phytotherapy 

Research, 30(3):476-484. 

Leyva-López, N., Gutiérrez-Grijalva, E.P., Vazquez-Olivo, G. & Heredia, J.B. (2017): Essential oils of 

oregano: biological activity beyond their antimicrobial properties. Molecules, 22:6. 

Lukas, B. (2010): Molecular and phytochemical analyses of the genus Origanum L. (Lamiaceae). 

Doctoral Dissertation, Department of Botany and Biodiversity Research, Faculty of Life Sciences, 

Vienna University. 

Marchese, A., Arciola, C.R., Coppo, E., Barbieri, R., Barreca, D., Chebaibi, S., Sobarzo-Sanchez, E., 

Nabavi, S.F., Nabavi, S.M. & Daglia M. (2018): The natural plant compound carvacrol as an 

antimicrobial and anti-biofilm agent: mechanisms, synergies and bio-inspired anti-infective 

materials. Biofouling, 34(6):630-656. 

Mechergui, K., Jaouadi, W., Coelho, J.A., Serra, M.C. & Khouja, M.L. (2016): Biological activities and 

oil properties of Origanum glandulosum Desf: A Review. Phytothérapie, 14:102-108. 

Mehdi, S.J., Ahmad, A., Irshad, M., Manzoor, N. & Rizvi, M.M.A. (2011): Cytotoxic effect of carvacrol 

on human cervical cancer cells. Biology and Medicine, 3(2):307-312. 



GEA (Geo Eco-Eco Agro) International Conference, 28-29 May 2020, Montenegro - Book of Proceedings 

227 

 
 

Mitropoulou, G., Fitsiou, E., Stavropoulou, E., Papavassilopoulou, E., Vamvakias, M., Pappa, A., 

Oreopoulou, A. & Kourkoutas, Y. (2015): Composition, antimicrobial, antioxidant and 

antiproliferative activity of Origanum dictamnus (dittany) essential oil. Microbial Ecology in Health 

and Disease, 26:26543. 

Morsy, N.F.S. (2017): Chemical structure, quality indices and bioactivity of essential oil constituents. 

In: Active Ingredients from Aromatic and Medicinal Plants, Edited by: El-Shemy H. InTechOpen, 

London, UK. 

Ozkan, A. & Erdogan, A. (2011): A comparative evaluation of antioxidant and anticancer activity of 

essential oil from Origanum onites (Lamiaceae) and its two major phenolic components. Turkish 

Journal of Biology, 35:735-742. 

Stanojević, Lj.P., Stanojević, J.S., Cvetković, D.J. & Ilić, D.P. (2016): Antioxidant activity of oregano 

essential oil (Origanum vulgare L.). Biologica Nyssana, 7(2):131-139. 

Stešević, D., Jaćimović, Ž., Šatović, Z., Šapčanin, A., Jančan, G., Kosović, M. & Damjanović-Vratnica, 

B. (2018): Chemical characterization of wild growing Origanum vulgare population in 

Montenegro. Natural Product Communications, 13(10):1357-1362. 

Suntres, Z.E., Coccimiglio, J. & Alipour, M. (2015): The bioactivity and toxicological actions of 

carvacrol. Critical Reviews in Food Science and Nutrition, 55:304–318. 

Teixeira, B., Marques, A., Ramos, C., Serrano, C., Matos, O., Neng, N.R., Nogueira, J.M.F., Saraiva, J.A. 

& Nunesa, M.L. (2013): Chemical composition and bioactivity of different oregano (Origanum 

vulgare) extracts and essential oil. Journal of the Science of Food and Agriculture, 93:2707-2714. 

Toncer, O., Karaman, S., Kizil, S. & Diraz, E. (2009): Changes in essential oil composition of oregano 

(Origanum onites L.) due to diurnal variations at different development stages. Notulae Botanicae 

Horti Agrobotanici Cluj-Napoca, 37(2):177-181. 

Varsani, M., Graikou, K., Velegraki, A. & Chinou, I. (2017): Phytochemical analysis and antimicrobial 

activity of Origanum dictamnus traditional herbal tea (decoction). Natural Product Communications, 

12(11):1801-1804. 

Voaou, D., Kokkini, S. & Bessiere, J.M. (1993): Geographic variation of Greek oregano (Origanum 

vulgare ssp. hirtum) essential oils. Biochemical Systematics and Ecology, 21(2):287-295. 

  



GEA (Geo Eco-Eco Agro) International Conference, 28-29 May 2020, Montenegro - Book of Proceedings 

228 

 
 

Original scientific paper 

Respecting green policy by developing a new 

ecological-economic model of compost  

Dragana POPOVIĆ1, Sonja TOMAS-MISKIN2, Milena LUTOVAC5  

1. University of Novi Sad, Economic Faculty of Subotica, Segedinski put 9-11, Subotica, R. of SERBIA, 
Student. Correspondence: draganap01@icloud.com  

2.  Doctoral student at the Banking Academy in Belgrade, REPUBLIC OF SERBIA; sonjat984@gmail.com 
3  Doctoral student at the Faculty of Economics in Belgrade, R. OF SERBIA; milenalutovac@yahoo.com 

 

* Correspondence: draganap01@icloud.com 

Abstract: This study presents the potential benefits of developing a new model of behavior in local 

government units in the Republic of Serbia. The authors have focused the research on a compost 

pile, which could be developed instead of on the perimeter of inhabited places within the settlement 

itself, thereby reducing the costs of transporting and handling plant waste as a basic raw material for 

compost development. According to the author, the new model of the compost functioning 

approach set up in this way could be realistically applied in local self-governments in the Republic 

of Serbia and beyond. There would be no negative impact on ecological systems within populated 

areas, and the authors point out numerous benefits in ecological and economic terms if the model 

presented in the paper were to be applied. 

Keywords: compost; economic; environmental, benefit  

1. Introduction 

Green policy should take into account new environmental approaches in local self-

governments in the Republic of Serbia. This can be achieved by developing non-standard 

models of functioning that will essentially have a multidisciplinary approach. Green policy 

should respect legislation, which is increasingly compatible with EU regulations.  

The green policy thus observed changes and behaviors within local governments, which 

often leads to the establishment of new original solutions, which will improve the ecology of 

spaces within populated areas. In addition to environmental standards, it is also necessary 

to take into account the costs incurred as a result of undertaking activities within local 

government units. This is of particular importance because local government units spend 

taxpayers' money.  

The authors of the study point to the existence of a number of environmental factors, 

but also to the existence of economic factors that need to be taken into account in order to 

benefit from the implementation of green policy through new approaches, as indicated by 

the authors of this study in one important segment, or by presenting modeling problems 

compost in local government units in the Republic of Serbia. 

A new modeling approach that is in line with green policy requires adherence to 

landscape planning procedures [1] with the approach of visual projections [2], [3], as well as 

respect for a wide range of environmental approaches [4], [5]. An ecological approach, 

which essentially respects green policy, must therefore have a multidisciplinary approach. 

The impact of a large number of scientific disciplines in ecology has continued growth in all 

fields [6], thereby fundamentally changing the socio-economic approach [7] in treating the 

problems of ecology and economics. 
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2. Material and methods  

When designing the study, the authors used the results of existing as well as stationary 

composts in major cities in the Republic of Serbia. Green policy should also consider 

possible models that would reduce the cost of managing plant waste managed by public 

utilities at the expense of local government units. The authors focused on composting that 

would be located within parks and protected areas of cities. The location of such composting 

sites would be in full respect of the environmental laws, regulations and regulations in force 

in the Republic of Serbia. 

3. SWOT analysis 

The authors provided in Table 1 an overview of the SWOT analysis, which covers the area 

where compost production could be organized without being taken to landfill or at specific 

locations where compost production of vegetable waste generated in populated areas could 

be done. 

Table 1. SWOT analysis of parks and protected resources in local governments in the R. of 

Serbia 

Power Weaknesses 

- Existence of biomass producing areas within 

populated areas, 

- The tradition that public utilities remove 

unnecessary plant mass, 

- Existence of good enough raw materials for compost 

production, 

- Existence of capacity of public utilities to process 

composting. 

 

- Lack of information, 

- insufficient interest of local self-governments, 

- insufficient interest of local public utility companies 

for innovation in production, 

- Lack of interest of local companies for increasing the 

efficiency of work, because they are financed from the 

budget of local self-governments, 

- Lack of marketing initiatives, 

- Inadequate work of the Environmental Inspectorate 

and other state bodies to address the removal of 

allergenic plant species, 

- Poor links between public utility companies within 
local government, for example, companies that remove plant 

waste and those that place that waste in landfill. 

