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PREFACE 

Dear colleagues, 

 I am pleased to introduce the Book of Proceedings of the 14
th

 International Scientific 

Agricultural Symposium “AGROSYM 2023”, which I hope you will find useful in your 

work. Almost 700 contributions have been accepted for the Book of Abstracts. The themes of 

AGROSYM 2023 cover all branches of agriculture and are divided into seven sessions: 1) 

Plant production, 2) Plant protection and food safety, 3) Organic agriculture, 4) 

Environmental protection and natural resources management, 5) Animal husbandry, 6) Rural 

development and agro-economy, and 7) Forestry and agroforestry.   

Many scholars and practitioners argue that technology can increase production and 

feed more people while increasing supply stability and reducing the environmental impacts of 

agricultural production. Technology has been particularly important for improving production 

in annual crops such as maize, rice, soybean, wheat and cotton. Because trees have longer 

cycles, their breeding programs take longer. New plant breeding techniques can improve 

productivity, but there is a lively academic debate about their pros and cons.  

While attention has been paid in the past mainly to the production side (cf. 

productivity, efficiency), more attention is nowadays paid to the consumption side as well as 

the intermediate stages (e.g. processing, distribution) of the food chain thus moving towards a 

‘farm to fork’ approach. Globally, consumers are sending clearer signals about what they 

want on their tables i.e. higher quality as well as healthier, safer, and tastier products. 

Therefore, most agri-food companies have been exploring new, innovative ways to ensure 

more control over the production processes as well as final products quality and safety. 

Changes in investment strategy also have the potential to reduce the environmental and social 

costs of agriculture. It is now clear to most investors that companies paying more attention to 

sustainability and social responsibility, will have better returns on investments.  

Agri-food systems have been central in the global debate on sustainable development 

and the achievement of the Sustainable Development Goals (SDGs) by 2030.  Indeed, agri-

food systems are at the center of various global challenges such as climate change, poverty, 

vulnerability, food insecurity, biodiversity loss, resource scarcity and ecosystem degradation. 

In this context, one of the goals of the sustainable agriculture movement is to develop farming 

systems that mitigate or eliminate environmental harms associated with industrial agriculture. 

It is also crucial to improve the resilience of food systems to crises, shocks and pandemics.  

 Many thanks to all the authors, reviewers and colleagues for their assistance in editing 

the Book of Abstracts. Special thanks go to all co-organizers and partners for their unselfish 

collaboration and comprehensive support. 

 

    East Sarajevo, 07 October 2023 

        Prof. Dušan Kovačević, PhD  

Editor in Chief, President of the Scientific Committee of AGROSYM 2023 
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Abstract 

 

Ginkgo biloba L. (Ginkgoaceae), known as ginkgo, is a species of gymnosperm tree native to 

China, but also a popular ornamental tree in Europe and North America. It is a very suitable 

species for cultivation in shelterbelts, multiple-purpose plantations, and urban conditions. On 

the territory of the Republic of Serbia, ginkgo occurs in green areas mainly as individual trees, 

or in smaller groups, rarely in tree rows. In the wider zone of the city of Belgrade, 94 trees are 

found. The analysis of several morphological traits and phenotypic characteristics of two-

year-old ginkgo seedlings in the test with seven half-sib lines sampled from green spaces of 

Belgrade was conducted in order to provide the basis for planting stock selection and the 

establishment of plantations adapted to urban conditions. The obtained numerical data was 

processed employing descriptive statistics and analysis of variance (ANOVA) with post hoc 

Fisher’s least significant difference (LSD) test. Compared to the other sampled trees, the 

progeny of a tree sampled in Zemunski Quay have superior phenotypic characteristics 

[number of leaves /arithmetic mean ± standard deviation/ 12.60 ± 1.55; seedling height (cm) 

18.97 ± 2.57; root collar diameter (mm) 5.91 ± 0.93; mass of above-ground part (g) 1.40 ± 

0.38; mass of under-ground part (g) 2.62 ± 0.80], representing a promising source of 

reproductive material for plant production. ANOVA and LSD show that, in most cases, there 

are statistically significant differences between the mean values of the analyzed characters, 

suggesting there is a significant variability among the analyzed genotypes. 
 

