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Abstract
Each tribe has unique experiences and knowledge regarding plant utilization and cultivation. 

This knowledge and experience are passed down from generation to generation until they be-
come a habit. The habit of selecting and cultivating plants is reflected in the agroforestry system 
that is developed. Differences in the composition of plant species within the agroforestry system 
affect farmers’ income of local tribe and transmigrant. This study aims to determine the consid-
erations for selecting plant species, analysing the composition of plant species, farmers’ income, 
and the contribution of agroforestry systems to farmer household income. A vegetation survey 
and structured interviews using questionnaires were conducted. Respondents were determined 
using the purposive sampling method with the criteria of farmers who implement an agroforestry 
system and a minimum managed land area of 0.5 ha. Data were analysed descriptively and quan-
titatively. The results showed that the composition of plant species differed between local and 
transmigrant farmers. Transmigrant farmers tend to cultivate vegetable crops, such as tomatoes 
and chilies, while local tribes tend to develop high-value commodity crops, such as pepper and 
cocoa. Both tribes tend to consider economic rather than socio-cultural factors when selecting 
plant species. The average agroforestry income of local tribe is greater than that of transmigrant, 
but the contribution of the agroforestry system to the household income of local tribe is smaller 
than that of transmigrant, as a consequence of local tribes having other sources of income be-
sides the agroforestry system. It is recommended to maintain the composition of plant species in 
the local tribe’s agroforestry system by optimizing the arrangement of plant growth spaces.

Key words: economic factor, farmer household income, high-value commodity, species com-
position.

Introduction

Each tribe has a set of life values that are 
different from other tribes in cultivating, 

utilizing, and preserving plants. Differenc-
es in cultivating, utilizing, and preserving 
plants were caused by variations in envi-
ronmental, social, and cultural conditions 
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(Millang et al. 2024). Local communities, 
such as the Luwu tribe, utilize plants in 
their environment according to their cul-
tural level. The local wisdom of an ethnic 
group in cultivating, utilizing, and preserv-
ing plants reflects their cultural practices 
in managing biological resources. The 
socio-cultural background of the ethnic 
group contains local knowledge and wis-
dom that is unique and different from oth-
er ethnic groups (Permana et al. 2011). 
They have close relationship with these 
plants, because they have experienced 
the process of getting to know, cultivating, 
and utilizing these plants over a long peri-
od of time (Ogwu et al. 2017).

Agroforestry systems are a collective 
term for all land-use management prac-
tices that intentionally cultivate woody 
perennial plants on the same land man-
agement unit as agricultural crops and/
or livestock, either in a spatial mixture or 
in a temporal sequence (Lundgren 1987, 
Craswell et al. 1998, Tiwari 2022) and 
there are ecological and economic inter-
actions between woody and non-woody 
components (Zhang et al. 2023). Agro-
forestry systems are natural resource 
management systems that integrate trees 
on agricultural land and agricultural land-
scapes to diversify, maintain production 
and maintain environmental sustainability 
(Molla 2019, Dhakal and Rai 2020, Pur-
ba et al. 2020, Nagar et al. 2021). Agro-
forestry systems are land management 
systems that combine the production of 
agricultural crops, woody plants, shrubs, 
livestock and/or aquatic resources that 
can provide many benefits, increase ag-
ricultural resilience and environmental 
sustainability, and improve people’s live-
lihoods (Qurniati 2023). Farmers, who 
implement agroforestry patterns, will 
maximize the use of available land by 
planting various types of plants in suc-

cession, so that the diversity produced 
on a land includes not only the diversity 
of plant types and ages but also the di-
versity of products (Markum et al. 2021), 
including providing ecological services, 
maintaining biodiversity, and increasing 
community resilience in terms of food 
security (Kumar 2006, Gonçalves et al. 
2021, Tirkey et al. 2024). With the diversi-
ty of plant species and products, farmers 
can harvest and utilize the production of 
their agroforestry system sustainably to 
meet their economic needs (Nurjanah et 
al. 2020). The combination of forestry and 
agricultural components applied to the 
agroforestry system creates strong inter-
actions between each component based 
on the composition of the types of plants 
developed, so that the application of the 
agroforestry system can provide econom-
ic value for farmers’ income (Olivi et al. 
2015, Wanderi et al. 2019, Notaro et al. 
2022). Nair (1993) classified agroforestry 
systems based on structural, functional, 
socio-economic, and ecological distribu-
tion. Structural basis refers to the nature 
and arrangement of agroforestry com-
ponents, forming agroforestry systems 
such as agrisilviculture, silvopastural, and 
agrosilvopastural.

The success of an agroforestry system 
is determined by many factors (Millang 
2021, Widiyanto and Hani 2021, Zhang 
et al. 2023), one of which is the selection 
of agroforestry component types. The fac-
tors and process of selecting the right and 
appropriate agroforestry component types 
(forestry, agriculture and/or livestock) are 
one of the crucial stages in agroforestry 
development. Consideration of the ease of 
these species to be combined with various 
cultures and the concept of multipurpose 
tree species are the most important char-
acteristics (Tiwari 2022). The main criteria 
for selecting tree species are that they are 
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preferred by farmers, well known by farm-
ers (famous), and provide high income 
and low costs (Tengnas 1994). Other im-
portant factors are the economy (Hartoyo 
et al. 2024) and the socio-culture of the 
community. Wulandari et al. (2014) stat-
ed that the involvement of communities 
around forests can optimize forest land by 
implementing agroforestry based on the 
socio-economic conditions of the commu-
nity, such as community preferences and 
adoption of agroforestry patterns. The se-
lection of plant species composition and 
management methods is very important 
and determines the success of the agro-
forestry system (Millang 2021). Not only in 
Indonesia (Cahyono et al. 2020), but sev-
eral countries have adopted the agrofor-
estry system in managing their land, such 
as Pakistan (Ahmad et al. 2023), Ethopia 
(Amare and Darr 2023) and Uganda (Buy-
inza et al. 2020).

In each different region, farmers’ hab-
its in implementing and managing agrofor-
estry systems are also different, as well as 
differences in tribe affecting the amount of 
income of agroforestry farmers (Olivi et al. 
2015). Transmigration is a development 
equalization program carried out by the 
Central Government of Indonesia. The 
program is carried out by moving very 
densely populated areas such as Java, 
Bali, and Madura to an island or region 
with a small population such as Sulawesi 
(Manay 2016, Anggraini and Hamid 2024). 
Wasuponda District, East Luwu Regency 
is one of the areas where transmigrants 
from several regions were placed in 1984 
(Hamzah and Cangara 2018). Transmi-
grant farmers certainly bring their habits, 
customs, and culture, including in terms 
of selecting cultivated plant species. The 
two tribes have long interacted and lived 
in harmony and peace. The two tribes ap-

ply an agrisilviculture system in managing 
their agricultural land. For this reason, re-
search was conducted on considerations 
in selecting plant species. Research on 
considerations and reasons for selecting 
plant species and the contribution of the 
agrisilviculture systems to farmer house-
hold income in relation to tribe differences 
has never been revealed. Therefore, this 
research is very important to be conduct-
ed to reveal considerations in selecting 
plant species, the composition of plant 
types developed, the income of local and 
Javanese transmigrant farmers, and the 
contribution of the agroforestry system to 
farmer household income.

Material and Methods

Time and research location

This research was conducted from June 
to October 2023 in four villages, namely 
Tabarano, Balambano, Ledu-Ledu, and 
Perumpanai Villages, Wasuponda District, 
East Luwu Regency, South Sulawesi. The 
area of Wasuponda District is 1244 km2. 
The research area is classified as a low-
land tropical rainforest with an altitude of 
391–950 m a.s.l. According to data from 
the Makassar Class I Meteorological 
Station, the research area’s climate falls 
under Type A based on the Schmidt and 
Ferguson classification. The average air 
temperature is 22.68 °C with a minimum 
air temperature of 14.60  °C and a maxi-
mum of 31.8 °C. The average area of land 
owned by local farmers is 1.5 ha with a 
range of 0.5 – 4.0 ha, while transmigrants 
own 1.2 ha with a range of 0.5 – 2.0 ha 
(Central Statistics Agency of East Luwu 
Regency 2022). The research location is 
illustrated in Figure 1.
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Data collection

The research method used was survey 
and structured interview. Determination 
of respondents and sampling plots were 
carried out using the Purposive Sampling 
method with the criteria that respondents 
had a minimum land area of 0.5 ha and 
implemented an agroforestry system. 
The number of interviewed respondents 
were 45 people consisting of 25 local tribe 
farmers (Luwu) and 20 Javanese transmi-
grant farmers. Socio-economic data were 
obtained by conducting interviews based 
on a previously created questionnaire. 
Vegetation surveys were conducted on 
20 sampling plots to obtain data on plant 
types, plant height and diameter.

Data analysis

The obtained data and information were 
tabulated and analysed using formulas. 
The stem volume of the trees was deter-
mined using formula (1).
	 V = G·H·q,	 (1)
where: V is stem volume of trees, m3; G 
is tree base area (π·d²·4-1), m2; H is total 
height, m; q is bar form number (0.8).

Mean annual increment by volume per 
year that occurs up to a certain period. It 
was determined using formula (2).
	 Zv = Vt·t-1, 	  (2)
where: Zv is mean annual increment, 
m3·yr-1; Vt is tree stem volume at age t, m³; 
t is age, years.

The cost analysis was done using for-
mula (3).
	 TC = FC + VC,	  (3)
where: TC is total cost, IDR·ha-1·yr-1; FC 
is fixed cost, IDR·ha-1·yr-1; VC is vari-
able cost, IDR·ha-1·yr-1 (1 IDR = 58∙10-6 € 
and 1 € = 91.41 IDR – at the rate as of 
November 02, 2024).

The revenue analysis was done using 
formula (4).
	 TR = P·Q,	 (4)
where: TR is total revenue, IDR·ha-1·yr-1; 
P is price of product, IDR; Q is production 
obtained in an agroforestry system busi-
ness (wood’s product, m3; or commodity, 
food and vegetables, kg).

The income analysis was done using 
formula (5).
	 I = TR – TC,	 (5)
where: I is income, IDR·ha-1·yr-1; TR is to-
tal revenue, IDR·ha-1·yr-1; TC is total cost 
of production, IDR·ha-1·yr-1.

The contribution of agroforestry sys-
tems to farmer household income was 
done using formula (6).
	 Iaf = Ihr·100·Itot

-1,	 (6)
where: Iaf is the percentage of income 
from the agroforestry system, %; Ihr is to-
tal income from the agroforestry system, 
IDR·ha-1·yr-1 IDR·ha-1·yr-1Itot is total house-
hold income of farmers, IDR·yr-1.

Results and Discussion

Considerations for selecting plant 
species

The most important thing to consider in 
designing an agroforestry system is what 
products are produced, how to choose the 
right type of components, determine how 
the components are arranged and how to 
fully support environmental factors. The 
results of the study showed that the se-
lection of plant types in the agroforestry 
system by farmers was mostly based on 
economic factors, both by local tribes and 
Javanese transmigrants.

A total of 22 plant species were devel-
oped in the agroforestry system by local 
tribes, there were 19 plant species among 
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them based on economic considerations 
and only 3 types of plants were chosen 
based on ecological considerations. Like-
wise, with Javanese transmigrants, there 
were 17 plant species chosen based on 
economic considerations and only 2 plant 
species chosen based on ecological con-
siderations. The factors considered by 
farmers in choosing plant species in the 
agroforestry system are presented in Fig-
ure 2.

Figure 2 explains that the main factor 
that farmers consider in choosing plant 
species is the economic factor. This is 
different from that stated by Murthy et al. 
2016, Mukhlis et al. 2022 that the purpose 
of developing agroforestry is not only the 
economic aspect but also various as-
pects, such as ecology and environment, 
aesthetics and culture, social status of 
farmers and mitigation and adaptation 
to climate change. However, in line with 
the research results of Prabawani et al. 
(2024) that farmers prioritize meeting the 
basic needs of their households while 
still considering land sustainability as a 
secondary matter. Subsistence farmers 

always prioritize family needs over the 
interests of natural resource sustainabil-
ity, for example maintaining land fertility, 
preventing erosion. Also, in line with Wolle 
et al. (2021), Fahad et al. (2022), Jinger 
et al. (2022), and Salceda-Gonzalez et 
al. (2024), agroforestry can overcome 
various environmental problems, such as 
land degradation, climate change, and 
loss of biodiversity.

Although both tribes have introduced 
several plant species from the Fabaceae 
family that can fertilize the soil (El Sabagh 
et al. 2020), such as gamal (Gliricidia se-
pium (Jacq.) Steud.) (Beedy et al. 2010, 
Aroonluk 2021, Camelo et al. 2021, Ala-
mu et al. 2023, Kisaka et al. 2023, Maier 
et al. 2023) and sengon (Paraserianthes 
falcataria (L.) Greuter & R.Rankin) (Elfis 
et al. 2023, Ristanu et al. 2023), farmers 
of both tribes do not understand and do 
not mention ecological considerations (in-
creasing soil fertility). Gamal plants are 
chosen and planted only to replace the 
function of tajar (poles for climbing pep-
per plants) (Prasmatiwi et al. 2024). Tajar 
is very expensive because it is made of 

Fig. 2. Considerations for selecting plant species in agroforestry systems by local tribes 
and Javanese transmigrants.
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strong and durable wooden poles (not 
easily attacked by insects). This indicates 
that ecological factors have not been wide-
ly considered in the selection of plant spe-
cies for agroforestry systems, both among 
local tribes and Javanese transmigrants. 
This is in contrast to Zada et al. (2022) in 
Shangla and Swat districts, Khyber Pakh-
tunkhwa Province (KPK), Pakistan, that 
small-scale agroforestry provides non-fi-
nancial benefits, such as environmental 
sustainability, higher living standards, less 
soil erosion, and shade.

Socio-cultural factors, farmers have 
not been the main consideration in se-
lecting plant types, unlike the Toraja tribe, 
who make socio-culture the main factor in 
selecting agroforestry component types 
(Millang et al. 2024). It seems that farm-
ers have not planted plant species relat-
ed to customs and socio-culture, such as 
petai (Parkia speciose Hassk.) and jengkol 
(Archidendron pauciflorum (Benth.) I.C. 
Nielsen) among Javanese transmigrants. 
This is different from Javanese farmers in 
Temanggung and Magelang Regencies, 
who like petai and jengkol vegetables as 
traditional food ingredients, so that both 
plant species are developed and com-
bined with woody plants, fruits, and food 
crops, such as suren, durian, and rice in 
their agroforestry system (Pralawani et al. 
2024). The same thing was found in plant 
species that are often used for tradition-
al food ‘Bugalu/kapurung’ by local tribes, 
such as ‘patikala’ (Etlingera elatior (Jack) 
R.M.Sm.) and ‘kadundung’ (Spondias 
pinnata (L.f.) Kurz) were not found in the 
study. Factors that are more often con-
veyed by farmers as socio-cultural con-
siderations, such as easy to plant, easy to 
harvest and short harvest time, and can be 
used by themselves. This gives an illustra-
tion that cultural factors are less consid-
ered in the selection of plant species.

Plant species composition

The results of the study showed that the 
agroforestry system applied by farmers of 
both tribes is simple agroforestry charac-
terized by the presence of one or two spe-
cies of main plants, such as pepper in lo-
cal tribes and tomatoes in transmigrants. 
The number of plant species planted by 
each farmer, both local and transmigrants, 
is very limited. Timber and fruit crops as 
tree components and high-value com-
modity crops and vegetables as agricul-
tural components. The number of plant 
species found was 27, classified into 4 
groups, namely timber crops, fruit crops, 
commodity crops, food and vegetables. 
The number of plant species is relative-
ly the same between local tribes and Ja-
vanese transmigrants, namely 22 and 18 
species respectively. The composition of 
plant species found in the agroforestry 
system of local and Javanese transmi-
grant farmers is presented in Table 1 and 
Figure 3.

Table 1 shows that the composition of 
plant species in the agroforestry system 
consists of 27 species spread across 20 
families with a sample plot area of 2.0 ha. 
The limited number of plant species culti-
vated by both tribes is due to the simple 
agrisilviculture system applied. Simple 
agrisilviculture systems generally have a 
limited species structure and composition 
due to the presence of one or two plant 
species that are prioritized. The num-
ber of plant species found is less when 
compared to several research results on 
agroforestry systems in tropical and sub-
tropical areas, namely Eyasu et al. (2020) 
found 32 species and 20 families; Negash 
(2021) found 59 species and 36 families; 
Vibhuti et al. (2019) found 70 plant spe-
cies; Afentina et al. (2020) found 101 spe-
cies and 34 families; and Millang (2009) 

http://R.M.Sm
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Table 1. Composition of plant species in the agroforestry system of local tribes and Java-
nese transmigrant farmers.

No

Plant species Number of respondents
Name in 
Indone-

sia
Scientific Family Local 

tribe
Javanese 

transmigrant
Both 
tribes

1 Merica Piper nigrum L. Piperaceae 17 0 17
2 Durian Durio zibethinus L. Bombacaceae 16 5 21
3 Gamal Gliricidia sepium Jacq. Fabaceae 14 5 19
4 Rambutan Nephelium lappaceum L. Sapindaceae 11 8 19
5 Langsat Lansium domesticum Corr Meliaceae 10 5 15
6 Kakao Theobroma cacao L. Malvaceae 9 5 14
7 Alpukat Persea americana Mill. Lauraceae 9 13 22
8 Mangga Mangifera indica L. Anacardiaceae 8 11 19
9 Cengkeh Syzygium aromaticum L. Myrtaceae 7 5 12

10 Kapuk Ceiba pentandra L. Malvaceae 6 4 10
11 Jati putih Gmelina arborea Roxb. Verbenaceae 4 4 8

12 Jabon Neolamarckia cadamba 
Roxb. Rubiaceae 4 5 9

13 Sukun Artocarpus altilis (Parkinson 
ex F.A.Zorn) Fosberg Moraceae 3 0 3

14 Jagung Zea mays L. Foaceae 2 0 2
15 Nangka A. heterophyllus J. Moraceae 2 9 11
16 Kemiri Aleurites moluccanus L Euphorbiaceae 2 0 2
17 Aren Arenga pinnata Merr. Arecaceae 2 0 2
18 Vanili Vanilla planifolia A. Orchidaceae 2 0 2
19 Sengon Paraserinthes falcataria L. Fabaceae 2 0 2
20 Sawit Elaeis guineensis Jacq. Arecaceae 2 0 2
21 Lombok Capsicum annum L Solanaceae 1 14 15

22 Buah 
naga Hylocereus polyrhizus Rose Cactaceae 1 0 1

23 Kacang 
panjang Vigna unguiculata L. Fabaceae 0 5 5

24 Buncis Phaseolus vulgaris L. Fabaceae 0 5 5
25 Tomat Solanum lycopersicum L. Solanaceae 0 14 14

26 Kangkung Ipomea aquatica (Parkinson 
ex F.A.Zorn) Fosberg. Convolvulaceae 0 4 4

27 Sawi Brassica chinensis L. Brassicaceae 0 4 4

found 32 species in a 4.0 ha sample plot 
in a house yard in Pattalikang Village, 
Gowa Regency, South Sulawesi. Like-
wise, when compared to the results of a 
study of the yard agroforestry system in 
Southwest Bangladesh, which found 419 

species (Kabir et al. 2010); yards in South 
and Southwest Ethiopia were found to 
have 206 species (Kassa et al. 2022). The 
number of plant species developed by 
farmers is relatively small because each 
tribe develops certain types of plants that 

https://id.wikipedia.org/wiki/William_Roxburgh
https://id.wikipedia.org/wiki/William_Roxburgh
https://www.bing.com/ck/a?!&&p=35c3ecef03c01e0fJmltdHM9MTcyODQzMjAwMCZpZ3VpZD0xZjhiZTAyYi05OWNlLTY4OTQtMWU3Ni1mNDBhOTg5ODY5MzcmaW5zaWQ9NTU0Mw&ptn=3&ver=2&hsh=3&fclid=1f8be02b-99ce-6894-1e76-f40a98986937&u=a1L3NlYXJjaD9xPUVsYWVpcyUyMGd1aW5lZW5zaXMlMjB3aWtpcGVkaWEmZm9ybT1XSUtJUkU&ntb=1
https://en.wikipedia.org/wiki/Nikolaus_Joseph_von_Jacquin
https://id.wikipedia.org/w/index.php?title=Joseph_Nelson_Rose&action=edit&redlink=1
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are considered main crop and other plants 
are only complementary. Local tribes pri-
oritize commodity crops, such as pepper 
and cocoa, while Javanese transmigrants 
prioritize food crops and vegetables, such 
as tomatoes and chilies. With both tribes, 
each having one or two main/superior 
plants that are given more growing space, 
other plants have less opportunity to get 
space. Especially transmigrants, who 
plant more tomato and chili species that 
require full light, so other plants that can 
provide shade will be cut or pruned. Thus, 
the number of species developed by both 
tribes is limited.

Figure 3 shows that plant species plant-
ed by local tribes and Javanese transmi-
grants are divided into 5 categories. There 
are differences between the two tribes, 
namely that Javanese transmigrants tend 
to develop and cultivate food crops and 
vegetables, while local tribes tend to plant 
commodity crops, such as pepper, cacao, 
and cloves. Local tribes plant cash crops 
because local people have relatively larg-
er land than Javanese transmigrants. In 

addition, Javanese transmigrants gener-
ally do not have additional income outside 
the agroforestry system, so Javanese 
transmigrants prioritize daily needs, such 
as food and vegetables to fulfil their lives. 
This is by what was stated by Wanderi et 
al. (2019), who stated that the composition 
of various plant species will have different 
impacts on the income that will be re-
ceived by farmers. In addition to the main 
types of plants, farmers also plant various 
secondary crops, which serve as shade 
plants and additional income sources (Pr-
asmatiwi et al. 2020, Novasari 2022).

Revenue

The study results revealed that income 
sources for local and transmigrant Java-
nese agroforestry farmers originated from 
four categories, namely timber crops, fruit 
crops, food and vegetables, and commod-
ity crops. The amount of farmer income in 
each category varies. The amount of in-
come for local and transmigrant Javanese 
tribes is presented in Figure 4.

Fig. 3. Composition of agroforestry plant species categorized by local tribes and Java-
nese transmigrants.
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Figure 4 shows that the largest reve-
nue of local tribes comes from commodity 
crops of IDR 292,664,704 and fruit crops 
of IDR 171,274,130, while for Javanese 
transmigrant farmers from food crops and 
vegetables of IDR 192,389,015. The dif-
ference in the amount and group of rev-
enue between local tribes and Javanese 
transmigrants is due to differences in the 
focus of management and selection of 
plant species. Local tribes focus on the 
management and selection of commod-
ity crops and fruits (Hendri et al. 2023), 
while Javanese transmigrants focus more 
on the management and selection of food 
crops and vegetables. This is in line with 
the statement of Duffy et al. (2021) that 
agroforestry systems contribute to food 
access, income, health, environmental 
stability and climate change resilience. If 
the management of the agroforestry sys-
tem is commercial and focuses on one 
type of commodity crop, such as coffee, 
the income that can be obtained from that 
one type is 54 %, while traditional agro-

forestry systems allow greater access 
to plants that have medical benefits. In 
addition to differences in plant species, 
differences in revenue can also be influ-
enced by the knowledge, experience, and 
culture of each tribe. Fruits, animal feed, 
wood, logs, and cash generation are the 
main productive roles of this tree species. 
In addition, these trees also have agroe-
cological services through increasing soil 
fertility, controlling erosion, mitigating cli-
mate change, and conserving biodiversity 
(Lelamo 2021).

Figure 4 shows that the income from 
the tree component producing sawnwood 
and firewood is the lowest, this is because 
the number of trees planted by each farm-
er is very limited, the price of wood at the 
research location is very cheap (ranging 
from IDR 200,000 – 3,500,000 m-3) and the 
harvest period is long. This is in line with 
the results from the study by Lehmann et 
al. (2020) that the gross margin received 
from the tree component for wood chips is 
relatively small, even 3 times smaller than 

Fig. 4. Category of sources and amount of income of agroforestry farmers in local tribes 
and Javanese transmigrants.
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the establishment cost, while the revenue 
from the agricultural component, namely 
winter wheat, is very large, even 6 times 
greater than the production cost. Thus, 
farmers are generally reluctant to plant 
trees unless there is a subsidy due to the 
longer payback period.

Income

The results of the study showed that the 
average income obtained by local and 
transmigrant farmers was different and 
that local farmers were higher than trans-
migrants. The average income of local 
and transmigrant farmers is presented in 
Figure 5.

Figure 5 shows that the income of lo-
cal farmers is greater than that of trans-
migrant, local farmers earn an average 
income of IDR 19,992,447 ha-1·yr-1, while 
transmigrant Javanese farmers only earn 
IDR 15,994,783 ha-1·yr-1. This is because 
local farmers tend to develop commodity 
crops and fruits that are more expensive 
and stable in the market, such as pepper, 
cloves, and cocoa, while transmigrant 
farmers tend to develop food crops and 
vegetables, such as tomatoes and chilies 
that are unstable and cheaper. Local 

tribes plant and develop more high-value 
fruit and cash crops, while they develop 
less food crops and vegetables because 
local food sources (staple foods) already 
exist or are available, either in the form of 
paddy fields or sago. Meanwhile, transmi-
grants plant and develop more vegetables 
that have a short life span, so that they 
can earn income in a short time to meet 
their families’ daily needs. The same thing 
was stated by Molla (2019) that the main 
reason farmers implement the agroforest-
ry system is to earn income and meet their 
family’s food needs.

The average income of agroforestry 
farmers of the two tribes (local/Luwu and 
transmigrants/Java) of IDR 18,215,707 ha-

1·yr-1 is greater when compared to the in-
come of agroforestry farmers in Parung-
panjang Bogor of IDR 16,780,000 (Desmi-
wati et al. 2021). Likewise, the average in-
come of agroforestry farmers in the Kend-
eng Mountains Area, Java, Indonesia, was 
IDR 14,390,771  ha-1·yr-1 (57.43  % of the 
total household income of IDR 25,071,029 
yr-1) Santosa et al. (2023). However, it is 
smaller when compared to the income of 
agroforestry farmers in Sukoharjo 1 Vil-
lage, Pringsewu Regency, Lampung, Su-
matra of IDR 50,142,696 ha-1·yr-1 (Olivi et 

Fig. 5. Average income of local and transmigrant Javanese agroforestry farmers.
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al. 2015) and agroforestry productivity in 
Marena, Enrekang Regency, South Su-
lawesi of IDR 20,512,208 ha-1·yr-1 (Samrin 
et al. 2024).

The results of the study showed that 
there was a difference in income between 
local tribes and transmigrants, local tribes 
generated higher incomes. This could be 
due to differences in the area of cultivated 
land owned and the types of crops plant-
ed. The average area of land owned by 
local tribes and transmigrants was 1.5 and 
1.2 ha, respectively. There is a tendency 
that the wider cultivated land owned, the 
higher income received. Likewise, the 
suitability of plant species selected and 
planted also plays a major role in increas-
ing income. If expensive commodity plant 
species (cloves, pepper, cocoa) are wide-
ly planted, farmers’ income tends to be 
higher and vice versa, if the agroforestry 
system is dominated by sawn wood trees, 
the income tends to be lower (Duffy et al. 
2021, Millang et al. 2024).

The average income received by farm-
ers from the agroforestry system in both 
tribes was 18,215,707  ha-1·yr-1, with a 
range of IDR 8,753,000 to IDR 37,312,778 

ha-1·yr-1. District minimum wage (DMW) 
of East Luwu Regency in 2024 were IDR 
3,434,298 per month (Central Statistics 
Agency of East Luwu Regency 2024). 
The income obtained by farmers from 
the agroforestry system when compared 
to the DMW of East Luwu Regency is 
equivalent to 44.20 % of the DMW. This 
shows that the agroforestry system is an 
important source of income for farmers 
(Achmad et al. 2022) and makes a ma-
jor contribution to the income of farmers 
in local tribes and transmigrants (Duffy et 
al. 2021). Therefore, it is necessary to en-
courage the implementation of an agrofor-
estry system so that farmers’ land is more 
productive and sustainable. 

Contribution of agroforestry

The results of the study show that the 
contribution of agroforestry systems to 
the average income of local farmers and 
Javanese transmigrants varies greatly. 
The contribution of agroforestry systems 
to the household income of local farmers 
and Javanese transmigrants is presented 
in Figure 6.

Fig. 6. Contribution of agroforestry systems to household income of local and transmi-
grant farmers.
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Figure 6 shows that the contribution of 
the agroforestry system to the household 
income of local tribal farmers is small, 
and vice versa, for transmigrant farmers 
the contribution is large, namely 43.17 % 
and 51.08 %, respectively. The difference 
in the contribution of the agroforestry sys-
tem is because local tribal farmers have 
other jobs besides being farmers. In local 
tribes, some work as employees of mining 
companies and sales businesses, in addi-
tion to farming agroforestry. Thus, income 
outside the agroforestry system is greater. 
This is in line with what was stated by Sal-
atalohy et al. (2019) and Diniyati and Ach-
mad (2020), that farmers do not only have 
one type of job that they rely on but have 
other jobs to meet their family’s needs. On 
the other hand, for transmigrants, the con-
tribution is greater because their main job 
is generally as agroforestry system farm-
ers, so their income outside the agrofor-
estry sector is small.

The contribution of the agroforestry 
system, especially for transmigrants, is 
quite high when compared to the results of 
Zerihun’s research (Zerihun 2021), which 
reported that the contribution of the agro-
forestry system in the Eastern Cape Prov-
ince of South Africa was <10 %. However, 
it is in the same range when compared to 
the report by Sudomo et al. (2023), that 
the agroforestry system of smallholder 
farmers contributes to farmers’ income by 
51–54 % and if semi-commercial can sup-
port 57 %. Likewise, the research results 
of Santosa et al. (2023) reported that the 
contribution of the agroforestry system to 
the household income of farmers in the 
Kendeng Mountains Area, Indonesia, was 
57.43 %. But in contrast to the research 
results of Murniati et al. (2022) on the co-
coa-based agroforestry system as an al-
ternative to resolving land use conflicts in 
conservation forest areas contributed to 

the total income of farmers by 75.63 %.

Conclusions

The selection of appropriate plant spe-
cies and the proper management of agro-
forestry systems are influenced by tribe 
and also have significant implications for 
farmers’ income. The agroforestry sys-
tems developed by both tribes tend to 
be simple agroforestry systems, namely 
prioritizing one type of plant, especially 
high-value commodity crops. Local tribe 
farmers and transmigrants cultivate a rel-
atively limited variety of crops, 27 species 
from 20 families. Local tribe tend to focus 
on high-value commodity crops, such as 
pepper and cocoa, while transmigrants 
primarily cultivate vegetables, such as 
chilies and tomatoes. The primary factors 
influencing the selection of plant species 
by both local tribes and transmigrants are 
economic considerations, while ecolog-
ical and socio-cultural factors are given 
less priority. The average income of local 
farmers from agroforestry systems (IDR 
19,992,447 ha⁻¹·yr⁻¹) is higher than that of 
transmigrants (IDR 15,994,783 ha⁻¹·yr⁻¹), 
as local tribes generally grow high-value, 
stable-price crops. However, the contri-
bution of agroforestry to the household 
income of local farmers (43.17 %) is low-
er than that of transmigrants (51.08  %), 
since transmigrants predominantly rely on 
agroforestry, whereas local tribal farmers 
engage in additional occupations outside 
agroforestry. To enhance agroforestry 
systems of both tribes, it is recommended 
to introduce plant species from the Faba-
ceae family and improve the spatial ar-
rangement of crops to minimize interspe-
cies competition. These improvements 
could increase farmers’ incomes and help 
maintain soil fertility.
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Abstract
The biochemical acclimation of European beech (Fagus sylvatica L.) saplings to canopy 

openings caused by various forest cuttings or natural disturbances was assessed in the ‘Petro-
han’ training and experimental forest range in the Western Stara Planina Mountains. We exam-
ined changes in the activity of key enzymatic antioxidants, the accumulation of reducing sugars, 
the synthesis of phenols and flavonoids, and the content of photosynthetic pigments. Our findings 
indicated that among the antioxidant enzymes studied, catalase showed the most significant 
increase in activity in response to the canopy openings. The increase in superoxide dismutase ac-
tivity was less pronounced, while guaiacol peroxidase was only activated when the saplings were 
fully exposed to sunlight after the removal of shade from older trees. More pronounced defensive 
response was observed in the accumulation of reducing sugars and synthesis of phenolics, par-
ticularly at higher altitudes and in areas with larger canopy openings. Illumination emerged as 
primary factor influencing flavonoid accumulation. Following canopy openings, European beech 
leaves often exhibited reduced chlorophyll content, particularly chlorophyll b, in favour of syn-
thesizing more carotenoids. Cutting all mature trees during the group selection harvest practice 
induced stress on saplings similar to that observed after a large disturbance. Further studies on 
the influence of orography on patch location could enhance understanding of the mechanistic 
control of illumination and the stress experienced by saplings of shade-tolerant species like Eu-
ropean beech.

Key words: catalase, guaiacol peroxidase, flavonoids, phenols, photosynthetic pigments, su-
peroxide dismutase.

Bulgarian mountains. In these borderline 
areas, populations of European beech are 
often subjected to stress due to the vari-
ation of one or more environmental fac-
tors that approach the species’ biological 
tolerance limit. Forest cuttings or distur-

Introduction

European beech (Fagus sylvatica L.) is 
one of the most widely spread tree spe-
cies in European forests, and it reaches 
its southeastern natural spread limit in the 
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bances can substantially alter the light en-
vironment experienced by forest saplings 
(Kozlowski 2002, Dietze and Clark 2008). 
The extent of this change is influenced by 
factors, such as type and intensity of cut-
ting or disturbance, spatial distribution of 
canopy openings, and initial forest struc-
ture. Different cutting practices can create 
spatial heterogeneity in resource avail-
ability, such as light, water, and CO2. For 
example, forest cuttings often produce 
edges between cleared areas and the 
remaining forest. These edge effects can 
increase light penetration under the cano-
py, creating transitional zones with higher 
light levels compared to the forest interior 
(Matlack and Litvaitis 1999, Zheng and 
Chen 2000). In selective logging or par-
tial cutting scenarios, some trees remain 
in the stand, providing partial shade and 
creating a dappled light environment with 
varying shade and sun flecks, which can 
stimulate regeneration, sapling physiolo-
gy, and growth (Wagner et al. 2010, 2011). 
On the other hand, significant canopy 
openings after clear-cutting or windthrow 
lead to a drastically altered environment 
that can be particularly stressful for sap-
lings (Oliver 1980), especially for late-suc-
cessional species like European beech. 
Large canopy openings expose beech 
saplings to heightened environmental 
stresses, including elevated temperatures 
and greater fluctuations in soil moisture. 
This altered environment poses a poten-
tial threat to sapling growth and survival.

Few studies have explored the influ-
ence of different silvicultural systems or 
natural disturbances on biochemical accli-
mation in forests, which is the earliest and 
most critical stage of sapling adjustment 
to changing environmental factors. Cano-
py openings, whether caused by natural 
disturbances or silvicultural practices, fur-
ther increase stress, especially on under-

storey saplings. The stress resulting from 
the stand’s opening affects individual sap-
lings unevenly, giving a haphazard char-
acter to the litter during this early stage of 
beech forest development. Acclimation of 
shade-developed leaves or saplings to in-
creased light may depend on their ability 
to minimize the magnitude or duration of 
photoinhibition while enhancing photosyn-
thetic capacity (Naidu and DeLucia 1998). 
The reactions of individual saplings are 
initially expressed at the biochemical and 
physiological levels–manifesting in chang-
es in fundamental indicators, such as an-
tioxidant defence activity, photosynthesis, 
respiration, and transpiration. These mod-
ifications lead to changes in the carbon 
and water balance of the saplings, poten-
tially triggering gradual exhaustion (Lam-
lom et al. 2016). Schulze et al. (2019) note 
that plants rarely experience optimal lev-
els of all essential abiotic factors. Stress 
responses, in turn, can have adverse ef-
fects on growth and other plant processes 
due to compromises in carbon balance. 
Under environmental pressure, plants al-
locate resources to their defence systems, 
which involve various biochemical, physi-
ological, anatomical, and morphological 
mechanisms to adapt to their conditions. 
According to Naidu and DeLucia (1998), 
the ability to acclimate existing leaves to 
changing environmental conditions may 
enable forest tree saplings to exploit can-
opy gaps when conditions are unfavoura-
ble for new leaf production.

Antioxidant systems have been fre-
quently studied in tree species with re-
spect to drought or temperature com-
pensation (Polle and Rennenberg 1994, 
Rennenberg et al. 2006). As Foyer et 
al. (1994) pointed out, high levels of in-
cident sunlight combined with extreme 
temperatures can lead to photoinhibition 
and oxidative stress in photosynthetically 
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active tissues due to imbalance between 
light capture and light utilization for as-
similation. Several authors have noted 
that heat and drought stress increase 
the production of reactive oxygen spe-
cies (ROS) (Todorova et al. 2022, 2023, 
2024; Carvalho and Helena 2008; Lee et 
al. 2009; Impa et al. 2012). Biochemical 
acclimation begins with the plant’s need 
to neutralize these oxygen radicals, which 
are produced under conditions that devi-
ate significantly from the species’ optimal 
environment. Even during the storage of 
beech seeds, accumulation of free ROS, 
such as superoxide radical (O2˙ˉ) and hy-
drogen peroxide (H2O2), is observed, and 
their levels correlate with a loss of seed 
viability (Pukacka and Ratajczak 2005). 
However, the most significant challeng-
es occur in the survival of seedlings and 
saplings. Polle et al. (2001) observed 
increased oxidative stress as European 
beech saplings’ leaves aged.

Different enzymatic mechanisms for 
antioxidant protection under stressed con-
ditions are well known. Kraj (2016) point-
ed out that, except for catalase (CAT), the 
activity of antioxidative enzymes, such as 
superoxide dismutase (SOD), ascorbate 
peroxidase, monodehydroascorbate re-
ductase, dehydroascorbate reductase, 
and glutathione reductase is highest dur-
ing the pre-senescence stage of leaves. 
Popović et al. (2015) noted that the com-
bined analysis of the specific activities and 
isoform profiles of peroxidases, SOD, and 
glutathione peroxidases, along with vari-
ations in phenolic compound levels, ena-
bled the discrimination between stressed 
and control seedlings of European beech. 
Due to higher ascorbic acid and glu-
tathione content and slower activity loss 
of antioxidative enzymes involved in the 
decomposition of superoxide anions and 
hydrogen peroxide, sun-exposed leaves 

showed better control over redox balance, 
oxidative stress, and senescence induc-
tion (Kraj and Ślepaczuk 2022). Polle et 
al. (1997) established that CAT activity is 
higher in European beech saplings with 
limited mineral and CO2 supply. However, 
high irradiance provokes conditions of in-
stability in the photosynthetic machinery, 
possibly through reactive oxygen species 
production at both PSII and PSI (Desotgiu 
et al. 2012). Lee et al. (2009) showed that 
activation of SOD and CAT by drought 
treatment continued when leaf water po-
tential reached -1.65 MPa. After that, their 
activity remained stable. At the same time, 
guaiacol peroxidase (GPX) increased pri-
marily under progressive drought stress 
and correlated with an increase in lipid 
peroxidation and growth restriction (Lee 
et al. 2009).

The role of non-enzymatic antioxidants 
includes reducing sugars and secondary 
metabolites, such as ascorbic acid, glu-
tathione, tocopherols, carotenoids, fla-
vonoids, phenolic compounds, proline, 
and anthocyanins (Ashraf et al. 2019, 
Rudenko et al. 2023). Specific polyphenol 
concentrations may serve as chemical in-
dicators of a population’s acclimation po-
tential and could contribute to forecasting 
the effects of climate change (Visiné-Ra-
jczi et al. 2023). Anthocyanins, pigments 
found in the vacuoles of plant cells, help 
absorb UV light and neutralize free rad-
icals, particularly under light-stress con-
ditions. Phenolic compounds, including 
tannins and phenolic acids, act as potent 
antioxidants by neutralizing reactive oxy-
gen species (ROS) and chelating metal 
ions that promote oxidative stress. Fla-
vonoids, a diverse group of polyphenolic 
compounds, can neutralize a wide range 
of ROS and protect cells from UV-induced 
oxidative damage (Panche et al. 2016).