Opportunities Threats 

- Permanent increase in demand for compost, 

-Expansion of the area maintained by local self-

government units, 

-Development of compost based on new products, 

Introduction of compost into organic production of 

agricultural products, which is a trend across the EU, 

- Strengthening the institutional capacity of local self-

government units, 

-Opportunity for investment by private investors, 

- Extension of performing activities in public utility companies, 

- Suppression of domestic enterprises by foreign 

companies that have introduced similar 

innovations and wish to sell their knowledge in 

the form of licensing of production rights, 

- Price rises at foreign companies manufacturing 

equipment, 

- Negative impact of certain legal provisions in 

the field of ecology. 

Source: Authors, 2020. 
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4. Comparison of standard composting approach and new composting model in populated areas 

 

Comparison between the standard models of disposal of plant waste at the landfill of local 

governments entails certain costs. A new approach in line with green policy should find new ways of 

saving and benefiting all participants. In this regard, the authors have designed a new model 

whereby plant residues are deposited in multiple locations within a populated area to save on 

transportation, loading, transshipment, etc.  

The goal is to create a smaller compost (about 100 m3), which does not threaten the ecology of 

existing micro ecosystems, but on the contrary, after one year, natural processes will allow the 

emergence of a product, which can be returned to nature again or sold at market prices. 

In this regard, the authors conducted research in two major cities in Belgrade and Novi Sad 

during 2018 and 2019, and provide research results regarding the production of 1 liter of compost in a 

standard way and in a new way, with multiple savings.  

The authors calculated that the profit would be generated by selling 80% of the wholesale 

compost to the public utility company and 20% of the compost in the individual packaging on the 

market. 

An overview of the authors' research results is given in Table 2. 

 

Table 2. Economic effects of two models of removal of plant residues, recalculated in relation to 1 liter 

of compost produced 

 

 

 

Model 

Measured total 

average costs in 

dinars, excluding 

depreciation and 

overheads of public 

utility companies 

Value of compost 

after one year from 

the date of disposal 

at the mountainous 

prices of public 

utility companies 

Real economic 

effects after the sale 

of compost expressed 

in the planned prices 

of public utility 

companies 

 

 

 

Profit 

made 

The classic method of 

waste disposal in the 

composting process 

 

13.6 0 0 0 

New model (compost is 

created in the settlement 

itself, parks, enclosures, 

etc.). 

9.8 13 18 14 

Source: Authors, 2020. 

5. Discussion 

 

The authors point out that a new approach to a green economy has numerous benefits, such as: 

reducing the transport costs of transporting plant waste to landfill, reducing the use of vehicles, 

reducing the use of workers' workforce, faster removal of allergenic plants by mechanical destruction. 

With all these advantages, a useful product would be produced after a year, that is, compost, whose 

average value using the new composting approach has about 14 times measurable value compared to 

the present model of carrying plant residues to urban landfills. 
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6. Conclusion 

 

The green economy and a new approach to understanding the environment, through an analysis of 

two possible approaches, in the management of plant waste in parks and settlements in the Republic 

of Serbia were done by the authors, and the results are presented in this study.  

The results obtained indicate that there are real environmental and economic benefits in favor of 

the new model i.e. approach: 

• There are legal procedures in place that do not limit the application of any of these models; 

• The implementation of the new model consumes less taxpayer resources on waste disposal; 

• Both models are cost to the enterprise, with the other model in which the compost is produced, 

when sold on the market, is economically extremely favorable to the public utility company and 

therefore to the local government that established the public utility; 

• Amounts of plant waste in one city are tens of thousands times higher than in the figures given 

in the tables of this study, which supports the expediency of the research. 
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Abstract: This study points to the creation of an economically viable possible model of mulch 

application through a new approach to mulching within the green areas of predominantly park 

areas in cities in the Republic of Serbia. The authors focus their research on creating mulch in the 

framework of populated areas through the direct milling of branches obtained by felling and 

maintenance of wooden trees, that is, using the milled branches as mulch rather than hauling 

branches to city landfills. According to the author, the new model of mulching functioning approach 

set up in this way could be realistically applied in a large number of green areas of cities in the 

Republic of Serbia, and beyond. There would be no negative impact on the ecological systems within 

the settlements, and the authors point out a number of economic advantages, since avoiding 

unnecessary costs of branching to landfill, reloading, costs related to landfill fees, should the model 

presented in the paper be applied.  

Keywords: keyword; mulch, economic; environmental, benefit  

 

1.  Introduction 

 

Green policy should respect new economic approaches. One such theoretically designed 

model of behavior, which, in the author's opinion, can be quickly implemented in a large 

number of park areas in the Republic of Serbia, is given in this paper.  

Namely, the research of the authors respected the existing legislation in the Republic of 

Serbia, but the innovation shown in the paper is visible through the application of a 

composted model of compost creation directly on the site of green space maintenance.  

Namely, by shredding tree branches in the regular maintenance of the tree, it is possible 

to create a mulch that can be used immediately for the cultivation of space between plant 

planted species in the parks as decoration on the one hand, and after 12-24 months it can 

become a compost that will enhance the space where was mulched.  

At the same time, the costs of transporting the deposited branches to the landfill are 

reduced and instantaneous economic savings are achieved for the users of the mulch 

formation method and its practical application.  

This is of particular importance as local government units spend taxpayers' money on 

regular maintenance of green spaces. The authors of the study point to the existence of a 

number of economic and environmental factors, which are fully respected by the authors of 

the study, all with a view to achieving benefits. 
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In a new approach to modeling mulch creation and its direct stay on walking paths and 

between park plants, it should be emphasized that this is in line with green policy, which 

respects landscape planning procedures [1] with the approach of visual projections [2], [3], 

and appreciation of a wide range of environmental approaches [4], [5] as opposed to the 

application of standard agriculture [6], [7]. 

The eco-innovative approach presented by the authors in the paper is essential to green 

policy. It has a multidisciplinary approach, as it connects economics and ecology. The 

impact of a large number of scientific disciplines in ecology has continued growth in all 

fields [8], thus fundamentally changing the socio-economic approach [9], [10] in treating the 

problems of ecology and economics. 

 

2.  Materials and Methods  

 

Green policy should also take into account possible innovative models that could reduce the 

cost of managing plant waste. The management of plant waste in large cities has been 

harmed by public utilities, at the expense of local government units. 

     The authors have focused on mulch, which should be continuously located within 

parks and protected areas of cities, as decoration and also as an ecological improvement of 

the land of cultivated plant species in parks.  

     The location of such mulch deposit would be in full respect of the environmental 

laws, regulations and regulations in force in the Republic of Serbia in almost every park area 

across the country. 

 

3.  Results 

 

Former model of mulch handling 

The authors have presented in the form of Figure 1, which essentially means that the method 

used so far involves the removal of branches resulting from the maintenance of trees in a 

landfill or in specially designated places in populated areas, which means spending 

taxpayers' money. 

 

 
 

Figure 1. Model of standard tree maintenance in cities. 
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Innovative or new model of plant residue manipulation in populated areas 

 

An innovative approach to the manipulation of plant debris in the processes of regular 

maintenance of park and other green spaces, unlike the standard model of disposal of plant 

waste to the local government landfill, is that the plant debris should be ground and left in 

the mulch area between plants and walkways trails in parks. 

 The authors present models of this approach in Figure 2. 
 

 
Figure. 2 Model of innovative tree maintenance in cities. 

 

An innovative model whereby plant residues are deposited after settling at the site of 

combination of the remains of maintained areas within the parks means savings on the costs 

of transportation, loading, transporting shipment, etc.  

The aim of the author was to come up with the idea of depositing mulch directly in the 

area where the creation of plant residues occurred in the process of regular maintenance of 

plant species in city parks. 

In this regard, the authors conducted a survey in the city of Novi Sad during 2019 and 

give an overview of the basic results regarding the production of 1 liter of mulch in a 

standard way and in a new way.  

The authors have calculated that the public utility will display the value of mulch at the 

planned prices at which it purchases mulch on the market and which it has otherwise used 

in the ordinary course of business for the last 40 years. 

An overview of the authors' research results is given in Table 1. 
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Table 1. Economic effects of two models of removal of plant residues, recalculated in relation to 1 liter 

of mulch produced 

 

 

Model 

Measured total 

average costs in 

dinars, excluding 

depreciation and 

overheads of 

public utility 

companies 

Value of mulch 

after one year 

from the date 

of deposit at 

the 

mountainous 

prices of public 

utility 

companies 

Real economic 

effects after 

mulch sales 

expressed in the 

planned prices 

of public utility 

companies 

 

 

Profit made 

The classic method of 

waste disposal 
14,8 0 0 0 

New model (mulching 

in the settlement itself, 

parks, enclosures, etc.) 

