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The effects of different soil substrates and potassium applications
on Chickpea (Cicer arietinum L.) some plant yield and membrane
permeability under dry conditions
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Abstract

This study was conducted as a pot experiment potassium fertilizer different doses effects were investigated
plant growth and membrane permeability on chickpea plants in dry conditions. The experiment was designed
as a randomized block design with 3 replications. The 18 pots were composed of two different textures as 1:1
peat+soil and only soil in the experiment. Three different doses of potassium fertilizer (Control: Oppm K,
100ppm K, 200ppm K) were given with seed sowing. The chickpea plants were harvested at the end of 8 weeks
and results were evaluated. Plant dry matter yield was found between 19.60g/pot and 52.25g/pot. As applied
potassium fertilizer dose has decreased plant root and leaf dry matter yield has also decreased when potassium
doses increased these values have increased. Peat+soil mixture texture has supported plant growth. The effect
of potassium fertilizer on plant growth and membrane permeability was found statistically significant (p<0.05).
Membrane permeability values were decreased as the amount of applied potassium doses increased. The highest
membrane permeability was obtained from Oppm K and only soil texture group with 48.4%. In this application,
the cell membrane has been damaged at the highest level. The lowest membrane permeability value was
obtained from 100ppm K and peat+soil mixture texture with 18.6%. As a result of this study, it was determined
that organic matter contains texture supported plant growth and K fertilizer especially protected chickpea plant
from water stress under dry conditions.

Keywords: Peat+soil, potassium, fertilization, membrane, growth.

1. INTRODUCTION

Agricultural production is carried out under difficult conditions in arid and semi-arid regions. Rainfall
and lack of nutrients are very important in plants grown in these regions. If we try to remedy these stress
conditions with some applications, we will provide suitable conditions for the growth of plants and
increase of yield. In terms of plant nutrition and fertilization, potassium is a plant nutrient that regulates
the water level in plants. Potassium element increases root growth in plants and improves stress
conditions. Potassium also increases the fixation of nitrogen by promoting root development in plants.
Abdalla and Abdelwahab (1995), as a result of the study of the element in the plant, the water level of
potassium in the plant body and roots have found that increase the yield of dry matter.

Chickpea is one of the first plants to be cultured over the world. As a gene center, Turkey has been
shown to be located in the Eastern Mediterranean region. Dry grains contain a high percentage of protein
(15-32%) and carbohydrates (50-74%), as well as minerals such as phosphorus, calcium and iron, and
rich in A, B and Niacin vitamins (Smithson et al.1985). Chickpea plants are most resistant to drought
and low heat take placed the second legume after red lentil. It is not very selective in terms of soil
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demand. Drainage is well, slightly acid or alkaline reaction, limestone and arid soils are grown. It is
resistant to drought due to its small vegetative parts and pile root system. It increases its agricultural
importance. In this form, cereal-fallow is one of the few plants in the rotation system (Azkan, 1989; Isik,
1992; Sepetoglu, 1994).

Plants need nutrients to growth. They take most of their nutrients from the soil by their roots.
Fertilization should be done if there are insufficient nutrients in the soil for the plant to grow. Nutrients
that are missing in soil should be given to soil in order to obtain high quality products in agricultural
production. The most effective breeding process for the yield and quality of plants is fertilization
(Ertekin et al., 2020; Ertekin et al., 2022). However, excessive fertilization should be refrained (Aygiin
and Mert, 2021).

Water needs provided for the plant nutrients to be effective. In some regions of our country, agricultural
production is continued without irrigation and fertilization. Water needed in agricultural production is
provided from rain water in semi-arid climate conditions (Bellitiirk et al., 2019).

In the world, 12.7 million hectares of chickpeas are cultivated and 12.1 million tons of products are
obtained from this area. The world average yield is 95.6 kg per decare (FAO 2016). Among the legumes
in our country, chickpea takes the first place with 359 thousand ha cultivation area and 460 thousand
tons production, while it is 224 thousand ha cultivation area and 360 thousand tons production of lentils.
(Red-green) and is followed by dry bean planting area of 94 thousand hectares and 235 thousand tons.
The vyields of these products are respectively 128, 286 and 251 kg (TUIK, 2016). Sangakkara et al.
(1996), the environmental effects of stress, and especially the negative effects of water stress on plants,
can be reduced by potassium fertilization can be reduced and as a result of their research in leguminous
plants, potassium fertilization, the body and roots in the amount of dry matter caused by the increase in
the amount of water and negative effects of stress reported.