Some authors (Cadahía et al. 2015) 
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conducted quantitative analyses that 
showed cinnamic acids and flavanols 
were the dominant components of the 
non-enzymatic antioxidant system in Eu-
ropean beech leaves. The metabolomic 
profiling of European beech leaves iden-
tified 56 compounds, including hydroxy-
cinnamic acid derivatives, flavan-3-ols, 
proanthocyanidins, and flavanols, 38 of 
which are cited for the first time in this 
species (Cadahía et al. 2015). Accord-
ing to Visiné-Rajczi et al. (2023), in the 
polyphenolic antioxidant system of beech 
leaves, flavonoid (quercetin, kaempferol) 
glycosides and flavan-3-ol compounds 
were shown to be potent antioxidants with 
a strong relation to stem growth.

One of the most vital acclimation traits 
of European beech to changes in illumi-
nation is its ability to develop leaves with 
different morphological characteristics 
– sun and shade ecotype leaves. This 
adaptation enhances light capture and 
maximizes photosynthetic rates in high-
light environments (Wagner et al. 2010). 
Sun leaves in beech typically have small-
er surface areas but are thicker and con-
tain fewer chloroplasts than shade leaves 
(Closa et al. 2010). In addition, shaded 
leaves have more equal concentrations 
of chlorophyll a and chlorophyll b, where-
as in sun leaves, this ratio favours chlo-
rophyll a (Lichtenthaler et al. 2007). Fully 
sun-grown leaves exhibit lower and earlier 
maximum leaf pigment levels, faster deg-
radation of pigments during senescence, 
and a higher chlorophyll a / chlorophyll b 
ratio compared to leaves growing deeper 
in the canopy (Kraj and Ślepaczuk 2022). 
This acclimation enables sun leaves to 
maximize light absorption and photosyn-
thetic efficiency in high-light environments 
(Vogelmann and Gorton 2014). Eschrich 
et al. (1989) noted that the determination 
of sun and shade leaves in the winter 

buds of European beech begins towards 
the end of July in the previous year. Sun 
leaves of European beech generally have 
higher rates of saturated photosynthesis 
than shade leaves. This acclimation is 
due to higher content and activity of Ru-
bisco, which allows for efficient light cap-
ture and maximum carbon assimilation. 
On the other hand, shade leaves typically 
have higher light-use efficiency under low 
light conditions than sun leaves, thanks to 
thinner leaves and more chloroplasts in 
the mesophyll cells (Anev 2024).

This study aimed to evaluate the bio-
chemical responses of European beech 
saplings to changes in light regimes fol-
lowing different types of forest cutting or 
large canopy openings caused by wind-
throw.

Materials and Methods

Experimental sites and plots

The biochemical responses of Europe-
an beech (Fagus sylvatica L.) saplings 
to canopy openings were studied in the 
‘Petrohan’ training and experimental forest 
range, located in the Western Stara Plani-
na Mountains. The region has a moun-
tainous climate with moderate continental 
influence, characterized by mean annual 
temperature of 4.8 °C at 1450 m a.s.l. and 
average annual precipitation of approx-
imately 1080  mm, with higher rainfall in 
spring months (Kutchukova 1983, Kole-
va and Peneva 1990). According to Ma-
rinova and Bocheva (2023), the average 
temperature anomaly in Bulgaria for the 
reference period 1991–2020, compared 
to 1961–1990, is 0.8 °C. Unlike the aver-
age annual air temperature, no significant 
change in the annual precipitation amount 
was observed during this period. Marino-
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va and Bocheva (2023) noted that in the 
Petrohan region, temperature anomalies 
vary between 0.5 °C in autumn and 1.5 °C 
in summer. At the same time, precipitation 
rates have decreased by an average of 
10–20 mm per year, particularly in winter 
and spring. Soils in the area are predom-
inantly brown acidic (district eutric cambi-
sol), formed on granite bedrock, with av-
erage depth exceeding 80 cm (Malinova 
and Petrova 2019).

The experimental sites (ES) were se-
lected along an altitude gradient in mo-
no-dominated European beech stands 
with different silvicultural or disturbance 
histories. Each ES consisted of two plots: 
one with an open canopy (O) and the other 
with a closed canopy, which served as con-
trol (C). In 2011, the canopy of the ES1-O 
plot was opened through group selection 
harvest, where all mature 120-year-old 
trees (100%) were cut down, simulating a 
micro-disturbance in a gap of approximate-
ly 0.1 ha, which was not expanded there-
after. In 2013, the canopy of the ES2-O 
plot, composed of 120-year-old trees, was 
thinned through a progressive shelterwood 

harvest over an area with a 50 m diame-
ter, removing 40 % of the mature trees. In 
2018, additional 25 % of the mature trees 
were removed, and the initial cutting area 
was expanded to 0.5 ha (Fig. 1).

In the winter of 2013/2014, an extreme 
wind event disturbed the 80-year-old Eu-
ropean beech stand (ES3-O), affecting 
approximately 2.5  ha. All mature trees 
(100 %) were uprooted and subsequent-
ly removed from the windthrow area over 
a two-year period. In 2011, the canopy of 
the ES4-O plot was thinned by shelter-
wood harvest, with eight mature 160-year-
old trees (~15 %) evenly removed across 
a total area of 0.1 ha. No additional trees 
were cut in this plot thereafter. The control 
C-plots were placed near the O-plots in 
stands that had not been subject to log-
ging or natural disturbance for at least the 
last twenty years (Table 1).

Biometric indicators of the studied 
saplings were examined in another of our 
studies (Marinova and Anev 2024). Differ-
ent types of forest harvesting and distur-
bances, combined with the altitude, slope, 
and aspect of the ES, result in variations 

Fig. 1. Location of the experimental sites.
Note: Map A) a general view of Petrohan’s position on a relief map of Bulgaria; Map B) ex-

perimental sites (ES) on a Petrohan map with elevation contour lines. CRS: WGS 84 / UTM zone 
35N.
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in understory illumination. Photosynthetic 
photon flux density (PPFD) was meas-
ured above the crowns of saplings with a 
Li-190 SA portable quantum sensor (Li-
COR Inc., Lincoln, NE, USA) at noon on a 
typical cloudless July day in the centre of 
the experimental sites.

Plant material and analyses

In July 2019, fifteen randomly selected 
leaves per plot were collected from beech 
saplings for biochemical analysis. Imme-
diately after detachment, leaves were 
frozen in liquid nitrogen for further analy-
sis. The activity of superoxide dismutase 
(SOD) was assessed following the meth-
od of Beauchamp and Fridovich (1971), 
which is based on the inhibition of pho-
tochemically generated superoxide anion 
(O2˙ˉ) that reduces nitroblue tetrazolium 
to a blue-coloured formazan. Catalase 
(CAT) activity was determined following 
Aebi’s method (Aebi 1984), by monitoring 
the decrease in absorbance of hydrogen 
peroxide (H2O2) at 240  nm, reflecting its 
enzymatic degradation. Guaiacol perox-
idase activity was determined using the 
method of Hart et al. (1971), by recording 
the increase in absorbance at 470 nm due 
to the oxidation of guaiacol in the pres-
ence of H2O2. The quantification of phe-

nols and flavonoids was carried out using 
a Shimadzu UV 1800 spectrophotometer 
(Kyoto, Japan), following methods de-
scribed by Zhiponova et al. (2020). Total 
phenols were assessed using the meth-
od of Singleton et al. (1999), involving 
reaction with Folin-Ciocalteu reagent and 
sodium carbonate (Na2CO3), followed by 
absorbance measurement at 765 nm and 
calculation against a standard curve with 
gallic acid. Total flavonoids were analysed 
according to the method of Chang et al. 
(2020), involving reaction with aluminium 
chloride (AlCl3) and potassium chloride 
(KCl), followed by absorbance measure-
ment at 415  nm and calculation against 
a standard curve with quercetin. All mea-
surements were performed in three tech-
nical replicates. The data are presented 
as mean ± SE. One-way analysis of vari-
ance (ANOVA) followed by Fisher’s LSD 
test with a significance level of 0.05 was 
performed to estimate the differences be-
tween all variants.

Results and Discussion

Enzymatic antioxidants activity

The enzymatic antioxidant activity in the 
leaves of European beech saplings in-

Table 1. Characteristic of the open (O) and closed (C) canopy plots in experimental sites 
(ES).

Plots Latitude Longitude Elevation,  
m

Slope ±SE,  
° Aspect PPFD ±SE,  

µmolγ·m-2·s-1

ES1-C 43°7′32″ 23°7′25″ 1439 15.0 ±0.8 E 47.7 ±5.8
ES1-O 43°7′30″ 23°7′23″ 1450 10.9 ±0.8 E 912.7 ±197.3
ES2-C 43°8′22″ 23°8′33″ 970 24.4 ±1.7 W 39.0 ±12.2
ES2-O 43°8′23″ 23°8′37″ 1015 28.8 ±0.4 W 773.2 ±244.2
ES3-C 43°11′15″ 23°7′32″ 870 22.2 ±2.8 E 163.1 ±95.2
ES3-O 43°11′18″ 23°7′33″ 862 21.3 ±3.0 E 1125.5 ±186.5
ES4-C 43°9′29″ 23°9′00″ 713 8.4 ±0.7 NW 171.5 ±10.7
ES4-O 43°9′27″ 23°8′59″ 718 6.2 ±1.4 NW 385.2 ±42.2
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creased in response to canopy openings 
and heightened light exposure. Catalase 
(CAT) activity was 5.18 times higher in 
the leaves from the windthrow ES3-O 
plot compared to the ES3-C plot. In ES1, 
this difference was 3.26 times; in ES2, it 
was 2.52 times; and the smallest differ-
ence, 2.39 times, was observed in ES4. 
This gradation closely corresponded to 
the size of the canopy openings and the 
resulting changes in the light regime. The 
increased CAT activity in the O-plots can 
be explained by higher rates of photores-
piration, which produces one of the main 
reactive oxygen species (ROS), hydrogen 
peroxide (H2O2). Although the differences 
were less pronounced than those for CAT, 
superoxide dismutase (SOD) activity was 
also higher in most O-plots compared to 
their corresponding C-plots, except for the 
windthrow ES3-C plot (Fig. 2).

Although Peltzer et al. (2002) estab-
lished that high temperatures can harm 
protective enzymes such as SOD, ascor-
bate peroxidase, and glutathione reduc-
tase, Polle and Rennenberg (1994) high-
lighted that beech leaves acclimate to 
high light, drought, and heat by increasing 

SOD levels and activity. In our study, an 
increase in GPX activity in the O-plots rel-
ative to the C-plots was observed in ES1 
(2.05 times higher) and especially in ES3 
(3.69 times higher). In contrast, GPX lev-
els in the C-plots of ES2 and ES4 were 
similarly high compared to their respective 
O-plots. Lee et al. (2009) noted that SOD, 
CAT, and GPX activity typically increases 
under progressive drought stress, which 
is likely experienced by saplings in ES1-O 
and ES3-O due to the complete canopy 
removal in these plots. However, in our 
experiment, such increases were not con-
sistently observed for SOD in ES3-O. This 
discrepancy may be attributed to sapling 
exhaustion in the large windthrow area. 
Alternatively, it could be explained by in-
creased SOD activity in saplings from the 
ES3-C plot.

Scartazza et al. (2016) observed that 
the total pool of ascorbate and phenols 
was higher in European beech leaves 
from the top and middle canopy layers 
compared to those from the bottom layer, 
where peroxidase activity was more prom-
inent. Furthermore, GPX plays a critical 
role in phenolic synthesis (Burguieres et 

Fig. 2. Changes in the activity of enzymatic antioxidants: (A) catalase (CAT),  
(B) superoxide dismutase (SOD), and (C) guaiacol peroxidase (GPX) in F. sylvatica  

leaves as affected by canopy opening in the experimental sites.
Note: The data are presented as mean ± SE. Means that do not share a letter are significantly 

different (One-way ANOVA with Fisher’s LSD test, P-value < 0.05).

a

cd

a

bc

a

d

b

d

a

b b

c
b

bc
b

c
b

c

b b

a

c

b
b

O C O C O C O C
ES1 ES2 ES3 ES4

0

8

16

24

32

C
AT

,U
·m

g-1 pr
ot

.

(A)

O C O C O C O C
ES1 ES2 ES3 ES4

0

30

60

90

120

SO
D

,U
·m

g-1 pr
ot

.

(B)

O C O C O C O C
ES1 ES2 ES3 ES4

0

50

100

150

200

G
PX

,m
M

·m
in

-1
·m

g-1 pr
ot

.

(C)



	 Biochemical acclimation of European beech (Fagus sylvatica L.) saplings to canopy ...	 29

al. 2007), cell wall lignification (Marjamaa 
et al. 2003), and the protection of auxins 
from oxidation and rapid degradation (Ke-
vers et al. 1981). According to Kraj and 
Ślepaczuk (2022), sun leaves exhibit bet-
ter control over redox balance, oxidative 
stress, and senescence induction. This 
is attributed to their higher ascorbic acid 
and glutathione content, as well as slower 
activity loss of antioxidative enzymes in-
volved in the decomposition of superoxide 
anion and hydrogen peroxide (H2O2).

Non-enzymatic antioxidants

The content of reducing sugars was high-
er in all O-plots compared to their corre-
sponding C-plots. In the O-plots, a clear 
trend of increasing reducing sugar accu-
mulation with altitude was observed, ex-
cept in the windthrow ES3 plot. Despite 
being at a lower altitude, reducing sugar 
levels in ES3 were equal to those in ES2. 
Nautiyal (1983) reported that at higher al-
titudes, soluble sugar content tends to be 
higher during the active growth phase but 
decreases during senescence, which may 
have been accelerated in ES3-O due to 
critically severe conditions (Anev and Ma-
rinova 2021).

Canopy opening had a lower influence 
on reducing sugar levels compared to al-
titude. The most significant differences 
between O- and C-plots were observed 
in PP2 and PP3 (1.84 times higher in 
O-plots), while the smallest difference 
was found in PP4 (1.24 times higher). In 
plots closer to the optimum altitude for Eu-
ropean beech in Bulgaria (ES2 and ES3) 
the most substantial increases in reduc-
ing sugars after canopy opening were 
observed, both around 1.84 times. Con-
versely, at the highest (ES1) and lowest 
(ES4) plots, the increases were weaker: 
1.35 times and 1.24 times, respectively.

Abobatta (2020) emphasized that 
these carbohydrates play a major role in 
stress mitigation, serving as carbon stor-
age and aiding in the scavenging of reac-
tive oxygen species under drought condi-
tions. The similar levels of reducing sugars 
in ES3 and ES2, despite ES3 being 150 m 
lower in altitude, may indicate difficulties in 
assimilate transportation from the leaves 
or an intensified effort to enhance defence 
mechanisms under the drastically altered 
conditions of the windthrow area (Anev 
and Marinova 2021) (Fig. 3).

In all plots, canopy opening, whether 
caused by cutting or natural disturbance, 
increased phenol synthesis. In some plots 
(ES2 and ES3), flavonoid levels also in-
creased. The differences in phenol con-
tent between O-plots and C-plots were 
more pronounced with larger canopy 
openings. For instance, phenol content 
in the windthrow ES3-O plot was 2.31 
times higher than in ES3-C, whereas in 
ES4-O, where gradual short-term cutting 
was implemented, the increase was only 
1.2 times.

A similar trend was observed for fla-
vonoids. Significant differences between 
O- and C-plots were detected in ES2 and 
ES3, but no such differences were ob-
served in ES1 and ES4. Visiné-Rajczi et 
al. (2023) noted strong correlations be-
tween proanthocyanidins, such as Procy-
anidin B dimer 5, and average stem diam-
eter in European beech, suggesting that 
these compounds may act as growth indi-
cators. While the low flavonoid content in 
ES4-O may be explained by less intense 
canopy thinning, another factor likely influ-
ences ES1-O. At higher altitudes, where 
UV exposure is greatest due to the com-
bination of altitude and canopy opening, 
saplings require more UV protection.

Despite the significant synthesis of 
phenols at high altitudes, their transforma-
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tion into flavonoids may be limited by an 
unknown factor. This suggests that differ-
ent phenolic compounds might play a role 
in the light adaptation of European beech 
saplings at higher altitudes.

Photosynthetic pigments content

Site-specific variations in the amount 
of plastid pigments were observed. For 
leaves in ES1 and ES3, which were ex-
posed to high-intensity light (Table 1), 
higher levels of chlorophyll a was mea-
sured in the C-plots than in the O-plots. 
The chlorophyll a concentration in the less 
illuminated ES2-O was similar to that in 
ES2-C. In ES4-O, which received the least 
change in illumination, the chlorophyll a 
concentration was even higher than in its 
corresponding control (ES4-C). The dif-
ferences in chlorophyll b concentrations 
between the C- and O-plots were direct-
ly proportional to the degree of canopy 
opening. The most significant decrease in 
chlorophyll b concentration was observed 
in the windthrow plot ES3-O, while in the 
least affected plot, ES4-O, no significant 

reduction in chlorophyll b was observed 
compared to the control plot. According 
to Vogelmann and Gorton (2014), chloro-
phyll b is the pigment that absorbs diffuse 
light more efficiently, and its high concen-
tration serves as a marker of acclimation 
to shading. From this perspective, the low-
est levels observed in the windthrow plot 
ES3-O could indicate a reverse acclima-
tion process in saplings to extremely high 
light levels. However, these low levels 
may also signify exhaustion caused by the 
altered environment, as both chlorophyll 
concentrations in ES3-O were the lowest 
compared to all other plots. (Fig. 4).

The second O-plot, where the differ-
ence in total chlorophyll content was sig-
nificant compared to the C-plot, is ES1-O, 
where the open gap (~0.1 ha) was large 
enough to induce similar stress. Licht-
enthaler et al. (1981) indicated that high 
light-adapted leaves in European beech 
contained more chlorophyll per unit leaf 
area than shaded leaves, possibly due 
to thicker leaf laminae and more chloro-
phyll-bearing cells in the thicker mesophyll, 
especially in the palisade zone, which was 

Fig. 3. Changes in the content of non-enzymatic antioxidants (A) reducing sugars;  
(B) phenols; and (C) flavonoids in F. sylvatica leaves as affected by canopy opening  

in experimental sites.
Note: The data are presented as mean ± SE. Means that do not share a letter are significantly 

different (One-way ANOVA with Fisher’s LSD test, P-value < 0.05).
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two-rowed in sunny leaves and only one-
rowed in shaded leaves. However, when 
measured per unit leaf mass, the method 
used in the present experiment, shaded 
leaves contained more chlorophyll than 
sunny ones. Scartazza et al. (2016) point-
ed out that the chlorophyll a to chlorophyll 
b ratio and the pool of xanthophyll-cycle 
pigments in European beech leaves in-
creased at the highest irradiance, along 
with lutein and β-carotene. This strategy 
was likely related to the need for shaded 
saplings to capture the scarce photons 
more efficiently below the canopy (Anev 
2024). Our results partially confirmed this 
hypothesis. In ES1, ES2, and ES3, the 
total chlorophyll content (chlorophyll a + 
chlorophyll b) was significantly higher in 
C-plots compared to O-plots. However, in 
ES2, the differences were not significant 
(1.04 times), as in ES1 (1.22 times), with 

the highest difference observed in ES3 
(1.44 times). This trend was attributed to 
both the higher chlorophyll a content (1.23 
and 1.41 times higher in ES1 and ES3, re-
spectively) and the higher chlorophyll b 
content (1.21, 1.15, and 1.48 times high-
er in ES1, ES2, and ES3, respectively). 
ES4-O was the only plot where the total 
chlorophyll content was higher than in the 
corresponding C-plots.

Differences in carotenoid biosynthesis 
between C and O plots were observed 
only in ES1 and ES2, likely related to the 
protective function of carotenoids in neu-
tralizing photooxidative radicals. Since 
carotenoids protect chlorophyll from pho-
tooxidation and photosynthesis from pho-
toinhibition (Maoka 2020), the observed 
differences in ES1 and ES2 may be at-
tributed to increased solar radiation with 
shorter wavelengths at higher altitudes 

Fig. 4. Changes in the content of plastid pigments (A) chlorophyll a; (B) chlorophyll b; 
(C) carotenoids and (D) chlorophyll a / b ratio in F. sylvatica leaves as affected by canopy 

opening in experimental sites.
Note: The data are presented as mean ± SE. Means that do not share a letter are significantly 

different (One-way ANOVA with Fisher’s LSD test, P-value < 0.05).
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(Ahrens and Henson 2015). The equal-
ized concentrations in the O and C plots 
in ES3 and ES4 may result from the lower 
UV and blue light at lower altitudes. How-
ever, in ES4, and especially in ES3, carot-
enoid contents might also reflect their role 
as signalling compounds for the synthesis 
of the stress hormone abscisic acid (ABA). 
Furthermore, Scartazza et al. (2016) con-
cluded that non-photochemical quenching 
was strongly and positively related to the 
carotenoid / (chlorophyll a + b) ratio.

Conclusions

The acclimation of European beech for-
ests to natural disturbances and human 
activities involved adjustments at the bio-
chemical level, which provided a basis 
for physiological, anatomical, and mor-
phological changes. Canopy openings 
and altered microclimates caused shifts 
in the saplings’ metabolism and defence 
systems. Catalase activity increased the 
most after the canopy opened, helping the 
plant detoxify harmful hydrogen peroxide. 
Superoxide dismutase also increased, but 
to a lesser extent. Guaiacol peroxidase 
was significantly activated only when the 
saplings were fully exposed to sunlight, 
following the removal of shading by older 
trees. An increased accumulation of re-
ducing sugars and phenolic compounds 
in the leaves was observed, particularly 
in saplings at higher altitudes or in ar-
eas with more significant canopy open-
ings. Flavonoids also accumulated more 
in response to larger canopy openings, 
suggesting their role in plant defence 
against increased sunlight, especially UV 
radiation. The saplings in more illuminat-
ed plots had reduced chlorophyll content, 
particularly chlorophyll b, which captures 
scattered light more efficiently. At the 

same time, their increased carotenoid 
production likely helped protect the plants 
from damage caused by excessive direct 
light. Cutting all trees during the group se-
lection harvest practice mimics micro-dis-
turbances and, in this regard, represents 
a nature-based method for regenerating 
beech forests. However, the signs of in-
creased stress on saplings in ES1-O ob-
served in the present study were similar 
to those seen after a large disturbance 
(ES3-O), suggesting the need for more 
careful approach to patch opening. Fur-
ther studies on the influence of orography 
on patch location may contribute to better 
understanding of the mechanistic control 
of illumination and, thus, the stress on 
saplings of shade-tolerant species like 
European beech.
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Abstract
This study aimed to evaluate the growth characteristics and rearing effectiveness of cage-

raised common quails for game restocking. Based on the origin of the quails, three groups of 
one-day-old birds were formed. Up to the age of 21 days, the quails were reared together, and 
subsequently, they were separated by sex. The test period lasted 56 days. The rearing condi-
tions and feeding of the quails were analogous to those of domesticated quails. The following 
traits were monitored: mortality (%), live body weight (g), weight gain (g), feed intake (g), and 
feed conversion ratio. At 56-day-old, the average male live body weight was 110.68 g, while for 
the females, it was 127.24 g (P<0.001). The cumulative feed intake was 826.9 g for males and 
970.4 g for females. Quails raised until 35-day-old consumed half the amount of feed compared to 
those raised until 56-day-old, with feed conversion ratios of 4.39 for males and 4.58 for females, 
respectively. By 35-day-old, the males had reached approximately 87 % and the females about 
80 % of the live weight of mature individuals. The results of the study provide grounds to recom-
mend common quails raising intended for game restocking up to a maximum age of 35 days. This 
would increase the efficiency of their production, enable more production cycles, and optimise the 
utilisation of available facilities and equipment.

Key words: effectiveness, feed conversion ratio, game birds, restocking.

such as domestic chicken, domestic tur-
key, domestic duck, and domestic goose, 
less commonly farmed species, includ-
ing game-type birds as quails, are also 
gaining significance. Beyond their role in 
poultry farming, some of these birds are 
also in focus of game farming. For hunting 

Introduction

In recent decades, poultry farming has 
become the fastest-developing subsector 
of animal husbandry worldwide (Mottet 
and Tempio 2017). In addition to the pro-
duction from traditional poultry species 
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purposes, common quail (Coturnix cotur-
nix, Linnaeus 1758) or hybrid birds (C. co-
turnix × C. japonica domestica) are bred 
in game farms in some countries. These 
birds are used for game restocking, dog 
training, or other hunting-related activities 
(Caravaca et al. 2022). Game farms spe-
cialising in the breeding, sale, and game 
restocking of common quails were estab-
lished as early as the 1960s and 1970s, 
primarily in some countries from South-
ern Europe like Spain, Italy, and Greece 
(Lukanov 2020, Caravaca et al. 2022). 
Similar efforts have also been made in 
countries like Bulgaria, where the species 
is a popular hunting object (Donchev and 
Angelov 1971).

The common quail belongs to the ge-
nus Coturnix within the subfamily Perdic-
inae. The genus comprises six living and 
two extinct species (Lukanov 2020). Ac-
cording to some taxonomic classifications, 
the number of extinct species is higher, 
with some, such as the brown quail, being 
classified in a separate genus (del Hoyo 
et al. 2014). Until a few decades ago, the 
Japanese quail (Coturnix japonica, Tem-
minck and Schlegel 1848–1850) was con-
sidered as a subspecies of the common 
quail. Today, however, the two species are 
taxonomically distinguished.

A distinctive characteristic of the com-
mon quail is its migratory behaviour, mak-
ing it the only long-distance migratory bird 
in the family Phasianidae (Kosicki et al. 
2014). A significant portion of the pop-
ulation migrates from North Africa and 
the Middle East to Southern and Eastern 
Europe for breeding. Vertical migration in 
the species has also been described, as-
sociated with agro-ameliorative measures 
in the lowlands or drought (Boev 1949, 
Michailov 1995a). It is estimated that be-
tween 5 % and 24 % of the global pop-
ulation breeds in Europe (EC 2009). The 

common quail is classified as a species 
of Least Concern (BirdLife Internation-
al 2025) with global population between 
15–35 million mature individuals and ex-
tent of occurrence about 87,900,000 km2. 
Estimates suggest that the European pop-
ulation, including European Russia and 
Turkey, is approximately 2.8–4.7 million 
pairs (WBRU 2016). Despite this status, 
a population decline has been observed 
since the late 20th century (Sanderson et 
al. 2009, Puigcerver et al. 2012). Similar 
trend has been established for the Bulgar-
ian population of the species. It is placed 
among the top three most rapidly declining 
species in the country according to Hris-
tov et al. (2023). Key factors contributing 
to the global population decline include 
habitat loss, uncontrolled pesticide use, 
climate changes (especially droughts), 
wind turbine installation, nets trapping, 
and other threats (Lukanov 2020). De-
tailed study of the biology and ecology of 
common quail in Bulgaria was presented 
by Michailov (1995b).

The domestic quail (Coturnix japoni-
ca domestica), which originates from the 
Japanese quail, is widely used in agri-
culture for egg and meat production, and 
as a laboratory animal (Lukanov 2019). 
Domestic quails are used to enhance the 
productive characteristics of captive com-
mon quail populations by crossing (Car-
avaca et al. 2022, González-Redondo et 
al. 2023). Some researchers suggest that 
a significant portion of quails released into 
the wild are such hybrids (Sánchez-Dono-
so et al. 2012). Despite the presence of 
hybrids, no substantial genetic impact on 
the wild population has been observed 
(Puigcerver et al. 2007).

Raising wild quails and their hybrids in 
controlled conditions can improve knowl-
edge about these birds. From the per-
spective of quail production for restock-
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ing, it is important what the growth rate of 
young birds is and at what stage of their 
rearing is most appropriate to be realised. 
To date, there is lack of available litera-
ture on the growth characteristics of the 
common quail or its hybrids from a poultry 
science perspective. Data on the suitabil-
ity of these birds for cage-based rearing, 
which offers several advantages over tra-
ditional methods of raising game birds, 
are also absent. This context defined the 
aim of the present study: to evaluate the 
growth characteristics and rearing effec-
tiveness of cage-raised common quails 
(C. coturnix) for game restocking.

Materials and Methods

Experimental design

The study was conducted from August 
to October 2023 at the Poultry Section 
Experimental Base at the Faculty of Ag-
riculture, Trakia University, Stara Zagora, 
Bulgaria. Common quails (Coturnix cotur-
nix), raised for game restocking in Greece 
and Italy, were used. Hatching eggs were 
received from parental flocks of the same 
age, originating from captive-bred quails, 
raised in the Poultry Section Experimen-
tal Base. The origin of the common quails 
used was Greece (two different flocks) 
and Italy (one flock).

Based on the origin, three groups 
were established and labelled as follows: 
I (GR first flock), II (GR second flock), and 
III (IT). Each group consisted of 60-day-
old quails. Up to 21-day-old, the quails 
were reared in mixed-sex groups (due to 
low sexing accuracy before that age). At 
21-day-old, sexing was performed based 
on sexual dimorphism in breast plumage 
colouration: appearance of rusty coloura-

tion on the chest in males and its absence 
in females, as described by Lyon (1962). 
Following sexing, the birds were reared 
in separate male and female groups (Im, 
If, IIm, IIf, IIIm, and IIIf) until the end of the 
study at 56-day-old. Each newly formed 
group (21-day-old) consisted of 20 males 
or 20 females with body weights close to 
the average for the respective population.

Experimental bird management

The quails were housed in wire-mesh floor 
cages measuring 80×100×80 cm (W/L/H), 
providing about 130  cm2 floor area per 
bird until 21-day-old and 400  cm2 after 
that age. Hand-fillable trough feeders, 
protected from feed spillage were used. 
Watering was provided with hand-fillable 
vacuum drinkers of 2  L capacity with a 
low water level until 14-day-old, and 3  L 
universal hand-fillable vacuum drinkers 
were used thereafter. Temperature and 
lighting programs in the bird area were 
maintained on the detailed recommen-
dations for domestic quails as presented 
by Genchev (2014). During the brooding 
period (up to 21-day-old), combined heat-
ing was applied: local and general. After 
that, the birds were kept at a temperature 
of 20–23 °C. The relative humidity was in 
the range of 60–75 %. Quails were reared 
for the first three days under continuous 
high-intensity lighting (80–100 lx) to facil-
itate feed and water finding. After which, 
by 4 weeks of age, the light phase was 
gradually reduced to 14 h, remaining until 
the end of the test period. The lighting in-
tensity was about 20–25 lx.

Feeding was conducted ad libitum, 
in three-phase manner (starter, grower, 
and finisher) according to the birds’ age 
(Table 1), following feeding recommenda-
tions for domestic quails (Genchev 2014).
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Data collection

During the study, the following parame-
ters were monitored: live body weight (g), 
weight gain (g), feed consumption (g), and 
feed conversion ratio (FCR). Live body 

weight was measured week-
ly by using a CB 2000 scale, 
with an accuracy of 0.1 g for 
measurements at 1–7-day-
old, and 0.2 g at 14-, 21-, 28-, 
35-, 42-, 49-, and 56-day-
old. The amount of feed 
supplied and the remaining 
feed from the previous day 
were determined daily with 
an accuracy of 0.1 g. Based 
on the consumed feed and 
achieved weight gain, the 
FCR, and the cumulative 
feed consumption was cal-
culated. From the point of 
view of practical application, 
generalisations of the stud-
ied parameters have been 
made, with group data being 
summarised.

Statistical analysis

Statistical processing of 
the obtained results was 
performed using the IBM® 
SPSS® Statistics software 
package (V26) and applying 
One Way ANOVA. For sta-
tistical analysis and result 
interpretation, the follow-
ing parameters were used: 
mean value (x̄), standard 
deviation (SD), and standard 
error of the mean (SEM). 
The text indicates the mean 
± SD values. Inter-group and 
inter-sex differences were 
considered statistically sig-

nificant at P<0.05, using LSD Post Hoc 
Test, if the data were normally distributed 
(Shapiro–Wilk test, n<50) and in signifi-
cant model (F-test) (P<0.05). A Microsoft 
Excel 16.0 (2018, for Windows) software 

Table 1. Component and nutritional characteristics  
of the feed used.

Components Starter 
<14 days

Grower 
14-21 day

Finisher 
>21 days

Corn, % 29.2 35.5 38.8
Wheat, % 21 23.8 27
Soybean meal 44 CP, 
% 34.6 25.8 20

Sunflower meal 34 CP, 
% 8 8.5 9

Fish meal 72 CP, % 2 1 0
Sunflower oil, % 0.615 0.905 1
CaHPO4·2H2O, % 1.92 1.82 1.71
СаСО3, % 1.52 1.48 1.43
Vitamin-mineral pre-
mix, % 0.6 0.6 0.5

NaCl, % 0.2 0.2 0.2

NaHCO3, % 0.1 0.1 0.1

L-Lysine, % 0.11 0.175 0.15
DL-Methionine, % 0.135 0.12 0.11

Nutritional characteristic
Energy-protein ratio 110.27 134.28 156.31
Metabolizable energy, 
MJ·kg-1 11.06 11.51 11.79

Crude protein, % 24.00 20.51 18.04
Crude fiber, % 5.28 5.02 4.90
Ca, % 1.20 1.10 1.00
Av. P, % 0.50 0.45 0.40
Lysine, % 1.30 1.10 0.91
Methionine, % 0.52 0.45 0.40
Methionine + Cyste-
ine, % 0.92 0.81 0.73

Linoleic acid, % 1.30 1.62 1.75

Note: CP is crude protein.
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product was used for graphic layout pur-
poses.

Results

The average weight of the quail from the 
three groups at 1 day of age was 6.16 
±0.74 g (group I – 6.15 ±0.66 g; group II 
– 5.97 ±0.76 g; group III – 6.48 ±0.75 g). 
The live weight of quails at 7-day-old 
ranged from 20.89 ±3.36  g (group I) to 
22.49 ±3.38  g (group II). At 14-day-old, 
was the last weighing conducted without 
accounting for sex differences. The quails 
from all three groups showed relative-
ly close average weights, ranging from 
45.30 ±5.29 g in group I to 42.71 ±4.05 g 
in group III (P<0.05) (Table 2).

After sexing, during the first weighing 
(on 21-day-old), female quails exhibited 
a trend of higher live weight compared 
to males, which persisted until the end 
of the study. Statistically significant sex 
differences in live weight were observed 

after 42-day-old (P<0.01). By the time of 
sexual maturity at the end of the experi-
ment (56-day-old) the average weight of 
males from the three groups was 110.68 
±7.1 g (Fig. 1), with intergroup variations 
from 109.43 ±7.9 g (group IIIm) to 111.35 
±5.4 g (group Im) (P>0.05). The live weight 
of females at 56-day-old averaged 127.24 
±11.3 g across the three groups, with in-
tergroup variations from 120.67 ±11.4  g 
(group If) to 131.78 ±11.2  g (group IIIf). 

Fig. 1. Live body weight of male and female common quails.
 

1 day 7 day 14 day 21 day 28 day 35 day 42 day 49 day 56 day
male 6.16 21.73 44.41 64.84 84.18 97.26 107.65 110.25 110.68
female 6.16 21.73 44.41 65.37 87.64 102.38 116.39 128.11 127.24
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Table 2. Live weight of common quails 

from the different studied populations be-
fore sexing (x ±SD).

Age,
days

Group
I II III

7 20.89  
±3.36

22.49 
±3.38

21.81 
±2.84

14 45.30 
±5.29a

45.23 
±6.15

42.71 
±4.05a

Note: With the same letters (a-a, b-b) are 
marked statistically significant between-group 
differences for each sex at P<0.05.
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Unlike males at 56-day-old, where no sta-
tistically significant differences were ob-
served in live weight, females from group 
If showed statistically significant differenc-
es compared to those from groups IIf and 

IIIf (P<0.05) (Table 3).
The results for cumulative feed con-

sumption in male and female common 
quails during the period of the study are 
presented in Figure 2. After the sex-mixed 

Table 3. Live weight of common quails from the different studied populations  
after sexing (x ±SD).

Age,
days

Sex
Male Female

Group Im IIm IIIm If IIf IIIf

21 66.96 ±5.5 64.17 ±8.8 63.39 ±7.3 64.86 ±9.2 68.47 ±8.2 62.78 ±7.5

28 85.38 ±6.5 85.14 ±10.7 82.02 ±8.5 88.26 ±9.7 89.76 ±7.9 84.89 ±7.6

35 95.06 ±5.4* 99.51 ±8.7 97.2 ±7.9 105.04 
±12.8* 104.41 ±9.8 97.69 ±8.6

42 105.16 
±6.5a* 110.52 ±7.5a* 107.28 ±6.8 118.32 ±9.0* 119.88 

±10.3a*
110.95 
±11.4a

49 109.53 ±4.6* 111.79 ±7.7* 109.44 ±7.2* 127.24 
±14.0*

131.29 
±13.7*

125.79 
±13.2*

56 111.35 ±5.4* 111.24 ±7.8* 109.43 ±7.9* 120.67 
±11.4ab*

129.26 
±8.9a*

131.78 
±11.2b*

Note: With the same letters (a-a, b-b) are marked statistically significant between-group dif-
ferences for each sex at P<0.05. With * are marked the within-group intersexual differences at 
P<0.01.

Fig. 2. Cumulative feed consumption in male and female common quails.
 

1-7 day 1-14
day

1-21
day

1-28
day

1-35
day

1-42
day

1-49
day

1-56
day

male 21.00 83.37 170.45 273.07 401.14 553.46 697.40 826.91
female 21.00 83.37 170.45 284.95 441.36 631.75 819.54 970.37
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raising period (21-day-old), differences 
between the sex feed consummation be-
came apparent, deepening with age and 
reaching approximately 143.5 g (14.8 %) 
by the end of the study. The cumulative 
feed consumption of male quails up to 
56-day-old in our study was 826.9 g, while 
for females, it was 970.4 g. The observed 
intersexual differences are directly con-
nected to the sex-related distinctions in 
live body weight (Fig. 1). Male maturation 
was associated with a constant and even 
a decline in feed consumption, reaching 
an average daily consumption of 18.5  g 
during the final week. Despite the growth 
of the reproductive system in females and 
their preparation for egg-laying, a similar 
trend was observed, characterised by a 
slight decline in average daily consump-
tion, reaching 21.5 g in the last week of 
the experiment. Figure 2 illustrates the 
age-related changes in cumulative feed 
consumption in the all tested quails, sep-
arated by sex.

The data for FCR showed relatively 

close values for feed conversion between 
the two sexes, raised until 35-day-old, 
with 4.39 kg for males and 4.58 kg for fe-
males (average 4.48  kg for both sexes) 
(Fig. 3). As expected, with the increase in 
the quails rearing period, feed utilisation 
efficiency worsens, reaching an average 
FCR value of 7.95 for both sexes at the 
end of the test period (56-day-old).

Discussion

Mihaylov (2006) reported a similar weight 
for 1-day-old common quail (C. coturnix) 
– 5.99  g as in this study. Lower values, 
ranging between 5.0–5.5 g, were present-
ed by Botev (1985). It should be noted 
that the weight of 1-day-old quail is influ-
enced by various factors, with the most 
significant being the size of the hatching 
egg and the duration of the chicks’ stay 
in the incubator (Genchev and Lukanov 
2023). The growth of the studied popula-
tions of common quails up to 14-day-old 

Fig. 3. FCR in male and female common quails.
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male 1.33 2.17 2.89 3.49 4.39 5.44 6.68 7.89
female 1.33 2.17 2.87 3.49 4.58 5.72 6.71 8.02
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is comparable to that of light (egg-laying) 
domestic quails (Anang et al. 2017, Gries-
er et al. 2018). At this age, in addition to 
rapid changes in the live weight of the 
birds, changes in their plumage were also 
observed. From day 14th, quails enter 
the phase of intensive feathering, initiat-
ing a complete replacement of embryonic 
down with juvenile feathers (Genchev et 
al. 2008). Consequently, sex determina-
tion based on breast colouration in com-
mon quails can be performed as early as 
13-day-old, but it is most reliably done 
about and after day 21st – at the begin-
ning of second juvenal plumage develop-
ment (Lyon 1962).