10 14 19 19 

Source: Authors, 2020. 

4. Discussion 

 

The authors point out that a new approach to the green economy has numerous benefits, 

such as: reducing the transportation costs of removing waste to landfill, reducing the use of 

vehicles, reducing the use of workers, eliminating tree branches in parks and other green 

spaces in urban and non-populated areas places.  

With all these advantages, the end result of the activity is the immediate change in the 

visual approach of walkers in the parks, namely mulch works neatly and neatly on 

maintained urban areas, and accelerates the formation of compost, that is, after 12-24 months 

the land on which the mulch was located is enriched with compost debris.  

The average value of applying a new innovative approach to mulch has up to 20 times 

measurable economic effects on users compared to the current model of carrying plant 

residues to urban landfills. 

 

5. Conclusion 

 

Green Economy and an innovative new approach to understanding the environment, 

through analysis of existing and new approaches, in plant waste management in parks and 

settlements in the Republic of Serbia, was done by the authors with the aim of 

demonstrating the economic and environmental justification of innovating approaches to the 

removal of plant debris.  

     The results obtained are presented in this study. The results obtained indicate that there 

are real environmental and economic benefits in favor of the new models i.e. approach: 

• Legal procedures do not limit the implementation of an innovative, presented model; 

• The implementation of the new model spends less money on waste disposal; 
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• Both models of implementation require monetary expenditures for the public utility 

company, with the second model being more economically cost-effective than almost 20 

times the conventional waste disposal; 

• The quantities of vegetable waste generated are renewable and constant and the savings 

shown are in favor of the expediency and justification of the research. 

 

Conflicts of Interest: There is no conflict of interest. 
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Abstract: Formation and making of real business decisions in the whole process of enterprise 

management by top management is of great importance for successful performance of business 

activities in the company. This particularly applies to the functioning of a company in transition 

economies such as the economy of the Republic of Serbia. The business decision-making process in 

enterprises should include information that top management receives from the most important 

sources of information. In this paper, the authors emphasize the importance of taking into account the 

4 sources of information that top management of a company should use when making important 

business decisions in the process of managing a company. The authors emphasized that valid 

business decisions should include information from internal audit, external audit, information from 

the established financial management and control system, as well as information obtained from 

official state bodies. The aim of the paper was to present a possible decision-making system in 

enterprises that will have a higher degree of security and a lower degree of risk to the top 

management's decision-making process if top management's reporting solutions are applied by 

responsible managers of the enterprise sector. The contribution of the study authors is that they have 

discovered a link between the security of business decision-making in the company and the way top 

management reports. 

 

Keywords: business decision, risk, management, transitional economy. 

 

1.Introduction 

 

Contemporary enterprise management (Erjavec et al., 2019) requires frequent decision 

making by top management and through their implementation it is possible to achieve 

positive results of business activities of very heterogeneous enterprises that exist in different 

productions and activities (Kouřilov{ & Sedl{ček, 2014; Terzić et al., 2019). 

Historically, numerous researchers have sought to understand how top corporate 

management makes decisions at the strategic and operational levels, all with the aim of 

delivering positive business results in the enterprise (Ege, 2015; Dax & Oedl-Wieser, 2016; 

Bozzolan et al., 2016). 

However, decision-making in practice is not done by the companies themselves, but by 

various individuals who use their knowledge and time available to make business and other 

decisions that are important for them to survive and function that enable them to achieve 
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their goals (Florou et al., 2016; Topcu & Serap Çoban, 2017; Wang, 2019) to whom they 

aspire. 

In addition to the previously stated views of the last few decades, an increasing number 

of authors point to the importance of internal factors within the company itself (Popović et 

al., 2018; Tintěra, 2019), which are increasingly appreciated and respected. Essentially, they 

draw attention to the collection of relevant information that is relevant to business in the 

public sector of the Republic of Serbia, but also in other similar transition economies. 

Numerous papers by the authors may show that it is necessary to support top 

management first of all within the company by collecting internally acquired valid 

information that is essential for making valid business decisions, all with the aim of raising 

the general conditions of safety and functioning of the company (Anwar & Sun 2015; 

Bratkovich-Kregar et al., 2019) as well as building security information and monitoring 

systems for financial and other reporting. 

Literature review. The system in which the system of improving the general business 

operations of both the public sector and the rest of the economy in a principled way involves 

building different ways of improving the business. One way to improve the business is to 

form internal control bodies (internal control, internal audit, financial management and 

control) to be formed by top management of the company. These authorities should make 

recommendations to top management in their work and point out the weaknesses of the 

systems they manage (Brousseau et al., 2014; Boukalova et al., 2016; Balikçioğlu & Yilmaz, 

2019). 

These activities contribute to influencing the overall improvement of business security, 

which creates the possibility of systematic response of top management, which promotes 

secure business management of entrusted assets of the company. This contributes to 

increasing the overall security of business in companies that have introduced internal 

control mechanisms of action in the functioning of the ordinary business (Ball, 2016; Biščak 

& Benčina 2019). 

Observing factors that are primarily factors that can be internally collected in-house can 

contribute to the top management of different companies in a safe and valid manner, 

without much wandering, to establish a system of proper management and decision-making 

in the companies in which they make valid decisions (Gaetano & Lamonaca, 2019; Bojović et 

al., 2019). This enables improvements in management and leadership in a large number of 

enterprises (Cheng, 2016; Auerbach, 2019). 

In addition, management should enable established internal control bodies such as 

internal audit to carry out continuous and regular audits of adopted tasks and adopted 

plans received from management (Popović et al., 2015; Nowak et al., 2016). This enables 

internal control mechanisms in the company, such as internal audit, to achieve their 

existence and to justify their operations and activities in the companies, i.e. to achieve results 

close to optimal existence in the enterprises (Park et al., 2019). 

It is important to emphasize that the process of forming the process of formation of 

internal control bodies in companies can be accomplished only when there is a condition in 

which the performers of internal control activities are continuously educated and when they 

seek to maintain their skills and knowledge that they need for the proper functioning and 

performance of control tasks entrusted to them by management (Popović et al., 2017). This 

means that the company must ensure a high degree of standardization of business activities 

in the company, as well as ensure that there is a continuing education of personnel engaged 

in control activities in the company. 
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The implementation of the aforementioned tasks of the control bodies is performed 

equally successfully in the public sector as well as in the real economy (Alibegović et al., 

2018).  

In this statement the author should point out that corporate governance itself requires 

top management to make very different business decisions that should be made with full 

respect for the information obtained from the internal control bodies that top management 

formed to operate in the company. This also avoids the detrimental effects on businesses 

(Catuogno et al., 2016) and can reduce the number of different types of crime, such as It 

crime that is increasingly spreading in businesses. 

Depending on the degree of programmed security of the corporate governance and 

management system, depending on the size of the enterprise, the economic strength of the 

enterprise and other criteria, a number of enterprises are formed in addition to internal 

control and internal audit as a separate entity.  

In addition, stronger companies also form a special form of control that connects finance 

and other segments of functioning within the company (Bratten et al., 2016), i.e. the so-called 

financial management and control in companies. 

 

2. Materials and Methods 

 

In order to show the importance of valid business decision-making in companies, the 

authors have presented the flow of business decision-making through five sections in the 

paper. 

The first part gives an overview of the course of possible decision making, which is 

based on the previously stated views of numerous authors. Schematic representation of 

Figure 1 is the work of the author of this study. 

In the second part of the paper, the authors presented in Table 1: Display the factors that 

can determine the value of an industrial enterprise's assets with a level description and risk 

interval with the aim of emphasizing the appreciation of some of the factors that are 

important for the valid decision making process. 

The third part gives an overview of the presentation of reporting by top management 

and a standard reporting with an overview of the most important elements that should exist 

in the reporting. 

In the fourth part, the authors outline some of the important laws that accompany 

business decision-making that management must pay attention to when receiving reports 

submitted to it by senior executives. 

Part 5 provides an overview of Table 4: Presentation of standardization form with a 

description of possible control and possible level of risk for the enterprise in order to 

highlight the importance of a comprehensive approach to proper management reporting. 

The overall views of the five units were made on the basis of the collected data of 17 

public and public utility companies, which were processed in the form of figures 1 and 

tables 1-4, where only important elements for decision making of top management who had 

more in the survey were presented of 60% of the reported values for further evaluations. 