Alpaslan and Giines, (2001) reported that the salt stress and boron toxicity they applied to the tomato
and cucumber plants they grow caused a decrease in the amount of dry matter in the stem and roots.
Under the same conditions, they stated that these stress conditions increased membrane permeability
and that boron application under salted conditions had no effect on membrane permeability. Inal and
Tarak¢ioglu (2001), as a result of the application of ammonium, as per a result of ammonium
application, membrane permeability values of 30%, as a result of application of urea as a result of mixed
application of 25%, as a result of mixed application of 25% and 27% as a result of nitrate application.
Kaya et al. (2001), the cultivated tomato plant, a high level of NaCl application, a significant decrease
in the amount of dry matter was observed. Potassium and phosphorus application increased the amount
of dry matter in the stem and stem. While membrane permeability value increased with high NaCl
application, it was determined that membrane permeability decreased as a result of application of
potassium and phosphorus to plants.

Liang et al. (2001) found that toxic application of barley plant to aluminum increases the permeability
of membrane. At the same time root length of the plants, dry matter yield in the root and stem, nitrogen
and phosphorus concentrations in the plant body and nitrogen and potassium concentrations in the root
decreased. Kaya et al. (2002), in vegetables grown under salt and alkali conditions, membrane
permeability, while increasing the dry matter yield was determined to decrease. They concluded that
saline conditions reduce water use and increase alkaline conditions. They obtained low dry matter
content at high pH. Dry matter and chlorophyll formation were higher in pepper plant than tomato and
cucumber. Kaya et al. (2003), high NaCl grown in the strawberry plant in the amount of dry matter, fruit
yield and chlorophyll concentration was lower than control. It was observed that the negative effects of
salt conditions on plant growth and fruit yield decreased in the subject applied calcium nitrate and
potassium nitrate. In saline conditions, membrane permeability increased.

Kirnak et al. (2003), pepper plant nitrogen application, mulch and water stress, to investigate the effects
on yield and quality; in their studies, they applied nitrogen at doses of 70, 140 and 210 kg / ha; found
that water stress increases membrane permeability value and decreases nitrogen, phosphorus, potassium,
calcium and magnesium concentrations in plant leaves. As a result of mulch application, water use
efficiency increased by 12% compared to the control subject and fruit yield, fruit size, dry matter amount
and chlorophyll concentration increased. Within the scope of sustainable agriculture, natural origin soil
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conditioners are used to achieve high efficiency in agricultural production (Aygiin and Mert, 2020). Peat
is a natural medium material which can be used for all kinds of plant breeding. It is a material with high
ventilation capacity and at least 30% organic material. Organic fertilizers increase the content of organic
matter in the soil and this means it can be increase of soil fertility and quality.

In this study, it was aimed to determine the effects of potassium fertilizer applied on soil and peat + soil
mixture environment on growth development and membrane permeability in chickpea plant. It is known
that potassium increases the resistance against drought and affects the yield positively. In order to
increase the yield in areas with low rainfall, the possible effects on membrane permeability and potential
increase in yield of potassium fertilizers were investigated.

2. MATERIAL and METHODS

This study was conducted as a pot experiment under dry conditions. Gokge chickpea variety seeds were
used as plant material. In the study, potassium sulfate fertilizer, peat, soil and pot was used as material.

Table 1. Soil analysis results

Soil Depth pH EC(%) Organic Lime(%) Texture
matter (%)
0-30cm 7.33 0.087 0,97 42 %20 sand
%56 clay
%24 loam

The study was designed with 2 repetitions and 3 replications according to the randomized block design.
Pots with a capacity of 5 liters were filled with the peat and soil material mixed in 1:1. Fertilization
subjects consist of control, 100ppm K application, and 200ppm K application. The study consisted of
18 pots with 6 subjects and 3 pots in each subject. 10 pieces of chickpea seeds were planted in each pot
and 6 best plants were developed after the first true leaves were formed. Seeds were sown on 05.03.2019
and 30.04 .2019 and harvested 8 weeks later. Potassium Sulphate fertilizer was used as a source of
potassium. Irrigation water has not been applied to the chickpea plant; it was grown under dry
conditions. Rainfall is given in Table.2 between these dates.