Keywords: Ginkgo, morphometric variability, plant stock selection, urban greenery, 

Belgrade 

 

Introduction 

 

Maidenhair tree or ginkgo (Ginkgo biloba L.) is a dioecious species of gymnosperm, a 

stenoendemic of the eastern part of China and a secondary wild species in other parts of the 

country, Japan and Korea. It is the last living species in the order Ginkgoales and the family 

Ginkgoaceae, which first appeared over 250 million years ago. It is a large tree, reaching a 

height of 40 m and a trunk diameter of up to 2.5 m. Owing to its decorative fan-like two-part 

leaves which have a characteristic venation and turn deep saffron yellow in autumn, ginkgo is 

often used as an ornamental tree worldwide, especially in Europe and North America (Vilotić, 

2004). Ginkgo is a very suitable tree species for cultivation in shelterbelts, multiple-purpose 

plantations, and urban conditions (Šijačić-Nikolić et al., 2009). It is classified into the group 

of most resistant ornamental tree species, tolerating the conditions in urban environments and 

showing high resistance to low temperatures and pathogens (Vilotić, 2004; Ocokoljić and 

Grbić, 2009; Ocokoljić et al., 2011). Ginkgo is also efficient in the storage of pollutant 
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concentrations, which justifies its utilization in urban green areas (Ocokoljić et al., 2011). In 

addition, its wood is used in the wood industry, leaves for pharmaceutical purposes, and seeds 

as food or drug (Vilotić, 2004; Šijačić-Nikolić et al., 2009).  

On the territory of the Republic of Serbia, ginkgo occurs in green areas mainly as individual 

trees or in smaller groups, very rarely in tree rows. The origin of the planting stock is not 

known, but it is assumed that the seeds and seedlings were not brought from Asia and that 

they are of European origin. There are 55 trees of ginkgo above the age of 100 years that are 

protected by the law. In the wider area of the city of Belgrade, 94 trees are known to exist 

(Vilotić, 2004). 

As a result of its multiple benefit value, this species has been increasingly studied in Serbia in 

the past 20 years (e.g., Vilotić, 2004; Knežević and Tucović, 2005; Šijačić-Nikolić et al., 

2006a, 2006b, 2009; Ocokoljić and Grbić, 2009; Jovanović, 2010; Ocokoljić et al., 2011). The 

study of individual variability of trees has considerable significance for genetic studies, whose 

results could be applied to the production of nursery stock (Stilinović and Tucović, 1975). 

Ecological adaptability can also be confirmed by morphologically variable characteristics 

(Lavadinović and Marković, 2012) and the variability of seedling characters can be the 

indicator of further seedling development, which emphasizes the significance of such research 

for the advancement of the technology of plant production (Šijačić-Nikolić et al., 2009). 

Bearing in mind the aforementioned information, this paper analyzes several morphological 

traits and growth elements of two-year-old ginkgo seedlings in the test with seven half-sib 

lines sampled from green spaces of Belgrade city, in order to provide the basis for planting 

stock selection and the establishment of plantations adapted to urban conditions. 

 

Materials and Methods 

 

Depending on the yield quantity, seven mother trees appearing individually on five green 

areas of Belgrade city were selected (Table 1; Fig. 1) and used as seed sources for the 

establishment of the experiment and the production of half-sib progeny. After preparation, the 

seeds were sown in plastic tubs ("Plantagrah") in a mixture of peat, sand and forest humus 

(2:2:1). During winter and early spring, the tubs were stored in the greenhouse of the Nursery 

of the Faculty of Forestry, University of Belgrade, and transferred to the open in May. 

Applying intensive tending measures, the seedlings were grown in containers placed on a flat 

surface in seclusion, at an altitude of 127 m (44°46'59"N, 20°25'31"E). 

 

Table 1. Analyzed ginkgo mother trees on green spaces in Belgrade city. 
Tree mark Site Coordinates 

T1 Zemun Quay 44°50'35"N, 20°25'01"E 

T2 Zemun Quay 44°50'35"N, 20°25'01"E 
T3 Zemun Quay 44°50'35"N, 20°25'01"E 
T4 Tasmajdan Park 44°48'35"N, 20°28'14"E 

T5 Kalemegdan Park 44°49'12"N, 20°27'06"E 

T6 Jevremovac Botanical Garden  44°48'53"N, 20°28'26"E 

T7 Park Milutin Milankovic 44°47'55"N, 20°27'51"E 

 