Tabular views are made by the author with an overview of the most significant possible 

risks to the business of the company. 
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3. Results and discussion 

 

Based on a survey completed by the top financial manager of the 17 companies mentioned 

above, 88.23% opted for the fact that top management's business decisions are mostly 

influenced by 4 parts: internal audit, external audit, financial management and control and 

state decisions. The view was given by the author in the form of picture number 1. 

 

 

Figure 1: The course of decision making by that management company 

In Table 1, the authors gave an overview of the most important factors on the business decisions of 

the company, emphasizing descriptions of the influence that individual factors have on business 

decision-making, as well as the nominal values given as the average size of the interviewed financial 

executives. 

 

Table 1. Display the factors that can determine the value of an enterprise's assets with a level 

description and risk interval 

Factors affecting the value of the 

business  

 

Obviously influencing 

top management decision 

making within a given 

risk interval 1-10 

Reported numerical risk interval as a 

possible risk to the company by the CFO, 

which is submitted to the top management 

of the company in the form of a report 

Location subject property 

 
high level 9 

Age of company property high level 10 

Closer determination of the location of 

the business of importance to the 

business 

intermediate level 7 

The quality of the subject property 

 
intermediate level 8 

The surface of the subject property 

 
intermediate level 6 

Improvements over the comparative 

 
intermediate level 8 

Source: Authors (2020). 
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Below, the authors provide an overview of the two most common reporting types 

subordinated to top management, highlighting the advantages and disadvantages of each 

reporting format presented (Table 2). 

 
Table 2. Demonstration of application of presentation method and standard reporting of top 

management of the company 

Presentation 

method 
Advantages Deficiency 

Presentation 

Interactive 

Flexible 

Easier acceptance 

Helps to consider difficult questions and 

solutions 

May increase the chance of enforcement 

Contributes to focusing on priority issues 

Not all evidence can be presented 

It can lead to difficulties in presenting complex 

data which can lead to misunderstandings 

Presentation skills and active involvement of two 

people are required 

Good preparation is necessary 

Possibility of dominance of one person or a 

particular problem 

The user can still request a report 

Standard 

Report 

Good for detailed reporting and complex 

data 

It can provide general information and 

context 

The evidence is immediately available to 

the reader 

Some users find reports more 

authoritative 

They require more preparation time 

Long reports can remain unread until the end 

Sometimes hard to accept 

They may be untimely presented due to delays 

in preparation 

 

In order to complete the presentation of the obtained results, the authors gave an overview 

of the most important laws that influence the business decisions of top management in the 

Republic of Serbia, which were pointed out by the financial executives themselves in the 

survey (Table 3). 

Table 3. Overview of the legislative frameworks governing the work of internal auditors in Serbian 

enterprises 

Serial 

number 

The existence  

of a legal framework 
Where were published 

Possible risk level 

per company 

1. Law on Budget System 

"Off. Gazette of RS", Nos. 54/2009, 

73/2010, 101/2010, 101/2011, 

93/2012, 62/2013, 3/2013 corr., 108/2013, 

142/2014, 68/2015-other. 103/2015 and 

law‛ 

High 

2. 

Regulations on common 

criteria for organization and 

standards and methodological 

guidelines for the conduct 

and reporting of internal 

audit in the public sector 

‚Off. Gazette of RS "no. 99/11 and 106/13 High 

3. 
Internal Audit Charter 

companies 

NO. (<) From the date when it was 

adopted (<) years 
Medium 

4. 
Authority given to the 

internal auditor by Directors 

NO. (<) From the date when it was 

adopted (<) years 
Low 

5. 
The law on public 

procurement 

"Official Gazette of RS", no. 124/2012, 

14/2015 and 68/2015) 
High 
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Table 4. Presentation of standardization form with description of possible control and possible level 

of risk for enterprise 

Forms of 

standardization 

 

Requirements regarding the performance of control 

and audit 

Undertaking 

Management 

activities 

Attribute  

standard 

 

Applying standard requires a professional attitude, 

competence and professional care, competence, 

knowledge and other competencies to perform internal 

audits. 

 

Directly after the 

knowledge 

Implementation  

standards 

The auditor must obtain help, if there is no knowledge, 

skills, or other competencies needed to perform all 

tasks related to the audit or his involvement. 

Immediately 

Performance  

standards 

The auditor must effectively manage internal audit 

activities. Must plan and prioritize internal audit, 

based on the assessed risk. 

 

Immediately 

Implementation  

Standards-advice 

 

The auditor should consider accepting proposed 

involvement in the assessment and should propose 

improving the organization of the subject in which 

audits. Data Solutions suggestions. 

Immediately 

Source: Authors (2020). 

At the end of the research (Table 4), the authors of the study gave an overview of the 

most important forms of standardization that companies apply in the business decision-

making process.  

In addition, an explanation of the standard is provided as well as a description of the 

activities that need to be carried out to enable the top management to make standard 

business decisions that make valid business decisions in a standard manner. 

Significant authors have emphasized in this table the importance that all activities 

submitted to top management by subordinate executives in the form of reports should 

include descriptions related to the implemented standard as well as descriptions of activities 

undertaken. 

 

4. Conclusion 

 

After the study and the survey conducted, the obtained results indicate that it can be 

concluded that for the formation and making of real business decisions in the management 

process by top management, it is of great importance to implement 4 sources that will be 

implemented in reports by top management, namely: internal audit, external audit, financial 

management and control and sources obtained from government bodies. 

Therefore, the authors' first contribution is that they emphasize that for the proper 

business decision making, information from internal audit, external audit, information from 

the established financial management and control system, as well as information obtained 

from official state bodies should be included. 
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The other contribution of the author is that it is necessary to report in the top 

management an account of the most important factors that influence the business decision 

making of the company, but at the same time it is necessary to emphasize the very 

description of the influence of individual factors on the business decision making, while at 

the same time expressing the nominal values given as average values in a survey of authors 

completed by the financial executives of the surveyed companies. 

The third contribution of the authors would be that they emphasized the importance of 

presentation through the two most common forms of reporting subordinate to top 

management, as well as highlighting the advantages and disadvantages of each of the 

presented reporting forms. 

The fourth contribution of the auctions would be that they pointed to the need for a 

complete presentation of reporting by using views through the most significant laws that 

influence top management's business decisions in the Republic of Serbia, which 

substantially enhances the quality of top management reporting. 

The fifth contribution of the authors is that they emphasized the importance of 

presenting the most important forms of standardization used by businesses in the business 

decision-making process. This is complemented by a presentation that should include 

explanations of the standard through a description of the activities that need to be carried 

out in order to properly enable reporting by top management that makes valid business 

decisions in the enterprise.  

In addition, based on the presentation in the study, the author can conclude that in 

order to fully report to top management, the reports need to contain descriptions related to 

the implemented standards as well as descriptions of activities undertaken in the company. 

The contribution of the study's authors would be to discover that there is a strong link 

between the security of business decision-making in the company and the way top 

management is reported by top-level executives in the company. 
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Abstract: Sunflower is one of the most important oilseeds in the world and in our country, and this 

raw material is an essential commodity in the world market. Sunflower and sunflower seed 

production is growing worldwide, and so is the production of protein sunflower meal, which is a 

by-product of industrial oil. In the last four years, sunflower seed production has increased by 

25.95%, oil production by 28.14%, while protein meal production has grown by 28.10%. Today, 

sunflower is grown on a 22.53% larger area than 11 years ago. The price of sunflower seeds, meals 

and oil has been falling on the world stock market for the last 8 years. 

Keywords: sunflower; seed; oil; protein meals; market; prices 

1. Introduction 

Sunflower seed are obtained from a sunflower plant (Helianthus annuus L.) named after the 

sun-turning sunflower flower that originates in North America. During the conquest of 

America by the Spanish, sunflower spread to the soil of Europe and today is one of the 

leading commercial crops for oil production (Schilling, 2006). The largest producers globally 

are Ukraine, Russia and Argentina. As a by-product after the production of oil, the cake and 

meals are left behind, depending on the way the oil is extracted. They are a significant 

source of protein that has not yet been found in human nutrition due to the presence of 

chlorogenic acid and the poor efficiency of seed dehulling process. However, compared to 

other plant species that represent a significant source of protein (eg, soybean seeds), 

sunflower seeds contain small amounts of antinutrients (eg protease inhibitors, cyanogens, 

lectins) (Gassmann, 1983; González-Pérez & Arellano, 2009; González-Pérez, 2015). The 

amino acid composition of sunflower seed protein, except for a small amount of lysine, is in 

accordance with the FAO/WHO recommendations for human consumption (Gassmann, 

1983; Raymond et al. 1991). It is believed that in the coming period, due to increased 

population needs for protein of vegetable origin, the use of sunflower in human nutrition 

will increase, which will also lead to changes in the world market for this raw material. 