Analysing the data on average week-
ly growth, it can be concluded that quails 
exhibit the most active growth during the 
period up to 7-day-old. Relatively close 
growth values were observed during the 
control weighing on days 14th and 21st. 
Up to 21-day-old, the growth of common 
quails accounts for approximately 60% 
of the total growth in males and about 
54.5 % in females. After this age, the av-
erage growth values gradually decrease, 
even reaching negative levels in some 
subgroups during the final week of the test 
period. This decline may be associated 
with the birds reaching maturity. Similar 
results regarding growth intensity in com-
mon quails were reported by Mihaylov 
(2006). In contrast, domestic quails of the 
light egg-laying type demonstrate higher 
growth rates (Saatci et al. 2002, Sezer et 
al. 2006, Nankinov 2016, Grieser et al. 
2018), indicating a more intensive growth 
pattern. Regarding the weight differenc-
es of sexually mature male and female 
individuals, our findings align with those 
presented by several authors studying 
common quails (C. coturnix) in field in-
vestigations (Michailov 1995b, Derégnau-
court et al. 2002, Tsachalidis et al. 2007, 

Qureshi et al. 2016, Bagarić and Dumić 
2019). Compared to the cited sources, 
the live weight of the mature quails used 
in the present study shows higher values. 
This can be explained by the better raising 
conditions and feeding of the birds in cap-
tivity or by hybridisation. When comparing 
wild common and wild Japanese quail (C. 
japonica), no significant differences in live 
weight were observed (Lyon 1962, Mc-
Gowan and Kirwan 2020). It can be stated 
that selection has resulted in higher live 
weights in domestic quails (C. japonica 
domestica) comparing with their ances-
tor (Japanese quail) and common quail. 
In domestic quails, live weight is one of 
the traits most strongly influenced by se-
lection, with differences from their wild 
ancestors up to three times (Lukanov and 
Pavlova 2020a).

The available scientific literature does 
not provide information regarding feed 
consumption quantity in the different com-
mon quail age periods. In this context, the 
present study can serve as a foundation 
for the economic evaluation of the efficien-
cy of their captive raising, as feed costs 
constitute a major component in determin-
ing the production cost of a single quail 
(Lukanov and Pavlova 2020b). By analys-
ing the feed consumption data, averaged 
for male and female quails, it is possible to 
quantify the feed requirements across the 
different feeding phases (starter, grower, 
and finisher) for rearing a quail until their 
restocking. Based on this study, a single 
quail consumes an average of about 80 g 
of starter feed (up to 14-day-old), 90 g of 
grower feed (up to 21-day-old), and 730 g 
of finisher feed (21–56-day-old). This al-
lows for accurate planning of the feed 
needed for raising quails in game farms. 
The primary rearing method for common 
quails intended for game restocking in-
volves floor rearing during the brooding 
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period (brooder houses), followed by avi-
ary housing (open-air flight pens) (Carava-
ca et al. 2022). Typically, higher feed con-
sumption is observed raising birds under 
non-caged systems due to the increased 
activity levels of the birds (Ahammed et 
al. 2014). Therefore, for the purposes of 
game farming practice and planning, we 
recommend that feed calculations for 
game farms be increased by about 10 % 
during the brooding period and by about 
20 % thereafter, compared to the values 
presented in this study where cage-rear-
ing system was used.

Analysing the results regarding com-
mon quails’ live body weight, their physi-
cal development, and feed consumption, 
it can be recommended that most effec-
tive restocking age is about 35 days. This 
corresponds to the average age of trans-
fer to open-air flight pens (Caravaca et 
al. 2022). By this point, the quails have 
achieved live body weights (approximate-
ly 87 % in males and 80 % in females) and 
physical development levels comparable 
to those of adult birds. Keeping them on 
the farm beyond this age would increase 
their production cost, reduce the number 
of batches processed, and necessitate 
additional rearing facilities. Quails reared 
up to 35-day-old consume half the amount 
of feed (on average 421.2 g) compared to 
those raised to sexual maturity. This would 
lead to a threefold reduction in the finish-
er phase (approximately 250 g of finisher 
feed per bird). In game farms, common 
quails and their hybrids with Japanese 
quails are typically marketed for purposes 
such as game restocking, training hunting 
dogs, or shooting practice at an age range 
from 45 to 85 days (Caravaca et al. 2022).

In contrast to common quail, feed 
utilisation in domestic quails is generally 
more efficient. FCR values for domestic 
quails raised up to 35-day-old typically 

range from 3.0 to 3.9 (Ray et al. 2014, 
Razee et al. 2016, Pavlova et al. 2018, 
Lukanov 2022, Arunrao et al. 2023, Taleb 
et al. 2024). The results provided by the 
feed conversion ratio are significant when 
any form of production is achieved, in this 
case, growth. This information could be of 
importance when tracking the efficiency 
of converting feed into ‘meat’ i.e., when 
quails are fattened for slaughter. Typical-
ly, game farms raise common quails for 
game restocking or for breeding purposes. 
Fattening common/hybrid quails and pro-
ducing game type meat falls into a mar-
ket niche primarily occupied by domestic 
quails. The possibility of marketing meat 
from captive-raised common quails is an 
opportunity that, with an appropriate mar-
keting strategy, could offer new prospects 
and economic advantages compared to 
their classic use for restocking.

Conclusions

The present study provides a basis to 
conclude that the origin of the population 
of common quails does not significant-
ly influence their growth characteristics. 
By 35-day-old, common quails reach ap-
proximately 87  % of the body weight of 
adult males and 80  % of adult females, 
consuming an average of 421.2 g of com-
pound feed. This gives reason to recom-
mend raising common quail until about 
35-day-old for restocking purpose as the 
most effective.
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Abstract
The floristic composition and diversity analysis of forests is considered an essential aspect 

of cork oak ecosystem. Both can contribute to our knowledge of their functioning, and assist in 
our conservation efforts. Chrea woodland is located in the central part of the Tellian Atlas region 
of the Atlas Mountains in northern Africa. Quercus suber L. (cork oak) is a dominant tree in this 
woodland. A number of non-native species have established themselves in this woodland, includ-
ing black locust (Robinia pseudoacacia). Urbanization, uncontrolled cutting, and wildfires are the 
main processes that affect at present the species composition and ecological dynamics of these 
woodlands. To investigate the floristic richness and diversity patterns of Chrea woodland, and 
the possible effects of invasive spreading of R. pseudoacadia, we sampled stands dominated 
by black locust and dominated by cork oak, during April, May, and June 2019–2021, collected 
species abundance for each plot. Overall, we identified 171 species representing 136 genera, 
belonging to 49 botanical families, with significant differences in species richness and species 
heterogeneity on the stands dominated by cork oak and stands co-dominated with black locust. 
The analysis of this flora also enabled us to identify medicinal plants, aromatic plants, and plants 
of economic interest in this region. Our data showed that the flora of Chrea woodland is dominat-
ed by Mediterranean vegetation, with life forms represented by Therophytes, Hemicryptophytes, 
Cryptophytes, Chamephytes and Phanerophytes. The dominance of therophytes and hemicryp-
tophytes in both stand types illustrates how the woodland may be affected by processes, such 
as urbanization, uncontrolled cutting, wildfires, and the introduction of non-native species. The 
conservation of these peculiar woodlands with high values of plants diversity must be part of a 
sustainable development programme that will make it possible to protect existing heritage and 
improve the socio-economic conditions of local populations.

Key words: black locust, cork oak, medicinal plants, native oak, plant diversity, richness.
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Introduction

One of the fundamental ecological justi-
fications for protecting biodiversity is that 
its decline could affect ecosystem func-
tions that support human life, such as pri-
mary productivity, carbon storage, water 
retention, and clean water supply (Laz-
zaro et al. 2018). Often the specific and 
generic richness of the region is threat-
ened because the biodiversity continues 
to be reduced very rapidly due to human 
pressure, which leads to fragmentation, 
degradation, and loss of habitat (Rabhi 
et al. 2018). The Mediterranean region is 
known as one of the most important 51 ar-
eas in the world for ecosystem diversity. 
However, there is not much information 
on the 52 habitats present in the southern 
and eastern Mediterranean (Médail and 
Quézel 1997, Véla 2018).

Cork oak (Quercus suber L.) forests 
are common within the Tellian Atlas re-
gion of the Mediterranean forest. Never-
theless, comparatively little research has 
been conducted on the floristic richness 
of these cork oak woodlands (Agrillo et al. 
2018, Casella et al. 2020).

Cork oak is an endemic species of the 
Mediterranean basin, a descendant of the 
Upper Pliocene flora, which dates back to 
the Tertiary (Boudy 1950). It is considered 
to be of economic and ecological impor-
tance. The cork oak forest, which mostly 
stretches along the humid coastal regions 
of north-eastern Algeria until the Tunisian 
border, is one of the most significant forest 
types in Algeria in terms of covered area. 
These forests contain several biodiversity 
hotspots, including the Kabylias-Numid-
ia-Kroumiria region (Véla and Benhouhou 
2007, Meddour et al. 2022) and Chrea 
Park (Meyers et al. 2000).

Containing numerous rare and endem-
ic species, this flora is being affected by a 

variety of events and processes, including 
urbanization, uncontrolled cutting, wild-
fires, and the introduction of non-native 
species. In particular, the effect of non-na-
tive plant species on native vegetation 
diversity has not been previously studied 
(Bennadja et al. 2013). At present, alien 
species, that has become abundant in 
the cork oak forests, is black locust (Rob-
inia pseudoacacia L.) (GBIF Secretariat 
2023).

The objective of this study was to as-
sess how R. pseudoacacia may affect the 
species composition and dynamics of the 
cork oak forest in Chrea Park. To accom-
plish this, we compared the species rich-
ness and species heterogeneity of cork 
oak stands and co-dominated by R. pseu-
doacacia. We also wanted to categorize 
the life forms of the species and to identify 
species of medicinal, aromatic, and eco-
nomic value.

Material and Methods

Study area

Chrea woodland occupies a mountain-
ous territory, culminating at 1627  m a. 
vfbsddcxs.l. in Koudiat Sidi Abdelkader 
(Sbabdji et al. 2015). It is characterized by 
significant topographical and floristic het-
erogeneity, including ecosystems domi-
nated by Q. suber and Q. ilex L. (Derridj 
1990). R. pseudoacacia, an introduced 
species, is common in Q. suber stands. 
The study area is located between the two 
sites of Hakou Feraoun and Béni Ali, be-
tween 700 to 1000 m altitude, among the 
northern latitudes 36°25’00’’ to 36°30’00’’ 
and the eastern longitudes 2°50’00’’ to 
2°52’30’’ (Fig. 1). Using aerial photos with 
a scale of 1/20.000, dated 1999 (I.N.C.T), 
we were able to highlight the different iso-
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Fig. 1. Geographical location of the study area of the Chrea forest (Inct 2022).
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phenes zones (large homogeneous plant 
formations).

The bioclimate location of the study 
area is subhumid at low altitudes (661 m) 
with an average maximum temperature 
32  °C in July and an average minimum 
temperature of 2  °C in January, with an-
nual average rainfall of 686 mm. The dry 
season lasts three months at low altitudes 
and two and a half months at high alti-
tudes. The two study sites are located in 
the Meso-Mediterranean vegetation stage 
dominated by sclerophyll oaks (Q. suber 
and Q. ilex) in the altitudinal range from 
(600 and 1000 m) (Halimi 1980).

Data collection

To investigate the floristic richness and 
heterogeneity of Chrea woodland, spe-
cies lists were extracted from floristic sur-
veys conducted between 2019 and 2021 
during April, May and June in Hakou Fe-
raoun and Béni Ali sites between 700 and 
1000 m a.s.l.

The floristic surveys were carried out in 
plots with a minimum area of 100 m2 with 
presence of the cork oak and black locust. 
Overall, 32 plot surveys were collected by 
the Braun-Blanquet (1932) method (16 
plots on cork oak stands dominated by 
black locust tree, 16 control plots in na-
tive cork oak forest). We sampled 100 m2 

as a minimum area for all stands with and 
without black locust. We used the plant 
species check-list ‘New Flora of Algeria’ 
(Quézel and Santa1962–1963) and ‘Flora 
of North Africa Maire’ (1952–1987), sup-
plemented also by ‘Flora Corsica’ (Jean-
monod and Gamisans 2007). The rarity 
and plants endemism in Algeria were 
checked from ‘New Flora of Algeria’ list. 
The assessed species were divided in 
four categories namely rare, very rare, 
fairly rare and extremely rare according to 

the criteria of rarity provided in the Algeri-
an flora (Quézel and Santa 1962–1963). 
Life of found species list were catego-
rized in: phanerophytes, chamaephytes, 
hemicryptophytes, cryptophytes and 
therophytes according to the Raunkiaer 
classification. The Raunkiaer’s classifica-
tion is the most accepted and used classi-
fication system for plants life form (Klimeš 
2003, Leuschner and Ellenberg 2017). 
The Raunkiaer classification system 
groups terrestrial plants are: therophytes 
(annual plants surviving harsh conditions 
as seeds), hemicryptophytes (plants with 
buds at or near to soil surface), chamae-
phytes (plants with buds within 0.25  m 
above the soil surface), phanerophytes 
(plants taller than 0.25–0.5 m, with buds 
on aerial shoots) and geophytes (plants 
with belowground buds as storage or-
gans, i.e., rhizomes or bulbs) (Ellenberg 
and Müller-Dombois 1967, Müller-Dom-
bois and Ellenberg 1974).

Moreover, by the analysis of this the 
flora list of vegetation plot allowed us to 
develop a list of medicinal plants, aromat-
ic plants, plants of economic interest, in 
Chrea Park ‘New Flora of Algeria’ (Quézel 
and Santa1962–1963).

Data analysis

Independent t-tests (SPSS v17.0) were 
applied to compare the means of two in-
dependent groups in order to determine 
whether there is statistical evidence of 
stand type on: 1) species richness calcu-
lated as the number of species per plot; 
2) species heterogeneity, which was cal-
culated based on the additive components 
of diversity (Lande 1996, Roschewitz et al. 
2005), by subtracting the mean number of 
species per plot from the total number of 
species found in each stand type; 3) Spe-
cies abundance calculated as the number 
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of individuals of all species combined per 
plot. All tests were performed at the 0.05 
level of significance. The mean values of 
richness, heterogeneity and abundance 
for both stands. were calculated with stan-
dard deviation.

Moreover, we computed the proportion 
of species collected in all plots in each life 
form class.

Results and Discussion

Floristic diversity in native and black 
locust stands

Our sampling yielded 171 species (143 in 
stands with black locust and 133 in stands 
dominated by cork oak), representing 
136 genera and 49 families. This number 
of species represents 6 % of the flora of 
northern Algeria, estimated at 3150 spe-
cies (Médail and Quézel 1997). The doc-
umentation of 171 species in the study 
area illustrates the higher level of plants 
biodiversity in Mediterranean cork oak sa-
vannas (Bugalho et al. 2011).

However, the species richness is lower 
than other Algerian regions, such as Ka-
bylian cork oak forest, 311 species (Med-
dour et al. 2022); the Kéfrida woodlands, 
332 species (Bouchibane et al. 2017); the 
Akfadou forest, 435 species (Messaoud-
ene et al. 2007). It is also lower than those 
reported in eastern Numidia, 292 species 
(Bennadja et al. 2013) and the cork oak 
forests in the Tlemcen mountains, 429 
taxa (Medjahdi et al. 2018). However, this 
richness was higher than that obtained in 
other regions, such as in Edough penin-
sula 123 species (Iboukassene 2008); in 
Djebel Bissa, 151 (Letreuch-Belarouci et 
al. 2009); in Theniet El Had, 157 (Naggar 
et al. 2019); in El Kala, 162 (Bennadja et 
al. 2013); in Bissa forest, Chlef, 151 (Zem-

mar et al. 2020). The most represented 
families in our study were Asteraceae 
and Fabaceae, each with 22 species, fol-
lowed by Poaceae (20), Caryophyllaceae 
(9), and Brassicaceae, Lamiaceae, and 
Rosaceae, each one represented with 7 
species, other families were less repre-
sented (Fig. 2).

The species richness is significantly 
different between cork oak stands and 
stands with the black locust (t(30) = 2.62, 
p  =  0.014), with the mean richness in 
stands with black locust (43.50 ±12.00) be-
ing higher than in stands without black lo-
cust (34.06 ±7.98). However, there was no 
difference in species abundance between 
native and invaded stands (t(30)  =  1.13, 
p  =  0.264), where the mean abundance 
of black locust (62.87 ±14.7) being high-
er than in native stands (57.94 ±9.19).
Our results showing that species rich-
ness is greater in plots with black locust 
differ from the findings of Benesperi et al. 
(2012), who found that plant communities 
were more diverse in areas without black 
locust. This diversity due probably to ef-
fect of black locust, which is known to sig-
nificantly increase soil nitrogen reserves 
(Rice et al. 2004). As a result, this process 
is probably going to affect the understo-
rey’s composition and plant diversity.

Our findings are similar to reported by 
Levine and D’Antonio (1999) and Stohl-
gren et al. (2003), where local species 
richness might positively correlate with 
numbers of non-native species due to 
common promoting factors. With respect 
to species heterogeneity, stands without 
black locust exhibited reduced species 
heterogeneity (25.6 ±6.06) vs (30.41 
±8.39) in the stands with black locust 
(t(30) =  1.86, p  =  0.072), with no signifi-
cance difference between them.

The higher species heterogeneity in 
the stands with black locust in our study 
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contrast with those reported 
by Benesperi et al. (2012), 
where forests species heter-
ogeneity was higher in native 
stands than those of black 
locust. Whereas, some of the 
earliest evidence of heteroge-
neity-diversity-relationships in 
forest stands (MacArthur and 
MacArthur 1961), are similar 
to our finding on the high het-
erogeneity related to diversity 
in non-native stands. Alterna-
tively, Huston and DeAngelis 
(1994) demonstrate that the 
heterogeneity is the result of 
large number of species can 
coexist.

Medicinal plants

Considering plants used in 
traditional medicine, our re-
sults included 47 medicinal 
species belonging to 29 fami-
lies. Asteraceae had the high-
est number of species (7). 
Three medicinal species were 
found in Lamiaceae, Rosace-
ae and Papavveracea, and 
two species were found in 
Fabaceae, Pinaceae, Cista-
ceae, Apiaceae and Plantag-
inaceae (Fig. 3).

That many of the medic-
inal species were found in 
the Asteraceae and Lamiace-
ae families are consistent 
with findings for the whole 
of the Mediterranean region 
(González-Tejero et al. 2008), 
particularly in Algeria (Med-
dour and Meddour-Sahar 
2015), and Morocco (Ennabili 
and Gharnit 2000).
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Rare species
According to the floristic diversity analysis, 
we found 14 rare species representing 12 

families (Fig. 4), their abundances ranging 
from rare (6), very rare (4), fairly rare (2), 
to extremely rare (2) (Fig. 5).

Fig. 3. Distribution of medicinal plant species in the Chrea forest according their taxon 
(families).
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Raunkiaer life forms species in Chrea 
woodland

Therophytes were by far the 
dominant life form in both 
types of stands, 50 % of the 
species in the stands with 
black locust (Fig. 6), and 
53  % in the stands without 
it (Fig. 7). Phanerophytes 
and hemicryptophytes were 
the second and third most 
common life form types, 
again with comparable 
abundances in both stand 
types. Cryptophytes and 
chamephytes were the least 
common life forms, neither 
exceeding 10 %.

The relative proportion 
of the life forms in an eco-
system is a descriptive and 
physiognomic value, in addi-
tion to having ecological sig-
nificance (Berghen 1984). 
The relatively high number 

of therophytes illustrates adaptation to 
the Mediterranean bioma (warm, and pe-
riodically dry climate conditions), as well 

Fig. 5. Distribution of species following their rarity status.
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as the effects of human disturbance, such 
as overgrazing (Letreuch-Belarouci et al. 
2009, Rožac et al. 2018). The dominance 
of therophytes and hemicryptophytes in 
both stand types may indicate changes 
in both environments associated with in-
creased wildfire frequencies, anthropiza-
tion, and land clearing, all of which would 
be expected to make the landscape warm-
er and drier. The proportion plants found 
to be therophytes in this study is similar to 
that documented by Naggar et al. (2019) 
at Theniet el Had National Park in Algeria 
(50 %) and in the Mamora forest in Moroc-
co (50.5 %) (Aafi et al. 2005).

The relative abundance of therophyte 
life forms in the study area is higher than 
that recorded in El Kala cork oak forest 
(38  %) (Ouelmouhoub and Benhouhou 
2007), this lower rate may be explained 
by its location in the sub-humid climatic 
stage. Overall, the high presence of thero-

phytes is due to characteris-
tics of arid Mediterranean 
zones, in which high-water 
stress dominates (Médail 
and Myers 2004). Contrary 
to that found in our study re-
sults, the hemicryptophytes 
are the dominant life form 
(43.8 %) in the forest wood-
lands of Babors, in Algeria 
(Bouchibane et al. 2021).

Conclusions

The present study investi-
gated the effects of the in-
troduction of black locust 
into a cork oak forest on the 
species composition, spe-
cies richness, species het-
erogeneity, species abun-
dance and plant life forms 
of the forest. The results 

demonstrated that in the cork oak forest 
sampled, species richness, species di-
versity and species heterogeneity were 
predominantly higher in stands with locust 
than in stands without locust. Vítková et 
al. (2017) reported significant differences 
between habitats with and without black 
locust. In accordance with the results of 
our study and those of other researchers, 
this suggests that the introduction of spe-
cies can, on occasion, increase local spe-
cies richness (Sax et al. 2002, Stohlgren 
et al. 2003). However, species richness 
did not differ between stands with and 
without Robinia.

It is recommended to establish a pro-
gramme that integrates general forest 
management with the objective of pre-
serving highly desirable species, includ-
ing rare or endangered species, as well 
as the valorisation of medicinal species.

Fig. 7. Raunkiaer life forms of the woodland not invaded 
by Robinia pseudoacacia L.

Note: Th, He, Cr, Ch, Ph, and Ge indicate Therophytes, 
Hemicryptophytes, Cryptophytes, Chamephytes, Phanero-
phytes, and Geophytes, respectively.
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Abstract
Extreme weather events such as ice-storms increasingly impact forest ecosystems, yet effec-

tive methods for assessing their damage remain limited. This study aims to compare the applica-
bility of three vegetation indices based on imagery obtained from Sentinel-2 satellites in assessing 
damage from large-scale forest disturbance caused by an ice-storm in the Western Stara Planina 
Mts. The rate of damages was assessed using the temporal comparison in the Normalized Differ-
ence Vegetation Index (NDVI), Plant Phenology Index (PPI), and Leaf Area Index (LAI) between 
August 2020 and August 2021. The results showed that NDVI is less sensitive for canopy chang-
es in complex phytocoenosis such as forests. Due to the forest’s understory phenology, PPI has 
a low relation with canopy destruction and indexes false positive changes between 2020 and 
2021. LAI reduction was closely related to terrain assessment results, but there was still an index 
increase in stands with high damage values established during field assessments. A significant 
challenge in forest disturbance damage analysis based on changes in vegetation indices remains 
the objectivity of the field assessments used as a control for comparing the applicability of indices. 
Quality and quantitative assessment of disturbance impacts on forests using remote sensing re-
quires precise ground-based data and integration of this information with vegetation indices. Due 
to partial crown destruction in some affected trees, remotely sensed indices incorporating canopy 
depth are well-suited for assessing damage caused by natural forest disturbances.

Key words: Leaf Area Index, Normalized Difference Vegetation Index, Plant Phenology  
Index.

cording to Voller and Harrison (2011), the 
scale of a natural disturbance can vary 
significantly, depending on the nature of 
the event that causes it, as well as on the 
orography of the terrain and the structure 
of the forest. The period between two 
large-scale natural disturbances is of-
ten shorter than the potential lifespan of 
late-successional species (Oliver and Lar-

Introduction

Natural disturbances are part of forest dy-
namics (Grebner et al. 2012), but unlike 
micro-disturbances, which diversify the 
functions, structure, and development of 
stands (Oliver and Larson 1996), large-
scale natural disturbances lead to rapid 
change in the forest environment. Ac-
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son 1996). Therefore, large-scale natural 
disturbances free up space for the accom-
modation of pioneer plant species, restart-
ing succession and changing the species 
composition of forests.

Forest ecosystems are often repre-
sented by a mosaic of stands that vary in 
age, composition, structure, and function-
ality. Their dynamic appearance is formed 
primarily by disturbances, which can be 
natural or anthropogenic. Lazarov et al. 
(2009) point out that periodic natural dis-
turbances are a crucial factor in the life 
cycle of forest ecosystems and maintain 
their diversity and functions over a long 
period. Wind, snow or ice, torrential rains 
and floods, fires, avalanches, etc., cause 
natural disturbances. The frequency and 
intensity of ice-storms are expected to 
increase with climate change, leading to 
more frequent and severe damages. Ice-
storm damage can range from minor twig 
breakage to complete trunk break or up-
rooting (Guo and Xue 2012), depending 
on the spatial and temporal extent of the 
damaging event (Olthof et al. 2004). This 
structural damage can significantly alter 
forest dynamics and recovery processes 
(Cao et al. 2020). Ice-storm damage to 
the forest canopy affects understory light 
conditions, influencing species regenera-
tion and forest dynamics. It also impacts 
soil, litter, disease fungi, and wildlife (Guo 
and Xue 2012).

Damage assessment after a natural 
disturbance is still labour-intensive and re-
quires solid human resources. It is subjec-
tive mainly because primitive scales and 
criteria are used. Moreover, assessors 
often vary due to the large scale of the 
affected territories, which could contribute 
to an increase in errors.

Several methods and indices can be 
employed to assess ice-storm forest dam-
ages using vegetation indices, primarily 

leveraging remote sensing data (Frolking 
et al. 2009). According to Lechner et al. 
(2020), remote sensing can demonstrate 
high potential in monitoring forest chang-
es over long periods or comparing differ-
ent sites. Remote sensing has been used 
in a diverse range of forest ecology and 
management applications from mapping 
invasive species to monitoring land-cover 
changes, such as habitat fragmentation, 
to estimating biophysical and biochemical 
properties of forests. Some crucial advan-
tages of remote monitoring methods for 
forest ecosystems are related to the abil-
ity to capture a comprehensive picture of 
the current state of forests, track this state 
over time based on periodic surveys of the 
same territory, digitize the data, and link 
it geographically (Lechner et al. 2020). 
Satellite remote sensing is emerging as 
an efficient tool for monitoring vegetation 
dynamics due to natural disturbances, us-
ing frequent observation, wide coverage 
and easy data collection (Lechner et al. 
2020, Zhao et al. 2024a). According to 
Asenova and Angelov (2022), a remote 
sensing assessment can save time and 
effort, use objective criteria, and allow the 
analysis of natural disturbances’ principal 
risks and prerequisites. Forests have a 
specific absorption capacity for red and 
infrared light (Treitz and Howarth 1999), 
so it is possible to assess the damage 
based on satellite images taken in these 
light ranges. The relationship between 
remotely sensed vegetation indices and 
forest damage caused by natural dis-
turbances is still hardly studied. Factors 
such as mixed species complexes, verti-
cal structure, topography, time of day and 
year, vegetation phenology, weather con-
ditions, moisture, and stress, complicate 
computer-based analysis procedures by 
increasing spectral variance and reducing 
the spectral separability of classes (Pitt et 



	 Assessment of ice-storm damage in forests using remote sensing	 63

al. 1997). This can add variations in track-
ing long-term trends and cause false pos-
itive or negative signals in forest dynam-
ics. The atmosphere varying transmit-
tance to light can also distort the results of 
long-term monitoring. Even if we exclude 
clouds with some modern approaches, 
causes of inaccuracies, such as humidity 
and dustiness of the atmosphere, remain 
more difficult to identify and compensate 
for (Kaufman et al. 1997). The diversity of 
reasons for change in forests complicates 
identifying and analysing disturbances. 
Human activity in forest management 
leads to significant changes in their nat-
ural dynamics and can enhance or mask 
some natural processes (Barbero et al. 
1990). Studies that require detailed infor-
mation on smaller plants (<0.5 m tall) and/
or individual or rare plant species are un-
likely to be supported by current remote 
sensing technologies (Pitt et al. 1997).

One of the most commonly used veg-
etation indices in environmental studies 
determined from satellite images is the 
Normalized Difference Vegetation Index 
(NDVI) proposed by Rouse et al. (1974), 
which is calculated using images of re-
flected light in the red (RED) and infrared 
(NIR) parts of the light spectrum (Pettorelli 
et al. 2005):

	 NIR REDNDVI
NIR RED

−
=

+
.	 (1)

The equation (1) is based on the fact 
that infrared light is reflected more in-
tensely by plants’ leaves with more hy-
drated and healthy cell walls. At the same 
time, leaves with more chlorophyll reflect 
less red light. Therefore, higher NDVI 
values show a higher life potential and a 
better ability to absorb the carbon of the 
vegetation (Tucker et al. 1991).

Several authors point to the direct re-
lationship between NDVI and forest pro-
ductivity (Sellers et al. 1992, Vourlitis et 

al. 2003, Bailey et al. 2004). However, 
NDVI has one significant drawback when 
studying vegetation dynamics in forest ar-
eas. After quickly reaching the maximum 
value for the season, NDVI remains high 
for an extended period because it is less 
sensitive to fluctuations in water content 
and chlorophyll in summer, especially in 
compact forests (Huete et al. 2002). For 
this reason, Grabska-Szwagrzyk and Ty-
mińska-Czabańska (2024) recommend 
for monitoring in forests to use indices that 
reflect in more detail the state of the leaf 
apparatus during individual months of the 
year, such as the Enhanced Vegetation 
Index (EVI), calculated by equation (2).

	 NIR REDEVI 2.5
NIR 6 RED 7.5 BLUE 1

−
= ⋅

+ ⋅ − ⋅ +
	(2)

By using the blue channel in the cal-
culation of EVI, the background influence 
of soil and particles in the atmosphere is 
reduced. Blue light, on the other hand, 
is scattered strongly in the atmosphere 
(Ahrens and Henson 2015). According 
to Jin and Eklundh (2014), with static 
sensors such as those on the Sentinel-2 
satellites, there is often considerable var-
iation and a decrease in the accuracy of 
the determined index, especially at higher 
latitudes. The authors propose a new ap-
proach for calculating a vegetation index 
based on biophysical laws such as the 
diffuse reflectance law of Hapke (2012). 
Based on Buschmann and Nagel (1993) 
assumptions, that the logarithm of the ra-
tio between NIR and RED shows a much 
stronger relationship with chlorophyll 
content, and considering the advantages 
of normalized indices, Jin and Eklundh 
(2014) formulated a Plant Phenology In-
dex (PPI).

	 MAX

MAX Soil

DVI DVIPPI K ln
DVI DVI

 −
= − ⋅  

− 
	 (3)

In the PPI equation (3), DVI (Differ-
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ence Vegetation Index) is the difference 
between NIR and red reflectance; DVIMAX 
is the maximum DVI value for the most ex-
tended possible period, and DVISoil is the 
soil DVI, which is used as the minimum 
PPI correction value. Factor K is a PPI 
gain factor that depends on the canopy’s 
density, the leaves’ light transmission, the 
inclination of the leaves to the horizontal, 
and the angle of incidence of the sun’s 
rays (Jin and Eklundh 2014). One of the 
most significant advantages of PPI as a 
biophysical index is its strong correlation 
with the Leaf Area Index (LAI), which is 
widely used in forest research because 
it shows a strong relationship with forest 
productivity. LAI is broadly defined as the 
amount of leaf area (m2) in a canopy per 
unit ground area (m2) (Watson 1947). It 
determines the size of the interface for ex-
change of energy (including radiation) and 
mass between the canopy and the atmos-
phere. LAI is an intrinsic canopy primary 
variable that is independent of observa-
tion conditions (WEkEO 2023). Weiss et 
al. (2004) described the methodology for 
deriving LAI from Sentinel-2 products. It’s 
based on INRA’s 5-level neural network 
(Fernandes et al. 2014). The relationship 
between LAI and PPI is linear, unlike the 
non-linear relationship of the widely used 
NDVI and EVI, whose levels saturate as 
LAI increases above 2–3 m2·m-2.

A change between the spectral indi-
ces of pre-disturbance and post-distur-
bance images is a widely used approach 
to assess rate of damages (Miller and 
Yool 2002, Olthof et al. 2004, Brewer et 
al. 2005, Röder et al. 2008, Sharma et al. 
2022, Zhao et al. 2024b). Differencing can 
result in a measure of absolute or relative 
change correlated to the pre-disturbance 
image. A significant change in live bio-
mass will be measured in a pixel experi-
encing complete mortality that contained a 

large amount of photosynthetically active 
vegetation in the pre-disturbance image 
(Miller and Yool 2002). Damage classifi-
cation typically requires assignment of a 
continuous damage measure into discrete 
damage classes. A limitation of the clas-
sification approach is that the boundaries 
between damage classes are artificial and 
subjective (Olthof et al. 2004).

The approach of using the difference 
between pre- and post-disruption images 
to assess damage from natural distur-
bances has the potential to save time and 
effort in field surveys. Remotely sensed 
indices can help differentiate areas of low 
or medium damage from areas of severe 
damage. Such classification methods can 
provide regional damage maps more ob-
jectively than point-based visual estimates 
and aid in identifying areas of severe 
damage where management intervention 
may be advantageous (Olthof et al. 2004). 
The three studied vegetation indices have 
different advantages when used as crite-
ria for remote assessment. NDVI is easy 
to calculate (Pettorelli 2013), and the lit-
erature provides numerous examples of 
its use for similar purposes (Nedkov et 
al. 2020, Pettorelli et al. 2005, Sharma et 
al. 2022). The use of PPI makes the as-
sessment significantly more complex, as 
this index responds not only to changes in 
the main forest stand but also to changes 
in the vegetation community’s lower biot-
ic horizons (Jin and Eklundh 2014, Anev 
2023). LAI is most closely related to forest 
productivity and records damage in a way 
that is closest to the visual assessment 
method (Clark et al. 2008, Fernandes et 
al. 2014). However, each index also has 
its drawbacks, which became apparent 
from the study. NDVI quickly saturates 
to relatively high values, making it less 
sensitive to minor damage (Gamon et al. 
1995).
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A significant problem when comparing 
vegetation indices from two years is the 
interannual variation of the index due to 
specific meteorological conditions in indi-
vidual years. Establishing a threshold for 
damage assessment involves comparing 
pre- and post-disturbance vegetation in-
dex values, which can be done by calcu-
lating the standard deviation of pixels in 
undamaged areas and setting a threshold 
based on this deviation (Wu et al. 2016). 
Myneni et al. (1998) observed 10% inter-
annual variation of NDVI in Alaska over 
nine years (1981–1990). For the same pe-
riod, Tucker et al. (1991) point out that the 
coefficient of variation of NDVI above 0.25 
corresponds well to the Sahel. Xiao-Bing 
et al. (2003) established approximately 
20% interannual variation of NDVI over 
17 years (1983–1999) for the temperate 
steppe in Northern China. Rowhani et al. 
(2011) showed that temperate broadleaf 
forests experienced 5.63% interannual 
variations in EVI from 2000 to 2006 but 
also pointed out that around 14 % of the 
global vegetation experienced more than 
20% of interannual variability in land sur-
face attributes relative to the median year 
over the six years. Cheng et al. (2024) 
found that China’s vegetation status 
(based on EVI) exhibits a notable intra-an-
nual variation pattern of high in summer 
and low in winter, and the changes are 
more pronounced in the northern regions 
than in the southern regions. The inter-
annual dynamics of vegetation indices in 
forests, especially those of a biophysical 
nature such as PPI and LAI, are often due 
to interannual fluctuations in phenological 
dynamics related to cumulative tempera-
tures, the main tree species, the stage of 
development, the structure of the forest, 
etc. (Peaucelle et al. 2019, Olthof et al. 
2004). Anev (2023) found that for 2017–
2023, the PPI in ‘Petrohan’ Training and 

Experimental Forest Range varied (based 
on the standard deviation) from 1  % in 
December-January, to 23 % in June-July, 
and the average for the year was 10 %. 
Wu et al. (2016) recommended the same 
values for deviation from the mean of 
NDVI and EVI as a threshold to identify 
damaged areas.

In Bulgaria, vegetation indices are 
barely entering the study of ecosystems. 
At this stage, the NDVI index finds a 
broader application in precision agricul-
ture. It is used to assess the production 
potential of crops and the need for fertilis-
ation and watering (Oliver 2014, Hristov et 
al. 2020). Attempts are being made to use 
data from vegetation indices to assess 
the risk of calamities in forests (Stoyano-
va et al. 2018) or forest fires (Nedkov et 
al. 2020), which is regrettably not made 
by plant physiologists or foresters. There 
is still a broad scope for using vegetation 
indices to analyse forest dynamics, man-
agement activities, and decision-making.

This study aims to compare the appli-
cability of three vegetation indices based 
on satellite imagery in assessing dam-
age from large-scale forest disturbance 
caused by an ice-storm in the Western 
Stara Planina Mts.

Object and Methods

Object

‘Petrohan’ is located on the northern mac-
ro slope of Western Stara Planina Moun-
tains. The territory is 7290.4 ha. The aver-
age altitude is 958 m, varying from 319 m 
to 1794 m (Fig. 1).

According to the climate norms for the 
last reference period (1991–2000), the 
average annual temperature is 8.0 °C. It 
varies from 3.5 °C in the highest altitude 
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to 11.7 °C in the lowest. Precipitation var-
ies significantly across the region. The av-
erage annual amount is about 1200 mm, 
but in individual years, it can reach over 
1500  mm; in other years, it can drop to 
850  mm (Marinova and Bocheva 2023). 
With climate change, extreme events 
causing forest damage are becoming 
more frequent. An extreme climate event 
is associated with the forest damages 
examined in this study. On the evening 
of January 7, 2021, precipitation began 
in the Western Stara Planina region. At 
the same time, air temperatures at 900 m 
a.s.l. remaining above freezing (2.7  °C). 
By the night of January 8, temperatures 
fell below 0  °C and remained negative 
until January 13. During this period (Jan-
uary 8 to 06 h on January 13), the mean 
air temperature at 900  m was -3.14  °C, 
with total precipitation reaching 44.3 L·m-

2. Persistent snow accumulation on tree 
crowns culminated in widespread struc-
tural damage on the morning of January 
13, including uprooted trees and break-
age of stems and crown segments, open-
ing wounds for various pathogens.

The damages were described in 199 
stands over about two years, which re-
quired daily, intensive field visits by forest 
rangers. The extent of damages, includ-

ing the area and rate of the affected part 
of the stands, were determined during 
the field assessments on a visible scale 
in percent (Fig. 1B). More objective and 
spatially explicit approaches to assessing 
ice-storm damage were needed to help 
understand the risk factors and effects of 
the storm and to provide a baseline for 
monitoring forest recovery.