Seedling analysis was performed at the end of the second vegetation period on the sample of 

15 individuals per half-sib line, covering the variability of the following growth elements and 

morphometric characters: root collar diameter (mm), seedling height (cm), number of leaves, 

mass of above-ground part (g), and mass of below-ground part (g). The obtained numerical 

data was processed employing descriptive and univariate statistical methods. The descriptive 

statistics included determining the following statistical parameters: minimum value (MIN), 

maximum value (MAX), mean value (X̄), standard deviation (±SD), and coefficient of 
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variation (CV, %). The statistical significance of differences between the mean values of the 

analyzed seedling characters was determined by analysis of variance (ANOVA) with post hoc 

Fisher’s least significant difference (LSD) test. All statistical analyses were performed using 

Statgraphics Centurion ver. XVI.I (2009; Statpoint Technologies, Inc., Warrenton, VA). 

 

 
Fig. 1. Some of the analyzed ginkgo mother trees on green spaces of Belgrade city and the 

analyzed seedling characters: (a) Zemun Quay (trees T2, T3, and T1) (photo: Šijačić-Nikolić 

M., 2005); (b) Park Milutin Milankovic (tree T7) (photo: Jovanović F., 2005); (c) seedling 

morphometric characters (height, root collar diameter, mass of above-ground part, mass of 

under-ground part, and number of leaves).  

 

Results and Discussion 

 

The results of the statistical analysis of morphometric characters and growth elements of two-

year-old ginkgo seedlings, grown from seed collected in green spaces of Belgrade city, are 

presented in Table 2 and Fig. 2. Seven half-sib lines were analyzed in this study, but given 

that the seed germination percentage of tree T2 was insufficient for seedling sampling, the 

statistical analysis covered the remaining six half-sib lines. It was found that all analyzed 

seedling characters (except for the mass of the under-ground part) of tree T1 have the highest 

mean values, and all analyzed seedling characters of tree T3 have the lowest mean values 

(Table 2; Fig. 2). ANOVA and LSD show that, in most cases, there are statistically significant 

differences between the mean values of the analyzed characters (excluding root collar 

diameter) (Table 2), suggesting there is a significant variability among the analyzed genotypes 

based on the seedling characters at the end of the second vegetation period. In other words, 

for the most analyzed characters, the progeny of T1 was superior in comparison to the 

progeny of the other sampled trees. According to literature (Šijačić-Nikolić et al., 2009; 

Jovanović, 2010), the same mother three, along with T7, had the highest germination 

percentage and the highest mean values of all seedling characters in the juvenile phase of 

development, which makes this tree a promising source of seed material for plant production. 

On the other hand, the poor germination percentage of T2 may be the consequence of poor 

pollination due to the distance and the lower number of male individuals compared to female 

individuals on the sampling site in Zemun Quay (Šijačić-Nikolić et al., 2006a). The best 
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indicators of seedling quality are seedling height, root collar diameter, root length, and the 

ratio of seedling under-ground part to above-ground part (Stilinović, 1987, 1991), which are 

conditioned by the genetic constitution of mother trees, the presence of sufficient amount of 

pollen, the compatibility of parent genotypes, and the environmental conditions in the year of 

seed formation (Stilinović and Tucović, 1975). Taking into account the presented statistical 

results and the fact the seedlings were grown in the same environment conditions, the factor 

of environmental impact can be eliminated and the resulting morphometric variability can be 

considered as the result of the differences in genotypes.  

 

 
Fig. 2. Box and whisker plots of basic parameters of seedling morphometric characters: (A) 

seedling height (cm); (B) root collar diameter (mm); (C) mass of above-ground part (g); (D) 

mass of under-ground part (g); (E) number of leaves. Legend: middle sign = mean, middle 

line = median, box = mean and standard deviation, whisker = variation range. 