2. Production and market of oilseeds, protein meals and vegetable oils worldwide 

There is an increase in the production of oilseeds in the world as well as the growing area. 

According to data from the Food and Agriculture Organization (FAO) and the United States 

Department of Agriculture (USDA), 524.23 mmt of oilseeds were produced in 2015/16, while 

in the last year 2018/19 the total world oil production was 596.69 mmt. The largest oil 

producers in the world are the United States (USA), Brazil, Argentina and China with an 

average share of 22.18%, 20.35%, 10.03% and 10.01% respectively in the previous four years. 

The largest oil exporters in the world are Brazil with a share of 40.01% in total world exports 

and the USA with a share of 33.13%. In the past four years, most oilseeds have been 

imported into China (56.37%) and EU countries (12.11%). Protein meal and vegetable oil 

production in the previous four years averaged 322.73 and 191.68 mmt, respectively, and in 

the next 2019/20 it is estimated to be 337.78 and 206.46 mmt, respectively. The largest 
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producer of vegetable oils in the world is Indonesia, with an average share of 22.19% in the 

total world production of vegetable oils over the last four years, followed by China (13.94%), 

Malaysia (11.26%), European Union countries (9,67%), USA (6.12%), Argentina (4.93%) and 

Brazil (4.74%). Indonesia is also the largest exporter of vegetable oils, in the previous four 

years Indonesia exported 36.11% of total vegetable oil exported worldwide. The largest 

quantities of vegetable oil were imported by India (19.97%) and European Union countries 

(14.20%). 

3. Worldwide Sunflower Seed Market 

According to USDA data, sunflower seeds have been ranked fourth or third in terms of 

production in the last four years, with an average share of 8.25% of the total amount of oil 

produced (Figure 1). 

 
Figure 1. Worldwide oil production 

Sunflower seed production is increasing worldwide, as can be seen in Figure 2. This is 

due to an increase in the sunflower growing area as well as an increase in yield. Namely, in 

the last thirteen years sunflower has been cultivated on the surface of an average of 23.99 

million ha with a tendency of growing planted areas. Thus, in 2007/08, 21.44 million ha were 

planted under sunflower in the world, and 26.27 million ha in 2018/19. 

In 2015/16, sunflower seed production in the world was 40.74 mmt, in 2018/19 51.31 

mmt, while for the next 2019/20 it is expected to be 51.23 mmt. The largest producers of 

sunflower in the last two years were Ukraine with an average share of 28.95% and Russia 

with an average share of 23.28% of the total world production. It is anticipated that in the 

next 2019/20 Ukraine produces 28.31% and Russia 25.39% of the total sunflower seeds in the 

world. 
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Figure 2. Sunflower seed production in the world 

4. Worldwide Sunflower Protein Meal Market 

Due to the increased population of the world, the production of protein meals in the world 

is increasing. Specifically, the production of these meals has doubled in the last ten years. In 

2007/08, 11.26 mmt of sunflower meal was produced worldwide, while in 2018/19 this figure 

reached a value of 21.15 mmt. As seen in Figure 3, the world's largest producers of 

sunflower seeds are also the world's largest producers of protein sunflower meal, Ukraine 

with 28.73% share in world production, European Union countries (23.29%) and Russia 

(21.91%). 

 
Figure 3. Sunflower protein meal production worldwide 

5. Worldwide Sunflower Oil Market 

The total production of edible vegetable oil in the world in 2015/16 was 176.36 mmt. 2018/19 

rose to 203.24 mmt. The growth is expected in the next period, so in the next 2019/20 year oil 

production is expected to amount to 206.46 mmt, which can be seen in Figure 4. Sunflower 
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oil in the past four years averages 9.36% of the total production the quantities of edible 

vegetable oils in the world. 

 
Figure 4. Worldwide edible vegetable oil production 

2017/18 sunflower oil production in the world was 18,500 mmt, in 2018/19 19,724 mmt 

while for the next 2019/20 it is estimated to be 19,812 mmt. The largest producers of 

sunflower oil in the previous two years were Ukraine with a share of an average of 32.12% 

and Russia with an average share of 23.66% of the total world production. It is anticipated 

that in the next 2018/19 Ukraine produces 31.04% and Russia 26.05% of the total amount of 

sunflower oil in the world, as can be seen in Figure 5. 

 
Figure 5. Sunflower seed oil production in the world 

The largest producers of sunflower oil in the last two years were also the largest 

exporters, Ukraine participated with 54,66% and Russia with 23,74% in the total world 

export of sunflower oil. In the past two years, most sunflower oil has been imported by EU 

countries and Turkey. 
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6. Trends in sunflower seeds, meal and oil prices worldwide 

Figure 6 shows the movement of sunflower seeds, meal and oil prices on the world market 

over the last 11 years. Values shown are the mean of the US (US Farm Price; USDA) and 

European (Rotterdam/Amsterdam CIF) stock prices. 

 
Figure 5. Trends in sunflower seeds, meal and oil prices on the world market over the last 11 years 

The price of sunflower seeds over the past 11 years has averaged $ 469.36 per metric ton 

(U.S. $ / mmt). The highest price of sunflower seeds was recorded in 2011/12 when it was as 

high as 612.5 U.S. $ / mmt. The lowest price was 2017/18, 384.5 U.S. $ / mmt. In November 

2019, the price was $ 366 U.S. $ / mmt. As shown in Figure 5 of 2011/12, there is a decline in 

the price of sunflower seeds on the world market. 

The maximum value of the price of sunflower oil was recorded in 2010/11 when it was 

as high as 1651.5 U.S. $ / mmt. The lowest value of this oil in the last 11 years was recorded 

in 2008/09 when it was 972.5 U.S. $ / mmt. Sunflower oil prices differ significantly in the US 

and European markets, in the US market this oil has average 23.91% higher price in the last 

11 years. 

Sunflower protein meals are a by-product of the oil industry and their price is much 

lower than the price of oil. However, they are an important source of protein and are also 

traded on the world stock market. In the last 11 years, the highest price of sunflower protein 

meal has been recorded in 2012/13 when it was 292 U.S. $ / mmt, while the average price for 

these 11 years was 226.5 U.S. $ / mmt. In the next 2019/20, it is estimated to be 191.5 U.S. $ / 

mmt. 

7. Conclusions 

Sunflower seed production is increasing worldwide as the population's need for this raw 

material grows. The surface on which this raw material is grown is also increasing, but 
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sunflower breeding is constantly being done in order to increase the yield. Thus, according 

to FAO and USDA data, the production of sunflower seeds, protein meals and sunflower oil 

has been brought to its maximum. 
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Abstract: Sunflower seeds (Helianthus annus L.) are the most represented oilseed in Serbia. During 

the oil production process, the seeds are partially and/or completely dehulled. Sharma et al. (2009) 

found that, in addition to the moisture content of the seed, the effect of dehulling is also significantly 

influenced by seed firmness. The dehulling effect increases with decreasing seed firmness. This 

paper examines the technological characteristics of sunflower seeds of selected hybrids (bulk and 

true density, mass of 1000 seeds expressed on dry matter and content of hull in seeds), based on 

which a mathematical model for prediction of seed firmness was made. The tested samples are oily 

hybrids, NS Horizont, Sumo 2 OR, NS Sumo Sjaj, NS Samuraj CLP, NS Smaragd CLP. Bulk density, 

true density, mass of 1000 seeds expressed on dry matter and content of hull in seed, were made 

according to Karlović & Andrić (1996), while seed firmness was made using Texture Analyzer 

TA.HD Plus (Stable Micro Systems, Godalming, U.K.). Firmness of the tested samples ranged from 

5522.67 ± 765.40 to 6889.10 ± 1220.62 g. Model validation was also performed, and based on the 

statistical validation parameters, it is concluded that it is possible to predict seed firmness based on 

its technological characteristics. 

Keywords: sunflower; dehulling; firmness; multiply linear regression 

1. Introduction 

Sunflower seed (Hellianthus annus L.) is considered essential oil seed because contains 

nutritionally valuable oil in significant amounts (Shukla et al. 1992). Depending on the 

hybrid, sunflower seed may contains up to 50% oil, of which 30% is linoleic fatty acid, which 

is essential. Monounsaturated oleic fatty acid makes up 10% of total fats, making this oilseed 

superior to other oilseeds (Earle et al. 1986). The hull content is 20-30%, depending on the 

hybrid, and it contains mainly crude fibers and insignificant amounts of fat (Tranchino et al. 