Data collection, preparation, and 
analysis

Archived database, such as Sentinel-2 
satellite images from the European Space 
Agency’s Copernicus program, may en-
able pre- and post-storm change analysis. 
The High-Resolution Vegetation Phenolo-
gy and Productivity (HR-VPP) Database 
from the Copernicus Land Monitoring 
Service (WEkEO 2023) was used to cal-
culate the changes of three vegetation in-
dices (VI) for the period 2020 ÷ 2021. The 
VI database comprises three daily veg-
etation indices: Plant Phenology Index, 
Normalized Difference Vegetation Index, 
and Leaf Area Index, as well as quality 
information that is part of the Copernicus 
Land Monitoring Service (CLMS) HR-VPP 
product suite. Images captured by the 
S2A Sentinel-2 satellite on 31.08.2020 

Fig. 1. Location of the study object (A) and damage assessed in the field (B).
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and 16.08.2021 were used to calculate 
relative changes of PPI, NDVI and LAI for 
each ‘Petrohan’ stand.

Data processing was carried out in the 
following sequence:

1. The polygons of the stands in ‘Petro-
han’ were downloaded from the national 
forest inventory database (https://maps.
iag.bg/). Out of a total of 2506 polygons, 
only those 2093 that are closed canopy 
forests were filtered.

2. The images S2A_T34TFN-010m_
V101 for the PPI, NDVI and LAI indices 
for the dates 31.08.2020 and 16.08.2021 
were downloaded from the site of Wekeo 
(2023);

3. In QGIS (v. 3.36.1-Maidenhead), the 
images were clipped along forest stands 
polygons with the ‘clip raster by mask lay-
er’ plugin (GDAL, v. 3.8.4).

4. The relative differences in vege-
tation indices were calculated using the 
built-in raster calculator by equation (4).

	 20 21
20 21

20

VI VIΔVI 100
VI÷

−
= ⋅  ,	  (4)

where: ΔVI20÷21 is relative changes of 
NDVI, PPI, and LAI between 2020 and 
2021; VI21 is value of index’ pixel from im-
age of 16.08.2021; VI20 is value of index’ 
pixel from image of 31.08.2020.

5. Using the built-in ‘zonal statistics’ 
tool, the arithmetic mean values, stand-
ard deviations, and number of pixels of 
the relative difference images ΔNDVI20÷21, 
ΔPPI20÷21, and ΔLAI20÷21 were calculated 
only for those 199 described with damag-
es in a field assessment forests polygons.

6. Using the ‘join attributes by field val-
ue’ add-on, the data were merged into one 
attribute table and this table was exported 
in CSV format for subsequent analysis in 
MS Excel.

7. In MS Excel, some statistical param-
eters (Spearman rank correlation coeffi-

cient, root mean square error, and covar-
iance) were calculated between ΔVI20÷21 
and observed in terrain assessment dam-
ages.

Results

The change in vegetation indices, deter-
mined through relative difference images 
from 2021 and 2020, shows that the nega-
tive changes in indices were concentrated 
in the altitude range of 500 to 1100 m. In 
relative terms, among the examined indi-
ces, NDVI was changed the least – the 
average raster value was -3.88 %, mean-
ing a slightly higher average NDVI in 2021 
compared to 2020. More than 81  % of 
the pixels in the ΔNDVI20÷21 image have 
negative values close to zero. Among the 
positive pixels, 92.7 % fall within the range 
(0 % ÷ 20 %], 6.5 % have values in the 
range (20 % ÷ 40 %], 0.8 % have values in 
the range (40 % ÷ 60 %], and only 0.05 % 
(65 pixels) have values above 60 %. The 
average value of ΔNDVI20÷21 at the stand 
level for the 199 stands with damage de-
scribed during the field assessment is 7.21 
±0.36 %, with a highest value of 26.37 %. 
However, in 193 (97 %) of these stands, 
a minimal increase in ΔNDVI20÷21 was re-
corded within the range (0% ÷ 20%], while 
only six stands (3  %) show an increase 
in NDVI within the following range (20% 
÷ 40%]. There were no stands with an 
increase in ΔNDVI20÷21 above 40  %. The 
Spearman rank correlation coefficient be-
tween the field-described damage and the 
recorded reduction in NDVI from 2020 to 
2021 is 0.253 (P-value < 0.001), with a 
Root Mean Square Error (RMSE) of 47.4. 
The covariance between the two series 
was positive, however, it was only 19.6 
(Fig. 2A).

Unlike NDVI, ΔPPI20÷21 image was 

https://maps.iag.bg/
https://maps.iag.bg/
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much more saturated with negative pixels. 
Despite this, the average raster value was 
-61.9 %, indicating significantly higher PPI 
levels in 2021 compared to 2020. A total of 
82.4 % of the pixels in the ΔPPI20÷21 image 
have negative values. Among the pixels 
with positive values, 47.3 % fall within the 
range (0 % ÷ 20 %], 30.9 % have values 
in the range (20 % ÷ 40 %], 16 % have 
values in the range (40 % ÷ 60 %], 5.2 % 
have values in the range (60 % ÷ 80 %], 
and 0.7 % (773 pixels) have values above 
80  %. The average value of ΔPPI20÷21 at 
the stand level for the 199 stands with 
damage described during the field assess-
ment is 25.1 %, which was higher among 
studied indices. In 71 (35.7  %) ΔPPI20÷21 
fall within the range (0  % ÷ 20  %], 106 
(53.3 %) were in the range (20 % ÷ 40 %], 
and 22 (11.0 %) were in the range (40 % 
÷ 60 %]. Spearman rank correlation coeffi-
cient between the field-described damage 
and ΔPPI20÷21 was 0.742 (P-value < 0.001), 
Root Mean Square Error (RMSE) is 31.9, 
and the covariance was the highest (52.3) 
among the studied indices. (Fig. 2B).

ΔLAI20÷21 image was more saturated 
with positive pixels than ΔNDVI20÷21 but 
less saturated than ΔPPI20÷21. The aver-
age raster value was -27.1 %, confirming 

the trend for forests in ‘Petrohan’ to have 
higher indices levels in 2021 than in 2020. 
Among the pixels with positive values, 
58.7 % fall within the range (0 % ÷ 20 %], 
27.5 % have values in the range (20 % ÷ 
40 %], 10.9 % have values in the range 
(40 % ÷ 60 %], 2.6 % have values in the 
range (60 % ÷ 80 %], and 0.2 % (277 pix-
els) has a value above 80 %. The average 
value of ΔLAI20÷21 at the stand level for the 
199 stands with damage described during 
the field assessment is 20.9 %. However, 
in 107 (53.8 %) stands ΔLAI20÷21 fall with-
in the range (0  % ÷ 20  %], 79 (39.7  %) 
stands were in the range (20 % ÷ 40 %], 
and 13 (6.5 %) were in the range (40 % 
÷ 60 %]. Spearman rank correlation coef-
ficient between the field-described dam-
age and ΔLAI20÷21 was the highest – 0.937 
(P-value < 0.001), Root Mean Square Er-
ror (RMSE) was the lowest – 30.2, and the 
covariance was 57.3 (Fig. 2C).

Discussion

Although NDVI is the most commonly 
used vegetation index in assessing veg-
etation cover conditions, it is insufficient-
ly sensitive for evaluating natural distur-

Fig. 2. ΔVI20÷21 for 199 stands with damage assessed in the field. А) ΔNDVI20÷21;  
B) ΔPPI20÷21; C) ΔLAI20÷21.
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bances. On the one hand, as pointed out 
by some authors (Pettorelli et al. 2005, Jin 
and Eklundh 2014, Cheng et al. 2024), 
this is due to its rapid saturation in spring 
and the maintenance of relatively high 
values for an extended period during the 
summer and even into autumn. On the 
other hand, the simple calculation mech-
anism of NDVI, based on the use of IR 
light that reacts to the moisture content of 
objects (Pettorelli 2013), results in falsely 
high values for non-vegetated objects with 
high moisture, such as wet soils (Yang et 
al. 2019). The minimal number of stands, 
categorized only in the weakest damage 
category, indicates that NDVI is low sensi-
tive and unsuitable for assessing damage 
from natural disturbances, especially in 
complex vegetation communities such as 
forests.

Plant Phenological Index (PPI) was 
designed to include a biophysical compo-
nent (Jin and Eklundh 2014) that accounts 
for canopy density, making it significantly 
more suitable for assessing the condition 
of forest communities (Junttila et al. 2023). 
Furthermore, PPI accounts for soil and 
snow reflectance (Smets et al. 2022), mak-
ing it helpful in evaluating areas stripped of 
vegetation (Yang et al. 2019), as observed 
after large-scale natural disturbances. On 
the other hand, PPI is based on the degree 
of greening, relying on a simple difference 
between the reflectance of red and IR light 
(Jin and Eklundh 2014). This means that 
regardless of damage to the main canopy 
layer, which formed the canopy cover, if 
the lower biotic horizons of the vegetation 
community (such as the shrub and grass 
horizons) contain green leaves, PPI will re-
main high or may even exceed the pre-dis-
turbance value (Smets et al. 2022). A se-
rious risk of mistakes also exists because 
PPI is strongly influenced by leaf aging (Jin 
and Eklundh 2014), which is only partially 

related to the observation date but is much 
more affected by the complex hydro-ther-
mal conditions preceding the observation 
(Zhao et al. 2016). In the case of dam-
age assessment from an ice-storm, these 
shortcomings are evident from the large 
number of stands with ΔPPI20÷21 < 0 %, in-
cluding those with reported 60 % damage 
during field assessment. Thus, despite the 
high covariance, the correlation coefficient 
between ΔPPI20÷21 and field-described 
damages remains the lowest, and RMSE 
is the highest among the indices studied.

The established changes in LAI most 
closely match the field-determined dam-
age. The highest correlation and covari-
ation among studied indices are probably 
because the crowns and canopy, from 
which LAI depends mostly, were evalu-
ated during the terrain assessment. LAI 
indirectly accounts for canopy density, 
which helps to index even minor damage, 
such as broken crowns or snapped indi-
vidual branches. At the same time, Leaf 
Area Index is calculated based on the 
fraction of photosynthetically active radi-
ation absorbed by the terrain (Fernandes 
et al. 2014). Excluding IR light when de-
termining LAI helps to some extent reduce 
noise caused by the water content of ob-
jects (Weiss et al. 2004).

Conclusions

The three indices considered have spe-
cific features that make them suitable for 
various aspects of forest monitoring. We 
confirmed that NDVI is insufficiently sen-
sitive for evaluating natural disturbances 
in forests. Even with larger-scale distur-
bances, such as the ice-storm assessed 
in the present study, NDVI changes by 
about one-quarter, complicating damage 
severity differentiation. In cases of mod-
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erate damage, where only branches are 
broken or even single crowns are affect-
ed, PPI tends to increase because the 
altered light regime in the affected stand 
favours the phenology of the understory. 
Earlier unfolding and a more extended 
vegetation period of the understory lead 
to many false positive ΔPPI20÷21 values. 
Our results showed that among the stud-
ied vegetation indices, LAI is the most 
suitable for assessing damage caused by 
natural disturbances in forests. A signifi-
cant challenge in damage analysis based 
on changes in vegetation indices remains 
the objectivity of the reference data used 
for comparison, namely field assessments 
conducted by different evaluators, often 
based on subjective criteria and scales 
and carried out over an extended peri-
od. Quality and quantitative assessment 
of disturbance impacts on forests with  
remote sensing requires precision ground-
based data and linking this information to 
vegetation indices. Due to partial crown 
destruction in some of the affected trees, 
remotely sensed indices that include  
the canopy depth are suitable for assess-
ing damage from natural forest distur-
bances.
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Abstract
With the loss of most of Côte d’Ivoire’s forests, it is time to focus conservation and protec-

tion strategies on the remaining fragments scattered throughout agro-systems. However, these 
forests remain neglected and little known in terms of their value for biodiversity conservation. 
The aim of this study was to report the overall ecological value of different fragments of riparian 
forests scattered in the agro-systems of Southern Côte d’Ivoire. The level of floristic diversity, the 
conservation interest of these forests, the structural characteristics of the vegetation and the abo-
veground biomass were assessed. Trees with a diameter of at least 2.5 cm were counted in 222 
plots in dry-land forests and periodically or permanently flooded forests. Qualitative and quantita-
tive diversity indices, density and aboveground biomass were calculated. The results showed that 
these forests are home to 267 species, 94 % of which are present in dry-land forests, compared 
to 28–32 % in permanently and periodically flooded forests, respectively. The high abundance of 
Alchornea cordifolia (18 to 23 % of the stems) leads to an imbalance in the distribution of stems 
between species. Despite the low levels of aboveground biomass (5.6 to 20.3 t·ha-1), the abun-
dance of species from the Guinean-Congolese phytogeographic region (67.10 to 75.3 %) and the 
presence of 37 rare, threatened and/or endemic species are encouraging signs for the conserva-
tion of these remnant forests. These forests therefore deserve a census and the development of 
a specific strategy for their conservation.

Key words: conservation value, flooded forest, remnant forest, secondary landscape, West 
Africa.

or threatened species (Holmgren et al. 
2004).

In this part of Africa, the territory of Côte 
d’Ivoire has been historically explored by 
botanists, who described the southern 
coastal zone as a dense evergreen humid 
forest (Aké Assi and Pfeffer 1975). These 
floristic studies have shown that the flora 

Introduction

The West African rainforests are consid-
ered to be rich ecosystems with complex 
structures containing many endemic spe-
cies (Sayer et al. 1992). They have been 
described as one of the most important 
biodiversity hotspots hosting rare and/
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of the forests of Southern Côte d’Ivoire is 
highly diverse.

In order to preserve this floristic herit-
age, the Ivorian government has created 
a network of protected areas (national 
parks and reserves) and classified forests 
throughout the country. In this southern 
zone, the Taï, Azagny and Ehotilé Island 
National Parks and the Tanoé-Ehy Marsh-
es Voluntary Nature Reserve contain rel-
atively exclusive flora in terms of the en-
demism that characterises them (Poorter 
et al. 2004). In contrast, much of the clas-
sified forest in the Southern Forest has 
been invaded by farmers who are clearing 
it to grow cash crops, such as cocoa, rub-
ber and oil palm. Outside protected are-
as and classified forests, the situation is 
alarming in rural areas, where large-scale 
industrial oil palm and rubber plantations 
have developed alongside family planta-
tions run by local farmers, leading to the 
loss of almost all forest cover in the south 
(Landrot and Dufour 2015).

The result of this loss of forests in the 
rural areas of Southern Côte d’Ivoire has 
been their gradual replacement by agricul-
tural land and degraded riparian forests. 
This riparian vegetation includes second-
ary forests, the plant communities of wa-
tercourses, riverbanks and floodplains, 
and is an integral part of river ecosystems. 
There are degraded forest fragments, iso-
lated and more or less heavily exploited. 
They appear in the secondary landscape 
after deforestation. Due to their state of 
degradation, these forests have numer-
ous lianas with a discontinuous mega-
phanerophytic layer. In fact, in this rural 
area of the south of Côte d’Ivoire, the ex-
traction of precious woods leads to a total 
depletion and the vegetation, except for a 
few emergents, resembles a secondary 
thicket (Chatelain et al. 1996). Elsewhere, 
these types of riparian forests have been 

shown to be diverse in terms of animal 
and plant species, vegetation stratification 
and regeneration processes (Maingi and 
Marsh 2006). These forests represent a 
unique biological community adapted to 
anthropogenic disturbance (Ledec 1987). 
They are also considered biodiversity cor-
ridors (Corbacho et al. 2003), which pro-
vide the maintenance of ecological func-
tions between terrestrial and aquatic are-
as (Hitoshi and Toshikazu 2008). In Côte 
d’Ivoire, however, these forests are little 
known. They are not often part of strate-
gic priorities for biodiversity conservation. 
Despite the degradation of these riparian 
forests, a pragmatic approach to the con-
servation of flora and fauna in the area is 
urgently needed.

In January 2019, Côte d’Ivoire em-
barked on a national forest and wildlife in-
ventory (NFI) to obtain the strategic infor-
mation needed to continue public action 
and provide the sustainable management 
of these resources (Cuny et al. 2023). This 
approach was intended to provide the ba-
sis for the implementation of its strategy 
for the conservation, rehabilitation and 
expansion of forests. The NFI was also 
established to halt the loss of genetic re-
sources and to address the challenges 
faced by industries and communities in 
accessing wood and wood energy. How-
ever, this NFI provided very little specific 
information on the quality of these ripar-
ian and/or community forests scattered 
in rural areas. Yet, Law No. 2019-675 of 
23 July 2019 on the Forestry Code of the 
State of Côte d’Ivoire provides for the of-
ficial registration of these rural community 
forests and tools for their management 
(regulations and incentives, committees 
and simple management plans).

In the dynamic promoted by the Forest-
ry Code, it is essential to demonstrate the 
quality of these riparian forests in terms 
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of biodiversity conservation. Indeed, de-
tailed knowledge of the floristic composi-
tion and diversity of plant species in these 
forests is the first step towards their con-
servation. In order to formulate policies to 
manage species decline and to control the 
ecological drivers of change, it is impor-
tant to determine the status of the species 
present in these riparian forests, whether 
they are anthropophilic, rare, threatened, 
abundant or endangered.

This study, therefore, aims to report 
on the overall ecological value of different 
fragments of riparian forests scattered in 
the agro-systems of Southern Côte d’Ivo-
ire. Specifically, the study made it possible 
to assess the level of floristic diversity of 
riparian forests, to analyse the conserva-
tion interest of these forests, to charac-
terise the vegetation stratification, to es-
timate the aboveground biomass of trees 
and to analyse the relationships between 

these different diversity parameters, the 
biomass and the density of trees in these 
riparian forests.

Materials and Methods

Study area

The study was conducted in the ru-
ral area of the Southern Forest of Côte 
d’Ivoire (Fig. 1). This area is located in 
the domain of evergreen forests and the 
Guineo-Congolese phytogeographic re-
gion. This area corresponds to the cen-
tres of heavy rainfall: 1500 to 2000  mm 
of rain per year (Konaté et al. 2023). The 
area is characterised by a generally low 
relief. The soils are of the desaturated fer-
ralitic type (Kouamé and Zoro 2010). The 
hydrographic network is immense, domi-
nated by coastal lagoons, the Bandama 
and Comoé rivers (to the south-east), 

Fig. 1. Location of study area and inventory plots.
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the Sassandra and Cavally rivers (to the 
south-west) and numerous small streams 
scattered throughout the agro-systems.

The area is dominated by rubber and 
oil palm plantations owned by agro-indus-
trial companies, such as PALMCI, SAPH 
and SOGB. These companies work with 
the villagers and supervise the creation of 
village rubber and/or oil palm plantations.

In addition to classified forests and 
protected areas, this mosaic of land use 
includes unprotected and uncultivated 
plant formations owned by rural commu-
nities. The studied riparian forests are di-
vided into three categories: dry-land for-
ests, permanently flooded forests and pe-
riodically flooded forests. These different 
riparian formations were considered and 
compared in this study.

Data collection

Data were collected in 222 circular plots of 
500 m2 (11.1 ha in total). These plots were 
established in three forest types: dry-land 
forests (N = 84), periodically flooded for-
ests (N = 67) and permanently flooded 
forests (N = 71).

For this study, to be considered ‘for-
est’, the habitat had to meet the defini-
tion of a forest in Côte d’Ivoire adopted 
in 2014: the surface area must be great-
er than or equal to 0.1 ha, the tree cover 
must be greater than or equal to 30 % and 
the height of mature trees must be greater 
than or equal to 5 m (République de Côte 
d’Ivoire 2019). Habitats that did not meet 
this definition were not considered.

In each plot, individual trees with a di-
ameter at breast height (DBH) of at least 
2.5  cm were counted. This minimum di-
ameter allowed the inclusion of adult 
trees, saplings and young plants (Abdour-
hamane et al. 2017), which also maximis-
es diversity (Vroh et al. 2010). The heights 

of these trees were also measured. Tree 
species were considered because it has 
been shown that an inventory of these 
species can provide sufficient information 
on abundance and diversity, which are 
useful tools for plant conservation (Egbe 
et al. 2021).

The majority of species were identified 
in the field. For undetermined species, 
identification guides to the flora of the 
studied area were consulted (Hawthorne 
and Jongkind 2006). The POWO (2025) 
database was used to check the scientific 
names.

Data analysis

Floristic and ecological analyses

Species diversity was estimated using two 
facets: ‘species richness’ and ‘species 
evenness’ (Magurran and Phillip 2001). 
Species richness (S) was determined by 
counting the species recorded in the in-
ventoried plots. Three non-parametric 
richness estimators were calculated to 
assess the completeness of the invento-
ries: Chao 1 (Chao 1984); Jackknife 1 and 
Jackknife 2 (Burnham and Overton 1978). 
Evenness was measured by Pielou index 
(Pielou 1966) for each habitat. Species di-
versity was calculated by Shannon index 
(Shannon 1948). The Shannon index and 
Pielou’s index were calculated using for-
mulas (1) and (2).

	 ∑ ⋅−=
S

i
,pipiH ln  	  (1)

	 ,
S

HJ
ln

=  	  (2)

where: H = Shannon index, J = Pielou’s 
index, S = species richness, pi = relative 
abundance of species i, ln = natural log-
arithm.

A Venn diagram was constructed to as-
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sess the degree of similarity between the 
different forest types. The graph allowed 
us to compare the floristic composition 
shared by these three forest types and the 
number of species unique to each.

To assess the ecological importance, 
species patterns were compared graphi-
cally through ranking of abundance. For 
each forest type, the abundance (N) of 
species was transformed to logarithm 10 
(N + 1) and the tabulated data from the 
most abundant species to the least abun-
dant (Feinsinger 2001).

The conservation value of the different 
forest types was assessed by identifying 
species endemic to West African forests 
(White 1983) and threatened species on 
the IUCN Red List (2024).

Stem densities were calculated for 
each plot and averages were calculated 
for each forest type. Taking into account 
the diameter classes, stem distribution 
histograms were constructed and their 
shape allowed an assessment of the 
self-regeneration rate of the forests.

The pantropical allometric equation 
developed by Chave et al. (2014) was 
used to estimate aboveground biomass 
(AGB). This equation is considered to be 
more robust, recent, covers a wide range 
of vegetation types and incorporates data 
from other pantropical equations, such as 
the Chave et al. (2005) and Fayolle (2013) 
equations. The mathematical expression 
of this allometric is represented by equa-
tion (1).
	 AGB = 0.0673·(r·DBH2·H)0.976,	  (3)

where: AGB is the estimated aboveground 
biomass, kg; r is the specific density of 
wood, g·cm-3; DBH is the diameter at 
breast height, cm; H is the total height of 
the tree, m.

For biomass estimation, the minimum 
diameter considered was 5  cm (DBH ≥ 

5 cm), as recommended by Chave et al. 
(2014).

Statistical analysis

Analyses of variance (ANOVA) were 
used to compare the means of diversity 
parameters (species richness, Shannon, 
evenness), tree density and aboveground 
biomass between forest types. Principal 
component analysis (PCA) was used to 
test the relationships between these dif-
ferent parameters (richness, Shannon, 
evenness, density and aboveground bio-
mass). The robustness of the relation-
ships (according to the p-value) and the 
direction (negative or positive) between 
these parameters were assessed using 
Pearson correlation tests. These tests 
allowed us to verify the hypothesis that 
there is a common positive correlation be-
tween diversity, richness and biomass in 
in situ forests (Sintayehu et al. 2020). All 
calculated diversity indices and statistical 
analyses were performed using the pro-
gram R4.3.1 (R Core Team 2023).

Results and Discussion

Floristic richness and diversity in the 
three habitat types

The number of stems (DBH ≥ 2.5  cm) 
was 15,435 individuals in the three habi-
tat types. These stems were divided into 
267 species. Comparing this finding, the 
studied habitats are less rich than those of 
the Monogaga Classified Forest with 296 
species (Adou Yao et al. 2011), the Eho-
tilé Islands National Park with 315 species 
(Malan et al. 2007) and the Forêt Mara-
is Tonoé-Ehy Reserve with 568 species 
(Abrou et al. 2019). On the other hand, it 
is higher than the tree richness (127 spe-
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cies) of the Azagny National Park, an area 
dominated by swamps (Adiko et al. 2020).

If we take the habitats separately, the 
number of species is higher in dry-land 
forests (S = 251 species) than in the other 
two habitat types (S = 77 and 86 for per-
manently and periodically flooded forests, 
respectively). The three habitat types to-
gether account for 54 species or 20.2 % of 
the species present (Fig. 2). Dry-land for-
ests and periodically flooded forests are 
more similar (75 species, 28.1  %). Con-
versely, periodically flooded forests are 
less similar to permanently flooded forests 
(20.6 % of species in common). This find-
ing may explain the relatively low similari-
ty between the three habitat types, which 
reflects a high degree of floristic hetero-
geneity in the area as argued by Menino 

et al. (2012). However, this similarity was 
based on sampled species only.

According to the estimators (Chao 1, 
Jacknife 1 and Jacknife 2), the sampling 
completeness in dry-land forests is 66.5 
to 76.9 %, i.e. 75 to 126 species were not 
observed (Table 1). In the other two for-
est types, 76 to 95 % of the species were 
sampled. These results indicate that there 
are many more rare species (singletons 
and doubletons) in the dry-land forests. 
The similarity between dry-land forests 
and the other two forest types will be even 
lower in the case of exhaustive sampling. 
In the other two forests, only 3 to 26 spe-
cies were not observed, indicating that 
sampling tends to be exhaustive in these 
habitats, which are constrained by the 
presence of water.

The average values of richness and 
Shannon index show also that species di-
versity is higher in dry-land forests than 
in the other two habitat types (Fig. 3). In-
deed, the average richness per 500  m2 
plot is ~16 species in dry-land forests. 
However, it varies between 8 and 10 spe-
cies in the other two types of forest. On 
the other hand, the three habitat types 
have the same species evenness.

The low species diversity in flooded 
forests can be explained by the fact that 
these habitats are subject to special con-
ditions (permanent or temporary flooding), 
which make them favourable for some 
specialised species and unfavourable for 
a large diversity of species that colonise 
dry forests. Parolin et al. (2010) have also 

Fig. 2. Distribution of the number of spe-
cies between the three forest types.

Table 1. Floristic richness observed and estimated in the different forest types.

Forest type
Richness 
observed

Richness estimates
Chao 1 Jackknife 1 Jackknife 2

number of species
Dry-land forests 251 368.2 326.0 377.0
Periodically flooded forests 86 107.3 102.0 112.0
Permanently flooded forests 77 80.6 83.0 84.0
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shown that plant diversity tends to be low 
in these water-stressed environments due 
to the environmental constraints associat-
ed with soil saturation.

Floristic composition

Alchornea cordifolia (Shum. & Thonn.) 
Müll. is the most abundant species in all 
habitats (Fig. 4): 20, 18.2 and 22.6 % of 
the stems in dry-land forests, periodically 
flooded and permanently flooded forests 
respectively. The high abundance of A. 
cordifolia could reflect a low homogeneity 
in the distribution of stems between the 
species recorded. This finding is consis-
tent with that of Kurtz et al. (2015), who 
showed that A. cordifolia is therefore bet-

ter adapted to these anthropised forest 
types. This species, which has a wide dis-
tribution in the Guineo-Congolese tropical 
forest zone, is abundant in habitats with 
high sunlight penetration, such as the for-
ests inventoried in this study (Friis and 
Harris 2013).

Funtumia africana (Benth.) Stapf 
(3.5 % of stems) is the second most abun-
dant species in dry-land forests. Hallea 
ledermannii (K. Krause) Verdc. (9.5  % 
of the stems) and Macaranga heudelotii 
Baill. (7.3  % of the stems) are the most 
abundant species after A. cordifolia in pe-
riodically flooded forests. In permanently 
flooded forests, H. ledermannii (13.8  % 
of the stems) and Ficus trichopoda Baker 
(10.7 % of the stems) are the most abun-

Fig. 3. Comparison of mean values of specific diversity parameters.
Note: The violin plots combined with summary statistics (mean ±SD) and box plots. The num-

bers above the violin plots indicate the p-values for comparing means in pairs (Tukey test): if the 
p-value is less than 0.05, the means are significantly different.
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dant species after A. cordifolia.
F. africana tends to prefer the degrad-

ed dry-land forests inventoried. This re-
sult confirms the pioneer-heliophile char-
acteristic of this species, as reported by 
Carrière (2003). H. ledermannii and F. 
trichopoda were only recorded in flooded 

forests. These two species can be con-
sidered as typical swamp species in the 
study area, as argued by Oyebanji et al. 
(2020). M. heudelotii is another common 
species in both dry and flooded environ-
ments. According to Kpolita et al. (2022) it 
is a heliophile pioneer species. This sug-
gests that this species is well adapted to 
the disturbed forests inventoried in this 
study.

Conservation status of forests

Of the present species, 24 are on the 
IUCN Red List, three of which are endan-
gered (Omphalocarpum ahia A. Chev., 
Dactyladenia hirsuta (A. Chev. ex De 
Wild.) Prance & F. White and Apodiscus 
chevalieri Hutch.) and the others are vul-
nerable (IUCN 2024). The species O. ahia 
was only recorded in permanently flooded 

Fig. 4. Distribution of abundance in loga-
rithm base 10 (N + 1) of the 10 most abun-

dant species in the three forest types.
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forests, while the other two were recorded in dry-land forests (Table 2).
Table 2. Summary of the abundance of species with conservation status in the three  

forest types.

Species Family Conservation 
status

Dry-
land 

forests

Periodical-
ly flooded 

forest

Permanent-
ly flooded 

forests
number of stems

Whitfieldia lateritia 
Hook. Acanthaceae GCW 2 - -

Anthonota crassifolia 
(Baill.) J.Léonard Anacardiaceae Vu - - 2

Antrocaryon micras-
ter A.Chev. & Guill. Anysophyllaceae VU / GCW 60 1 -

Cussonia bancoen-
sis Aubrév. & Pellegr. Araliaceae Vu 25 - -

Cordia platythyrsa 
Baker Boraginaceae Vu 16 6 -

Dactyladenia hir-
suta (A.Chev. Ex 
De Wild.) Prance & 
F.White

Chrysobalanaceae EN 1 - -

Magnistipula butayei 
De Wild. Chrysobalanaceae Vu 1 - -

Garcinia kola Heckel Clusiaceae Vu - 1 -
Terminalia ivorensis 
A.Chev. Combretaceae Vu 9 - 9

Diospyros heudelotii 
Hiern Ebenaceae GCW - 1 -

Drypetes aubrevillei 
Leandri Euphorbiaceae GCW 33 - -

Ricinodendron heu-
delotii (Baill.) Heckel Euphorbiaceae Vu 22 4 10

Afzelia bella Harms Fabaceae GCW 21 - -
Copaifera salicunda 
Heckel Fabaceae Vu / GCW 4 - -

Dialium aubrevillei 
Pellegr. Fabaceae GCW 6 - -

Dracaena fragrans 
(L.) Ker. Gawl. Fabaceae GCW 1 - -

Millettia lane-poolei 
Dunn Fabaceae GCW 3 - -

Millettia rhodantha 
Baill. Fabaceae GCW 6 - -

Anthocleista nobilis 
G.Don Gentianaceae GCW 65 53 84
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Species Family Conservation 
status

Dry-
land 

forests

Periodical-
ly flooded 

forest

Permanent-
ly flooded 

forests
number of stems

Nesogordonia 
papaverifera 
(A.Chev.) Capuron

Malvaceae Vu 2 - -

Sterculia oblonga 
Mast. Malvaceae Vu 1 - -

Entandrophragma 
angolense (Welw.) 
C.DC.

Meliaceae Vu 8 1 4

Entandrophragma 
candollei Harms Meliaceae Vu 1 - -

Entandrophragma 
cylindricum Sprague Meliaceae Vu 6 - -

Khaya anthotheca 
(Welw.) DC. Meliaceae Vu 4 - -

Khaya ivorensis 
A.Chev. Meliaceae Vu 5 - -

Milicia regia 
(A.Chev.) C.C.Berg. Moraceae Vu / GCW 30 10 6

Lophira alata Banks 
ex Gaertner Ochnaceae Vu 3 - -

Adenia dinklagei 
Hutch & Dalz. Passifloraceae GCW 1 - -

Apodiscus chevalieri 
Hutch. Phyllantaceae EN 8 - -

Anopyxis klaineana 
(Pierre) Engl. Rhizophoraceae Vu 5 - -

Nauclea diderrichii 
(De Wild. & T. Duran) 
Merr.

Rubiaceae Vu 6 21 10

Zanthoxylum cheva-
lieri Waterm. Rutaceae GCW 10 - -

Placodiscus boya 
Aubrév. & Pellegr Sapindaceae Vu / GCW 1 - -

Omphalocarpum 
ahia A.Chev. Sapotaceae EN / GCW - - 4

Heritiera utilis 
Sprague Sterculiaceae Vu / GCW - 6 -

Total stems 366 104 129

Note: GCW – endemic to Guineo-Congolian West forests, Vu – vulnerable, EN – endangered 
species.

http://C.DC
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Sixteen of the recorded species are 
endemic to the Guineo-Congolian West 
forests (GCW). Of these, five are also 
vulnerable according to the Red List of 
Threatened Species: Copaifera salicun-
da, Milicia regia, O. ahia, Placodiscus 
boya and Heritiera utilis.

Overall, dry-land forests host more 
threatened and/or endemic species (35 
species) than the other two habitat types 
(26 species each). The endemic and/or 
vulnerable species Anthocleista nobilis, 
Milicia regia, Entandrophragma ango-
lense, Nauclea diderrichii and Ricinoden-
dron heudelotii are present in all three 
habitat types (Table 1). All these species 
are used by rural and urban communities 
in various ways (seeds for food, timber, 
etc.), justifying their inclusion on the IUCN 
Red List of Threatened Species. Some 
species with a very restricted distribu-
tion, such as Whitfieldia lateritia, endem-
ic to the hygrophilous forests of western 
Côte d’Ivoire (Mangenot 1955), are more 
sensitive to human disturbance (Iralu et 
al. 2020) and deserve special attention 
for their conservation. As confirmed by 
Tchouto (2004), the presence of these 

rare, endemic and/or threatened species 
in these habitats, often considered to be 
of low ecological value for conservation, 
is an indication that they deserve to be 
included in national biodiversity conserva-
tion policies and/or strategies.

Density, biomass and structure of the 
vegetation

The mean density of all stems (DBH ≥ 
2.5  cm) varies from 379.5  stemsha-1 in 
dry-land forests to 486.7  stems·ha-1 in 
permanently flooded forests (Fig. 5). The 
difference between these mean densities 
is significant (ANOVA: p-value = 0.024). 
Considering only trees over 10 cm DBH, 
the densities ranged from 254 stemsha-1 

in periodically flooded forests to 189 
stemsha-1 in dry-land forests. According 
to Pascal (2003), stem density (DBH > 
10 cm) in tropical forests is between 450 
and 750  stems·ha-1. According to the 
same author, in forests without partic-
ular constraints, the average is around 
600 stems·ha-1. We can therefore say that 
none of the studied forests tended to have 
the high stem density found in undisturbed 

Fig. 5. Comparison of average density and aboveground biomass of inventoried forests.
Note: The violin plots combined with summary statistics (mean ±SD) and box plots. The num-

bers above the violin plots indicate the p-values for comparing means in pairs (Tukey test): if the 
p-value is less than 0.05, the means are significantly different.

 



	 Floristic diversity, composition and biomass of neglected riparian forests in Southern ...	 85

forests. This means that the three types of 
forest have specific constraints that have 
a significant impact on tree density.

Aboveground biomass (AGB) is also 
higher in dry-land forest (20.3 t·ha-1) and 
lower in the other two habitat types (6.4 
to 5.6  t·ha-1). The post-hoc test shows a 
significant difference between the means 
of AGB in dry-land forests and the oth-
er two forest types, but the latter are not 
significantly different (Fig. 5). These abo-
veground biomass values are very low 
compared to the reference values defined 
by Lewis et al. (2013) in 12 African coun-
tries. In fact, according to these authors, 
the aboveground biomass varied between 
240 and 426  t·ha-1 in the south of Côte 
d’Ivoire. This observation may be linked to 
the fact that the studied forests, which are 
not protected areas, are subject to various 
forms of exploitation, including the col-
lection of non-timber forest products, the 
extraction of wood for the construction of 
canoes and buildings, and firewood.

The distribution of stems according to 
diameter classes shows that in all forest 
types the majority (47 to 53 %) of the in-

dividuals recorded have a diameter be-
tween 2.5 and 10 cm (Fig. 6). For larger 
diameter classes, stem density gradually 
decreases, giving all distribution histo-
grams an ‘inverted J’ shape. In particular, 
in periodically flooded and permanently 
flooded forests, stems with a diameter 
greater than 60  cm are almost absent 
(less than 1 % of individuals). The ‘invert-
ed J’ shape reflects the relative stability 
of the inventoried habitats, as reported 
by (Kakaï et al. 2016). Indeed, the abun-
dance of stems with diameters between 
2.5 and 10 cm reflects a strong regenera-
tion potential (Koné and Vroh 2021). This 
regeneration seems to be more important 
in permanently flooded and periodically 
flooded forests, if we consider the stem 
densities in diameter classes less than 
20  cm. On the other hand, species that 
can reach more than 20  cm in diameter 
are less present in these forests under the 
constraint of the presence of water. For 
example, Alchornea cordifolia, which rep-
resents up to 23 % of the stems in these 
flooded forests, is a species whose indi-
viduals do not reach 20 cm in diameter.

Fig. 6. Histograms of stem distribution by diameter class in different habitat types.
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Relationships between species 
richness, diversity, density and 
biomass

The Principal Component Analysis (PCA) 
revealed the ordination between the sam-
pled forests (Fig. 7). The plots of perma-
nently flooded forests are the least rich, 
the least diverse and have the lowest bio-
mass values. Conversely, the plots from 
dry-land forests are richer, more diverse 
and have the highest biomass values. 
The periodically flooded forest plots have 
an intermediate ordination to the other two 
forest types. These results confirmed the 
previous findings.

The diversity expressed by the Shan-
non index is significantly influenced by the 
richness of the three forest types: r-value 
between 1 and 8 depending on the forest 
and p-value < 0.05. This means that rich-

ness is the key component of diversity in 
the studied forests, which explains why 
Shannon’s entropy is correlated with it.

The other two parameters (evenness 
and density) do not depict a clear ordi-
nation of the plots from the three forest 
types. These two parameters are not re-
lated according to the Pearson correla-
tion. On the other hand, species evenness 
is negatively correlated with richness in 
permanently flooded forests (r = - 0.452; 
p < 0.05). Referring to Marcon (2025), this 
result could probably be due to a sampling 
effect in this forest type. However, accord-
ing to Wilsey and Stirling (2007), species 
evenness and richness respond differ-
ently to habitat conditions. These authors 
suggest that evenness and richness may 
be influenced by different processes, with 
richness more influenced by the number 
of species in a given area and evenness 

Fig. 7. Plots ordination based on floristic parameters, density and biomass.
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more influenced by species interactions, 
such as competition. However, this last 
observation remains purely experimental 
and may not necessarily reflect the reality 
of permanently flooded forests.

The AGB is correlated with density for 
dry-land forests (r = 0.447 and p < 0.05), 
but this parameter remains insensitive to 
the other parameters. It has been shown 
that the lack of correlation between bio-
mass and richness in natural ecosystems 
indicates that these ecosystems have 
reached species saturation (Cardinale et 
al. 2011). In the case of this study, such 
species saturation is likely in permanently 
or periodically flooded forests. Such re-
sults were also reported by Sullivan et al. 
(2017), who find no relationship between 
biomass and diversity in tropical forests. 
On the other hand, this result contradicts 
the positive association between diversi-
ty and biomass observed by Liang et al. 
(2016).

Conclusions and Recommendations

The results of this study have important 
benefits for the conservation of rural for-
ests that are not protected by legal status. 
On one hand, it establishes a baseline of 
ecological attributes and characteristics, 
such as species richness and composi-
tion, biomass and rarity of woody species 
that make up the plant community. On 
the other hand, the study suggests that 
the abundance of A. cordifolia reflects a 
high level of degradation of these areas. 
Better management of this species could 
therefore promote the conservation value 
of these neglected and dispersed habitats 
in agrosystems.