Table 2. Total Rainfall between Sowing and Harvest Dates (kg/m?)
Year March April
2019 38.7 47.1

In heavy rainy days, the plants were taken to the closed environment in order to prevent damage from
rain water.

Trial topics:

TO: Soil culture in pot (unfertilized)

T1: Soil culture + 100 ppm K in pot

T2: Soil culture + 200 ppm K in pot

T3: Peat + Soil culture (unfertilized) in pot
T4: Peat + Soil culture + 100 ppm K in pot
T5: Peat + Soil culture + 200 ppm K in pot

Examined Properties and Methods

2.1.  Determination of dry matter in the root and stem of the plant (g/pot):
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After harvesting the plants, the root and body parts are separated from each other, washed with water
and then washed with pure water for the last time. The results are expressed as g/pot. (Chapman & Pratt,
1982).

2.2.  Determination of membrane permeability (%0): From each plant, one young leaf sample was
taken and fragmented 1 cm in size and shaken with pure water for 24 hours at 25 °C. As a result of this
procedure EC; value was read and samples were taken at 1200°C, after waiting 20 minutes, EC, value
was read and membrane permeability was determined with EC1/EC, x 100 formula. (Lutts et al. 1996).

2.3. Statistical Analysis

The results were compared subjected to variance analysis (A¢ikgoz et al. 1993).Statistically different
means were grouped according to LSD (5%) test.

3. RESULTS AND DISCUSSION

3.1. Plant Dry Matter Yield (g/pot)

According to the results, relationship between dry matter yield and K fertilization were statistically
significant at 5%. Table.3 shows that the average dry matter yield values in the plant body ranged from

19.60 to 52.25 g/pot. Cultivation environment has also positively affected plant growth. It is less or no
rainfall in dates; potassium reduced the negative effects of water stress in chickpea plants.

Table 3. Average Plant Dry Matter Yield (g/pot)

Nutrition Treatments Soil Culture Soil+Peat Culture
Control 19.60c 30.17b

100ppm K 29.36h 42.23ab

200ppm K 41.66ab 52.25a

LSD(%5) 0.72

In the study, the highest average yield values were obtained from the subject of Ts(Soil+Peat
Culture+200ppm K) with 52.25g/pot and 42.23 g/pot with T4(Soil+Peat Culture+100ppm K) and 41.66
g/pot with T, (Soil Culture+200ppmK) subjects. The lowest yield was found 19.60 g/pot from Control
application. The effect of potassium fertilizer and mixture on dry matter yield was the same, peat and
soil mixture media were found to be more successful than the control. It has been observed that negative
effects of water stress can be reduced by potassium fertilization. This results supported to Mengel and
Kirkby (1987), Abdalla and Abdclwahab (1995), and Sangakkara et al. (1995), Kaya et al. (2001).

3.2. Root Dry Matter Yield (g/pot)

As seen in Table 4, effects of peat mixture and potassium application on dry matter yield were found to
be significant. As seen from Table 4, the dry matter yield values in the root ranged between 18.13 and
38.42 g/pot. In the study, the highest yield was obtained from Ts(Soil+Peat Culture+200ppm K) with
38.42 g/pot. The lowest yield was obtained from T, (control) with 18.13 g/pot. Root dry matter yield
was low in only plants grown in soil environment. It is known that nitrogen fixation increases in
leguminous plants grown in water stress as a result of potassium fertilization. With the increase of
nitrogen fixation in the roots, root branching, growth and development are also has been observed.