 

The genetic potential of ginkgo mother trees was assessed by the analysis of morphometric 

traits of their progeny in the two-year stage of development, aiming at the improvement of 

reproductive material by the detection of superior genotypes. The obtained results conform to 

the observations made on the progeny of the same trees in the juvenile phase of development 

(Šijačić-Nikolić et al., 2009; Jovanović, 2010), confirming that there is a significant genetic 

variability among the analyzed genotypes. The analyses included the quantitative characters 

controlled by polymer genes, i.e., numerous multiple genes whose effects are added. As father 

trees are unknown, because the reproduction material originated from free pollination, it can 

be argued that mother tree T1 has a good genetic constitution given that the results of the 

analyzed characters were repeated in its half-sib progeny during two successive vegetation 

periods. Since comparative analysis of seedlings from half-sib lines enables the identification 

of the planting stock which is significant for further propagation (Ocokoljić et al., 2011), the 

results of this study can serve as the base for the selection of mother trees which could be the 
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source of reproductive material for the production of seedlings with targeted characteristics 

and the establishment of plantations adapted to urban conditions. 

 

Table 2. Statistical analysis of seedling morphometric characters of six ginkgo mother trees. 

*Note: Boldfaced values denote variables with p < 0.05 and any two means within a column not followed by the 

same letter(s) are significantly different at the corresponding confidence level. 

 

Conclusion 

 

Based on the results of the morphometric analysis of two-year-old ginkgo seedlings grown 

from the seed material collected in the urban green areas of Belgrade city, it can be concluded 

that the differences between the mean values are statistically significant for almost all 

analyzed characters, except for root collar diameter. 

Considering the fact that the experimental conditions were homogenous, it can be concluded 

that the established differences between the progeny of the analyzed ginkgo mother trees are 

of a genetic nature. This research of progeny at the two-year stage of development confirms 

the presence of major genetic variability. Most of the analyzed characters have a quantitative 

character and it is governed by polymeric genes whose effect is additive. The highest mean 

values of seedling morphometric characters and growth elements were assigned to the 

Tree  

mark 

  Seedling  

height  

(cm) 

Root collar  

diameter  

(mm) 

Mass of above-

ground part 

(g) 

Mass of under-

ground part 

(g) 

Number  

of leaves  

 

T1 

X̅ 18.97 a   5.91 a 1.40 a 2.62 ab 12.60 a 

MIN 13.50 4.10 0.70 0.65 10 

MAX 22.90 7.90 2.22 3.68 15 

SD 2.57 0.93 0.38 0.80 1.55 

CV% 13.54 15.81 27.03 30.74 12.30 

T3 

X̅ 11.45 c 5.24 b 0.70 c 1.90 c 9.40 b 

MIN 8.30 3.90 0.42 0.30 7 

MAX 13.50 5.80 0.96 2.89 11 

SD 1.67 0.58 0.16 0.67 1.06 

CV% 14.55 11.12 23.11 35.08 11.23 

T4 

X̅ 17.71 ab  5.81 a 1.23 ab 2.25 bc 11.60 а 

MIN 14.20 4.20 0.70 0.96 8 

MAX 21.70 7.70 1.85 3.67 15 

SD 2.39 0.92 0.33 0.94 2.03 

CV% 13.48 15.94 27.06 41.85 17.49 

T5 

X̅ 18.09 ab 5.75 ab 1.26 ab 2.95 a  11.67 а 

MIN 14.30 5.00 0.98 1.43 10 

MAX 20.90 6.00 1.59 3.97 14 

SD 2.01 0.46 0.16 0.77 1.29 

CV% 11.09 8.02 12.92 26.05 11.07 

T6 

X̅ 16.63 b 5.61 ab 1.17 b 2.06 bc 11.73 a 

MIN 12.60 5.10 0.86 1.26 10 

MAX 21.20 6.30 1.79 2.94 15 

SD 2.31 0.38 0.31 0.53 1.28 

CV% 13.91 6.69 26.21 25.47 10.91 

T7 

X̅ 17.49 ab 5.44 ab 1.14 b 2.36 bc 12.00 a 

MIN 12.60 4.20 0.50 0.96 10 

MAX 20.80 6.90 1.95 4.36 15 

SD 2.48 0.76 0.34 0.92 1.36 

CV% 14.17 13.96 29.55 39.03 11.36 

ANOVA 
F  21.38 1.86 9.85 3.54 8.39 

p 0.0000 0.1102 0.0000 0.0059 0.0000 
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progeny of tree T1, originating from Zemun Quay. Possessing a high genetic potential, this 

mother tree represents a promising source of seed material for seedling production. 

The results of the study should be considered significant information in selecting mother trees 

for sourcing reproductive material for plant production and the establishment of plantations 

adapted to urban conditions. 
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