In Côte d’Ivoire, there has been a sig-
nificant increase in the development of 
voluntary community conservation pro-
grammes, with an emphasis on the crea-

tion of voluntary nature reserves and the 
protection of sacred forests. The case of 
the studied forest fragments is particular-
ly interesting because these forests are 
home to large populations of rare, threat-
ened and/or endemic species. These for-
ests, therefore, deserve to be inventoried 
and included in processes that promote 
biodiversity conservation. These are initi-
atives being promoted by the government 
of Côte d’Ivoire in collaboration with local 
communities. However, further studies of 
these forests are needed to assess their 
extent, raise community awareness of 
their importance and develop simple man-
agement plans.
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Abstract
The objective of the study was to assess the influence of undergrowth species on forest litter 

formation and agrochemical soil properties in pure Scots pine forest stands. Research was con-
ducted in 56- to 90-year-old pine forest stands of Minor Polissya region (Ukraine). Based on the 
analysis of 14 forest stands with undergrowth species and 1 stand without undergrowth species 
(control), the dynamics, stock and decomposition of forest litter over one year was evaluated. 
The main part of the research was assessment of the impact of forest litter of undergrowth spe-
cies on agrochemical soil indicators. From a dynamic point of view, the most forest litter was in 
the summer-autumn period. Total forest litter stocks in the stands with undergrowth species was 
significantly lower than in control one. Pine forest stands in Minor Polissya, characterised by vari-
able density and species composition of underwood species, predominantly grow on highly acidic 
soils, exhibiting low levels of base saturation, exchangeable calcium and magnesium, moderate 
to high organic matter, and very low to low levels of mobile phosphorus and readily hydrolysable 
nitrogen. Based on the results of the cluster analysis, we can confirm that the influence of under-
storey litterfall on various agrochemical soil properties was heterogeneous. The positive impact of 
undergrowth species litter is significant in the case of nitrogen, pH and potassium.

Key words: forest undergrowth, humification, litter decomposition, litter stock, litterfall dynam-
ics, soil quality.
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Introduction

The subject of the study was the woody 
undergrowth of shrubs and small trees. 
The role of undergrowth vegetation in for-
est stands under varying site conditions 
has received limited research attention. A 
review of literature over the past 30 years 
reveals that in Ukraine, the role of under-
growth species in forest ecosystems was 
primarily studied by Bondarenko between 
1998 and 2013. Together with co-authors, 
Bondarenko published a series of studies 
(Bondarenko 1998, 2013a, 2013b; Bond-
arenko and Muzika 2010a, 2010b; Ko-
zlovskyi and Bondarenko 2013) analys-
ing patterns of undergrowth formation in 
mixed hornbeam-oak forest stands of the 
Western Forest-Steppe region, empha-
sizing its relationship to silvicultural and 
taxonomic factors. Optimal conditions for 
undergrowth development were observed 
in stands aged 20–30 and over 70 years 
(Bondarenko 1998, 2013a; Bondarenko 
and Muzika 2010a, 2010b). Undergrowth 
vegetation was also found to improve the 
physico-chemical properties of soils and 
to support the proliferation of soil nem-
atodes (Bondarenko 2013a, Kozlovskyi 
and Bondarenko 2013).

Forest litter plays an important role in 
determining nutrient cycling, balance and 
maintaining ecosystem function of forest 
ecosystems (Ge et al. 2013). It influences 
the biotic cycle of mineral elements, the 
intensity of mineralisation of dead organic 
residues and the composition of minerali-
sation products (Fisher and Binkley 2000, 
Bodnar 2007, Lukac and Godbold 2011). 
In our view, the role of undergrowth spe-
cies becomes significantly pronounced in 
pure coniferous forest stands, where thick 
forest litter is predominantly composed of 
needles. Such litter layer generates acidic 
conditions, which are generally unfavour-

able for saprotrophic microorganisms, 
directly impacting on litter humification 
and mineralisation processes. Substan-
tial research in this area was conducted 
by Pohrebniak (1993), who studied the pH 
responses of filtrates from the litter of 101 
tree and shrub species across different 
growth stages. Based on his results, he 
classified species into three groups: acid-
ifiers, alkalizers, and neutralizers (Pohre-
bniak 1993).

The objective of this study is to as-
sess the influence of undergrowth spe-
cies on forest litter formation and agro-
chemical soil properties in pure Scots 
pine (Pinus sylvestris L., hereinafter SP) 
forest stands. The mineralisation of SP lit-
ter releases compounds that, along with 
root exudates, acidify the soil, negatively 
impacting on the availability of essential 
nutrients to roots. Based on the results of 
previous research, we have verified the 
following hypotheses:

-  H1: The amount of forest litter is 
greater in stands with undergrowth spe-
cies;

- H2: Forest litter in pine stands is un-
even in terms of dynamics, or seasonally 
influenced;

-  H3: Undergrowth species in pine 
stands accelerates mineralisation and hu-
mification of forest soil;

-  H4: Undergrowth species in pine 
stands improves agrochemical parame-
ters of forest soil.

Object and Methods

This study was conducted across 15 sites 
within 56- to 90-year-old pine SP forest 
stands situated in the fresh and moist san-
dy loam soils of the north-eastern Minor 
Polissya region (Table 1, Fig. 1). All sites 
are on the same type of soil which, at the 
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same altitude which is and have the same 
forest type and similar habitat conditions. 
Undergrowth species are present in 14 
sites. The control was an 81-year-old pure 
pine stand with oak and birch admixtures 
but lacking undergrowth (site 15).

SP in the analysed stands generally 
grew at quality classes I–I a. The absolute 
stocking density (29.8–38.6  m3·ha-1) and 
timber volume (326–481 m3·ha-1) of these 
stands were predominantly high.

The primary species in these experi-
mental stands is Pinus sylvestris L., con-
stituting 90–100  % of the tree-species 
composition. Stands contained up to 10 % 
of other tree species, mainly Quercus ro-
bur L. or Betula pendula Roth., with a mi-
nority representation of the species: Acer 
platanoides L., Acer negundo L., Ulmus 

scabra Mill., Fraxinus excelsior L., Picea 
abies (L.) Karst., Tilia cordata Mill., and Al-
nus glutinosa (L.) Gaertn. Research plots 
measuring 50 × 50  m were established, 
where we examined silvicultural and taxo-
nomic characteristics of the forest stands, 
distribution and formation of undergrowth 
species, litterfall, forest litter, and soil ag-
rochemical properties.

We identified 10 undergrowth species 
beneath the canopy, with Sorbus aucu-
paria L. found across all sites, Frangula 
alnus Mill. on 92.9 % of sites, and Corylus 
avellana L. on 78.6  % of sites. Besides 
these undergrowth dominants, Prunus 
spinosa L., Viburnum opulus L., Berberis 
vulgaris L., Prunus spinosa Ehrh., Sam-
bucus racemosa L., Euonymus europae-
us L., and Crataegus monogyna L. were 

Table 1. Sampling sites of the study.

No 
of 

plot

Age, 
years

Undergrowth 
quantity, thou-

sand spice-
men·ha-1

Undergrowth species Coordinates

1 65 73.03 SA, FA, CA N 50.1928457     E 26.7419412
2 65 29.67 EE, SR, SM, SA, CA N 50.2619430     E 26.8275806
3 75 44.83 SA, FA, CA N 50.2123810     E 26.8350820
4 71 45.86 EE, SR, SA, FA, CA N 50.1601690     E 27.3681270
5 63 69.67 BV, SR, SA, CM, VO, FA, CA N 50.1707340     E 26.8217830
6 58 39.33 BV, SR, SA, CM, FA, CA N 50.1853660     E 26.8262120
7 73 18.67 BV, SA, VO, FA, PS N 50.1797891     E 26.8145545
8 80 22.34 SA, FA N 50.2012414     E 26.8117602
9 68 76.67 EE, CM, SA, FA, CA, PA N 50.1927022     E 26.7438151

10 59 68.33 EE, SR, SA, FA, CA N 50.2334096     E 26.5994901
11 81 13.67 SA, FA N 50.2283540     E 26.8354790
12 56 63.67 SA, FA, PA N 50.2677687     E 26.5930122
13 63 50.00 SA, FA, CA N 50.2428034     E 26.5749633
14 90 35.00 SR, SA, FA, PA N 50.3100558     E 26.7744801
15 81 - - N 50.2368077     E 26.8007269

Note: BV – Berberis vulgaris, CA – Corylus avellane, CM – Crataegus monogyna, EE – Eu-
nymus europaeus, FA – Frangula alnus, PA – Padus avium, PS – Prunus spinosa, SA – Sorbus 
aucuparia, SR – Sambucus racemosa, VO – Viburnum opulus.
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Fig. 1. Study area with sampling sites.

also present. The number of un-
dergrowth species per site ranged 
from two to seven (Table 1). These 
species were mostly distributed 
singly throughout the stand, with a 
few instances of clustered forma-
tions.

Litterfall dynamics were as-
sessed on 8 plots (No. 1, 3, 4, 5, 6, 
7, 14, 15) for one year, from Sep-
tember 30, 2021 to September 
30, 2022. Each plot was equipped 
with five litter traps of 1.0 × 1.0 m 
area. Samples were collected at 
the end of November, May, and 
September, being separated into 
fractions such as leaves, nee-
dles, and other components such 
as shoots, bark, and fruits, which 
were dried at 105 °C to a constant 
weight.

Forest litter for assessing the 
stock and its decomposition was 
sampled from five 50 × 50  cm 
spots per plot. These samples 
were taken from all 15 plots and 
were categorised into two frac-
tions: undecomposed material 
and partially or fully decomposed 
material. Samples were dried to a 
constant weight.

Soil samples were collected 
bellow the litter sample spots, 
amounting 1000  cm3 (10 × 10 
× 10  cm). These samples were 
combined per plot, thoroughly 
mixed, and a 1 kg composite sam-
ple was extracted. Samples were 
sieved, dried to their constant 
weights, and prepared for phys-
ico-chemical and agrochemical 
analyses according to harmon-
ised Ukrainian standards with the 
international standard DSTU ISO 
11464-2001 (2001):
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-  Soil pH – according to DSTU ISO 
10390:2007 (2007);

-  Humus – oxidation of soil organ-
ic matter by chromium mixture (DSTU 
4289:2004 2005);

-  Hydrolytic acidity – Kappen method 
(DSTU 7537:2014 2014);

-  Sum of absorbed bases (Ca+Mg) 
– Kappen-Gilkovitz method (DSTU 
7537:2014 2014);

- Nitrogen – Kornfield method (DSTU 
7863:2015 2016);

-  Mobile phosphorus (P2O5) and ex-
changeable potassium (K2O) – Chirik 
method (DSTU 4115-2002 2002).

Data were statistically processed using 
Microsoft Excel and Statistica 6.0. Results 
in tables and figures are presented as the 
arithmetic mean with standard deviation 
(x ± SD). Given the differential impact of 
undergrowth species on soil agrochemical 
indicators in various pine stands, a cluster 
analysis of the plots based on soil agro-
chemical characteristics was conducted.

Results and Discussion

Litterfall dynamics

The litterfall dynamics were observed 
over a year (Table 2). From Septem-
ber 30 to November 25, 2021 the total 
mass of litterfall (in absolute dry weight) 
on the study sites ranged from 116.7 to 
283.3 g·m-2, which is 12.0–71.9 % higher 
than the control site. During this period, 
the sampled litterfall was 19.6–45.2  % 
leaves, 44.3–73.5  % needles, and 6.9–
10.5 % other components (bark, shoots, 
fruits, etc.). This increased litterfall mass 
in undergrowth-inclusive stands com-
pared to the control confirms hypothe-
sis H1. The greater amount of litter is a 
significant contribution of deciduous un-

dergrowth species. The litter, particularly 
leaves, likely plays a role in enhancing 
nutrient dynamics and improving forest 
floor conditions by diversifying the organic 
input beyond the predominant needle fall. 
This diversity of litter composition is es-
sential as it can influence decomposition 
rates and soil properties, including pH and 
nutrient availability, supporting better soil 
health and tree growth. It has been con-
firmed that the amount and especially the 
quality of litter, on which the rate of its de-
composition depends, significantly affect 
nutrient cycling and thus indirectly affect 
the stability of forest ecosystems (Kodrík 
1999).

During the winter-spring period (De-
cember–May), a decrease in litterfall 
mass was observed (Table 2). Over 
this period, the total litterfall mass in the 
studied forest stands ranged from 51.7 
to 122.4 g·m-2, which is 30.9 to 109.6 % 
higher than the control. Leaf content 
within this litterfall comprised 0.4–1.3 %, 
needles 28.8–32.6  %, and other com-
ponents 65.5–70.1  %. During the sum-
mer period (June-September), litterfall 
mass increased sharply, reaching 285.3–
719.9 g·m-2 across the study plots. Here, 
needles predominated (42.7–72.8  %), 
followed by other components (10.0–
49.9 %). Annually, the total litterfall mass 
in the studied forest stands was 505.9–
1125.6  g·m-2. Krynytska et al. (2017) re-
ports that in Lviv Roztoche region the 
annual dynamics of litter-fall mass in the 
hornbeam-oak-pine stands, two peaks 
can be observed: the highest one in Octo-
ber (mainly due to the falling of leaves and 
pine needles cast) and in May (mainly due 
to the falling of cones, twigs, pine nee-
dles, damaged young leaves of associate 
species). The results confirm hypothesis 
H2. In stands, the dynamics of litter are 
strongly influenced by seasonality. The 
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amount of new litter is highly variable, in-
fluenced mainly by the tree species com-
position and age of the stand, silvicultural 
interventions, habitat quality (soil, climate) 
and many other factors (Kodrík 1993). 
The seasonal and interannual dynamics 
of litter are confirmed by the results of 
analyses in beech stands (Lebret et al. 
2001, Kodrík 2002), oak stands (Novák et 
al. 2014), and spruce stands (Kavvadias 
et al. 2001).

Forest litter stock and its 
decomposition

The total forest litter stock under the 
canopy of the forest stands by the end 
of September was 1.69–3.47  kg.m-2 of 
absolute dry mass (Table 3). Within this 
composition, the portion of the undecom-
posed fraction was 12.7–52.3 %, while the 
semi-decomposed and fully decomposed 
fractions made up 47.7–87.3 %. The un-

Table 2. Dynamics of litterfall formation in forest stands from 30.09.2021 to 30.09.2022 
(absolute dry mass).

Plot 
No

Leaves Needles Other components Total
g·m-² % g·m-² % g·m-² % g·m-²

30.09 – 25.11.2021
1 35.7 ±4.9 22.9 110.3 ±9.6 70.0 11.3 ±1.5 7.1 157.3 ±11.3
3 22.8 ±2.0 19.6 85.7 ±6.1 73.5 8.2 ±2.3 6.9 116.7 ±8.6
4 128.3 ±8.1 45.2 125.8 ±9.0 44.3 29.9 ±2.8 10.5 283.3 ±12.8
5 40.0 ±1.4 27.9 126.1 ±9.2 68.4 17.8 ±0.7 9.7 183.9 ±12.3
6 62.7 ±8.5 33.4 108.8 ±7.8 57.5 17.2 ±3.2 9.1 188.7 ±2.8
7 39.8 ±3.9 24.3 110.6 ±4.3 67.7 13.4 ±2.2 8.1 163.8 ±7.0

14 84.3 ±9.4 36.4 124.3 ±2.9 54.4 21.6 ±5.2 9.2 232.1 ±12.1
15 7.3 ±1.5 7.3 84.9 ±7.1 81.2 12.0 ±0.6 11.5 104.2 ±5.8

26.11.2021 – 27.05.2022
1 0.2 ±0.0 0.4 18.5 ±0.7 29.5 44.5 ±3.5 70.1 63.2 ±4.2
3 0.2 ±0.0 0.5 15.4 ±1.4 30.3 36.1 ±5.5 69.2 51.7 ±6.9
4 3.4 ±0.1 2.7 38.9 ±1.2 31.8 80.1 ±1.8 65.5 122.4 ±0.7
5 0.4 ±0.0 0.7 19.2 ±1.1 30.8 42.8 ±2.2 68.5 62.4 ±3.2
6 1.0 ±0.0 1.0 33.9 ±1.0 32.6 71.7 ±8.8 66.5 106.6 ±8.8
7 0.5 ±0.0 0.6 23.9 ±1.7 31.9 54.0 ±8.3 67.6 78.4 ±8.8

14 1.2 ±0.0 1.3 25.9 ±1.0 28.8 62.9 ±0.7 69.9 90.0 ±1.1
15 0.4 ±0.0 1.1 11.0 ±2.0 36.7 28.9 ±6.8 70.0 39.6 ±8.6

28.05 – 30.09.2022
1 46.0 ±6.4 15.9 196.0 ±13.2 69.1 43.3 ±7.3 15.0 285.3 ±15.6
3 94.8 ±3.8 23.9 246.7 ±12.3 60.7 63.2 ±5.2 15.4 404.7 ±22.3
4 124.1 ±8.6 17.2 524.1 ±19.9 72.8 71.7 ±6.9 10.0 719.9 ±23.5
5 62.6 ±4.9 20.7 197.5 ±18.6 61.7 54.7 ±5.6 17.6 314.8 ±20.9
6 59.7 ±5.0 13.7 328.9 ±22.7 73.3 58.1 ±3.7 13.0 446.6 ±24.1
7 87.3 ±8.3 13.2 391.4 ±22.1 60.2 171.7 ±5.0 26.9 650.4 ±31.6

14 32.2 ±5.6 7.4 193.7 ±9.0 42.7 231.5 ±10.6 49.9 457.4 ±11.3
15 43.0 ±4.4 7.2 480.7 ±10.3 80.0 77.4 ±3.0 12.8 601.0 ±12.8
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dergrowth species accelerate humifica-
tion and mineralisation processes of for-
est litter. Our data indicate that, despite a 
substantial increase in litterfall mass in the 
study plots compared to the control, the to-
tal forest litter stock was found to be 21.8–
71.9 % lower, which confirms hypothesis 
H3. Similar results were in the study by 
Prietzel et. al. (2006). In pine forest stands 
on poor soils in Germany showed a sta-
tistically significant decrease of the forest 
floor C/N ratio, and a considerable, signif-
icant accumulation of organic carbon (210 
and 400 kg·ha–1·yr–1) and nitrogen (13 and 
18  kg·ha–1·yr–1). In addition, the mineral 
topsoil has acidified significantly.

Within the studied forest stands, there 
is variability in the humified litter reserves, 
with the coefficient of variation typically 
ranging from 20 % to 50 %. The least vari-
ability is observed in the undecomposed 

litter fraction (CV = 17.3–36.2  %), while 
the coefficient of variation increases sub-
stantially to 24.0–60.3 % for the semi-de-
composed and fully decomposed frac-
tions. This variation is influenced by the 
spatial structure of the forest stands and 
the distribution of undergrowth species, 
especially in areas where undergrowth 
plants form clusters and intensify humifi-
cation processes.

The impact of undergrowth on 
agrochemical soil parameters

Forest litter plays a significant role in in-
fluencing the agrochemical characteristics 
of the soil. As it decomposes and microor-
ganisms function within it, various organic 
and inorganic compounds, including ac-
ids, accumulate in the soil. The needle lit-
ter from coniferous trees particularly pro-

Table 3. Forest litter stock in pine forest stands as of 30.09.2021 (absolute dry mass, 
kg·m-2).

Plot 
No

Fractions of forest litter

Undecomposed Fraction Semi-decomposed and fully 
decomposed fraction Total

M ±m CV, % % M ±m CV, % % M ±m CV, %
1 0.88 ±0.13 32.6 12.7 2.07 ±0.65 24.0 87.3 2.95 ±0.75 24.0
2 0.88 ±0.07 17.6 35.8 1.58 ±0.25 34.8 64.2 2.46 ±0.30 27.1
3 0.67 ±0.12 36.2 40.0 1.01 ±0.30 60.3 60.0 1.69 ±0.36 43.3
4 1.21 ±0.18 30.4 36.2 2.13 ±0.41 38.9 63.8 3.34 ±0.58 34.9
5 0.94 ±0.12 28.9 52.3 0.86 ±0.14 36.7 47.7 1.80 ±0.25 31.7
6 0.89 ±0.10 22.0 35.9 1.59 ±0.40 49.5 64.1 2.48 ±0.46 36.8
7 0.73 ±0.12 35.2 28.9 1.81 ±0.40 49.5 71.1 2.54 ±0.46 40.7
8 0.42 ±0.04 17.3 23.3 1.38 ±0.28 40.0 76.7 1.80 ±0.30 33.4
9 0.77 ±0.10 31.1 29.7 1.83 ±0.39 47.3 70.3 2.60 ±0.48 41.4

10 0.81 ±0.14 35.0 29.6 1.93 ±0.42 43.8 70.4 2.74 ±0.55 39.9
11 0.74 ±0.11 35.2 27.3 1.98 ±0.35 39.2 72.7 2.72 ±0.46 37.4
12 0.90 ±0.17 35.6 25.8 2.57 ±0.35 30.1 74.2 3.47 ±0.51 32.7
13 0.68 ±0.11 35.6 24.6 2.08 ±0.40 43.1 75.4 2.76 ±0.49 39.7
14 0.83 ±0.07 17.9 44.8 1.02 ±0.19 36.7 55.2 1.85 ±0.23 25.2
15 1.01 ±0.11 8.7 22.7 3.43 ±0.81 47.3 77.3 4.44 ±0.85 38.4

Note: M is mean value, m is error of the mean value, CV is coefficient of varation.



98	 T. Bondarenko, A. Sasyuk, V. Zaika, V. Pavlyuk, Y. Olifir, and M. Trenčiansky

motes the buildup of organic and inorgan-
ic acids. Our research indicates that the 
sod-podzolic soils supporting the studied 
pine stands are highly acidic (Table 4), 
with a salt-extracted pH of less than 4, 
ranging from 3.01 to 3.75.

Hydrolytic acidity values in the soil 
across the study plots vary substantially, 
ranging from 4.10 to 9.98  mg-eq.100·g-1 
soil, with highly acidic soils predominat-
ing. Only plot 2 shows moderately acidic 
soils, whereas plots 7, 9, and 14 are clas-
sified as strongly acidic.

Pine forest stands, regardless of un-
dergrowth species distribution, predomi-
nantly grow on highly acidic soils, where 
conditions for root nutrition are suboptimal 
and toxic compounds tend to accumulate. 
These soils are characterised by very low 
levels of base saturation (2.8–4.9  mg-
eq.100·g-1soil). Soil variability across the 
plots is relatively low for exchangeable 
forms of calcium, magnesium, and hu-

mus content. Exchangeable calcium is 
generally very low to low (1.88–2.98 mg-
eq.100·g-1), and exchangeable mag-
nesium remains low (0.60–0.82  mg-
eq.100·g-1). Humus content is moderate 
(2.10–2.88 %) in some plots and elevated 
(3.13–3.74 %) in others.

The soils of the pine stands demon-
strate significant variability in levels of eas-
ily hydrolysable nitrogen, and especially 
in mobile phosphorus content. Approxi-
mately 72 % of pine stands grow on soils 
with very low levels of easily hydrolysable 
nitrogen (71.6–96.6  mg·kg-1 soil), with 
the remaining plots containing low levels 
(102.2–112.9 mg·kg-1 soil). In the study re-
gion, soils with very low mobile phospho-
rus content (2.7–25.0 mg·kg-1 soil) domi-
nate in pine stands, accounting for about 
79 % of the study area. The soils of the 
remaining pine stands exhibit low levels 
of mobile phosphorus (26.6–40.7 mg·kg-1 

soil). Exchangeable potassium content is 

Table 4. Agrochemical indicators of the upper 10 cm soil layer.

Plot 
No

pH 
(salt)

Hu-
mus, 

%

Hydrolytic 
acidity

Sum of 
absorbed 

bases

Exchangeable Nitrogen 
(easily 

hydrolyz-
able)

Phos-
phorus 
(P2O5)

Exchange-
able 

potassium 
(K2O)

Calci-
um

Mag-
ne-

sium
mg-eq.100 g-1 soil mg·kg-1 of soil

1 3.01 2.18 9.98 2.8 1.88 0.60 96.6 4.1 39.7
2 3.64 2.10 4.81 3.7 1.92 0.80 88.2 40.7 33.9
3 3.38 3.13 7.70 3.5 1.78 0.64 102.2 8.6 28.1
4 3.37 3.14 7.18 3.6 1.98 0.66 105.7 20.5 42.1
5 3.49 3.74 7.44 3.2 2.48 0.68 112.9 26.6 58.4
6 3.49 2.73 6.30 3.3 2.24 0.69 86.8 16.8 35.1
7 3.47 2.64 5.95 3.2 2.14 0.65 93.8 10.2 35.0
8 3.31 2.50 6.74 2.9 1.92 0.60 79.8 33.0 25.7
9 3.75 2.10 4.10 4.9 2.60 0.82 79.1 2.7 39.7

10 3.48 3.19 7.35 4.0 2.98 0.65 103.6 20.2 21.0
11 3.32 2.88 6.48 3.3 1.94 0.60 86.1 1.7 29.2
12 3.29 2.66 6.91 4.3 2.16 0.63 91.0 3.9 29.2
13 3.37 2.72 6.56 3.4 2.04 0.65 81.2 10.7 23.4
14 3.65 2.37 4.38 4.8 2.68 0.78 75.6 25.0 30.4
15 3.14 2.34 5.78 3.3 1.92 0.60 71.6 14.8 18.7
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very low (21.0–39.7 mg·kg-1 soil) in 86 % 
of the study plots, with only 14 % of plots 
showing low levels (42.1–58.4  mg·kg-1 

soil).
The impact of undergrowth species 

litterfall on various soil agrochemical in-
dicators is variable. The most notable in-
fluence is on the accumulation of easily 
hydrolysable nitrogen and exchangeable 
potassium in the upper soil layer. Levels 
of easily hydrolysable nitrogen in all pine 
stand soils exceed control by 5.6–57.7 %, 
and exchangeable potassium levels are 
elevated by 12.3–212.3  %. Based on 
the above, we can also partially confirm 
hypothesis H4: Undergrowth species in 
pine stands improve some agrochemi-
cal parameters of forest soil, especially: 
nitrogen and potassium. Hypothesis H4 
was not confirmed for all agrochemical 
parameters in each stand. Undergrowth 
species also significantly reduce soil acid-
ity, increasing humus and exchangeable 

magnesium content. In 93 % of the plots, 
pH increased from 3.14 to 3.29 - 3.75 (ex-
ception: site 1), while hydrolytic acidity 
and exchangeable magnesium content in 
79 % of the plots increased by 2.9–33.2 % 
and 5.0–36.7  %, respectively. Not all 
broadleaved trees and shrub species act 
as soil alkalizers. According to Pohrebniak 
(1993), Sambucus nigra L., Euonymus 
europaeus, Euonymus verrucosus Scop., 
and Crataegus oxyacantha are among the 
understory species that contribute to soil 
alkalisation.

The influence of undergrowth species 
on total base saturation, exchangeable 
calcium, and mobile phosphorus content 
is less pronounced, with 64–71 % of the 
study plots showing an increase in these 
indicators.

The pine stands grouped into clusters 
within which the influence of undergrowth 
species on soil agrochemical parameters 
was of a similar nature (Fig. 2). For exam-

Fig. 2. Dendrogram illustrating the relationships among pine stands based on soil agro-
chemical parameters: 1–14 – sample plots, 15 – control.
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ple, in plots 2, 5, 8, 9, 10, and 14, under-
growth litterfall exerts a significant impact 
on soil. These plots demonstrate substan-
tial improvement in soil conditions benefi-
cial to pine stand growth. In contrast, oth-
er plots (3, 4, 6, 7, 11, 12, 13) exhibited 
a weaker influence of undergrowth litter 
on soil agrochemical parameters. These 
stands showed soil properties similar to 
those of the control stand in plot 15.

The observed clustering of pine stands 
by soil agrochemical parameters is largely 
influenced by the species composition of 
their undergrowth. Needle litter predomi-
nates in the composition of litterfall in pine 
stands. The proportion of leaves from un-
dergrowth species varies, influencing the 
rate of forest floor mineralisation and the 
resulting effect on soil.

Conclusions

The study investigated the influence of 
undergrowth species on forest litter for-
mation and agrochemical soil properties 
in pure pine stands. The research con-
firmed some, but not all, of the initial hy-
potheses. Based on the research carried 
out, we can establish the following con-
clusions:

1. As hypothesized (H1), stands with 
undergrowth species exhibited a greater 
amount of forest litter compared to the 
control stand. The total litter mass at all 
study sites was 12.0–71.9 % higher than 
at the control site during the year.

2. The study also confirmed the sea-
sonal influence on litterfall dynamics (H2), 
with distinct peaks observed in autumn and 
summer, primarily driven by leaf and nee-
dle fall. The total litterfall mass in the stud-
ied pine stands was 505.9–1125.6  g·m-2 
annually. The majority occurred between 

June and September, a smaller part in the 
period from October to November and the 
smallest share in winter and spring.

3. The presence of undergrowth spe-
cies accelerated the mineralisation and 
humification of forest litter, leading to a 
lower overall litter stock despite increased 
litterfall, thus supporting H3. The total 
forest litter stock in the studied research 
plots were 21.8–71.9 % lower than in the 
control plot without undergrowth.

4. While undergrowth species did im-
prove some agrochemical parameters, no-
tably nitrogen and potassium levels (par-
tially supporting H4), the improvements 
were not universal across all parameters 
or stands. Soil acidity was reduced and 
humus and exchangeable magnesium 
content increased in most plots, but the ef-
fects on total base saturation, exchangea-
ble calcium, and mobile phosphorus were 
less consistent. Cluster analysis revealed 
that the influence of undergrowth species 
on soil properties varied across stands, 
likely due to differences in undergrowth 
species composition.

The significance of the work is that the 
influence of undergrowth species on hu-
mification and mineralisation processes in 
pine stands was quantitatively determined 
and confirmed. At the same time, the pos-
itive influence of undergrowth on select-
ed agrochemical indicators of forest soil 
was quantified. The study highlights the 
complex interplay between undergrowth 
vegetation, litter dynamics, and soil prop-
erties in pine forests, emphasizing the 
importance of considering undergrowth 
composition in forest management prac-
tices. From a practical point of view, it is 
important to support undergrowth species 
in pine stand management in order to re-
duce acidification and increase the overall 
quality of forest soil.
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Abstract
Mega-trees, although representing a small proportion of the flora of forest ecosystems, pro-

vide the bulk of ecosystem services. However, their degradation, accentuated by strong and 
changing climatic and ecological constraints, is intensifying under the action of anthropogenic 
activities. To assess the diversity, biomass and conservation value of these mega-trees in natural 
forests, this study was carried out in three vegetation types: old-growth forests, secondary forests 
and crop/fallow mosaics, in Azagny National Park, in Côte d’Ivoire. Inventories were undertaken 
in 71 plots of 2500 m² each. Within these plots, the diameter at breast height (DBH ≥ 70 cm) and 
the height of each tree were recorded to estimate total plant biomass. The study identified 49 me-
ga-tree species, of which two are endemic to the Upper Guinea forest block and eight are listed 
as vulnerable or near threatened on IUCN Red List. Furthermore, old-growth forests were found 
to be the most productive in terms of biomass, reaching an average of 125.79 ±76.29 t·ha-1, well 
above the other two vegetation types mentioned above. This underlines their excellent biomass 
storage capacity in the protected area. In addition, the density and basal area of mega-trees in 
these old-growth forests are higher than in the other forest types.

Key words: carbon storage, mega-trees diversity, protected areas, spatial distribution.

et al. 2013). They contain more than half 
of all living species (Puig 2001). This plant 
biodiversity is a source of genetic wealth 
and is fundamental to humanity (Amara 
2010).

Introduction

Forest ecosystems in the humid tropics 
are rich in biodiversity, with diverse struc-
tures and plant species composition (Slik 
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Despite their importance, tropical for-
est ecosystems are subject to enormous 
and multifaceted pressures, leading to 
functional imbalance and impoverishment 
of the biodiversity they contain (Abrou et 
al. 2019, Lapola et al. 2023). As a result, 
in Côte d’Ivoire, 30 million hectares of for-
est disappeared between 1970 and 2000, 
as reported by Nusbaumer et al. (2004). 
The main causes of this loss were exten-
sive agriculture, logging and urbanisation 
(Adou Yao 2005). In 2020, Côte d’Ivoire’s 
forest cover was estimated at around 
9.2 % of the country’s total land area, with 
an average annual deforestation rate of 
2.8 % since 1986 (Cuny et al. 2023). In re-
sponse to the decline in forest cover, Côte 
d’Ivoire has set out to preserve its forests 
and their biodiversity by creating national 
parks and nature reserves (World Wildlife 
Fund 2020). Among these protected are-
as, the Azagny National Park, created in 
1981, stands out for its special character 
as a coastal park where old growth forests 
on dry land, swamp forests, secondary 
forests (SF) and crop-fallow mosaics co-
exist.

In this park, very few studies have 
been carried out on forest diversity. In-
deed, studies of very large trees with a di-
ameter (DBH) of more than 70 cm (Clark 
and Clark 1996) have never been carried 
out. Yet these trees represent a tiny, ir-
replaceable part of ecosystems and are 
associated with major benefits in terms of 
ecosystem services (Slik et al. 2013, Pin-
ho et al. 2020). They contribute most of 
the effects on biogeochemical cycles and 
ecosystem processes, the water cycle 
and nutrient dynamics (Bastin et al. 2018). 
They also account for almost half of total 
forest biomass (Clark and Clark 1996).

Therefore, it appears necessary to 
have more scientific data on mega-trees 
in West African forests. To this end, the 

present study was initiated to analyse 
the diversity, biomass and distribution 
of these mega-trees in Azagny Nation-
al Park. It seeks to answer the following 
questions: i)  what is the diversity of the 
mega-trees found in the main vegetation 
types of Azagny National Park? ii) what is 
their contribution to the total biomass and 
to the carbon stock of the trees in Azagny 
forest? iii)  how are the mega-trees dis-
tributed according to the main vegetation 
types of Azagny National Park?

Materials and Methods

Study site

Azagny National Park is located in the 
south of Côte d’Ivoire, in the coastal zone 
120 km west of the city of Abidjan (Fig. 1). 
It lies between 5°14’ and 5°31’ latitude 
north and 4°76’ and 5°01’ longitude west 
(Lauginie 2017). Due to its position on the 
coast and the activities that took place 
there in the past, Azagny National Park 
contains several types of rainforests (both 
on uplands and wetlands): old-growth for-
ests; secondary forests; crop-fallow mo-
saics (resulting from former peasant oc-
cupations) (Gnagbo et al. 2016).

Data collection

A surface inventory was conducted fol-
lowing the method described by Senterre 
(2005), using 71 square plots of 0.25 ha 
(50 × 50 m) randomly established in dif-
ferent forest types of the park: 17 in old 
growth forests (OGF), 40 in secondary 
forests and 14 in crop/fallow mosaics 
(Fig.  2). The uneven distribution of plots 
was due to site inaccessibility, particular-
ly in areas with extensive marshland. In 
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each plot, trees with a diameter at breast 
height greater than or equal to 70  cm 
(DBH ≥ 70 cm) were identified, geolocat-
ed using GPS and the heights measured 
using a rangefinder.

Diversity analysis

The diversity of large trees was estimated, 
on the one hand, by species richness and 
composition – number of species, num-

Fig. 1. Location of Azagny National Park in south Côte d’Ivoire.

Fig. 2. Distribution of survey plots on Azagny National Park map.
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ber of genera, species endemic to Upper 
Guinea and threatened and rare species 
on IUCN Red List (2023). Secondly, diver-
sity was assessed using Shannon’s diver-
sity index (1948), Simpson’s index (1949), 
and Pielou’s equitability index (1966), 
calculated using formulas (1), (2) and (3), 
respectively.
	 ,
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where: Ni is the number of individuals of 
species i, N represents the total number 
of individuals of all species, H′ denotes 
Shannon index; DS is Simpson’s index, 
S refers to species richness, and E rep-
resents the Pielou’s equitability index 
(1986).

To compare diversity within the differ-
ent ecosystems of Azagny National Park, 
taking into account both species richness 
and abundance, the diversity profile was 
assessed using Rényi’s diversity profile 
(Kindt et al. 2006), as shown in formula (4).
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where: Hα is the Rényi diversity value, 
pi represents the relative abundance of 
species, and α is the diversity parameter 
scale (α = 0, 1, ∞).

Diversity profiles of five vegetation plot 
categories were generated using Rényi’s 
diversity (Hα). The scale parameter (α) 
gives the order of Rényi’s diversity; as α 
increases, the index becomes more sen-
sitive to the most abundant species.

The symmetrical Venn diagram (Venn 
1880) was produced using the genomics 
and evolution bioinformatics tool (Bioinfor-
matics & Evolutionary Genomics 2025). 
This diagram was also used to illustrate 

the floristic similarities among old-growth 
forests, secondary forests and crop-fallow 
mosaics.

Calculation of mega-tree biomass

The above-ground biomass (AGB) of me-
ga-trees was estimated using the allome-
tric equation (5) of Chave et al. (2014), 
based on dense evergreen forest individ-
uals.
	 AGB = 0.0673·(ρ·DBH·H)0.976	 (5)
where: AGB denotes the above-ground 
biomass of the tree, t; DBH is the trunk 
diameter at 1.30 m above ground, cm; ρ 
represents the species-specific gravity, H: 
the height.

The Global Wood density database 
(Zanne et al. 2009) was used to determine 
tree wood density. For species without a 
match in the database, 0.58  g·cm-3 was 
used as the default value. Carbon stock 
was estimated as 50 % of the total plant 
biomass, following the guidelines of GIEC 
(2006).

The basal area of the stand in each 
vegetation type was calculated using the 
formula (6).

	 ,DG i∑ ⋅π
=

4
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where: G is the basal area, m2; Di is DBH, 
m of individual i.

Distribution analysis

An existing topographic map of Azagny 
National Park was georeferenced and the 
mega-trees were projected onto it. Data 
collected in the field, such as geograph-
ical coordinates of each plant and their 
diameter, were saved in an Excel file and 
converted to a CSV format for their use in 
QGIS 3.22. The imported data was then 
labelled and classified based on individ-
ual trees basal area values and species 
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names, enabling the distribution of me-
ga-tree species to be visualised with the 
space they occupy.

Inverse Distance Weighting (IDW) in-
terpolation is a method used to estimate 
unmeasured values from known data 
points, by assigning more weight to near-
by points than to distant ones. It calcu-
lates a weighted average of the values of 
neighbouring points, with a weighting that 
decreases with distance, using a formu-
la where distance is raised to a negative 
power. The choice of exponent, often be-
tween 2 and 3, influences the speed of this 
decrease. IDW is simple to implement and 
is particularly effective for space applica-
tions where the data varies continuously.

Statistical analysis

Analysis of Variance (ANOVA) was used to 
compare the data and the diversity indices 
calculated for the different vegetation type 
studied. In cases where the assumptions 
required for ANOVA were not met such as 

data independence, normality and homo-
geneity of variances, the non-parametric 
Kruskal-Wallis test was used.

Results

Species richness, composition and 
diversity

A total of 49 species belonging to 42 gen-
era and 26 botanical families were re-
corded in all three ecosystems. Species 
richness varied according to forest type, 
ranging from an average of 1.5 ±0.52 spe-
cies per plot in crop-fallow mosaic (CFM) 
to 2.29 ±1.2 species per plot in OGF, as 
shown in Table 1.

Among the 49 species identified, ten 
have a special conservation status, in-
cluding two species endemic to the Upper 
Guinea (UG) forest block, five vulnera-
ble species on the IUCN Red List (2023) 
and four mega-tree species listed as 
’ear-threatened’ category (Table 2).

Table 1. Summary of the average number of mega-tree species per vegetation type.

Ecosystem Number of 
plots

Number of 
species Average species richness Test statistics

OGF 17 18 2.29 ±1.2a

p-value = 0.19SF 40 39 2.05 ±1,15a

CFM 14 15 1.5 ±0.52a

Note: Values within the same column that share the same letter are not significantly different 
from each other (p > 0.05).