1984). 

Oil is extracted by mechanical extraction, solvent extraction or both methods (Dufaure et 

al. 1999; Kartika et al. 2006). Oil obtained by mechanical extraction from the seed that has not 

been dehulled is of relatively poor quality due to the presence of undesirable characteristics 

such as bad odor, dark yellow color and high wax content that can significantly reduce the 

shelf life of the oil (Dorrell & Brady, 1997). Undehulled seeds can reduce the efficiency of oil 

extraction as well as the life of the press due to the high crude fiber content that causes 

machine wear (Bamgboye & Adejumo, 2007). Dehulling of sunflower seed removes 

undesirable characteristics of the oil and improves the quality of the obtained cake (Sharma 

et al. 2009). 

In addition to the oil content and quality, for the processing of the sunflower seed, 

technological characteristics are also very important from the aspect of economy of the 

mailto:rankor@uns.ac.rs
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process and the quality of the oil. The previous results indicate significant changes in the 

technological characteristics of the seeds of new sunflower hybrids with high oil content, 

which cause some difficulties in certain stages of oil production and refining. These changes 

are the result of the morphological structure of the seed: the seed is smaller, hull is thinner 

and easily brittle, the air layer between the hull and the kernel is reduced, etc (Oštrić-

Matijašević & Turkulov, 1980; Dimić et al. 2003). 

Hull and seed characteristics such as elasticity, hull cracking power, boundary force of 

fragmentation of the kernels etc are very important parameters in the technological 

evaluation of sunflower seeds. Primarily of these parameters depends success of conducting 

of storage, cleaning and dehuling of seed. Too easy cracking and kernel fracture are just as 

undesirable as reverse cases (Oštrić-Matijašević & Turkulov, 1980). 

The impact of the hull on the oil quality is generally negative. As the content of the hull 

in the material increases, the amount of extractable substances in the production of crude oil 

decreases. There is also an increase in the content of free fatty acids, unsaponifiable matters 

and waxes in the crude oil, which entails higher losses, ie worse oil quality. Dehulling of the 

seed is especially important in the production of edible unrefined - cold-pressed sunflower 

oil. Namely, according to legal regulations, this category of edible oils can be produced of 

partially or completely dehulled seed. Dehulling problems in this case directly affect the oil 

quality (Dimić, 2005; Romanić, 2015). 

The technological characteristics of sunflower seed are very important, because they 

allow a realistic understanding of the influence of individual parameters, on the basis of 

which it is possible to optimize the entire seed processing. Sarma et al. (2009) examined the 

correlation between dehulling efficiency and seed firmness of different sunflower hybrids 

and obtained correlations from 0.871 to 0.972 indicate a strong and very strong positive 

correlation. The aim of this paper is to predict seed firmness based on easily measurable 

technological characteristics of seeds (bulk density, true density, mass of 1000 seeds and hull 

content). 

2. Materials and Methods  

Materials: Hybrid seeds are a secondary filial (F2) generation. Examined samples (NS 

Horizont, Sumo 2 OR, NS Sumo Sjaj, NS Samuraj CLP, NS Smaragd CLP) were grown on 

small plot trials of Institute of Food and Vegetable Crops in 2017. The seed was cleaned and 

6 months after the harvest, bulk density, true density, mass of 1000 seeds, hull content and 

firmness, were examined. 

Methods: Bulk and true density, mass of 1000 seeds (expressed on dry matter) and 

content of hull in the seed, were made according to Karlović & Andrić (1996), while seed 

firmness was made using Texture Analyzer TA. HD Plus (Stable Micro Systems, Godalming, 

U.K.). The results represent the mean of three parallel tests (n = 10), except for seed firmness 

where n = 10 and are presented as mean ± standard deviation. Statistical processing of the 

obtained results was made using Microsoft Excel 2010 (Microsoft, Washington, USA) and 

NCSS 2019 (NCSS & GESS, 2019). 

3. Results and Discussion 

Table 1 shows the obtained values of technological characteristics of the tested hybrid 

seeds. Bulk density is used as an indicator of seed quality and is used to estimate seed 

volume in storage (bulk volume of seed), as well as in the dimensioning of conveyors. Seeds 

of higher bulk density have better quality. True density is an indicator of seed quality, it 
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indicates compactness, ie seed filling. The mass of 1000 seeds provides information on the 

physiological development of the plants, it is important for determining the amount of seed 

needed for sowing. The mass of 1000 seeds depends on the dimensions of the seed and 

therefore it indicates possible processing problems. A change in the mass of 1000 seeds 

entails changes in the shape and dimensions of the seed, which makes it necessary to adjust 

the cleaning devices and dehuller (Oštrić-Matijašević & Turkulov, 1980). Determining the 

content of the hull is of particular importance in the preparation of cold-pressed oils. 

Specifically, the amount of hull in the material affects: the pressing efficiency, quality and 

sensory properties of the oil and the protein content in the cake. The properties of the hull 

(thickness, firmness) as well as cracking resistance are very important parameters for seed 

dehulling process (Dimić, 2005). 

Table 1. The obtained values of the tested technological characteristics 

Hybrid 

Bulk 

density  

(kg m-3) 

True 

density 

(kg m-3) 

Mass of 

1000 seeds 

(g) 

Hull 

content (%) 

Firmness 

(g) 

NS Horizont 463,20 ± 0,00 793,06 ± 12,68 57,10 ± 2,52 28,84 ± 0,27 6889,10 ± 1220,62 

Sumo 2 OR 436,20 ± 0,85 753,92 ± 18,23 48,83 ± 0,80 29,87 ± 0,87 6608,53 ± 937,59 

NS Sumo Sjaj 510,00 ± 0,57 877,33 ± 0,93 49,56 ± 0,64 26,68 ± 0,13 5522,67 ± 765,40 

NS Samuraj CLP 471,20 ± 4,53 782,11 ± 21,35 49,40 ± 4,67 27,82 ± 0,48 6620,55 ± 1076,09 

NS Smaragd CLP 477,60 ± 4,53 823,47 ± 2,40 49,30 ± 2,57 29,28 ± 0,83 6731,33 ± 1176,48 

Bulk density values ranged from 436.20 ± 0.85 kg m-3 (Sumo 2 OR) to 510.00 ± 0.57 kg m-3 

(NS Sumo Sjaj), true density of 753.92 ± 18. 23 kg m-3 (Sumo 2 OR) to 877.33 ± 0.93 kg m-3 (NS 

Sumo Sjaj), mass of 1000 seeds from 48.83 ± 0.80 g (Sumo 2 OR) to 57.10 ± 2.52 g (NS 

Horizont) and hull content from 26.68 ± 0.13 % (NS Sumo Sjaj) to 29.87 ± 0.87 % (Sumo 2 

OR). NS Horizont had the highest value of seed firmness (6889.10 ± 1220.62 g), while NS 

Sumo Sjaj had the lowest value of 5522.67 ± 765.40 g. Dimić et al. (2003) examined the same 

characteristics of an oleic sunflower seed hybrid grown in 4 different locations as the linoleic 

(standard) sunflower hybrid seed and obtained bulk density values ranged from 430 to 450 

kg m-3, true density from 680 to 740 kg m-3 and mass of 1000 seeds from 44.7 to 52.5 g. 

Differences between seeds of examined hybrids can be clearly seen in Figure 1. 

  
(a) (b) 
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(c) (d) 

 
(e) 

Figure 1. Seeds of hybrids: (a) NS Horizont; (b) Sumo 2 OR; (c) NS Sumo Sjaj; (d) NS Samuraj CLP; (e) 

NS Smaragd CLP 

The correlation between all parameters was tested and the obtained correlation 

coefficients (R) are shown in Table 2. 

Table 2. Correlation coefficients (R) matrices of tested variables 

Hybrid 
Bulk 

density 

True 

density 

Mass of 1000 

seeds 
Hull content Firmness 

Bulk density 1 0.96 0.06 −0.87 −0.62 

True density  1 0.06 −0.74 −0.67 

Mass of 1000 seeds   1 −0.06 0.36 

Hull content    1 0.69 

Firmness     1 

Seed firmness is positively affected by the content of the hull (with correlation 

coefficient (R) of 0.69) and mass of 1000 seeds (R = 0.36), while bulk (R = −0.62) and true 

density (R = −0.67) have a negative effect on seed firmness. 