Table 4. Root Dry Matter Yield (g/pot)

Nutrition Treatments Soil Culture Soil+Peat Culture
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Control 18.13c 21.86b

100ppm K 22.72b 31.68ab
200ppm K 30.22ab 38.42a
LSD(%5) 0.78

(Kadioglu and Canpolat, 2019), in their study was conducted to determine the effects of plant growth
promoting rhizobacteria on wheat and maize plant growth in different environments. According to the
research results; when 100% pumice material increases dry root and stem weight and 100% peat material
increases the number of bacteria. When the soil amount increased in the substrate/soil mixtures, dry root
and stem weight and plant nitrogen, phosphorus and potassium content increased and the number of
bacteria decreased.

(Ahmed, 2019) in wheat grown under salt stress conditions, increasing levels of salt application caused
a statistically significant decrease in the green parts and root dry matter productions of the genotypes.

Similar results were obtained in this study. It can be said that potassium fertilization increases root
growth in plants and hence also increases the dry matter yield in the root. The mixture of peat and soil
increased branching in plant roots. The soil+peat texture has increased plant roots growth. Soil texture
has been insufficient in terms of plant root development.

3.3. Membrane Permeability (%0)

If the plant is exposed to stress conditions in the environment of the cell membrane is damaged and
membrane permeability value increases. In this study, it was determined that membrane permeability
values decreased in the conditions where the retention and water holding capacity of the growing
environment were suitable. The effects of peat breeding medium on the development of chickpea and
permeability were found to be significant.

Table 5. Average Membrane Permeability Values (%)

Nutrition Treatments Soil Culture Soil+Peat Culture
Control 48.4c 20.2a

100ppm K 43.7c 18.6a

200ppm K 32.6b 19.3a

LSD(%5) 118

P>0.05 significant

Potassium fertilizer has less effected on membrane permeability than soil+peat mixture. This may be
due to the fact that the plants did not have any stress conditions as they had sufficient water and
ventilation conditions in the peat environment. In the study, the highest mean membrane permeability
values were taken from control (To group) with 48.4%. In this group, the cell membrane was damaged
at the highest level.

The lowest membrane permeability was obtained from T, (Soil+Peat Culture+100ppm K) group with
18.6%. T (Soil Culture+200ppmK) was found to be more successful than T1 (Soil Culture+100ppmK)
in membrane permeability. Although the data were close to the figures, they were statistically different.
It can be said that potassium nutrients reduce the harmful effects of water stress on membrane
permeability. As a result of water stress, salt stress and application of some elements to the researched
plant, the value of membrane permeability was found to be increased (Liang et al. 2001).

(Ahmed, 2019), in wheat grown under salt stress conditions, it was observed that the average membrane
permeability values of the varieties increased significantly due to the increased salt application.

4. CONCLUSION and SUGGESTIONS
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In arid and semi-arid regions, plants are not able to supply enough water because they cannot supply
enough water. Water stress is known to be the most important factor limiting agricultural production in
arid and semi-arid regions. In this study, the effects of peat environment on the development of chickpea
plant and cell membrane permeability were investigated with potassium fertilization. Potassium is a
nutrient that promotes the use of water within the plant, so it may be advisable to apply it in arid regions,
but the amount of potassium present in the soil should also be taken into account for this application.

The soils of Southeastern Anatolia are dense clay. For this reason, in the root developments of plants
are occasionally negative. Mixing of these soils with organic material containing peat farm manure such
as leonardite, and supporting it, can increase the productivity of the plant by providing positive growth.
In semi-arid conditions, the use of peat materials is recommended in dry production enterprises.
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Abstract