The Venn diagram revealed that four 
species are common to all three ecosys-
tem types, while only one species is com-
mon to both OGF and CFM. SF contain 21 
species that are unique to them (Fig. 3).

The Shannon index does not vary sig-
nificantly between the three forest types 
(Table 3). The situation is similar for the 

Simpson and Pielou diversity indices. 
These indices show that no type of veg-
etation is significantly more diverse than 
another.

On the diversity profile, the SF curve 
lies above those of the other two for α < 2 
(Fig. 4). Above this value, the CFM curve 
is higher, and all three curves run parallel.
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Table 2. List of mega-trees species with special conservation status recorded in the 
study area.

Species Family Ende-
mism

IUCN 
status

OGF SF CFM
Individuals  

number
Albizia ferruginea (Guill. & Perr.) Benth Fabaceae - NT - - 1

Anopyxis klaineana (Pierre) Engl. Rhizophoraceae - VU - 1 2
Dialium aubrevillei F.Pellegrin. Fabaceae UG - 1 -

Entandrophragma angolense (Welw.) 
C. DC. Meliaceae - NT 2 2 2

Entandrophragma utile (Dawe & 
Sprague) Sprague Meliaceae - VU - 1 -

Irvingia gabonensis Aubry Lecomte Irvingiaceae - NT - 1 -
Lophira alata Banks ex C.F.Gaertn 

(Ambé) Ochnaceae - VU 3 6 2

Milicia excelsa (Welw.) C.C. Berg Moraceae - NT - 2 -
Milicia regia (A. Chev.) C.C. Berg Moraceae UG VU 1 - -
Sterculia oblonga Mast (Eyong) Malvaceae - VU - 2 1

Note: NT is Near Threatened, VU is vulnerable species.

Table 3. Average diversity index values.

Ecosystem Shannon index Simpson index Pielou’s index
Old-growth forest 0.75 ±0.38a 0.48 ±0.23a 0.83 ±0.37a

Secondary forests 0.63 ±0.47a 0.40 ±0.27a 0.67 ±0.44a

Crop-fallow mosaic 0.39 ±0.78a 0.23 ±0.34a 0.37 ±0.51a

p-value 0.22 0.28 0.36

Note: Values within the same column sharing the same letter are not significantly different  
(p > 0.05).

Fig. 3. Species similarity among the three 
ecosystems.

Note: The figure shows the number of spe-
cies of trees with DBH > 0.70 m.

AGP biomass and carbon stock in 
mega-trees

These indicators of mega-trees in OGF 
are significantly higher than those in SF 
and CFM (Table 4). The latter two eco-
system types are similar in terms of these 
calculated parameters.

Spatial distribution of mega-trees in 
Azagny National Park

The 154 georeferenced mega-trees and 
their basal areas were projected onto 
a map of the ANP (Fig. 5). OGF were 
found to have highest tree density (bas-



	 Diversity and distribution of mega-trees in the vegetation of Azagny National Park ...	 109

al area G = 11.20 m²·ha-1). Mosaics had 
42 mega-trees recorded, followed by SF  
(G = 8.61 m²·ha-1) with 91 individuals re-
corded. The CFM were the least dense, 
with 21 mega-trees for a basal area of 
6.8 m²·ha-1. It should be noted that the dis-
tribution of mega-trees in the three types 
of vegetation (figs 6, 7 and 8) highlights 
the importance of taking into account 
both the density and the diameter of trees 
when assessing the structure of a forest 
(Table 4).

Prediction of mega-trees using IDW 
interpolation

The results of the predictive map of the 
distribution of mega-trees obtained by IDW 
show a high probability of the presence of 
large-diameter individuals (> 125 cm) in the 
central-northern and north-western parts 
of the park. In contrast, mega-trees with a 
DBH between 70 and 98 cm is high in the 
eastern, northern and south-western parts 
of the park. Furthermore, IDW predicts a 

Fig. 4. Comparison of ecosystems using Rényi’s diversity profile.

Table 4. Average values for total biomass and average carbon stock for the ecosystems 
studied.

Ecosystem Number of individuals 
per ha

Density, 
m²·ha

Average total 
biomass, t·ha-1

Average carbon 
stock, tC·ha-1

OGF 10 11.20 125.79 ±76.29b 15.72 ±9.53b

SF 9 8.31 65.90 ±59.69a 8.23 ±7.46a

CFM 6 6.8 63.47 ±57.57a 7.93 ±7.18a

p-value 0.007 0.007

Note: Values within the same column sharing the same letter are not significantly different  
(p > 0.05).
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Fig. 5. Representation of mega-trees across land areas in Azagny National Park.

Fig. 6. Distribution of mega-trees in the old-growth forest.
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Fig. 8. Distribution of mega-trees in the crop–fallow mosaic.

Fig. 7. Distribution of mega-trees in the secondary forest.
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wider distribution of mega-trees with DBH 
between 98 and 125  cm in the southern 
and central parts of the park. Overlaying 
the land cover map with the IDW results 
reveals a high probability that large-diam-

eter individuals (> 125  cm) will be found 
mainly in OGF. Conversely, mega-trees 
with a DBH of between 70 and 98 cm occur 
mainly in SF, CFM, and other ecosystems 
dominated by savannah? (Fig. 9).

Fig. 9. Distribution map of mega-tree zones according to tree diameter classes.

Discussion

Diversity of mega-trees

This study identified 49 species with a 
high diversity in OGF compared with the 
other two types of vegetation. The low 
floristic diversity of mega-trees in SF can 
be explained by the existence of many 
pioneer species (Adou Yao 2005) thus 
causing strong competition for light be-
cause it is considered the main source of 
competition (Grime 1979). Competition 
will thus lead to growth in height at the 
expense of diameter, hence the low diver-
sity of mega-trees in this biotope. Fallow 
lands, composed of a succession of trees 
and abandoned oil palm, cocoa and cof-

fee plantations, exhibit moderate diversi-
ty, as some trees were preserved during 
the occupation period for their uses, their 
economic and social values (Adou Yao 
and N’Guessan 2006). However, these 
differences are not significant, unlike the 
work of de Vroh (Vroh et al. 2017), whose 
research results showed that species di-
versity was significantly higher in OGF. 
This could be explained by the fact that 
mega-trees represent only 3 % of the pop-
ulation of a plant formation, as shown by 
the work of Slik et al. (2013).

The low floristic similarity of mega-trees 
across the different vegetation types in 
Azagny National Park can be explained 
by several factors. OGF, as mentioned by 
van Gemerden (2004) in Central African 
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tropical forest, like in the Guinean forests 
of West Africa hotspot a rich diversity of 
species adapted to specific ecological 
conditions established over long periods 
without disturbance. In contrast, second-
ary forests, which arise following distur-
bance, show increasing biodiversity with 
age, but generally include species and 
fewer mega-trees. CFM, often influenced 
by agricultural practices, have a less var-
ied flora, dominated by cultivated species. 
These differences in plant succession and 
historical adaptations help to explain the 
low floristic similarity observed between 
these types of vegetation. In addition to 
the above explanations, other local condi-
tions may therefore be more important in 
the variation in species diversity. For ex-
ample, topography and soil quality.

As far as special-status species are 
concerned, their presence, number and 
diversity underline the importance of the 
role played by the protected area studied 
in the conservation of biodiversity, as indi-
cated by the work of Adou Yao and Rous-
sel (2007). These authors emphasise that 
such a presence is one of the important 
elements to be taken into account when 
qualifying an area as a ‘West African Guin-
ean forest hotspot’. Indeed, of the 49 spe-
cies recorded, five are considered vulner-
able according to IUCN Red List (2023).

Mega-trees and total plant biomass

The AGB of mega-trees in the various eco-
systems of Azagny National Park is esti-
mated at 319.06 t·ha-1, i.e. 159.53 tC·ha-1 
of stored carbon. These results represent 
over 90  % of the average carbon stock 
of forests in Côte d’Ivoire estimated at 
177  tC·ha-1 (World Health Organization 
2011) and almost half of those obtained in 
Banco National Park (AGB = 742.76 t·ha-1  
and Stk C = 371.38  tC·ha-1) during the 

study conducted by Bakayoko (2013). 
This difference in the results of the cur-
rent study and the latter can be explained 
by variations in the evaluation criteria. 
Indeed, the present study focused on a 
relatively restricted category of trees (me-
ga-trees DBH ≥ 70 cm), which represents 
a tiny part of the flora of Azagny National 
Park. By contrast, the previous study car-
ried out in the Banco National Park broad-
ened its scope of analysis to include all 
woody individuals with a DBH of at least 
25  cm. In other words, mega-trees, al-
though representing a small proportion of 
the trees in a forest, store more than half 
of the biomass of those forests and, by ex-
tension, the carbon sequestered by them.

From OGF to mosaics of crops and fal-
low lands, there was a noticeable decline 
in the AGB from mega-trees. This can be 
explained by the fact that OGF contain 
mature trees that have had decades, even 
centuries, to grow in size and mass. The 
older a tree is, the more carbon it stores 
in its wood, roots and leaves. Due to their 
complexity, maturity and ecological bal-
ance, OGF represent greater reservoirs 
of biodiversity and carbon than fallow and 
secondary forests. The strong increase in 
carbon storage with increasing tree diam-
eter testifies to the importance of preserv-
ing large, mature and old trees to keep 
this stored carbon in the forest ecosys-
tem where it remains for centuries (Law 
and Deng 2018, Lutz et al. 2018). Once 
trees reach a large size, each additional 
increment of DBH leads to a significant in-
crease in the total carbon stords? stocks in 
the tree, whereas small diameter trees do 
not lead to significant carbon gains. These 
observations are consistent with those of 
Dubé and Sénécal (2006), who claim that 
the high AGB obtained in OGF is linked to 
DBH and the specific density of the wood 
in the trees. According to these authors, 
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the larger the diameter of a tree is, the 
higher is its carbon sequestration capacity.

Conclusion

This paper studied the diversity and bio-
mass of mega-trees in three types of 
vegetation (OGF, SF and CFM) of Azag-
ny National Park. Across all the sampled 
vegetation types, 49 species of mega-tree 
were identified. Of these, 10 species have 
a special conservation status, including 
two that are endemic to the Upper Guin-
ea forest block and eight that are listed as 
vulnerable or Near Threatened in IUCN 
Red List. The old-growth forests, generally 
located at the extremities of the park, are 
the most diverse and the richest in spe-
cies. The secondary forests and the mo-
saics of crops and fallow land, although 
relatively stable, are less favourable for 
the establishment of most mega-tree 
species. This study also highlights the re-
markable carbon sequestration capacity 
of this protected area through the high lev-
el of carbon stored by mega-trees in old-
growth forests. In addition, the spatial dis-
tribution of mega-trees, with a prevalence 
of large-diameter individuals in most old-
growth forests, enriches our understand-
ing of forest structure. This highlights the 
importance of incorporating both tree den-
sity and diameter into ecological assess-
ments. These results suggest that Azagny 
National Park not only fulfils a crucial role 
in biodiversity conservation, but also has 
significant potential to mitigate the effects 
of climate change through its capacity to 
store carbon via mega-trees.
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Abstract
The rose species and cultivars are considered one of the most valued ornamental shrubs in 

urban landscape design due to its aesthetic role, positive impact on biodiversity enhancement, 
high adaptability to various climatic and environmental conditions. The aim of this study is to 
evaluate the vegetative growth and flowering stage of selected Floribunda and Grandiflora rose 
cultivars and to assess their adaptive potential and aesthetic impact within urban environments 
in Suhareka, Kosovo. Ten rose cultivars – eight Floribunda (‘Angel Face’, ‘Sunsprite’, ‘Amber 
Queen’, ‘Bonica 82’, ‘English Miss’, ‘Scentimental’, ‘Betty Boop’ and ‘Iceberg’) and two Grandi-
flora (‘Queen Elizabeth’ and ‘Love’s Promise’) – were analysed under the climatic conditions of 
Kosovo. The most intensive flowering stage occurred in June, with the ‘Queen Elizabeth’ cultivar 
producing an average of 35 flowers per plant, followed by the ‘Loves Promise’ cultivar with 34 
flowers per plant. The lowest number of flowers was recorded in the ‘Angel Face’ cultivar, with 22 
flowers per plant, and in the ‘Bonica 82’ cultivar, with 23 flowers per plant. The cultivars ‘Queen 
Elizabeth’ and ‘Sunsprite’ demonstrated best performance under climatic and environmental con-
ditions of Kosovo. The Grandiflora group of roses blooms more abundantly, which is proven by 
the effect of additional hybridizations that have been made between hybrid tea roses and the 
Floribunda group.

Key words: flowering period, growth characteristics, modern roses, urban environments.

scape with rose plants contributes to an 
extended flowering period (reblooming) 
throughout the summer, accompanied 
by the continuous development of flower 
stalks (Crespel et al. 2014). The diversi-
ty of flower forms, prolonged and remon-
tant blooming, as well as the wide range 
of colours and scent, which vary not only 

Introduction

The use of roses in urban green spaces is 
primarily guided by their quality and growth 
characteristics, including flower colour, 
stem length and diameter, and the conti-
nuity of flowering throughout the summer 
(Godin et al. 1999). A well-designed land-

https://orcid.org/0000-0001-9166-8652
https://orcid.org/0009-0001-5597-0181
https://orcid.org/0000-0002-2983-7897
mailto:vez﻿ir.januzi@ubt-uni.net


118	 N. Balaj, V. Januzi, and H. Rizani

among cultivars but also during different 
flowering stages, make roses a key or-
namental element in the design of parks, 
flower gardens, and urban environments 
(Dinga 1998).

The rose is one of the most popu-
lar plants among ornamental species in 
Kosovo, widely used for decorating gar-
dens, parks and vases, as well as for flow-
ers in bouquets (Balaj et al. 2022). Among 
the most commonly cultivated rose varie-
ties in public green spaces in Kosovo are 
the following cultivars: ‘Double Delight’, 
‘Cristofor Colombo’, ‘Vaj Vecend’, ‘Prin-
cesse de Monaco’, ‘Norita’, ‘Charles de 
Gaulle’, ‘Maria Callas’, and ‘Eiffel Tower’.

Rose flowers can appear singly on a 
flower stalk or in clusters of 3–25 flow-
ers. The plant blooms once in summer 
or repeats flowering throughout the sum-
mer-reblooming, which is a key feature of 
modern roses.

Roses are generally classified into 
two main categories: ancient (or antique) 
roses, which include varieties cultivated 
before 1867, and modern roses, which 
comprise those developed after that year. 
Modern roses are the result of cross-
breeding among European, Chinese, Tea, 
and Mediterranean rose species, as well 
as the natural variability observed among 
rose types during the 18th and 19th centu-
ries. Particularly valued by humans is their 
ability to bloom continuously or repeatedly 
throughout the summer (remontant flow-
ering) and their resistance to adverse en-
vironmental conditions (American Rose 
Society 2014).

Floribunda roses are a type of modern 
garden roses, known for their exceptional 
adaptability, extended flowering season, 
and aesthetic appeal, making them an 
excellent choice for enhancing the beau-
ty and ecological value of urban green 
spaces. Their flowers may appear singly 

or in clusters, exhibiting a wide range of 
colours and a strong, fine fragrance.

Grandiflora roses are relatively new 
hybrids resulting from the crossbreeding 
of hybrid tea roses and Floribunda roses 
and belong to the group of modern garden 
roses, known for their ease of cultivation 
and extended flowering period, character-
ized by repeated blooming throughout the 
summer (Cervelli and Paoli 2003). These 
roses typically initiate blooming with a 
single flower, followed by successive 
blooms that create a visually striking ef-
fect in green spaces (Blechert and Deben-
er 2005). The first cultivar of this group, 
‘Queen Elizabeth’, was a pink rose with a 
notable fragrance.

Today, Grandiflora and Floribunda ros-
es are commonly found in urban parks in 
diverse colours, with many retaining the 
characteristic fragrance inherited from 
their Hybrid Tea parentage (Van de Pol 
and Pierik 1995).

According to Zieslin (1992), roses 
are capable of blooming independently 
on each stem once it reaches a specific 
length. Research also shows that plant ar-
chitecture significantly affects both num-
ber of flowers per plant and duration of 
flowering stage (Shimelis and Shiringani 
2010). Numerous studies indicate that the 
performance of roses in landscape design 
varies according to the cultivar, environ-
mental conditions, and climatic factors 
(Nadeem et al. 2011). Furthermore, flower 
production and quality are influenced by 
the choice of cultivar, cultivation practices, 
and the type of rootstock used (Cabrera 
2002).

The purpose of this study is to evaluate 
the vegetative growth and flowering stage 
of selected Floribunda and Grandiflora 
rose cultivars and to assess their adap-
tive potential and aesthetic impact within 
urban environments in Suhareka, Kosovo.
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Materials and Methods

The study was conducted in the urban 
green space ‘City Park’, located in Su-
hareka, Republic of Kosovo, over two 
growing seasons from May 2023 to Octo-
ber 2024, on area of 2500 m² (Fig. 1).

Kosovo is located in the central part of 
the Balkans. It lies between 41°50′58″and 
43°51′42″ of northern geographic latitude 
and between 20°01′3″ and 21°48′02″ of 
longitude.

The average monthly temperature 
during the growing period was in April 
(13.1 ºC), May (16.3 ºC), June (20.7 ºC), 
July (24.1  ºC), August (22.3  ºC) and in 
September the average temperature was 
17.3  ºC. The precipitation amount dur-
ing the growing period was 26.4  mm in 
April, 79.0 mm in May, 81.0 mm in June, 
71.0 mm in July, 55.2 mm in August and 
in September the average of precipitation 
was 21.3 mm (HMIK 2023).

In this study, eight Floribunda rose 

cultivars – ‘Angel Face’, ‘Sunsprite’, ‘Am-
ber Queen’, ‘Bonica 82’, ‘English Miss’, 
‘Scentimental’, ‘Betty Boop’, and ‘Iceberg’ 
– along with two Grandiflora rose cultivars 
– ‘Queen Elizabeth’ and ‘Love’s Promise’ 
– were analysed under the climatic condi-
tions of Kosovo.

The seedlings were produced using 
the budding method with T-bud grafts, 
which was performed in August 2021 on 
rootstock of Rosa canina var. Laxa.

The age of the planted plants at the be-
ginning of the experiment was two years. 
The plants were planted in green spaces 
with a spacing of 40 cm between individ-
ual plants and 100 cm between rows. The 
experiment was ′Randomized block′ type 
with four replications and 150 plants for 
each cultivar.

The plants were planted in sandy soil 
and irrigated during the growth period by 
drip irrigation system.

During the spring season, field-grown 
roses were managed using an integrat-

Fig 1. Location of study, Suhareka, Kosovo.



120	 N. Balaj, V. Januzi, and H. Rizani

ed fertilization strategy, comprising both 
organic and mineral fertilizers, applied in 
accordance with the physiological require-
ments of the plant at each developmental 
stage.

In March, well-decomposed organic 
manure was applied at a rate of 2–3  kg 
per plant, aiming to improve soil struc-
ture, enhance water-holding capacity, and 
support microbiological activity in the rhi-
zosphere. During the vegetative growth 
stage (April), ammonium nitrate was ap-
plied at a dose of 20–25 g per plant as a 
source of nitrogen in both ammonium and 
nitrate forms.

During the flowering stage (May), two 
key mineral fertilizers were applied: sin-
gle superphosphate at a dose of 30 g per 
plant, served as a soluble source of phos-
phorus to support root development and 
stimulate flowering.

Potassium sulphate at a dose of 20 g 
per plant was applied to improve nutrient 
translocation, enhance the visual and aro-
matic qualities of flowers, and strengthen 
plants’ resilience against both biotic and 
abiotic stressors. At the end of June, the 
spring fertilisation cycle for roses was 
concluded, having met the plants’ nutri-
tional requirements during the key stages 
of phenological development.

During the growing season, the follow-
ing parameters were measured: dynamics 
of the flowering stages, remontant flower-
ing, development stages of rose flowers, 
diameter of fully opened flowers, number 
of petals per flower, colour and fragrance, 
number of flower stalks 50  cm above 
ground level, diameter of flower stalks, 
number of leaves per shoots, and density 
of thorns in 15 cm length per shoot.

For all data, an analysis of variance 
(ANOVA) was applied using the statistical 
package, Systat, Genstat, further analysed 
using rang test with a critical level (P-val-

ue) of 5 % (Gomez and Gomez 1984).

Results and Discussion

Flowering stage of Floribunda and 
Grandiflora rose cultivars

The results indicate that the flowering 
stage begins in mid-May, with 1.5 to 2.5 
flowers per plant, depending on the cul-
tivar. The most intensive flowering stage 
occurred in June, with 35 flowers per plant 
in the ‘Queen Elizabeth’ cultivar, followed 
by the ‘Loves Promise’ cultivar with 34 
flowers per plant. The lowest number of 
flowers was recorded in the ‘Angel Face’ 
cultivar with 22 flowers per plant. The oth-
er cultivars in the study had the following 
flower numbers: ‘Amber Queen’ with 31 
flowers per plant, ‘Iceberg’ with 27 flowers 
per plant, ‘English Miss’ with 25 flowers 
per plant, and ‘Betty Boop’ with 26 flowers 
per plant (Fig. 2).

The standard error of the mean (±SE) 
for the number of flowers per plant in the 
rose cultivars evaluated in this study is as 
follows: the mean number of flowers per 
plant was 28.6, with a standard deviation 
(SD) of 4.74 and a standard error of the 
mean (±SE) of 1.5 flowers. These results 
indicate that the average number of flow-
ers produced per plant during the growing 
season (May to October) is associated 
with a standard error of ±1.5 flowers.

In July, the highest flower count was 
observed in the ‘Sunsprite’ cultivar with 
34 flowers per plant, followed by ‘Queen 
Elizabeth’ with 25. The lowest number 
of flowers per plant was recorded in the 
‘Bonica 82’ cultivar with 12, followed by 
‘Angel Face’ with 19, and ‘Betty Boop’ with 
20. During August, the ‘Amber Queen’ cul-
tivar had the highest flower count, with 20 
flowers per plant, followed by ‘Sunsprite’ 



	 A study of adaptive potential and aesthetic impact of Floribunda and Grandiflora rose...	 121

with 14. The lowest counts were observed 
in the ‘Bonica 82’ cultivar with 10 flowers, 
‘Loves Promise’ with 15, and ‘Scentimen-
tal’ with 14 flowers per plant. The lowest 
number was recorded in the ‘Iceberg’ 
cultivar with 8 flowers, while the highest 
was observed in the ‘Scentimental’ cul-
tivar with 15 flowers per plant. This de-
creasing trend continued in October and 
varied by cultivar. The lowest flower count 
was found in the ‘Betty Boop’ cultivar with 
1.5 flowers per plant, followed by ‘Amber 
Queen’ with 2, and ‘Queen Elizabeth’ with 
4 flowers per plant.

Similar results concerning the number 
of flowers per plant were reported by Pes-
sala (1977), Parkinson (2003), and Cre-
spel et al. (2014). Regarding the flowering 
stage in Grandiflora rose cultivars, similar 
findings were reported by Manjula (2005).

Remontant flowering of Floribunda 
and Grandiflora rose cultivars

The analysis revealed that, during spring, 
the flowering period is longer, ranging 

from 24 to 30 days, depending on the cul-
tivar. In this period, flowers exhibit more 
vibrant colours and a higher number of 
blooms per plant. In contrast, during sum-
mer, the duration of the flowering succes-
sion is shorter between 10 and 16 days 
and the flower colours tend to be lighter. 
In autumn, the flowering phase lasts from 
19 to 24 days, depending on the cultivar.

These seasonal differences are main-
ly attributed to variations in tempera-
ture, daylight duration, and plant water 
availability, which significantly influence 
the physiological processes of flowering 
(Fig.3).

The results of the study on the re-
peat flowering of rose cultivars are con-
sistent with the findings of other authors 
Varies and Dubois (1990), Zieslin (1992), 
Kool and Van de Pol (1993). Similar re-
sults were reported by Dubois and Varies 
(1993) regarding the flowering stage and 
the influence of climatic factors in roses 
cultivars.

The statistical results for the two-year 
period (2023–2024) are presented in Table 

Fig. 2. Flowering stage of Floribunda and Grandiflora rose cultivars.
 

0

5

10

15

20

25

30

35

40

M
ay

Ju
ne Ju
ly

Au
gu

st

Se
pt

em
be

r

O
ct

ob
er

N
um

be
r o

f f
lo

w
er

s 
pe

r p
la

nt

Month of the year

Queen Elizabeth

Angel Face

Sunsprite

Amber Queen

Bonica 82

English Miss

Scentimental

Betty Boop

Iceberg

Loves Promise



122	 N. Balaj, V. Januzi, and H. Rizani

1. The analysis of variance indicates that 
there are statistically significant differenc-
es among the Floribunda and Grandiflora 
rose cultivars in terms of repeat flowering 
and the diameter of fully opened flowers.

The statistical results for the two years 

(2023–2024) are presented in Table 2. 
The analysis of variance confirms that 
there are statistically significant differenc-
es regarding the flower diameter and the 
number of flowers per plant of Floribunda 
and Grandiflora rose cultivars.

Fig. 3. Remontant flowering in Floribunda and Grandiflora rose cultivars.

Table 1. Analysis of variance for remontant flowering and diameter of fully opened  
flowers in Floribunda and Grandiflora rose cultivars.

Source of variation Flowering succession Diameter of fully opened flower
F-value p-value F-value p-value

Year of study 2843.21 0.001 1121.46 0.001
Cultivar 375.67 0.001 1545.24 0.001
Cultivar × Year 12.23 0.001 34.26 0.001

Table 2. Analysis of variance for flower diameter and number of flowers per plant  
in Floribunda and Grandiflora rose cultivars.

Source of variation Flower diameter Number of flowers per plant
F-value p-value F-value p-value

Year of study 0.25 0.001 0.31 0.001
Cultivar 208.21 0.001 301.56 0.001
Cultivar × Year 5.21 0.001 4.65 0.001
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Developmental stages of flowers 
in Floribunda and Grandiflora rose 
cultivars

Seven developmental stages of rose flow-
ers were identified, presented in Figure 
4: F1 – unopened bud stage, F2 – semi 
opened stage, F3 – fully opened stage, 
F4 – initial bloom stage, F5 – full bloom 
stage, F6 – bloomed stage, F7 – senes-
cent stage.

These stages are important for evalu-
ating the aesthetic and agronomic perfor-
mance of the cultivars under urban con-
ditions, as well as for the optimal mainte-
nance planning of green spaces.

Diameter of fully opened flowers 
of Floribunda and Grandiflora rose 
cultivars

The maximum diameter of fully opened 
flowers was recorded in the ‘Amber 
Queen’ cultivar, with 12.5 cm, followed by 
‘Loves Promise’ with 11.5  cm. The mini-
mum diameter was recorded in the ‘Betty 
Boop’ cultivar, with 5.5 cm (Fig. 5).

The standard error of the mean (±SE) 
for the diameter of fully opened flowers in 
the rose cultivars included in this study is 
as follows: the mean flower diameter was 
9.4 cm, with a standard deviation (SD) of 
1.5 cm and a standard error of the mean 

Fig. 4. Seven developmental stages of flowers in Floribunda and Grandiflora rose  
cultivars.
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(±SE) of 0.5  cm. These results indicate 
that the average diameter of fully opened 
flowers is associated with a standard error 
of ±0.5 cm.

Number of petals per flower, flower 
colour, and fragrance of Floribunda 
and Grandiflora rose cultivars

Table 3 presents the number of petals 
per flower, flower colour, and fragrance 

level of the Floribunda and Grandiflora 
rose cultivars. The highest number of pet-
als was observed in the ‘Bonica 82’ cul-
tivar (35.55), followed by ‘Amber Queen’ 
(34.35), whereas the lowest number was 
recorded in ‘Betty Boop’ (10.21). The 
flower colours among the cultivars ranged 
from white, yellow, and red to pink and 
pink-white, contributing to the visual ap-
peal of landscape and park settings. Culti-
vars exhibiting a strong fragrance included 

Fig. 5. Diameter of fully opened flowers of Floribunda and Grandiflora rose cultivars.
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Table 3. Number of petals per flower, flower colour, and fragarance level in Floribunda and 
Grandiflora rose cultivars.

Cultivars of 
Rosa hybrida L.

Number of petals 
per flower

Flower 
colour

Fragrance 
level

Queen Elizabeth 33.15 Clear pink Light fragrance
Angel Face 30.21 Pink Very fragrance
Sunsprite 33.23 Yellow Very fragrance
Amber Queen 34.35 Amber Mild fragrance
Bonica 82 35.55 Pink Neutral fragrance
English Miss 30.21 Light pink Moderate
Scentimental 29.23 Pink Sweet fragrance
Betty Boop 10.21 Red Strong fragrance
Iceberg 28.23 White Little fragrance
Loves Promise 29.23 White Strong fragrance
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‘Queen Elizabeth’, ‘Angel Face’, ‘Amber 
Queen’, ‘Bonica 82’, ‘English Miss’, ‘Scen-
timental’, ‘Betty Boop’, and ‘Vaj Vicend’.

Growth in length of flower stalks 
in Floribunda and Grandiflora rose 
cultivars

The growth of the flower stalks follows a 
dynamic pattern, characterized by vigor-
ous elongation during the early stages un-
til the end of June, when the main shoot 
terminates in a flower. Following the initial 
bloom, branching begins, with the devel-
opment of secondary and tertiary shoots, 
each also ending in flowers. The study 
confirmed significant differences among 
the cultivars. The longest flower stalk was 
recorded in the ‘Amber Queen’ cultivar 
(117  cm), followed by ‘Queen Elizabeth’ 
(114 cm), while the shortest was observed 
in the ‘English Miss’ cultivar (98 cm). Plant 
height is a cultivar-specific trait and varies 
between different rose cultivars (Fig. 6). 

Fig. 6. Growth in length of flower stalks in Floribunda and Grandiflora rose cultivars.

The results of the study on the growth in 
length of the flower stalks of rose cultivars 
are also consistent with studies by other 
authors (Zieslin and Mor 1990).

The standard error of the mean (±SE) 
for the length of the flower stalks, based 
on the rose cultivars included in this study, 
is as follows: the mean flower stalk length 
was 93.1  cm, with a standard deviation 
(SD) 8.5 cm and a standard error of the 
mean (±SE) 2.3 cm. These results indicate 
that the average length of 93.1 cm is as-
sociated with a standard error of ±2.3 cm.

Number of flower stalks per plant, 
flower stalk diameter, number of 
leaves per shoot, and thorn density

Table 4 presents the number of flower 
stalks per plant, stalk diameter, number 
of leaves per shoot, and thorn density in 
15 cm length of shoot for the Floribunda 
and Grandiflora rose cultivars. The high-
est number of flower stalks per plant was 
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recorded in the ‘Iceberg’ cultivar (8.11), 
followed by ‘Betty Boop’ (7.88), while the 
lowest was observed in ‘Scentimental’ 
(5.11). Regarding stalk diameter, the high-
est values were recorded in ‘Angel Face’ 
(9.82  mm), followed by ‘English Miss’ 
(9.72  mm), whereas the lowest value 
was observed in ‘Iceberg’ (9.5 mm). The 
highest number of leaves per shoot was 
recorded in ‘Queen Elizabeth’ (81.32), 
followed by ‘English Miss’ (77.45), while 
‘Scentimental’ showed the lowest number 
(55.32). As for thorn density per 15 cm of 
shoot, the greatest number of thorns was 
found in ‘Angel Face’ (25.32), followed by 

‘Bonica 82’ (23.11), whereas ‘Betty Boop’ 
recorded the lowest density (13.67).

The statistical results for the two-year 
period (2023–2024), presented in Table 5, 
show significant statistical differences re-
garding the length and diameter of flower 
stalks of Floribunda and Grandiflora rose 
cultivars, as confirmed by the analysis 
of variance. These differences highlight 
the genetic variability among cultivars in 
urban environments and landscape pro-
jects, where roses that can easily adapt 
and contribute to the visual beauty and 
sustainability of green spaces are essen-
tial.

Table 4. Average number of flower stalks per plant, flower diameter, number of leaves, 
and thorn density.

Cultivars of 
Rosa hybrida L.

Number of flow-
er stalks per 

plant

Flower stalk 
diameter, mm

Number of 
leaves per shoot

Thorn density, per 
15 cm of shoots

Queen Elizabeth 6.67 9.45 81.32 24.21
Angel Face 7.33 9.82 66.21 25.32
Sunsprite 6.31 8.81 71.21 20.26
Amber Queen 5.83 8.94 62.32 20.34
Bonica 82 6.54 8.63 68.21 23.11
English Miss 5.56 9.72 77.45 18.23
Scentimental 5.12 7.76 55.32 17.76
Betty Boop 7.88 8.73 70.21 13.67
Iceberg 8.11 9.58 77.29 19.87
Loves Promise 6.56 9.23 75.23 20.34

Table 5. Analysis of variance for flower stalk length and diameter in Floribunda and Gran-
diflora rose cultivars.

Source of variation Length of flower stalk Diameter of flower stalk
F-value p-value F-value p-value

Year of study 0.29 0.000 0.42 0.000
Cultivar 221.41 0.000 331.26 0.000
Cultivar x Year 6.44 0.000 4.22 0.000

Conclusions

The long flowering period and significant 
aesthetic value Floribunda and Grandiflo-
ra roses make them ideal for use in urban 

green spaces in Kosovo. Their ability to 
continuously bloom throughout the grow-
ing season, accompanied by a wide range 
of colours, forms, and strong fragrances, 
makes them perfect for enhancing the vi-
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sual and ecological quality of urban envi-
ronments. Each flower stalk develops and 
blooms independently once it reaches a 
certain length, allowing for staggered and 
continuous flowering. Significant vari-
ations were observed among cultivars 
in relation to succession flowering, fully 
opened flower diameter, petal count, co-
lour intensity, fragrance, and the number 
of flower stalks. During spring and au-
tumn, the flowering phase is longer, with 
brighter colours and a higher number of 
flowers per plant.

The ‘Queen Elizabeth’ and ‘Sunsprite’ 
cultivars demonstrated the best perfor-
mance under the climatic and environ-
mental conditions of Kosovo. Given their 
high ornamental and ecological value, 
these Floribunda and Grandiflora cultivars 
are recommended for incorporation into 
the planning, planting and development of 
urban green spaces in Kosovo. Their in-
clusion would not only improve the visual 
quality of both public and private spaces 
but also contribute to enriching urban eco-
systems, increasing biodiversity, and pro-
moting the overall ecological sustainability 
of urban environments in Kosovo.
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Abstract
This study investigates the population dynamics of river trout (Salmo labrax) in the Strugar-

nitsa River, a protected tributary of the Ogosta River in North-Western Bulgaria. Utilising electro-
fishing across two transects in winter 2023 and summer 2024, the study assessed abundance, 
biomass, size structure, and age composition. The calculations were made using the Seber and 
Le Cren (1967) removal method based on two-pass electrofishing. The objective of the study 
is to quantify and evaluate the population dynamics of river trout in the Strugarnitsa River. The 
average trout density was 368 ind.·ha-1, and the biomass was 15.2 kg·ha-1, with a notable 50 % 
higher abundance in summer compared to the breeding season in November. The population 
consisted primarily of one- two three-year-old fish, with no zero-year-olds observed in the lower 
trout zone during summer, suggesting spatial segregation of juveniles. These values are among 
the lowest reported in Bulgaria, likely due to low summer water flow and water diversion. The 
absence of stocking and presence of natural reproduction indicate a self-sustaining population, 
albeit with limited fish production capacity. The findings provide baseline data for future manage-
ment, recommending minimal exploitation and catch-and-release fishing to maintain population 
equilibrium.

Key words: population density, biomass, river trout.

Bulgaria, in recent years.In the Dan-
ube and Black Sea catchment areas, 
both connected to the Black Sea, they 
are inhabited by Salmo labrax Pallas, 
1814. In the rivers of the southern part 
of the country, in the Aegean catchment 
area, the native trout was assumed to 
be Salmo macedonicus Karaman, 1924 
(Kottelat and Freihof 2007). However, 

Introduction

River trouts are globally valued for recre-
ational fishing and their important role as 
indicators of mountain river ecosystem 
health, prompting extensive research to 
ensure their sustainable management.

Тwo species of local trout inhabiting 
mountain rivers were distinguished in 
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for decades, rivers in Bulgaria have also 
been stocked with non-native trout, pri-
marily Salmo trutta fario Linnaeus, 1758. 
In the recent past, it was believed that 
this was the native species of trout in the 
country. In scientific studies, all trout in 
the inland rivers of Bulgaria were referred 
to as Salmo trutta fario. In Bulgaria, trout 
fish have been studied comprehensive-
ly to support sustainable management, 
balancing recreational use with the pres-
ervation of montane stream health. Early 
research by Dikov and Yankov (1985a) 
laid the foundation for understanding trout 
population dynamics in Bulgaria, report-
ing an average density of 192  ind.·ha-1 
and biomass of 34 kg·ha-1 in the Iliina and 
Rilska rivers of the Rila Mountains. In a 
comprehensive study, Yankov (1988) ex-
panded this work to survey trout stocks 
across Bulgaria’s two major watersheds: 
the Danube catchment (Iskar and Vit riv-
ers) and the Aegean catchment (Mesta, 
Vacha, Chaya, and Struma rivers). Across 
these systems, he reported a mean trout 
density of 1123  ind.·ha-1 and biomass of 
52.81  kg·ha-1, alongside biological in-
sights into growth rates and reproduc-
tive potential. The author also reported 
the average growth in length of trout for 
Bulgaria as follows: L1 – 103  mm, L2 – 
157 mm, L3 – 198 mm, L4 – 251 mm, and 
L5 – 271 mm. For the Vit River, from the 
Danube catchment area, Yankov (1988) 
provided the following data on trout 
growth: L1 – 96 mm, L2 – 137 mm, L3 – 
160 mm, L4 – 180 mm, and L5 – 220 mm.

This pioneering work, the most com-
prehensive of its time, surveyed trout 
stocks across Bulgaria’s major water-
sheds, providing important baseline data 
for subsequent ecological and conserva-
tion studies.

Building on early studies, some 

authors documented the growth rates of 
river trout in the Stara Ribaritsa River, 
a tributary of the Vit River, highlighting 
regional differences in trout biology (Dikov 
and Yankov 1985b). Further studies by 
Karapetkova et al. (2000) explored trout 
populations along the Bulgarian Black 
Sea coast, reporting an average density of 
301 ind.·ha-1 and biomass of 14.6 kg·ha-1 
in the Veleka, Mladezhka, and Aydere 
creeks, with notable variability across riv-
er sectors. Kolev (2010) investigated trout 
abundance and biomass in tributaries of 
the Maritsa River, identifying stark con-
trasts between the Sredna Gora Moun-
tains rivers (Topolnitsa and Stryama, 
with 110  ind.·ha-1 and 3.1  kg·ha-1) and 
those in the Rhodope Mountains (Yad-
enitsa and Chepinska, with 526  ind.·ha-¹ 
and 23.3  kg·ha-¹). More recently, Raiko-
va-Petrova et al. (2018) provided insights 
into growth rate, mortality, and survival of 
trout in the Iliina River. Despite this exten-
sive research, data on trout populations in 
smaller, protected streams like the Stru-
garnitsa River in North-Western Bulgaria 
remain scarce, underscoring the need 
for targeted studies to inform conserva-
tion and management strategies in these 
unique ecosystems.

This study focuses on the river trout 
(Salmo labrax) population in the Strugar-
nitsa River; the trout being an important 
species for informing future conservation 
and management strategies in Bulgaria’s 
montane ecosystems. Currently, no data 
exist on this river’s trout population dy-
namics, highlighting the need for target-
ed research to support effective species 
management.