On the basis of the obtained correlations mathematical models for seed firmness 

predicting (Y) were formed. The general equation form is, where X1 < Xn are dependent 

variables and a1 (±SE)1 < an (±SE)n and b (±SE) are regression coefficients ± standard error:  
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Y = b (±SE) + a1 (±SE)1 · X1 + < + an (±SE)n · Xn (1) 

Very strong correlation was found between bulk and true density, and such correlations 

between the independent variables lead to unstable mathematical models M1 (2). This was 

the reason for the formation of the second mathematical model M2 (3). 

Firmness = −14694.99 (±18519.72) + 54.65 (±43.51) · Bulk density – 26.81 (±18.37) · 

True density + 596.53 (±382.4406) · Hull content 
(2) 

Firmness = 2206.53 (±14072.42) – 4.71 (±7.80) · True density + 47.91 (±70.49) · 

Mass of 1000 seeds + 197.52 (±290.22) · Hull content 
(3) 

The regression coefficients (± in the fitted models M1 and M2 are consistent with the 

correlation coefficients between seed firmness and independent variables (Table 2). 

Validation of the mathematical models set in order to determine their statistical validity 

was also performed, and the obtained statistical parameters are shown in Table 3. 
 

Table 3. Validation parameters for statistical validation of obtained models 

Parameters 
Model 

M1 M2 

R 0.9400 0.8915 

R2 0.8836 0.7947 

F 2.53 1.29 

p 0.4259 0.5565 

 

The obtained values of the parameters R and R2 indicate a very strong (R ˃ 0.9) and 

strong (0.7 ˂ R ˂ 0.9) correlation, while the obtained low F values indicate a not so good data 

fit. For the purpose of testing the validity of the obtained models, graphs of predicted versus 

experimentally observed firmness values on Figure 2 are also presented.  

 

Figure 2. Graphs of predicted versus experimentally observed seedfirmness values 

With statistically good models, the scope values are very close to one, while the 

intercept values tend to be zero. Obtained scope values of 0.8836 and 0.7947, as well as 

intercept of 753.76 and 1329 indicate statistically not so good models, however using the 

models obtained it is possible to make a prediction of seed firmness. 
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4. Conclusions 

The results obtained indicate that there is a significant negative correlation between seed 

firmness and bulk and true density and a significant positive correlation with hull content, 

while with 1000 seed mass the correlation is extremely weak. Based on the obtained models, 

it is concluded that the prediction of sunflower seed firmness is possible on the basis of 

parameters that are more easily to determine. These characteristics are possible through seed 

firmness to correlate with the dehulling efficiency, which significantly affects the seed 

pressing and the „lifetime‛ of the presses. 
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Abstract: Field trial was conducted in order to study the performance of two soybean genotypes, of 

different maturity groups, MG: early genotype, G1 - 0 MG and late genotype, G2-II MG, on 

chernozem soil, at Pancevo locality, Republic of Serbia. Morphological and productive 

characteristics of soybean genotype were examined: plant height, number of pods, absolute mass, 

volume mass, yield of grain and biogas yield. Year, genotype, and G x Y interaction they have 

showed were statistically very significant on the plants height and number of pods per plant. The 

average plant height value was 89.42 cm. Statistically significantly higher values for plant height had 

the early genotype, 93 cm, compared to late genotype, 87 cm. In 2018 the plants were statistically 

significantly higher (93 cm) compared to 2019. The production year had the statistically significant 

effect on grain yield and biogas yield. In 2018 statistically significantly higher values were realized 

for grain and biogas yield (3.54 t ha-1; 612 m3 ha-1) compared to 2019. Differences of 660 kg ha-1 and 

77 m3 ha-1, respectively from 22.50% and 13.44% were achieved. Soybean production is the result of 

the interaction between the genetic potential of a genotype and the biotic and abiotic factors that 

reduce that genetic potential. The results showed that soybean can be successfully grown and for 

biogas production. 

 

Keywords: Glycine max; bioenergy; grain yield; biogas yield; correlation. 

1. Introduction 

Glycine max L. Merrill is important legumes, because of its seed high protein and oil content. 

For soybeans, the rule is that domestic varieties, i.e. varieties made for a particular area are 

the best varieties. For high and profitable production, it is necessary to rely primarily on 

domestic varieties.  In Serbia, the largest breeding institutes are the Institute of Field and 

Vegetable Crops, the Maize Research Institute, and some others. At the Institute of Field and 

Vegetable Crops, the current assortment consists of twenty varieties from five ripening 

groups (000-II MG). The most prevalent are the earliest varieties, i.e. the varieties of very 

short or short vegetation (000-00 MG) such as Favorit, NS Kaća, Fortuna, Tajfun, Merkur, NS 

Zoja, then medium late varieties (0 MG) Valjevka, Galina, NS Princeza, NS Vulkan and NS 

Ventis, medium early varieties (I MG) Sava, NS Maksimus, Viktoria, NS Apolo, NS Hogar, 

NS Ventis, NS Romansa, long vegetation varieties (II MG) Rubin, Trijumf, Venera, NS 

Fantast, NS Zita, NS Kolos and variety III MG – Senka (Terzić et al. 2017; 2018; 2019; Popović 

et al. 2018; 2019a and 2019b; Lakić et al. 2018; Glamočlija et al. 2015; 2019). Biomass i.e. 

soybean straw can be used and for the production of liquid biofuels (ethanol) because it has 

large amounts of carbohydrates (Popović et al. 2019a; Milanović et al. 2020). Due to its high 

digestibility and nutritional value soybean grain is used in the diet in an immediate and 
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indirect way. Whole grains in the milky-waxy or full ripeness stage are used for making 

various stews or as a nutritional supplement to many dishes. An indirect way of using 

soybeans is the industrial processing of grain whereby oils, proteins, carbohydrates and 

vitamins are used to make a whole range of food products (Popović, 2010; Kolarić et al. 2014; 

Maksimović et al. 2018; Popovic et al. 2012; 2013; 2015; 2016; 2018; Popović et al. 2019a; 2019b). 

Soybean grain, in addition to its high nutritional value, also contains substances that are 

harmful to humans and domestic animals. According to the intensity of the harmfulness of 

these anti nutrient compounds, they are grouped into two classes. Most of soybean anti-

nutrients are Kunitz trypsin inhibitors (about 6% of the total protein content). These 

compounds are thermo labile so their removal requires thermal treatment of the grain, 

which increases the cost of animal feed preparation (Jankovic et al. 2019).Today, there are 

soybean varieties with significantly reduced content of anti-nutrient substances whose 

products in the diet of domestic animals can be used without heat treatment 

According to the prediction of the experts in these areas, until 2050, food and energy 

consumption will double. In the 21st century, as population increases, the main goal will be 

to find the solutions to provide significantly higher amounts of food and energy, since the 

reserves of basic energy sources, namely fossil fuels, are limited (Ikanović et al. 2019). 

Thanks to the development of new technologies for the treatment of bio-waste into 

energy, the rate of the use of alternative fuels is enhanced significantly. According to 

estimates by energy experts, it is around 15% per year in highly developed countries 

(Ikanovic et al. 2015). In addition to economic, environmental problems are emerging also as 

the increased use of fossil fuels significantly increases the amount of harmful gases in the 

atmosphere. The consequence of that is increase of the concentration of these gases in the 

atmosphere (especially carbon dioxide) that affects the climate change manifested by global 

warming of the planet due to the greenhouse effect (Jankovic et al. 2017; 2019). 

The aim of this study was to investigate the impact of year and genotype on soybean 

productivity and the possibility of obtaining biogas, respectively the possibility of using 

soybean as an alternative fuel. 

2. Materials and Methods  

Field trials were set during 2018 and 2019 according to a random block system in 10 

repetitions with the size of basic plots of 10 m2 (5 m x 2 m) in Dolovo on Chernozem type 

land. Two soybean genotypes were studied: G1- Dana (Delta Agrar-Selsem, 0 MG) and G2 - 

Lidija (Maize Research Institute, II MG). In both years soybeans sown in mid-April, were 

harvested at technological maturity. Standard agricultural technology for soybean 

cultivation has been applied. For the analysis of morphological traits such as plant height, 

number of pods, as well as productive traits such as, absolute mass and volume mass, 

samples were taken from chopped biomass. The biogas yield was determined by the 

analysis of soybean silage in the laboratory of the Technical Faculty in Novi Sad and 

converted to cubes per ton. The technology of obtaining biogas from soybean grains was 

carried out in the biodigestor, where previously soybean grain was ground and inserted into 

the biodigestor where fermentation and biogas production took place. The obtained 

experimental data were analyzed using analytical statistics (Mihailović, 2015) with the help of 

the statistical package STATISTICA 12 for Windows (StatSoft). The results obtained are 

presented in fallowing tables. 
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Meteorological data. 