This study aims to assess the quan-
titative characteristics and seasonal dy-
namics of the river trout population in the 
Strugarnitsa River.
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Materials and Methods

Study area

The study area is North-Western Bulgar-
ia and the extreme north-western parts of 
the Stara Planina Mountains. This part of 
the territory of Bulgaria is drained mainly 
by four watercourses – the rivers: Vidbol, 
Lom, Tsibritsa and Ogosta, right tributar-
ies of the Danube River. These rivers are 
characterised by snow-rain feeding, with 
a spring maximum of the flow and a mini-
mum in autumn (Dimitrov 1973). The larg-
est and most significant watercourse in 
this region is the Ogosta River. The Ogos-
ta River is one of longest rivers in Bulgar-
ia, with length 144.1 km (Hristova 2012). 
In the bed of the Ogosta River, in the im-
mediate vicinity of the town of Montana, 
one of the biggest Dams in Bulgaria has 
been built – Ogosta Dam. Ogosta River 
has numerous tributaries. The Burzia Riv-
er is one of its tributaries, and the Stru-

garnitsa River flows into it (Fig. 1). Two 
zones are distinguished in the Burzia Riv-
er – high mountain, so-called trout zone 
and mid-mountain, so-called barbel zone 
(Dimitrov 1973). Strugarnitsa is a small 
stream that falls into a special purpose 
area. This is a hunting enclosure built in 
the last century with a view to sustainable 
game management. Fishing is prohibit-
ed here.According to forestry officials, no 
stocking material has been introduced into 
the stream from outside in recent years.

Equipment, methods and layout
The studied transects were located in the 
protected area. The river’s width there 
was no more than 3.5–4 m. The depth of 
the water only in the pools reached 1.5 m.

The material was collected by moving 
upstream by two participants in the elec-
trofishing, i.e. one cap-anode and one cap 
behind the operator with the unit. The river 
was surveyed completely from one bank 

Fig. 1. Location of studied stream.
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to the other. Two transects with a length 
of more than 100 m were used. Each tran-
sect was searched twice in succession 
(Table 1). The study was conducted in two 
stages, in the winter of 2023 and in the 
summer of 2024. A total of 48 individuals 
of river trout ware caught. Electrofishing 
was performed using direct current with 
a backpack electrofisher (Samus 25G), 
delivering DC impulses at frequencies 
ranging from 5 to 100  Hz and durations 
between 0.03 and 3 ms. The device op-
erated with a maximum power output of 
650 W and a load current ranging from 5 to 
65 A. The fish total length was measured 

by a ruler with an accuracy of 1 mm and 
the total weight – with an electronic por-
table scale with an accuracy of 1 g Using 
the average growth rate of the species in 
length in the Vit River (Yankov 1988) and 
the measured lengths of the fish in the 
Srugarnitsa River, we determined the age 
groups in the sample.

The length of the transect was calcu-
lated from the coordinates detected with a 
portable GPS ‘Garmin-Oregon’ 600. The 
average width was obtained as the arith-
metic mean of the 3 measured transect 
widths. The measurement was made with 
a meter.

Table 1. Transects in the Strugarnitsa River.

Transect Coordinates Altitude Transect length, m Transect area, m2
N E

I 43°11’026” 23°07’970” 680m 174 52243°10’984” 23° 07’879” 735m

II 43°11’890” 23°07’730” 774m 203 77243°10’847” 23° 07’661” 777m

The estimation of fish abundance was 
made according to Seber and Le Crеn 
(1967) formulas for two catching passes. 
The theoretical number of fish (Ne) is de-
termined by formula (1).

	 ,
cc

cNe
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2
1

−
= 	  (1)

where: C1 and C2 are, respectively, the 
number of fishes from the first and from 
the second catch passes.

The theoretical biomass Bе calculates 
according to Mahon et al. (1979) by for-
mula (2).

	 ,
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where: Be – theoretical biomass, g; B 
– biomass of caught individuals, g; N – 
number of caught individuals.

Theoretical abundance and biomass 
were calculated by using MS-Exel 2010.

Results

Despite the relatively low altitude of 700 m, 
the large slopes and the cold climate are 
the reason why the studied section of the 
Strugarnitsa River represents the trout 
zone. In winter, the water temperature 
was 1.7°C, pH 6.2, and dissolved oxygen 
varied between 8.9 and 9.0 mg·L-1. These 
living conditions in the Strugarnitsa River 
meet the requirements of the river trout 
there.

River trout were the only fish we found 
in the stream. The largest specimen had a 
total length of 22 cm and a total weight of 
63 g. The smallest one was 9.7 cm long 
and weighed 3.8  g. Fish with a length 
of 130 to 200  mm predominated in the 
sampling areas (figs 2 and 3).

One, two and three-years-old fish 
represented the sample. In the summer, 
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yearlings were not found in the sampling 
area. It is likely that they stayed upstream 
during this period (figs 4 and 5).

Some differences were observed in the 
results of the summer and winter studies. 
In the summer, the number of fishes was 
about 50 % higher than in November, when 

is the breeding season for river trout. In ad-
dition, more large individuals are observed 
in the study area during the summer.

The average density and biomass val-
ues of river trout in the studied river were 
368  ind.·ha-1 and biomass 15.2  kg·ha-1, 
respectively (Table 2).

Fig. 2. Size composition of the catch  
in winter of 2023.

Fig. 3. Size composition of the catch  
in summer of 2024.
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Fig. 4. Age groups of the catch in winter 
of 2023.

Fig. 5. Age groups of the catch in summer 
of 2024.
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Table 2. Mean calculated density (Ne) and biomass (Be) of the river trout in the streams 
Strugarnitsa.

Year Month Transect Ne, ind.·ha-1 Ne, ind.·km Be, kg·ha-1 Be, kg·km
2023 November I 310 93 12.9 6.7
2023 November II 331 126 9.9 7.7
2024 July I 462 138 22,7 11,9

Average 368 119 15.2 8.8
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Discussion

Despite the connection between the Stru-
garnitsa River and the Burzia River, the 
large stone steps, along with increasing 
slope and current velocity, probably pre-
vent other fish species, such as Barbus 
petenyi Heckel, 1852 and Squalius ceph-
alus Linnaeus, 1758, from moving up-
stream.

When surveying the river in summer 
and late autumn, we found a difference 
in the density of fish populations in the 
two seasons. The number of trout found 
in summer was about 50  % higher than 
in November. Probably one third of the 
trout left the study area in November. It is 
possible that these were sexually mature 
individuals migrating to the breeding 
grounds.

During the summer, only two- and 
three-year-old fish were present in the 
study area. It is likely that the younger fish 
still inhabited the upper reaches and have 
not reached the study area, which falls in 
the lower part of the trout zone. The lack 
of older specimens in the river is perhaps 
related to downstream migration.

According to the classification of Szc-
zerbowski (1981), the Strugarnitsa River 
was characterised by low overall trout 
abundance (Table 3). The abundance 
and biomass of river trout in this river are 

close to the lowest values established for 
Bulgaria (in the Iskar River – 270 ind.·ha-1 
and 9.48 kg·ha-1, Yankov 1988). These in-
dicators are significantly below the nation-
al average values of 1123  ind.·ha-1 and 
52.8 kg ha-1, respectively, established by 
Yankov (1988). The quantity of trout in the 
Strugarnitsa River is significantly lower 
than that found in major European rivers 
such as the Lima and the Garonne’s trib-
utaries – the Pique and the Ger (Lim et al. 
1993, Maia and Valente 1999). However, 
similar low trout densities are observed in 
most other Bulgarian rivers. This is likely 
due to a combination of factors. One of 
them is the low water level, a result of the 
withdrawal of water from the Strugarnitsa 
River. Another important factor is the sub-
stantial annual stocking observed in riv-
ers such as the Garonne’s tributaries in 
France (Lim et al. 1993). In comparison 
to certain rivers in Turkey (Korkmaz 2005, 
Tanir and Fakioğlu 2017), the Strugarnit-
sa River actually supports a higher river 
trout population. Nonetheless, despite the 
relatively high abundance, the trout bio-
mass in this river remains low (Table 3). 
This may indirectly indicate a limited food 
supply and possibly a shorter life cycle for 
trout in the Strugarnitsa River.

The reason for the low mass growth 
and modest trout density is most likely the 
low runoff in the summer and its diversion 

Table 3. Mean calculated density (Ne) and biomass (Be) of the river trout in some water 
courses.

River Country Ne, ind.·ha-1 Be, kg·ha-1 Source
Pique and Ger France 1000–2469 125–278 Lim et al. (1993)
Gallo Spain 1163–3135 67.26–208.22 Almodóvar and Nikola (1998)
Lima Portugal 1000–2000 23.04–27.04 Maia and Valente (1999)
Kadincik Turkey 28 26.77 Korkmaz (2005)
Cagliari Italy 2580 100.15 Zanetti et al. (2010)
Goruh Turkey 106–167 4.76–10.64 Tanir and Fakioğlu (2017)
Strugarnitsa Bulgaria 368 15.2 Present data (2025)
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for drinking purposes. However, the fact 
that no stocking material has been intro-
duced into the Strugarnitsa River for years 
(information from the employees of the 
state) allows us to assume that the pop-
ulation has enough adult fish, as well as 
natural reproduction and replenishment. 
This contributes to the formation of a cer-
tain stock of river trout in the Strugarnitsa 
River and to its reproduction and survival.

Conclusions

The study of river trout in the Strugar-
nitsa River reveals a stable population 
density of 368  ind.·ha-1, accompanied by 
a relatively low biomass of 15.2  kg·ha-1. 
Seasonal variations were observed, with 
higher abundance and larger individuals 
recorded in summer.

Given the Strugarnitsa River’s limited 
water flow and fish production capacity, 
coupled with its protected status, careful 
management is essential to preserve its 
river trout population. Recreational fishing 
should be restricted to catch-and-release 
practices, enforced rigorously within the 
protected area to minimize disturbance 
to the trout’s natural reproduction cycles. 
Additionally, limiting water diversions for 
drinking purposes is of primary impor-
tance to maintain the river’s natural flow 
regime, which supports the ecological 
conditions of the trout zone. To ensure the 
population’s resilience against stressors 
such as climate change or reduced water 
flow, a biennial monitoring program should 
be implemented to track changes in trout 
abundance, age structure, and habitat 
quality. These strategies collectively safe-
guard the Strugarnitsa River’s trout pop-
ulation, ensuring its long-term viability as 
a self-sustaining ecosystem within Bulgar-
ia’s montane landscapes.
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Abstract
Rapid urbanisation and global climate change have increased the Urban Heat Island (UHI) 

phenomenon, which impacts the quality of the urban environment. Green Open Space (GOS) 
has a strategic role in mitigating microclimate change. However, its availability in various regions, 
including Pinrang Regency, is still not optimal. This study aimed to determine the contribution of 
GOS to microclimate regulation in urban environments. This was achieved by comparing envi-
ronmental parameters between areas inside and outside the GOS in Pinrang Regency – spe-
cifically, Pinrang Urban Forest, Lasinrang Park, Lasinrang Monument Park, and Bau Massepe 
Stadium Park. The study identified the main factors influencing variations in environmental con-
ditions across these areas and explored the interrelationships among all measured environmen-
tal parameters using Principal Component Analysis (PCA). Measurements were conducted at 
four GOS locations using a Mastech MS6300 device. The Mann-Whitney U test results show 
significant difference in environmental parameters between areas inside and outside the GOS, 
where the temperature inside the GOS was 5–6 °C lower than outside, humidity increased by 
15–20 %, light intensity decreased by 70 %, wind speed decreased due to vegetation barriers, 
and noise decreased by 10–15 dB. Identifying the causes of differences in environmental param-
eters showed that the main contributing factors were vegetation type and density, canopy struc-
ture, and surrounding environmental conditions such as exposure to direct sunlight intensity and 
human activities outside the GOS. In addition, vegetation density analysis using NDVI imagery 
shows significant differences between GOS. GOS with wide-canopy and high-density vegetation 
showed more significant microclimate moderating effects than areas with more open vegetation. 
PCA analysis revealed that temperature, humidity, and sunlight intensity were the dominant fac-
tors determining environmental quality in GOS. Therefore, empirical data-based planning and 
GOS management are essential to improve urban environmental quality optimally.

Key words: humidity, noise level, sunlight intensity, temperature, urban heat island, wind 
speed.
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Introduction

The World Bank (2019) notes that Indone-
sia will experience significant demograph-
ic changes, with more than 70  % of its 
population expected to live in urban areas 
by 2045 (Roberts et al. 2019). Rapid ur-
banisation, coupled with climate change, 
is causing urban temperatures to rise, a 
scientific phenomenon known as the Ur-
ban Heat Island Effect (UHI) [Intergovern-
mental Panel on Climate Change (IPCC) 
2023]. On an international scale, climate 
change trends indicate an increase in av-
erage global temperatures of more than 
1.1°C since the pre-industrial era. Accord-
ing to the IPCC AR6 (2021) projections, 
the increase could exceed 2°C by the end 
of this century if no significant mitigation 
efforts are implemented (IPCC 2021). Ac-
celerated urbanisation in many countries 
exacerbates the UHI effect, causing city 
temperatures to rise faster than in rural ar-
eas (Nowak et al. 2022). Globally, Green 
Open Spaces (GOS) are now recognised 
as one of the most effective Nature-based 
Solutions (NbS) for addressing the im-
pacts of climate change in urban areas. 
GOS can absorb carbon, lower surface 
temperatures by 1.5–7  °C, depending 
on local conditions, and increase relative 
humidity, which is important for thermal 
comfort (Shi et al. 2022, Ziter et al. 2019). 
Additionally, GOS supports international 
targets, such as Sustainable Develop-
ment Goals (SDGs) 11 and 13, which call 
for the provision of public green spaces to 
create climate-resilient cities and support 
global climate action.

GOS play an essential role in urban 
planning, helping to maintain ecosystem 
balance, improve environmental quality, 
and provide public spaces that are acces-
sible to the community (Mukrimin et al. 
2025, Setiowati et al. 2018). Pinrang Re-

gency, one of the regions in South Sulaw-
esi, has experienced rapid development 
in recent years. Infrastructure growth and 
settlement expansion have significantly 
changed the landscape of this area (Sta-
tistics Indonesia (BPS) Pinrang Regency 
2023). These changes have raised con-
cerns about the urban environment, such 
as rising air temperatures, declining air 
quality, and reduced biodiversity. In this 
situation, research on the contribution of 
green space in maintaining the balance 
of the urban environment has become 
increasingly important and urgent (Wu 
and Liu 2023). Recent research in trop-
ical cities has shown that it is not only 
the presence of green open spaces that 
is important, but also urban morphology, 
such as building density, street canyon 
proportions (the ratio of street height to 
street width), and vegetation layout, which 
greatly influence the urban microclimate. 
For example, a study in a densely pop-
ulated residential area in Bandung Prov-
ince, Indonesia, found that areas with very 
high building coverage (over 95%) expe-
rienced minimal daily temperature vari-
ations, indicating trapped heat and poor 
ventilation. Conversely, areas with lower 
building density have a wider daily tem-
perature range, better air circulation, and 
a lower risk of heat stress (Paramita and 
Matzarakis 2019).

The Indonesian government, through 
the Regulation of the Minister of Agrarian 
and Spatial Planning/Head of the Nation-
al Land Agency Number 14 of 2022, re-
quires each region to provide a minimum 
of 30 % of its total area as Green Open 
Space, with details of 20 % for public GOS 
and 10 % for private GOS. However, im-
plementing this policy in various regions, 
including the Pinrang Regency, has not 
been optimal. In 2023, the total area of 
GOS in the Pinrang Regency only reached 
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8233 ha out of a total area of 196,177 ha. 
Based on the provisions, the area of pub-
lic GOS that should ideally be provided is 
20 % of the total area, around 39,235 ha 
(KEMEN–ATR/BPN 2022). Thus, the cur-
rent public GOS has only reached about 
20.98 % of the target. This means there 
is still a shortfall of 31,002 ha, or around 
79.02 % of the total public GOS require-
ment. This condition shows that Pinrang 
Regency has not yet fulfilled the obliga-
tion to provide public GOS according to 
the regulation.

Various studies confirm that GOS is 
essential for creating more comfortable 
and healthier urban environments. Ac-
cording to Kraemer and Kabisch (2022), 
GOS can reduce noise and improve air 
quality through enhanced air circula-
tion and stabilised air pressure. Du et 
al. (2021) revealed that GOS with water 
bodies or aligned with prevailing winds 
are more effective in maintaining humidity 
and lowering temperatures compared to 
areas outside GOS. Ornelas et al. (2023) 
highlighted that tree canopies in GOS re-
duce temperatures and provide shade, 
enhancing thermal comfort. Additionally, a 
study in Indonesia by Syafitri et al. (2020) 
showed that non–built areas like parks, 
urban forests, and ponds have lower sur-
face temperatures than built–up areas, 
emphasising the GOS’s role in microcli-
mate regulation.

Research on GOS in Indonesia has 
mainly focused on areas, distribution, dis-
aster mitigation, spatial planning, and pub-
lic space provision. However, studies com-
paring environmental parameters, such as 
air temperature, humidity, sunlight intensi-
ty, wind speed, and noise levels inside and 
outside GOS, remain scarce. This indi-
cates a research gap that needs attention 
to support data–driven GOS planning and 
management. This study aims to evaluate 

the contribution of GOS to urban microcli-
mate regulation in Pinrang Regency. To 
achieve this, the study compares environ-
mental parameters between areas inside 
and outside GOS, identifies the causes 
of observed differences, and explores 
patterns and relationships among these 
parameters using Principal Component 
Analysis (PCA), as a basis for adaptive 
and empirical GOS planning. This holistic 
approach is expected to offer a practical 
and empirical reference for GOS manage-
ment that meets local needs and address-
es global urban challenges.

Materials and Methods

Study area

The research locations included areas 
within GOS, namely Pinrang Urban For-
est, Lasinrang Park, Lasinrang Monument 
Park, and Bau Massepe Stadium Park. 
These areas were selected based on sev-
eral criteria: a minimum size of approxi-
mately 1  ha, significant tree cover (with 
moderate to high tree density), diversity of 
vegetation types (including shade-provid-
ing species), and their function as public 
urban parks with active community use. 
Areas with minimal vegetation cover, un-
der 1 ha in size, or not actively used as 
public spaces were excluded from the 
sampling. For comparison, measurements 
were also taken in surrounding non-GOS 
areas characterised by dense urban activ-
ities and limited vegetation. The elevation 
in each GOS location is relatively uniform, 
ranging between 16 and 18 m a.s.l.: Pin-
rang Urban Forest is at 18 m, Lasinrang 
Park at 16 m, Lasinrang Monument Park 
at 17 m, and Bau Massepe Stadium Park 
at 17 m. The locations of the GOS areas 
are shown in Figure 1.
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Fig. 1. Research locations of GOS in Pinrang Regency.
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Vegetation density analysis

Vegetation density analysis on GOS in 
Pinrang Regency was conducted using 
Normalized Difference Vegetation Index 
(NDVI) analysis, a common and effective 
approach for assessing vegetation condi-
tion based on spectral reflectance from the 
Earth’s surface. Data processing was con-
ducted using Google Earth Engine (GEE) 
platform, which enables fast and efficient 
spatial data processing through cloud 
computing. The data used came from Sen-
tinel-2 satellite imagery acquired in 2023, 
specifically the near-infrared (B8) and red 
(B4) channels. NDVI values close to +1 
indicate high levels of vegetation (dense 
and healthy). In contrast, values close to 0 
or negative indicate non-vegetative areas, 
such as water bodies, impermeable sur-
faces, or open land. The closer to +1, the 
higher the vegetation density (Kanjir et al. 
2018, Wu et al. 2021). The classification 
of NDVI values is divided into five classes, 
namely: (1) -1 to -0.03 as water/bare soil, 
(2) -0.03 to 0.15 as no vegetation, (3) 0.15 
to 0.25 as sparse vegetation, (4) 0.25 to 
0.35 as moderate vegetation, and (5) 0.35 
to 1 as dense/lush vegetation.

Measurement of microclimate 
parameters

This study used the Mastech MS6300 
device, a multifunctional tool designed to 
support accurate and efficient data col-
lection. It integrates five main functions: 
temperature (thermometer), relative hu-
midity meter (hygrometer), sunlight inten-
sity (luminometer), wind speed or airflow 
(anemometer), and sound level meter. In-
tegrating these functions into a single de-
vice enables efficient data collection and 
reduces the risk of inter-tool mismatches. 
The use of the MS6300 also supports 
consistency and accuracy of results, as its 

specifications are standardised for envi-
ronmental research needs. Measurement 
points were set at two locations: under the 
shade inside the GOS and in an unshad-
ed area outside the GOS. Measurements 
outside the GOS were taken at 100  m 
from the GOS boundary. This distance 
was chosen to ensure that the measure-
ment area is in a zone not directly affect-
ed by the GOS vegetation but remains 
within a radius that reflects the residual 
or transitional influence of the GOS eco-
system on the surrounding environment. 
This approach is supported by previous 
research, such as the studies of Bowler 
et al. (2010), Colunga et al. (2015), which 
showed that the thermal and environmen-
tal effects of GOS are most significant 
within a radius of up to 100–500  m, de-
pending on the scale and characteristics 
of the GOS. Measurements were taken at 
four different time intervals daily: 06:00–
07:00, 09:00–10:00, 12:00–13:00, and 
15:00–16:00. Data collection was con-
ducted during the dry season to capture 
the microclimatic conditions typical of hot 
weather. Each monitoring site was eval-
uated repeatedly on multiple days within 
the same season to ensure consistency 
and temporal reliability. All measurements 
were conducted under clear weather con-
ditions to minimise the influence of unpre-
dictable weather factors on the research 
results. Detailed information on measure-
ment accuracy is presented in Table 1.

Statistical analysis

This study used the Mann–Whitney U test 
to compare the environmental parameters 
inside and outside the GOS. This test was 
chosen because it is suitable for data that 
is not normally distributed (p < 0.05) and 
that violates the assumption of homoge-
neity of variance. As shown in Table 2, 
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the null hypothesis (H₀) states that there 
is no significant difference in environmen-
tal parameters between areas inside and 
outside the GOS, while the alternative 
hypothesis (H₁) suggests a significant dif-
ference exists. The conclusion is based 
on the significance value (p-value); if  
p < 0.05, H₀ is rejected, indicating a sig-
nificant difference between the two areas, 
while if p ≥ 0.05, H₀ cannot be rejected, 
indicating insufficient statistical evidence 
to support a significant difference.

In this study, Principal Component 
Analysis (PCA) was employed to inves-
tigate the relationships between environ-
mental parameters, including temper-
ature, humidity, sunlight intensity, wind 

speed, and noise levels, at the four GOS 
locations. PCA was chosen not only for its 
ability to reduce dimensions but also for 
its effectiveness in identifying dominant 
patterns and linear relationships between 
variables (Jolliffe 2002), which aligns with 
the study’s objective of understanding the 
interactions between parameters in the 
urban microclimate. This method enables 
clear visualisation through loading plots, 
which is important for communicating 
findings to multidisciplinary stakeholders, 
including urban planners and policymak-
ers. Additionally, the use of PCA main-
tains consistency with previous research 
in the field of urban microclimate, which 
has widely applied this method to uncover 

Table 1. Mastech MS6300 accuracy specifications.

Parameter Range measurement Resolution Accuracy
Temperature –10 ℃–60 ℃ 0.1 ℃ ±1.5 ℃

Relative humidity 20–80 % RH
<20>80 %RH

0.1 % RH
0.1 % RH

±3.0 % RH
±5.0 % RH

Sunlight intensity
0–2000 LUX 
x10 (20000) 

x100 (50000)

1 LUX 
10 LUX 

100 LUX

± (5.0 %+10) 
± (5.0 %+10) 
± (5.0 %+10)

Wind speed

0.5–20 m·s⁻¹ 
1.8–72 km·h-1 

96–3942 ft·min-1 
0.9–38.9 knots

0.1 m·s⁻¹ 
0.1 km·h-1 
1 ft·min-1 
0.1 knots

± (3.0 %+10) 
± (3.0 %+10) 
± (3.0 %+10) 
± (3.0 %+10)

Noise level 30–130 dB (A)
35–130 dB (C)

0.1 dB
0.1 dB

±1.5 dB
±1.5 dB

Table 2. Results of the Shapiro–Wilk normality test (significance values).

Measurement locations Tempera-
ture

Relative 
humidity

Sunlight 
intensity

Wind 
speed

Noise 
level

Inside Pinrang Urban Forest 0.012 0.008 0.049 0.973 0.316
Outside Pinrang Urban Forest 0.044 0.271 0.019 0.130 0.025

Inside Lasinrang Park 0.107 0.006 0.073 0.174 0.970
Outside Lasinrang Park 0.010 0.075 0.097 0.244 0.078

Inside Lasinrang Monument Park 0.084 0.008 0.038 0.883 0.184
Outside Lasinrang Monument Park 0.041 0.172 0.030 0.395 0.239
Inside Bau Massepe Stadium Park 0.085 0.003 0.039 0.091 0.248

Outside Bau Massepe Stadium Park 0.050 0.270 0.083 0.103 0.121

Note: Significance values below 0.05 indicate deviation from normal distribution.
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interrelationships among environmental 
factors before employing more complex 
predictive models. Given that the envi-
ronmental data in this study exhibit mod-
erate to strong linear correlations, PCA 
is considered a suitable and reliable tool 
for identifying underlying patterns while 
maintaining the interpretability essential 
for practical recommendations in GOS 
planning.

Results and Discussion

Vegetation density level

The analysis of vegetation density based 
on NDVI imagery, as shown in Figure 2, 
reveals an apparent variation in vege-
tation cover, both within and around the 
GOS area in Pinrang Regency. Pinrang 
Urban Forest has the densest vegetation, 

Fig. 2. Vegetation density level in Pinrang Regency.
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characterised by the dominance of dark 
green regions that extend vertically. This 
dense vegetation is not only concentrat-
ed within the GOS area but also extends 
slightly into the surrounding area, which 
can increase the cooling effect on areas 
outside the park (Yan et al. 2021). In con-
trast, Lasinrang Park shows a limited dis-
tribution of dense vegetation, with vegeta-
tion cover dominated by a combination of 
sparse to medium vegetation. The NDVI 
map shows that dense vegetation is main-
ly concentrated in the centre of the park, 
while areas of lower vegetation density 
surround the edges. This pattern suggests 
that the park’s ability to reduce tempera-
ture and increase humidity is localised, 
rather than evenly distributed throughout 
the park (Wu et al. 2021).

Lasinrang Monument Park shows a 
disjointed (uneven) vegetation pattern, 
where dense vegetation is concentrat-
ed in the southern part of the park area. 
The northern and eastern sections show 
minimal or sparse vegetation, indicating 
an imbalance in green space distribution. 
This uneven distribution can result in the 
park’s effectiveness in reducing sunlight 
intensity, noise, and heat being reduced 
overall (Rahman and Hasan 2024). Bau 
Massepe Stadium Park shows a unique 
pattern with moderate to dense vegetation 
concentrated in the north and southeast of 
the park. Although the overall density of 
vegetation is higher than in Lasinrang Park 
and Lasinrang Monument Park, the distri-
bution remains fragmented (not fully inte-
grated). The design of this park appears 
to combine green and open areas, which 
can limit its ability to provide equitable mi-
croclimate benefits (Zhang et al. 2025). 
Thus, the NDVI analysis confirms that 
vegetation density varies greatly between 
green spaces in Pinrang, and this affects 
the ecological function of each GOS.

Comparison of environmental 
parameters inside and outside GOS

A comparison of environmental parame-
ters between areas inside and outside the 
GOS in Pinrang Regency is summarised 
in Figure 3. This figure illustrates the vari-
ations in temperature, humidity, sunlight 
intensity, wind speed, and noise level ob-
served at different times of the day across 
the sites studied.

Temperature

The temperature in Figure 3 shows a sig-
nificant difference between areas inside 
and outside the GOS (p-value = 0.000, p 
< 0.05), confirming the importance of veg-
etation in reducing air temperature within 
the GOS compared to urban areas lacking 
vegetation. This statistical result not only 
indicates significance but also highlights 
the ecological relevance of vegetation in 
microclimate regulation. Evapotranspira-
tion processes, the shading effect of the 
tree canopy, and increased surface albe-
do contribute to this temperature reduc-
tion. In contrast, areas outside the GOS 
directly exposed to sunlight and dominat-
ed by urban activities experience higher 
temperatures, indicating the presence of 
a UHI effect.

According to Livesley et al. (2016), 
Mukrimin et al. (2025), urban forests and 
green parks can act as thermal buffers 
through evapotranspiration and canopy 
shading. Evapotranspiration is the pro-
cess of water vapour release by plants 
into the atmosphere, which absorbs heat 
and lowers local temperatures (Febrita 
et al. 2021). The tree canopy also reduc-
es direct sunlight intensity, inhibiting the 
ground surface and the air below. The 
temperature measurements show that the 
average temperature inside the GOS is 
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consistently lower than outside the GOS 
at all-time intervals. The temperature in-
side the Pinrang Urban Forest (06:00–
07:00) in the morning was in the range 
of 26.5–27.0 °C, while outside, the GOS 
reached 28.6–29.2 °C, with a difference of 
about 2 °C. The difference was even more 
striking during the day (12:00–13:00), with 
temperatures inside the GOS ranging from 
31.2–31.6 °C, while temperatures outside 
the GOS reached 36.4–37.5 °C, indicating 
a difference of up to 5–6 °C. These results 
reinforce the findings of Varşak and Altay 
(2024) that densely vegetated areas can 
reduce temperatures by 4–7 °C compared 
to urban areas with minimal vegetation.

Humidity

The air humidity in Figure 3 shows a sig-
nificant difference between areas inside 
and outside the GOS (p-value = 0.000, 
p < 0.05), confirming the critical role of 
vegetation in increasing air humidity. This 
statistically significant result highlights not 
only the numerical contrast but also the 
functional ecological role of vegetation in 
regulating humidity. Vegetation supports 
the process of evapotranspiration, where 
plants release water vapour into the at-
mosphere, increasing relative humidity lo-
cally. In addition, vegetation-covered soil 
surfaces retain moisture better than hard 
surfaces, such as asphalt and concrete, 
which are dominant outside GOS (Erlwein 
et al. 2021).

Vegetation density is positively correlat-
ed with air humidity levels. Pinrang Urban 
Forest, with dense vegetation, provides 
higher humidity than parks with more open 
vegetation. This finding aligns with the 
previous research by Gunawardena et al. 
(2017), Mbarep et al. (2021), highlighting 
that forested areas can create a comfort-
able microclimate by increasing humidity 

while reducing temperature. Hwang et al. 
(2023) also confirmed that the denser the 
vegetation, the greater the contribution to 
increased humidity. Based on the data, 
the relative humidity inside the GOS is 
consistently higher than outside the GOS. 
At 06:00–07:00, the humidity inside Pin-
rang Urban Forest reached 79.7 %, higher 
than 66.6  % outside the GOS. This pat-
tern continued until noon (12:00–13:00), 
where the humidity inside Pinrang Urban 
Forest was recorded at 66.0 % compared 
to 50.1 % outside the GOS. Similar differ-
ences were observed in other parks, such 
as Lasinrang Park, Lasinrang Monument 
Park, and Bau Massepe Stadium Park, 
although the values varied depending on 
the vegetation density. Research by Li et 
al. (2024) supports these results, show-
ing that dense vegetation can increase 
air humidity by 15–20 % compared to ur-
ban areas without vegetation. Pinrang Ur-
ban Forest, with the densest vegetation, 
showed the highest humidity compared to 
other parks with lower vegetation density, 
such as Bau Massepe Stadium Park and 
Lasinrang Park. In contrast, the lower hu-
midity outside the GOS reflects the direct 
impact of urbanisation, where hard surfac-
es increase the UHI effect, characterised 
by high temperature and low humidity (Ri-
zwan et al. 2008).

Sunlight intensity

The sunlight intensity in Figure 3 shows 
a significant difference between the areas 
inside and outside the GOS (p-value = 
0.000, p < 0.05), confirming that the GOS 
effectively reduces light intensity through 
the mechanism of vegetation canopy clo-
sure. This statistically significant result 
highlights not only the numerical contrast 
but also the ecological role of dense veg-
etation in modulating incoming sunlight 
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intensity and improving microclimate con-
ditions. Dense vegetation creates a signif-
icant shading effect, absorbing and block-
ing direct sunlight intensity, thereby low-
ering ground surface temperature and the 
surrounding environment. Previous stud-
ies by Beute and de Kort (2018), Zhao et 
al. (2023) have shown that high sunlight 
intensity increases body heat load, espe-
cially in urban areas with minimal vegeta-
tion, causing thermal discomfort, particu-
larly during the daytime.

Measurement data show consistently 
lower light intensity inside the GOS, for 
example, at 06:00–07:00, sunlight inten-
sity in Pinrang Urban Forest was recorded 
at 552 lx, much lower than 5594 lx outside 
the GOS. At midday (12:00–13:00), the 
light intensity inside Pinrang Urban Forest 
reached 3987  lx, while outside the GOS 
reached 23,919 lx. This pattern was also 
observed in Lasinrang Park, Lasinrang 
Monument Park, and Bau Massepe Stadi-
um Park, with differences directly propor-
tional to vegetation density. The decrease 
in light intensity within the GOS also cor-
relates with a higher increase in relative 
humidity. Dense vegetation supports mi-
croclimate moderation by lowering light 
intensity and increasing humidity, there-
by reducing the impact of extreme heat. 
Research by Takebayashi et al. (2017) 
supports these results, where dense veg-
etation can reduce sunlight intensity by up 
to 70 % compared to areas without veg-
etation. In contrast, the high sunlight in-
tensity outside the GOS reflects the lack 
of shade vegetation, exacerbating the UHI 
phenomenon through high temperature 
and low humidity.

Wind speed

The wind speed in Figure 3 shows a signif-
icant difference between the areas inside 

and outside the GOS (p-value = 0.000, p < 
0.05), indicating that the vegetation inside 
the GOS acts as an aerodynamic barrier 
that effectively reduces wind flow through 
physical resistance. The dense trees, 
shrubs, and complex vegetation structures 
within the GOS absorb and distribute wind 
energy, as found by Gunawardena et al. 
(2017), who stated that dense vegetation 
canopies create a more aerodynamically 
stable environment. Vegetation can break 
up wind turbulence, providing thermal pro-
tection to the surrounding environment. In 
contrast, areas outside the GOS, which 
lack vegetation, allow winds to flow more 
freely, increasing speed and turbulence, 
and exacerbating UHI effects due to higher 
moisture evaporation. Measurement data 
showed consistently lower wind speeds 
inside the GOS than outside, such as at 
12:00–13:00, where wind speeds outside 
Pinrang Urban Forest reached 3.2 m·s⁻¹ 
compared to 2.5  m·s⁻¹ inside. Similar 
patterns were found in other parks, such 
as Lasinrang Monument Park, with differ-
ences suggesting vegetation is a natural 
barrier to reduce wind speed. This finding 
supports the view of Hui et al. (2024) that 
urban vegetation creates significant aero-
dynamic barriers while lowering the air 
temperature in the area.

Noise level

The noise levels in Figure 3 show sig-
nificant difference between areas inside 
and outside the GOS (p-value = 0.000, p 
< 0.05), indicating that GOS is essential 
in reducing noise in urban environments. 
This statistically significant result high-
lights not only the contrast in numerical 
values but also the functional role of veg-
etation as a natural acoustic buffer. The 
dense vegetation inside the GOS, such as 
trees and shrubs, acts as natural acous-
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tic barrier that absorbs and blocks sound 
waves, reducing the impact of noise from 
human and vehicular activities (Dzham-
bov and Dimitrova 2014). For example, 
at 06:00–07:00, the noise inside Pinrang 
Urban Forest was recorded at 49.5 dB, far 
below the noise level outside the GOS, 
which reached 70.0 dB. This noise reduc-
tion aligns with the findings of Margaritis 
and Kang (2017), and Rey-Gozalo et al. 
(2023), who reported that dense vege-
tation in GOS can reduce noise levels 
by 10–15 dB. The effect is reinforced by 
Gidlöf-Gunnarsson and Öhrström (2010) 
who explained that complex vegetation 
structures can increase sound absorp-
tion capacity through vegetation’s leaves, 
stems, and soil.

The interaction between wind speed 
and noise further clarifies the contribu-
tion of the GOS in creating a comfortable 
acoustic environment. Lower wind speeds 
inside the GOS, for example, 1.2 m·s⁻¹ in 
the morning to 2.5 m·s⁻¹ in the afternoon, 
reduce the propagation of sound waves. 
Conversely, outside the GOS, stronger 
wind speeds can increase the propagation 
of sound waves. This is consistent with 
research by Zannin et al. (2013), which 
found that high–speed winds in urban ar-
eas can accelerate the spread of noise 
from the sound source to the surround-
ing area. High noise exposure, especially 
outside the GOS, has serious health con-
sequences. Chronic noise above 65  dB 
increases the risk of hypertension, sleep 
disorders, and cardiovascular diseases, 
as revealed in the WHO (Environmental 
Noise Guidelines) (Clark and Paunovic 
2018, Münzel et al. 2018). El Masri et al. 
(2024) also highlighted that chronic noise 
triggers psychological stress that can de-
velop into anxiety and depression. In ad-
dition, the combination of noise with high 
wind speeds exacerbates the dispersion 

of air pollutants, increasing the risk of res-
piratory diseases such as asthma.

Identify the causes of differences in 
environmental parameter values in 
GOS

The differences in environmental param-
eter values within the GOS in Pinrang 
Regency are presented in Figure 4. This 
figure shows variations in temperature, 
humidity, sunlight intensity, wind speed, 
and noise level recorded at various GOS 
locations, highlighting disparities in micro-
climatic conditions related to vegetation 
cover and surrounding urban character-
istics. One of the leading causes is the 
lack of attention to vegetation distribution 
in some GOS, such as in Bau Massepe 
Stadium Park and Lasinrang Park, which 
show higher temperatures, lower humid-
ity, and higher noise levels than greener 
areas, such as Pinrang Urban Forest. 
The lack of vegetation increases UHI ef-
fects that worsen thermal conditions and 
environmental comfort. In addition, devel-
opment patterns that do not consider eco-
logical aspects are also significant factors, 
as many GOS are dominated by artificial 
structures rather than natural elements 
that should be the central part of green 
spaces.

In addition, uncontrolled urbanisation 
and a lack of regulation in protecting GOS 
worsen urban microclimate conditions in 
some locations. Higher wind speeds in 
open areas without vegetation barriers, 
as seen in Lasinrang Monument Park and 
Bau Massepe Stadium Park, indicate that 
the design of GOS does not consider mi-
croclimatic aspects that should be able to 
create cooler and more comfortable envi-
ronmental conditions. In addition, the high 
noise levels in some locations indicate 
that the GOS does not fully function as a 
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noise pollution mitigation area, especially 
in areas close to main roads and urban 
activity centres.

It is also considered that each tree 
species has a different influence on micro-
climate due to differences in morphology, 
crown density, transpiration rate, and oth-
er physical characteristics. In the urban 
forest, broad-canopy species, such as 
Ficus benjamina L., Terminalia catappa 
L., and Samanea saman (Jacq.) Merr. ef-
fectively reduce temperature and increase 
humidity because they can shade the area 
underneath and retain sunlight intensity. 
Other dense-leaved trees, such as Swi-
etenia macrophylla King and Pterocarpus 
indicus Willd., also help absorb pollutants 
and reduce noise. In contrast, fast-grow-
ing Neolamarckia cadamba (Roxb.) 
Bosser and Gmelina arborea Roxb. can 
accelerate the restoration of open areas 
to a greener state (Aluyah and Rusdian-
to 2019). Some fruiting species, such as 
Mangifera indica L., Artocarpus hetero-
phyllus Lam., and Dimocarpus longan 
Lour., have medium to wide canopies and 
support biodiversity, but are generally not 
as shady as F. benjamina or S. saman.