Climate conditions vary from year to year (Pavićević, 1979; Maksimović et al., 2018; Rajičić et 

al., 2019; Rakašćan et al., 2019a and 2019b). Data were taken from the meteorological station 

Pancevo, Serbia. The meteorological conditions during the years studied are shown in 

Figure 1. In both surveyed years (493.9 mm in 2018, and 427.1 mm in 2019) precipitation was 

higher than in the multi-annual average for Pančevo locality (369.7 mm), while temperatures 

were lower by 0.53 °C compared to 2018 (19.4 °C) and by 0.6 °C compared to 2019 (18.93 °C), 

Figure 1.  
 

 

Figure 1. The meteorological conditions during the years studied, temperature (°C) and 

precipitations (mm) at Pančevo locality, Republic of Serbia 

3. Results and Discussion 

3.1. Soybean plant height 

The average plant height for the two-year period was 89.42 cm. Year, genotype, and G x Y 

interaction had a statistically significant effect on the values of the parameter tested, Tab. 1, 

Figure 2a.  

 
(a) 

 
(b) 

Figure 2. Genotype x year interaction of: (a) Soybean plant height (cm), and (b) Number of 

pods, 2018-2019, Pančevo, R. of Serbia  
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In 2018, plants were statistically significantly higher than in 2019. The G1 genotype had 

higher values for the studied period (92.7 cm) compared to G2 (86.17 cm), 

3.2. Soybean pods number 

The average value of soybean pods number for the two-year period was 24.33. Year, 

genotype and G x Y interaction had the statistically significant effect on the values of the 

parameter tested. The favorable year for the study period was 2018. In 2018, the values for 

the soybean number of pods were statistically significantly higher than in 2019. The G1 

genotype had higher values for the studied period (26.33) compared to G2 (22.33), Table 1, 

Figure 2b. 

Table 1. Soybean morpho-productive parameters, 2018 - 2019, Pančevo, Serbia 

Parameter Year Average 

value 
Std. dev. Std. err. 

Genotype 2018 2019 

Plant height– PH (cm) 

G1 94.33 91.00 92.67 2.50 2.50 

G2 91.00 81.33 86.17 5.42 2.22 

Average 92.66 86.17 89.42 5.6 1.51 

Number of pods - NP 

G1 25.66 27.00 26.33 1.21 0.50 

G2 25.00 19.66 22.33 3.14 1.28 

Average 25.33 23.33 24.33 3.08 0.89 

Absolute mass– AM (g) 

G1 170.66 176.33 173.50 3.62 1.48 

G2 166.33 159.33 162.83 5.42 2.21 

Average 168.50 167.83 168.17 7.09 2.04 

Volume mass– VM (kg) 

G1 68.50 69.43 65.96 2.81 1.49 

G2 63.43 62.97 63.20 0.37 0.15 

Average 65.97 66.20 66.09 3.05 0.89 

Grain yield– GY (tha-1) 

G1 3.57 2.93 3.25 0.36 0.11 

G2 3.51 2.84 3.18 0.39 0.16 
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Average 3.51 2.84 3.21 0.37 0.10 

Biogas yield – BY (m3 ha-1) 

G1 611.66 540.00 575.83 40.31 16.45 

G2 614.00 531.67 572.83 45.66 18.64 

Average 612.83 535.83 574.09 41.09 11.86 

  

Parameter Genotype - G Year - Y GxY 

LSD 0.5 0.1 0.5 0.1 0.5 0.1 

Plant height - PH 2.167 3.154 2.167 3.154 3.071 4.462 

Number of pods 1.591 2.315 1.591 2.315 2.241 3.261 

Absolute mass - AM 4.482 6.522 4.482 6.522 6.339 9.223 

Volume mass - VM 0.565 0.822 0.565 0.822 0.799 1.163 

Grain yield - GY 0.179 0.262 0.179 0.262 0.255 0.372 

Biogas yield – BY 12.233 17.788 12.233 17.798 17.438 25.169 

 

3.3. Soybean absolute mass 

The average value of soybean absolute mass for the two-year period was 168.17 g. Year, 

genotype and G x Y interaction had the statistically significant effect on the values of the 

parameter tested. In 2018, the absolute mass was statistically significantly higher than in 

2019. The G1 genotype had higher values of the tested parameter for the two-year period 

(173.50 g) compared to G2 (162.83 g), Table 1, Figure 3a. 

 
(a) 

 
(b) 

Figure 3. Genotype x year interaction of: (a) Soybean absolute mass (g) (cm), and (b) 

Soybean volume mass (g), 2018-2019, Pančevo, Serbia  
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3.4. Soybean volume mass 

The average value of the total volume mass for the two-year period was 66.08 g. The 

genotype and the G x Y interaction had the statistically significant effect on the values of the 

parameter tested. There were no statistically significant differences between the studied 

years in the height of the tested parameter. The G1 genotype had higher values for the tested 

period (68.97 g) compared to G2 (63.20 g), Table 1, Figure 3b. 

3.5. Soybean grain yield 

The average value of soybean grain yield for the two-year period was 3.21 t ha-1, Figure 4a. 

The year and the G x Y interaction had the statistically significant effect on the values of the 

parameter tested. There were no statistically significant differences between the tested 

genotypes in the height of the investigated parameter. The first tested year (2018) had higher 

values for the studied period (3.54 t ha-1) than the second one, 2019 (2.88 t ha-1), Table 1, 

Figure 4a. 

 
(a) 

 
(b) 

Figure 4. Effect of precipitation on (a) Soybean grain yield (t/ha-1) and (b) Soybean biogas 

yield (m3ha-1), 2018-2019, Pančevo, Serbia 

The average soybean biogas yield over the two-year period was 574.33 m3ha-1. The year 

had the statistically significant effect on the values of the parameter tested, whereas the 

genotype and G x Y interaction did not have the statistically significant effect on the values 

of the parameter tested. The first year of investigation (2018) had higher values for the 

studied period (612.83 m3/ha) compared to the second one, 2019 (535.83 m3/ha), Table 1, 

Figure 4b. 

In accordance with our research is investigation of Milanovic et al. (2020). These authors 

state that the average biogas yield of the soybean variety - Favorite, for the tested five years, 

was 368 m3 ha-1. Average biogas yield varied from 345 m3 ha-1 (2015) to 382 m3 ha-1 (2019). 

The variability of the parameter tested, measured by the coefficient of variation, and 

averaged 9.01%. The biogas yield was in positive statistically significant dependence on the 

plant height (0.65 *). 

After harvesting soybean grain, over 5 t ha-1 of vegetative biomass of stalk and leaf 

residues remains, twice the average yield of the main product, the grain. Thanks to the 
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development of new technologies for the treatment of bio-waste into energy, the rate of 

increase in the use of alternative fuels is increasing significantly. Biomass soybean is a very 

accepted solid fuel in our country, as a cheap form of energy and without significant 

environmental impact. It is most commonly used for combustion in boiler plants, as baled 

biomass. In naturally dry straw, there is about 90% combustible substance, 7-8% water and 

2.5-3% mineral salts (ash). Combustion of soybean straw in boiler plants with lattice firebox 

for bales, yields more than 17 kJ of energy per kilogram of biomass, or from one hectare 

(80% of the collected straw) about 60,000 MJ. This value corresponds to 1,100 kg of diesel 

fuel, or 1,300 Nm3 of natural gas (Milanovic et al., 2020). 

Biomass is a renewable energy source derived from all plants and materials derived 

from plants, including forestry residues, pulp and paper mills waste, animal manure, urban 

wood waste and so on (Khillar, 2019; Bojovic et al. 2019). Soybean varieties with their 

characteristics justify the sowing and can be used as a raw material in bio-fuels production 

and efficient fertilizer (Kis et al., 2011; Živanović et al., 2016; 2017). 

5. Conclusions 

The average value of soybean biogas yield for the two-year period was 574.33 m3ha-1. 

The production year had the statistically significant effect on the tested parameter value, 

whereas genotype and G x Y interaction had no statistically significant effect on the 

investigated parameters value. 

Soybean can also be used successfully for energy purposes. In addition to high yields, 

the tested varieties achieved high biogas yields. 

By improving the technological process of producing biofuels from soybean grains,high 

energy productswould be achieved that can beusedfar more widely. The advantage of these 

energy sources is that they come from renewable sources, that significantly reduce the 

dependence on fossil fuels import for many countries that do not have them. 
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