In Lasinrang Park, tree species like 
Casuarina junghuhniana Miq. and Ficus 
microcarpa L.f. provide more limited shade 
due to their narrower canopy structure. At 
the same time, Terminalia mantaly H. Per-
rier, Handroanthus chrysotrichus (Mart. ex 
DC.) Mattos, and Caryota mitis Lour. (fish-
tail palm) tend to function as ornamental 
trees with narrower canopies. This makes 
the garden area more open and makes it 
easier for sunlight to reach the land sur-
face, which results in increased temper-
ature and decreased humidity. In Monu-
ment Park, palms (e.g. Ptychosperma el-
egans (R.Br.) Blume, Livistona chinensis 
(Jacq.) R.Br. ex Mart., and Roystonea re-
gia (Kunth) O.F.Cook) and some shrubs, 

such as Justicia gendarussa Burm.f. and 
Euphorbia L., act more as aesthetic ele-
ments and do not provide as high thermal 
protection as trees with wide canopies. 
However, S. macrophylla and T. mantaly 
trees still help to reduce heat and noise 
around the park (Environmental Protec-
tion Agency 2012).

Meanwhile, in Stadion Park, large-can-
opy species, such as S. saman, P. indi-
cus, and T. catappa help to shade specific 
areas, but poor organisation leads to un-
even shade. Other species, such as G. 
arborea, M. indica, and Leucaena leuco-
cephala (Lam.) de Wit, contribute to heat 
and moisture absorption, although their 
capacity varies depending on density and 
growing conditions (Rötzer et al. 2023). 
Thus, species with wide canopies com-
positions (e.g., F. benjamina, S. saman, 
T. catappa, and S. macrophylla) proved 
to be most effective in reducing tempera-
tures and increasing thermal comfort. In 
contrast, narrow canopies or more orna-
mental species (such as various palms, 
cypresses, and shrubs) tended to produce 
more limited shading and heat absorption 
effects.

Variations in microclimate parame-
ters among the four GOS locations were 
not only caused by internal factors, such 
as vegetation density through NDVI, but 
were also influenced by the characteris-
tics of the surrounding urban environment. 
For example, Pinrang Urban Forest is sur-
rounded by low-density residential areas, 
water bodies (rivers), main roads, govern-
ment offices, and schools. The presence 
of water bodies and open spaces helps 
to enhance the cooling effect through 
evaporation and air circulation, thereby 
creating a more stable and comfortable 
microclimate (Deng et al. 2022, Febrita 
et al. 2021). Furthermore, Lasinrang Park 
is located in the city centre, surrounded 

http://R.Br
http://R.Br
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by shopping centres, major roads, high-
rise buildings, and schools, which cause 
urban heat stress and high noise levels. 
This densely built-up environment also 
has the potential to obstruct airflow and 
increase heat reflection from hard surfac-
es (such as asphalt and concrete) (Ama-
ni-Beni et al. 2021, Sari 2021). Lasinrang 
Monument Park borders a main road and 
office buildings, resulting in moderate 
levels of heat exposure and urban noise, 
depending on traffic intensity (Amani-Beni 
et al. 2021, Sari 2021). Meanwhile, Bau 
Massepe Stadium Park is located on an 
inter-district road, in a relatively dense 
residential area, and near a body of water 
(river). This combination can have mixed 
effects: on the one hand, the presence of 
water and surrounding vegetation sup-
ports a cooling effect; on the other hand, 
high traffic volumes have the potential to 
increase temperature and noise levels 
(Deng et al., 2022). Differences in urban 
environmental contexts, such as proximity 
to highways, the type and density of build-
ings, the presence of water bodies, and 
the level of human activity, can influence 
the performance of each GOS in regulat-
ing the microclimate.

This disparity emphasizes the need for 
a thorough evaluation of the design and 
management of GOS in Pinrang Regency. 
Local governments and urban planners 
need to adopt an ecological and sustain-
ability-based approach to GOS planning, 
ensuring that each site has sufficient veg-
etation, natural barriers to noise, and de-
signs that support a balance between so-
cial and environmental aspects. Suppose 
there are no concrete steps to improve 
these conditions. In that case, the differ-
ences in urban microclimate in each GOS 
will become more pronounced, and the 
main functions of GOS as microclimate 
regulators, carbon sequestration, and im-

provement of air quality and thermal com-
fort will not be maximised.

Identification of environmental 
parameter patterns through PCA

The results of the principal component 
analysis, visualised through the loading 
plot in Figure 5 and supported by the ei-
genvectors in Table 3, show that two main 
factors dominate the variation of the data. 
The first component (PC1) is mainly influ-
enced by temperature (0.486), sunlight 
intensity (0.483), wind speed (0.382), and 
noise level (0.375), which have high pos-
itive weights, while humidity (-0.488) has 
a negative weight. This indicates that high 
temperatures, vigorous sunlight intensi-
ty, and strong winds are associated with 
higher noise levels, while humidity tends 
to be lower. This phenomenon can be ex-
plained by increased human activity and 
changes in the physical properties of the 
environment due to hot and dry conditions. 
As shown in Table 4, the first two principal 
components (PC1 and PC2) collectively 
account for 84.3 % of the total variation in 
the dataset, indicating that they effective-
ly represent the primary structure of the 
data.

The second component (PC2) is dom-
inated by elevation (0.858), followed by 
wind speed (0.474), indicating that site 
elevation significantly affects wind speed, 
with data variability that PC1 cannot ful-
ly explain. Meteorological variables, such 
as temperature, humidity, and noise level 
have a small contribution to PC2, indicat-
ing that topographic factors play more of a 
role in distinguishing neighbourhood char-
acteristics based on topographic aspects 
than weather conditions. The following 
components (PC3 to PC6) have relative-
ly small loading patterns on the total data 
variation, so their contribution to the total 



152	 H. U. Dar, M. Mukrimin, and Yusran

Fig. 5. PCA loading plot contribution of environmental variables to principal components.

Table 3. Eigenvectors.

Variable PC1 PC2 PC3 PC4 PC5 PC6
Temperature 0.486 -0.076 0.163 0.137 0.742 0.402

Humidity -0.488 0.065 -0.125 -0.345 -0.011 0.789
Sunlight intensity 0.483 0.033 0.220 0.290 -0.658 0.448

Wind speed 0.382 0.474 0.184 -0.763 -0.044 -0.107
Noise level 0.375 -0.161 -0.900 -0.132 -0.063 0.043
Elevation -0.080 0.858 -0.255 0.423 0.104 0.026

Table 4. Eigenanalysis of the correlation matrix.

Principal component Eigenvalue Proportion of variance Cumulative variance
PC1 3.8480 0.641 (64.1%) 0.641 (64.1%)
PC2 1.2123 0.202 (20.2%) 0.843 (84.3%)
PC3 0.5225 0.087 (8.7%) 0.930 (93.0%)
PC4 0.2519 0.042 (4.2%) 0.972 (97.2%)
PC5 0.0981 0.016 (1.6%) 0.989 (98.9%)
PC6 0.0672 0.011 (1.1%) 1.000 (100%)
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data variation is lower than that of PC1 
and PC2. Nonetheless, these compo-
nents still reflect the specific contribution 
of each variable in local variations, such 
as temperature changes to noise levels in 
certain conditions or the impact of humidi-
ty in areas with particular elevations.

Overall, the results of this analysis 
categorise the variables into two main 
dimensions: 1) the meteorological dimen-
sion, which includes temperature, humidi-
ty, sunlight intensity, and noise, and 2) the 
geographical dimension, which includes 
altitude and wind speed. The negative 
correlation between humidity and other 
weather variables confirms that high-tem-
perature environments tend to be drier 
and noisier. Meanwhile, altitude variations 
contribute significantly to wind speed, 

broadly affecting atmospheric dynamics.
Based on the PCA score plot visual-

isation in Figure 6 of six environmental 
parameters, each area has a different 
distribution pattern. Massepe Stadium 
Park (blue) tends to cluster in the nega-
tive quadrant of the first axis, indicating 
different environmental characteristics 
compared to the other sites. Lasinrang 
Monument Park (red) is more widely 
distributed on the first and second axes, 
suggesting a more dynamic variation in 
environmental parameters. Lasinrang 
Park (green) is in the negative quadrant 
of the first axis and positive quadrant of 
the second axis, indicating significant dif-
ferences in ecological patterns compared 
to other locations. Meanwhile, Pinrang 
Urban Forest (purple) has a more sep-

Fig. 6. PCA score plot of environmental parameters in four GOS locations.
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arated distribution on the first axis with 
higher positive values, indicating unique 
characteristics that distinguish it from oth-
er sites. This distribution pattern reflects 
the microclimate conditions in each GOS 
that can be influenced by environmental 
factors, such as vegetation, topography, 
and human activities.

It should be noted that the PCA results 
presented here are exploratory in nature 
and do not imply definitive causal rela-
tionships between the variables. In addi-
tion, surrounding urban elements, such 
as building density, traffic, and human 
activity, may influence local microclimate 
measurements and therefore affect the 
patterns identified in the PCA. These fac-
tors are recognised as potential limitations 
of this analysis.

Conclusions

The results of this study show significant 
differences in environmental parameters 
between areas inside and outside GOS in 
Pinrang Regency. The analysis indicates 
that GOS is important in reducing air tem-
perature, increasing relative humidity, 
reducing sunlight intensity, slowing wind 
speed, and muffling noise.

In particular, vegetation within GOS 
has been shown to reduce air tempera-
ture by 5–6 °C compared to areas outside 
GOS. The main mechanisms contributing 
to this cooling effect include evapotranspi-
ration, the shading effect, and increased 
air humidity. In addition, the higher humid-
ity inside the GOS, which reaches up to 
15–20 % difference compared to the area 
outside the GOS, provides better thermal 
comfort for the community. The lower in-
tensity of sunlight inside the GOS also 
strengthens its role as a natural shade, re-

ducing it by up to 70 % compared to open 
areas. In addition, wind speeds inside the 
GOS tend to be lower due to the barrier 
effect of the vegetation, which helps cre-
ate a more stable microclimate environ-
ment. The study also confirmed that the 
vegetation within the GOS is an effective 
natural acoustic barrier, with a 10–15 dB 
reduction in noise levels compared to are-
as outside the GOS.

Based on the results of this study, it 
can be concluded that GOS not only func-
tions as an aesthetic element of the city 
but also has a crucial role in maintaining 
the balance of urban ecosystems and 
improving the community’s quality of life. 
Therefore, efforts to manage and develop 
GOS must continuously improve quantity 
and quality to mitigate the negative im-
pacts of urbanisation and climate change. 
Considering these findings, it is recom-
mended that local governments acceler-
ate the realisation of the 30 % target area 
as GOS under applicable regulations. In 
addition, implementing more effective 
vegetation-based design strategies, such 
as increasing plant diversity, arranging 
tree canopies, and integrating water el-
ements in GOS, can be a more optimal 
solution in supporting urban environmen-
tal sustainability.

However, it is important to note that the 
effectiveness of GOS in regulating the mi-
croclimate is influenced by various factors 
not examined in this study, such as tree 
age, vegetation density, seasonal vari-
ation, and historical land management. 
These factors may enhance or limit the 
environmental benefits observed. There-
fore, future studies are encouraged to in-
corporate these elements to provide more 
comprehensive understanding of the role 
of vegetation structure and dynamics in 
urban climate regulation.
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Abstract
Wan Abdul Rachman Forest Park (WARFP) serves various benefits to Lampung Region such 

as: water, food, cash crops, energy, and ecosystem services. Since WARFP is located nearby a 
city, it is under constant pressure from human. This study intends to identify how community is de-
pendent on WARFP in terms of food, economy, water, and energy, especially fuelwood. The study 
involves 61 forest farmer members of Regional Technical Implementing Unit (RTIU) of WARFP. 
The study employs a mixed-method approach, combining qualitative descriptive techniques and 
quantitative analysis. Five components were used to assess the level of dependence, namely: 
1)  use of forest resources such as water, fuelwood, medicinal plants, and food, 2)  economy, 
3) environment, 4) access and rights to the forest, 5) participation. The study suggests that forest 
farmers were highly dependent on WARFP in terms of water, food sources, fuelwood energy, 
economy, and protection of forest from natural hazards such as flooding and forest fire. The com-
munity also enjoy the rights to cultivate forest land under partnership. However, participation from 
forest farmers are still limited and therefore necessary to be improved.

Key words: family expenditures, non-timber products, partnership, mix method.

natural resource management (CBNRM) 
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of their surrounding natural resources. In 
this view, local community is the proper in-
stitution to manage local resources.

In residential areas that border forest 
areas, people lives are very much deter-
mined by the forest (Poudyal et al. 2018). 
In general, communities living in areas 
around forests are poor due to limited 
resources and non-agricultural work as 
opportunities for non-agricultural activities 
are very limited. Study by Sunderlin et al. 
(2005) and Suyanto et al. (2007) state that 
there is a causal relationship between for-
est destruction and increasing poverty in 
developing countries.

According to Newton et al. (2016) the 
term forest dependency is a term to de-
scribe communities that benefit from for-
ests. More specifically, the term describes 
poor communities including indigenous, 
traditional communities in developing 
countries. This occurs in many part part 
of the world like in Europe, Africa, Asia, 
and Latin America. A study by Talpã et al. 
(2022) in Moldova identified various types 
of forest products used by the communi-
ty such as for food, firewood, medicine, 
fruits, seeds, etc. The study stated that 
the frequency of taking forest products 
was 314 times annually with a distribution 
for taking fuel of 44.59 %, nuts 11.78 %, 
straw mushrooms 17.58  %, medicinal 
materials 12.74  %, dog rose 11.15  %, 
fruits 2.74 %, and seeds 1.27 %. So, the 
use of forest products for fuel and food is 
very dominant in Moldova. In Tanzania, 
a study done by Ntiyakunze and Stage 
(2022) suggested the important of forest 
to alleviate poverty. In their study, using 
multiple linear analysis they proved that 
variables influencing dependence on for-
ests are: 1)  income with a negative co-
efficient, 2)  distance to the forest with a 
negative coefficient, 3)  off-farm activities 
with a negative coefficient, 4)  land size 

with a positive coefficient, and 5) area with 
a positive coefficient. These results indi-
cate that the higher the income, distance 
to the forest, and off-farm activities, the 
less dependence on forests will be. Oth-
er study using multiple regression by Chu 
et al. (2019) suggested gender, ethnicity, 
farming experience, area of managed for-
est, access to non-timber products, en-
vironmental services and participation in 
training have a very significant impact on 
household income.

This study is intended to investigate 
degree of dependency of communi-
ty on Wan Abdul Rachman Forest Park 
(WARFP) an area set for conservation 
zone according the Decree of the Minister 
of Forestry Number 408/Kpts-II/93. This 
area has high natural resource potential, 
including various fauna species such as 
the Sumatran tiger, Sumatran elephant, 
siamang, monkey, and hornbill, as well 
as various types of flora such as Medang 
(Actinodaphne nitida Teschn.), Pulai (Al-
stonia scholaris (L) R.Br., Durian (Durio 
zibethinus L.), Gintung (Bischofia javani-
ca Blume), rattan, orchids, and ferns. In 
addition, this area also plays an important 
role in the conservation of germplasm and 
supports education, research, science, 
cultivation, culture, tourism, and recrea-
tion activities.

However, current conditions show that 
several species, such as the Sumatran ti-
ger and Sumatran elephant, are no longer 
found in WARFP, which is most likely due 
to habitat destruction. However, based on 
the installation of camera traps by WWF 
in 2017, other protected species were 
found. The WARFP area faces significant 
management challenges, particularly be-
cause, as of 2019, open land account-
ed for 18,471  ha out of a total area of 
22,249 ha – approximately 83 %. This is 
due to community activities that utilize the 

http://R.Br
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land for plantation crops, especially cof-
fee. The conservation partnership policy 
is expected to overcome this problem. Ac-
cording to Lampung Provincial Regulation 
Number 13 of 2019, this area is included 
in the Provincial Strategic Area which has 
an important influence on the economy, 
social, culture, environment, and technol-
ogy in Lampung Province (Lampung For-
est Agency 2020). Kristin et al. (2018) has 
concluded moderate interaction between 
community and forest in WARFP. The in-
teraction was mostly in terms of getting 
benefits from land cultivation inside for-
est. But, high interactions with forest were 
shown by farmers who owned medium 
land cultivation in the forest. Further, farm-
er with low income tend to be more active 
in farm activities inside the forest.

Other study by Arianto et al. (2018) 
summarized the valuation of water service 
of WARFP forest to community both for 
domestic used and for paddy using Con-
tingent Valuation Method or Willing to Pay. 
Their study concluded that in terms of val-
ue of water service, the WARFP provided 
more than IDR 10 billion (€ 527 thousand) 
annually for Batu Putuk Village.

Since the proximity of WARFP to pop-
ulation and economic centre in Lampung, 
this park is oof strategic important to the 
region, especially for Bandar Lampung 
City, the capital of Lampung Province. On 
the other hand, community who resides 
nearby and run smallholder agroforest 
farming use WARFP as the most impor-
tant source of livelihoods. This study in-
tends to analyse the dependence of com-
munity residing in the border of WARFP in 
terms of the use of forest resource such 
as water, fuelwood energy, economy, en-
vironment, access on forest, and partici-
pating in guarding forest.

Object and Method

Research site and time of study

The study was held in Bogorejo Village, 
Gedong Tataan Subdistrict, Pesawaran 
Regency of Lampung Province (Fig. 1). 
The site is located around 25  km north-
east of Bandar Lampung City, capital city 
of Lampung Province. According to Badan 
Pusat Statistik (2024), Bogorejo village 
has area of 1744 ha with a population of 
5436 people of which 51  % were male. 
Further, population density was 3 people 
per ha.

The reasons to choose the site are ex-
plained in following. First, this village has 
direct border to WARFP and around 45 % 
of the population has been active farmers 
in WARFP. The second, forest farmers in 
the study site has been awarded partner-
ship status by Forestry Agency which al-
lows them to lawfully cultivate land inside 
forest with condition of farmers should 
enhance forest condition. The third is that 
farmersʼ groups have shown good perfor-
mance in maintaining forest condition.

According to Lampung Forest Agen-
cy (2020), WARFP has an area of 
22,249.31  ha in which land covers are 
grouped into three:

1. Primary forest – 3304.74 ha or 15 %;
2. Secondary forest – 12,968.07 ha or 

58 %;
3. Farmland – 5976.5 ha or 27 %.
It is obvious that big part of WWRFP 

has been used for agriculture activities, 
predominantly with agroforest farming.

The study was carried out from July to 
November 2024 which consists of the fol-
lowing steps:

1. Preparation;
2. Preliminary observation;
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3. Developing research instrument 
(mainly questionnaire);

4. Field data collection;
5. Data analysis;
6. Reporting.

Respondents

Respondents are selected purposively, 
i.e.: farmers reside nearby of WARFP and 
are members of Forest Farmers Group 
(FFG) that has been given as partner by 
technical unit of WARFP. Partners status 
is a recognition for their activity and has 
rights to have access in using and getting 
benefits from forest. However, they are 
not allowed to cut trees inside the forest.

Sample size was determined using the 
approach Isaac and Michael (1995) by 
formula (1).

	 ,
ZuN

ZNn 222

22

σ⋅+⋅
σ⋅⋅

= 	 (1)

where: N = 229 – population of farmers 
or members of FFG; n – sample size; Z 
– z distribution with validity of 95%, i.e.  
Z = 1.96; σ – standard of deviation set 
at 0.25; u – error estimate at 5.5 %, i.e.  
u = 0.055.

With this formula, the total sample size 
is 61. Distribution of respondents are allo-
cated in 8 FFGs as shown in Table 1.

Analysis

The study uses mix method (Creswell and 
Clark 2007) a combination of 1) descrip-
tive qualitative analysis and 2) quantitative 
data analysis. Qualitative data analysis is 
the dependent of community towards for-

Fig. 1. Map of research site.
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est from 5 components as summarised by 
Angelsen et al. (2011) and FAO (2020):

1. The use of forest resource;
2. Economy;
3. Environment;
4. Access and rights on forest;
5. Participation in forest management.
Each component is scored: 1 – very 

low to 5 – very high.
The quantitative analysis designed to 

determine the influence of size of land cul-
tivation inside WARFP to family income, 
the study employs simple regression. The 
model is provided by equation (2) (Gujara-
ti 2004, Wooldridge 2012).
	 y = β0 + β1·x + μ,	 (2)
where: y – family income per year, IDR 
per year;  – intercept;  – error term. β1 – 
slope coefficient, representing the change 
in family income per additional hectare of 
land cultivated within WARFP; 𝑥 – size of 
land cultivated within WARFP, ha.

The reason to use size of landholding 
inside WARFP as independent variable is 
due to land status and has caused long 
term conflict between community nearby 
forest and government. By giving tenurial 
status or right to cultivate inside conser-
vation forest, it supports policy of welfare 

and stability in the region or called forest 
conserved while enhancing community’s 
welfare.

Results and Discussion

Characteristics of respondents

As stated in previous chapter, the research 
respondents were the Bogorejo Village 
community who live around the WARFP 
area and are members of the Gapok-
tanhut or Aggregation of Forest Farmers 
Group (AFFG) of Wana Karya. According 
to the Guideline of Forest Farmer set in 
the Ministry of Environment and Forestry 
Regulation No. P. 89 year 2018 Farmers 
Group (FG) is a group of Indonesian cit-
izen farmers who manage businesses 
in the forestry sector inside and outside 
forest areas. The aggregation of FFGs is 
hereinafter referred to as AFFG (Ministry 
of Environment and Forestry Republic of 
Indonesia 2018).

Tables 2a and 2b summarise some 
socio-economic characteristics of the re-
spondents. It suggests that majority of 
respondents were male and the majority 
were born in the research site. In terms 
of age, the youngest respondent was 22 
years while the oldest 73 year, and the 
median age was 54 year. This suggests 
that respondents are at stage of heading 
to aging farmers shown with median age.

Table 2a. Quantitative characteristics of 
respondents.

Variable Mini-
mum

Maxi-
mum

Medi-
an

Age, years 22 73 54
Land rights inside 
WARFP, ha 0.08 4.03 1.00

Number of family 
members (persons) 1 4 3

Table 1. Distribution of sample/respond-
ents.

FFGs Members 
(persons)

Propor-
tion, %

Respon-
dents

E 35 15 9
F 18 8 5
G 15 7 5
K 20 9 5
L 25 11 7

MJ 32 14 8
N 43 19 11
O 41 18 11

Total 229 100 61
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Table 2b. Categorical characteristics of 
respondents.

Variable Category Frequency

Education 
level

elementary school 39 (64%)
junior high school 15 (24%)
senior high school 5 (8%)

not attending school 2 (4%)

Gender Male 54 (89%)
Female 7 (11%)

Place of 
birth

in village 53 (87%)
outside village 8 (13%)

In terms of education, majority of re-
spondents has completed elementary 
school (64  %) and very few (8  %) has 
completed senior high school. Further-
more, in terms of land tenure ship inside 
WARFP, the data suggests the land rights 
were ranging from very small (0.08 ha) to 
quite large (4.03 ha). However, the rights 
to cultivate is limited only to undertaking 
agroforest system. They are not allowed 
to cut trees or clear land for growing food 
crops, such as paddy, cassava, or maize.

Analysis of community dependent on 
WARFP
1. The use of forest resources
Sources of clean water
Clean water sources consist of four types, 
i.e.: well, pipe water, creeks, and springs. 
The most dominant source of clean water 
is pipe water. Source of water for pipe wa-
ter service is from WARFP. The pipe wa-
ter system is actually clean water services 
provided by community for community. 
The system is benefitting from abundance 
sources of water inside forest area. Abidin 
et ai. (2023) study on analysis of water 
consumption in area nearby WARFP sug-
gests that supply of water from protect-
ed forest has been far more than what 
communities daily needed. Their study 
suggests that the use of surplus water is 

very minimum. Abidin et al. (2024) con-
cluded that community in nearby WARFP 
obtained surplus in water supply as their 
consumption is less that what they dai-
ly obtained. Further, water from WARFP 
was essential as source of water needs. 
The data suggests of high dependency of 
community to WARFP in terms of water. 
Sources of water of community are pre-
sented in Table 3.

Table 3. Sources of clean water.

No Main source 
of clean water Location Percentage

1 Well hamlet 11
2 Pipe water WARFP 69
3 Creeks hamlet 3
4 Spring water WARFP 17

Total 100

From Table 3, it is concluded that the 
majority of respondents use pipe and 
spring water coming from WARFP. This 
revealed water from WARF has been 
important source for community living 
nearby. The picture of the community’s 
dependence on water and forests is de-
scribed well by Wohlleben (2023) and 
sketches how local people nearby forest 
has used waters serves by forest ecosys-
tem. Gilmour (2014) explained in detailed 
about the relationship of forest water and 
community. He explained about the rela-
tionship between forest and water yield 
and provision of water downstream. He 
concluded that the better the forest, the 
better water yield and hence more water 
service of forest to community. His expla-
nation is consistent with this in which com-
munity is guarding forest that has served 
them with constant water supply.

Source of fuelwood

Although officially management of WARFP 
discouraged farmers to use woods from 
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WARFP, in reality most farmers (59  %) 
collect fuelwoods from WARFP for fam-
ily fuelwood needs on weekly based. 
They took dried or fallen tree branches 
and transported them either on foot, bi-
cycles, or on motorbike (Fig. 2). Type of 
branches mostly used was rubber trees. 
Each month, they collect woods at around 
0.5 m3.

In terms of energy spending such 
as for gas, gasoline, electricity, and fu-
elwood, monthly spending was about 
€ 9.32. In addition, spending for fuelwood 
is very small, i.e. 5 %, thanks to availabil-
ity of woods in WARFP. In this sense, for-
est helps farmers to provide cheap source 
of energy.

The dependence of community and 
fuelwoods as source of domestic ener-
gy is very common in many countries as 

suggested by Brears (2023) and more 
comprehensively studied by Raihan and 
Tuspekova (2022). This study implied that 
policy of WARFP to discourage communi-
ty to collect wood branches for fuelwood 
should not be rigorously implemented. 
Family expenditures for energy are quite 
high. Therefore, giving access for fuel-
wood from forest will help community re-
duce their family expenditures.

Source of food

Source of food were coming both from 
WARFP and the village. However, staple 
food such as rice, cassava, sweet pota-
toes, and corn were not grown in WARFP. 
Very few farmers did grow cassava or 
sweet potatoes within WARFP. Provision 
of staple food was mainly from village or 
sub-district markets. The study summa-
rized community’s dependent of staple 
food from WARFP that is presented in Ta-
ble 4.

Therefore, community’s dependent on 
staple food commodities from WARFP is 
considered very low.

However, a study by Maulita et al. 
(2022) reiterated the following plants re-
lated with food are grown well in WARFP. 
Among of them are fruit trees such as 
durian (Durio zibethinus), Duku (Lansi-
um domesticum Corrêa), avocado (Per-
sea americana Mill.), banana (Musa sp.), 
and rambutan (Nephelium lappaceum L.) 
(Lampung Forest Agency 2020). They are 

Fig. 2. A farmer collect fuelwood using 
bicycle.

Table 4. Summary of respondents’ dependence on staple food from WARFP.

No Level of dependence on staple food from 
WARFP Range Number of respondents

1 Very low < 20 % 37 (61 %)
2 Low 20–40 % 0 (0 %)
3 Moderate 41–60 % 3 (5 %)
4 High 61–80 % 14 (23 %)
5 Very high >80 % 7 (11 %)
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considered important income sources but 
also for food as those fruits are highly mar-
ketable. Banana for example, is important 
commodity not only for local food, but also 
for local banana chips industries of nearby 
cities. Other commodity such as cocoa is 
important for income sources and also for 
food as Murniati et al. (2022) pointed out 
in their study recently. Therefore, vegeta-
bles and fruits plants grown in WARFP are 
important and farmers are highly depend-
ed on those plants.

Source of medicinal plants

In 2019, Mayangsari and Bintoro (2019) 
have identified 29 types of medicinal plants 
that are potentially beneficial to human as 
well as can be used for commercial pur-
pose. They are widely grown in the area 
but not so many farmers are able to iden-
tify the benefits of those plants. Among 
important plants included: cogongrass 
(Imperata cylindrica (L.) P.Beauv.), tem-
ulawak (Curcuma zanthorrhiza Roxb.), 
billygoat-weed (Ageratum conyzoides 
L.), ebolo (Crassocephalum crepidioides 
(Benth.) S.Moore), and Kosters curse (Cli-
demia hirta (L.) D.Don).

The study noted that 66 % of respond-
ents recognized some medicinal plants 
grown widely in WARFP. Furthermore, 
67 % have used medicinal plants for per-
sonal needs while 33 % of farmers did not 
use the plants. Therefore, the depend-
ence of farmers from medicinal plants is 

moderate. In Kenya, the number of farm-
ers use medicinal plants for medicine is 
a lot higher. More than 75  % farmers in 
Western Kenya used medicinal plants 
taken from forest for medicine (Ojunga 
et al. 2023). Hence, further education for 
introducing medicinal plants to farmers is 
imperative.

2. Economy – family income and 
expenditures

Family income consists of the following 
sources: a)  farming, b) non-farming, and 
c)  off-farming. The study suggests that 
average income from farming was about 
986 € per year in which farm income from 
WARFP contributed 92 % to it. This sug-
gests high dependent of community from 
forest in terms of income as also shown 
by other study as stated in Suyanto et al. 
(2007) and Chu et al. (2019).

Influence of land permits on family in-
come was analysed using simple regres-
sion model. Analysis concluded that in-
come is significantly affected by landhold-
ing size, meaning larger landholding with-
in forest results in higher family income. 
Statistics in Table 5 provide evidence that 
granting land rights in specific areas for 
farming – particularly agroforestry – sup-
ports community welfare while ensuring 
forest conservation.

Further, size of landholding inside for-
est has highly significantly influenced on 
family annual income, as shown in Table 6.

Table 5. Simple regression model between size of landholding inside forest and annual 
family income.

Anova df SS MS F p-value
Regression 1 1.36785·10¹⁶ 1.36785E+16 58.20541695 2.3222E-10
Residual 60 1.41002·10¹⁶ 2.35003E+14
Total 61 2.77786·10¹⁶

Note: df – degrees of freedom, SS – sum of squares, MS – mean square, F – F-statistic, 
p-value – probability value.
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The contribution of independent varia-
ble in explaining family income is summa-
rized in Table 7.

Table 7. Regression statistics.

Regression statistic Value
Multiple R 0.702
R Square 0.492
Adjusted R Square 0.476
Standard Error 15,329,812
Observations 61

In addition, the R2 value was 0.49, 
suggesting that 49 % of variation annual 
income was explained by land cultivation 
inside forest.

Family expenditure has been used to 
indicate the ability of family to purchase 
goods and services needed for family. 
There are two categories of family ex-
penditure: food and non-food. The study 
suggests that average monthly food and 
non-food expenditures are presented in 
Table 8.

Table 8. Monthly family expenditures on 
food items.

No Items Expendi-
ture, €

Share, 
%

1 Staple food (rice) 18.21 33
2 Side dishes 9.42 17
3 Vegetables 5.92 11
4 Fruits 0.99 2
5 Cooking oil 0.88 2
6 Drinks 0.21 0
7 Spices 0.10 0
8 Sugar 0.58 1
9 Cigarettes 6.96 12

10 Others 12.65 23

No Items Expendi-
ture, €

Share, 
%

Total 55.92 100

Note: 1 euro (€) = IDR 18,911.

The study reveals that staple food ac-
counts for the highest proportion on food 
followed by other expenses (include eat-
ing outside the home) and side dishes. 
From Table 8, it is revealed that spending 
on cigarettes is relatively high – about 
12 % of monthly spending. The majority of 
respondents (83 %) were active smokers. 
This number is consistent with national 
statistics, which reported that approxi-
mately 29 % of the Indonesian population 
are smokers (Indonesia Center of Statis-
tics 2024).

In terms of non-food expenditures, 
the study summarised expenditures are 
shown in Table 9.

Table 9. Monthly family expenditure on 
non-food items.

No Expenditure Month-
ly, €

Share, 
%

1 Energy 9.31 17

2 Education and related 
spending 4.52 8

3 Health-related 0.52 1

4 Neighbourhood con-
tribution 2.98 6

5 Transportation for all 
family 31.89 59

6 Soap, toothpaste, 
cosmetics 4.15 8

7 Helping families 0.70 1
Total 54.07 100

Table 6. Influence of land cultivation inside WARFP on family annual income.

Variable  Coefficient Standard Error t-Statistic p-value
Intercept 0 – – –
Land cultivation in WARFP 
(X1)***

13,147,102.4 1,723,250.226 7.63 2.11·10⁻¹⁰

Note: *** significant at p < 0.001.



168	 Z. Abidin, M. I. Affandi, H. Kaskoyo, D. Lengkana, and E. Puspasari

Table 9 suggests that total monthly 
expenditure of family is approximately 
around € 55. The three items contributing 
most to family expenditures are transpor-
tation, energy, and education. Tables 8 
and 9 show that total monthly expendi-
tures amount to € 110 with food and non-
food expenditures being almost equal, 
although food expenditure was slightly 
higher.

Furthermore, monthly expenditure per 
capita was about €  37, it is lower than 
monthly expenditure per capita of the 
Pesawaran Regency at around € 61 per 
capita (Badan Pusat Statistik 2024). Us-
ing monthly expenditure standard, peo-
ple in the research site is above poverty 
line. The set of poverty line was € 27 per 
month per capita according to Badan Pu-
sat Statistik Provinsi Lampung (2024).

Local market is crucial for ensuring that 
community products both from WARFP 
and in the village can be sold easily with no 
barriers. The study area has close access 
to local market as well as bigger market 
in Bandar Lampung, capital city of Lam-
pung Province. With good road system, 
farmers can choose alternative local mar-
kets that offer the best for their products. 
In addition, most farmers used motorbike 
for transporting their agricultural products, 
such as coffee, rubber, and cocoa.

However, as typical of marketing of 
agricultural products, it usually positioned 
farmers in weak bargaining. Commodities 
such as rubber, cocoa, coffee are interna-
tionally traded and the information of price 
are available online and real-time.

For example, rubber farmers in this 
village could contact big buyers using cell 
phone asking information about price and 
usually they answer shortly. This is also 
happening for coffee or cocoa farmers 
which could be easily sold to the local 
merchants. 

3. Dependent on forest environment

Protection from natural hazard

Respondents have expressed their 
thanks that living nearby forest has been 
protected from natural disasters. During 
rainy season, farmers reported no flood-
ing in the village. During dry season, the 
environment is still green and water from 
forest was adequate to satisfy communi-
ty’s need.

To avoid forest fires, forest farmers 
group team up with Technical Unit of 
WARFP were doing intensive monitoring 
to anticipate such an incident of forest fire. 
In the last 3 years, accidents of forest fires 
have been reduced to very minimal num-
ber. According to officer of Regional Tech-
nical Implementing Unit (RTIU), in 2022, 
2 forest fire incidents occurred during dry 
season in Bogorejo Village. That was be-
cause one farmer unintentionally set small 
fire for farming preparation but it turned to 
bigger fire. In 2023 and 2024, forest fire 
incidents were down to none.

Good quality of environment

The community overwhelmingly felt very 
lucky living nearby WARFP in terms of 
good quality environment they benefit. 
Community enjoys the forest that they 
access on daily basis. The study found 
out that 92 % agreed that environmental 
condition has been improving as WARFP 
forest was improving. They feel the im-
provement also increases their living con-
ditions.

With good environment, community 
feel their life is better not only in terms 
economy, but also environmental aspect. 
There is strong connection of economy 
and environment according to locals. 
For example, production of rubber inside 
WARFP has always been good.
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4. Access of ownership

The WARFP is a conservation forest and 
therefore a state-owned property. The 
community holds no ownership rights over 
this land. However, according to Lampung 
Forest Agency (2020), approximately 
76 % of the WARFP area has been cul-
tivated by farmers. At the same time, the 
removal of farmers from within the forest 
was neither socially nor politically accept-
able.

Instead, the Government of Indone-
sia employed social forestry model and 
set regulation of Ministry of Forestry No 
83/2016 on social forestry. In it, partner-
ship in conservation forest is regulated in 
order to educate and empower community 
residing nearby forest. Settlement inside 
the forest is no longer permitted. Howev-
er, community is still given access of their 
old parcels, as long as they grow trees/
agroforestry and not to harvest forest.

Community could also be given rights 
to use water resources from the forest as 
long as it is not for commercial use. The 
partnership has created the so-called 
win-win solution for government and for 
farmers in WARFP. In the past, commu-
nity and officers of forest park has been 
at odd due to strict regulation stating that 
in conservation forest, farmers were not 
allowed to access and take benefits of for-
est. With this partnership, community has 
been granted access and took benefits 
from forest. In partnership, forest farmer 
groups in WARFP have also obligation to 
control and monitor forest on regular ba-
sis. Farmers have to report should any il-
legal activities in the forest occur, such as 
illegal logging. This in turns have reduced 
the incidents of illegal logging in the area. 
Such positive outcome of partnership 
also reported in other region in Indonesia. 
Henceforth, partnership in conservation 

forest increase community engagement 
and trust as well as welfare.

5. Participation in guarding forest

Facing budget and personnel constraints, 
the Technical Unit of WARFP has had to 
work closely with nearby forest farmers to 
ensure forest integrity and conserve lo-
cal flora and fauna. At the same time, the 
RTIU of WARFP has created opportuni-
ties for farmers to pursue new economic 
prospects, such as supporting palm sugar 
production, providing ecotourism educa-
tion, offering training in tree grafting, and 
assisting with participatory mapping.

The majority of farmers (67  %) knew 
well WARFP boundary. On average, farm-
ers went to WARFP 5 times to do farm-
ing activities as many regular farmers, 
except this case the farm inside conser-
vation forest. The respondents refused to 
answer their respond should any illegal 
activities occurred in their area. This is 
very concerning because the partnership 
was designed to secure farmers access 
to conservation forest and in return farm-
ers are expected to help government in 
monitoring the forest situation. Summary 
of community dependence on WARFP is 
presented in Table 10.

Conclusion

The study found that the community re-
siding near the forest was dependent 
on WARFP. They are highly dependent 
on water, fuelwood (energy), medicinal 
plants, food, income sources, and good 
quality of environment. Rights to cultivate 
lands inside WARFP not only enhance 
welfare but also maintain forest condi-
tions. Forest farmers also enjoyed forest 
protection from natural hazards such as 
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Table. 10. Summary of community dependence on WARFP.

No Components Notes Level on de-
pendence (1–5)

1 Use of forest resources:

a. Water Close to 70 % of community fulfil water 
needs from WARFP. 5

b. Fuelwoods

Use of fuelwood is limited due to office 
of WARFP regulation which did not allow 
for using fuelwood from forest. However, 
many farmers regularly use fallen tree 
branches for fuelwood.

4

c. Foods

Staple foods (rice, corn, and cassava) are 
not from WARFP. However, banana, some 
fruits such as: durian, jackfruit, papaya, 
avocado are mostly from WARFP. 

3

d. Medicines 29 types of medicinal plants identified by 
Mayangsari and Bintoro (2019). 3

2 Economy:

a. Income sources
Coffee, chocolate, rubber, and durian are 
among important sources of family reve-
nues.

5

b. Local market

Nearby, local markets are open on weekly 
based where farmers could buy and sell 
non-wood forest products and imported 
goods. Farmers could also sell their prod-
uct directly to bigger market in Bandar 
Lampung city or to exporters.

5

3 Environment:
a. Protection from natural 
disasters such as land-
slide, flooding, wind, and 
forest fire

Good forest provides protection to com-
munity nearby from flooding, landslide, 
and forest fire.

5

b. Good quality of water 
and air 5

4 Access and ownership:

a. Access rights
All members of the community have been 
granted access to WARFP to obtain bene-
fits such as obtain fruits, food, and water.

5

b. Access to non-wood 
resources 4
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flooding and forest fires. However, partici-
pation to control and monitor forest is still 
limited. The study could be used as the 
basis for policy makers to continue facil-
itate people engagement in forest man-
agement in WARFP.
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