Forests cover 30 per cent of the Earth’s land surface, almost four billion hectares. They are necessary to sustain
human health, economic growth and the environment. Also, approximately 25 per cent of the global population
depends on forests for food and work. The world population is expected to reach 9.6 billion by 2050. Therefore,
there needs to be quick action at all levels to make sure that forests are managed in a way that is good for the
environment and our way of life in the future. The Sustainable Forest Management Goals are included in the major
headings of Sustainable Development Goals and the United Nations Strategic Plan for Forests 2017-2030. The
data for the worldwide and six geographical areas were assessed using the Gray Relational Analysis (GRA)
approach, which is one of the Multi-Criteria Decision Making methodologies. The major goal of the study is to
use the GRA mathematical approach to assess data from 6 geographical areas, totaling 245 regions and nations,
and 236 countries and regions worldwide. The second purpose is to contribute to the existing literature by
expanding the geographical scope, number of indicators, and the time period covered by the study. The study also
aims to provide information on new forest quality and management technologies, as well as the change of
geographical areas over 30 years. South America consistently comes out on top in interregional comparisons. On
the other hand, Oceania ranks last in the rankings. While the scores for 1990 increased markedly for all regions
and worldwide in 2000, the performance values for the years 2000, 2010 and 2020 are fairly close to each other.
The findings and methods of this study are aimed to be a useful resource for future researchers and policymakers.
Keywords: monitoring and reporting, sustainable ecosystem, sustainable development goals, forest management,
gray relational analysis, global forest goals, MCDM

Introduction

Forests are undoubtedly the richest biological diversity among terrestrial ecosystems. Forests not only
serve people in economic, ecological, social and cultural aspects but also are the natural environments
of plants, animals and other living creatures, which are essential part of the natural life. Forests supply
fundamental ecosystem services, such as wood, food, nhon-wood goods and house, as well as soil and
water protection and clean air. Forests stop soil degradation and desertification and decrease the danger
of floods, landslides and snow slide, shortage of water, dust and sand storms and other disasters. Forests
are home to almost 80 per cent of all terrestrial species. Forests mainly reduce climate change and ensure
acclimatization and biodiversity (FAO, 2018). Although the factors that negatively affect the natural
environment are generally considered as regional or local problems, the great effects of these factors are
experienced globally. Therefore, forests and each tree need to be monitored and managed in a
sustainable manner, in order to reach the Sustainable Development Goals (SDGs) and especially goals
of SDG 15, which is particularly relevant for the sustainable management of forests. In order to
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emphasize that the forests are of great importance for people and all other living things, the UN General
Assembly has determined March 21 as the International Forest Day, which is celebrated worldwide
every year to create awareness and action plan on forest issues (Assembly, 2012).

Proportion of
land forested (%)

11-30
m 31-50
m51-70 .
W 71-100 5
No data /

Figure 1. Forest area as a percentage of total land area, 2020 (FAO, 2020).

In recent years many agreements have been made such as the New York Declaration on Forests
(NYDF), the Paris Agreement, the 2030 Agenda for Sustainable Development and its Sustainable
Development Goals (SDGs), and the UN Strategic Plan for Forests 2017-2030 (UNSPF) and its Global
Forest Goals (GFGs). On the other hand, no significant progress has been made in solving global
environmental issues despite all the efforts of international organizations, particularly the United
Nations. The United Nations Strategic Plan for Forests 2017-2030 (UNSPF) presents a global plan for
operations at all levels to sustainably manage all kinds of forests and trees and prevent forest
degradation. The plan considers all forest-related frameworks and agreements for a sustainable
environment and its vision is to supply economic, social, environmental and cultural benefits for present
and future generations. UNSPF, in addition to 6 Global Forest Goals, has set 26 more goals planned to
be reached by 2030 (Nations, 2017).

When making a selection, it's normal practice to look at a number of possibilities and choose the best
one. It is necessary to choose the criteria that are relevant to the present situation. As a result, multi-
criteria decision making (MCDM) is a technique that is extensively employed in forest management
planning today (Kangas & Kangas, 2005). MCDM is used to tackle complex forest management
difficulties because it combines the intuitive judgment operations of policymakers with logical
knowledge management procedures (Ananda & Herath, 2009). When it comes to reviewing the forestry
system, high-level decision-making procedures are required (Ok, Okan, & Yilmaz, 2011). Sustainability
Forest Management (SFM) decisions are expected to be taken in order to meet the demands of society,
the economy, and the environment. Efforts to employ GRA in forest management field have not applied
in a global level. Caglayan, Kog¢, and Demirel have a research on forest management in Turkey in
collaboration with the Gray Relational Analysis (GRA). There are other city-country-specific analyses
carried out using different methodologies within the MCDM framework. Many MCDM approaches,
such as ELECTRE (Ok et al., 2011), TOPSIS (Stanujkic, Nikolic, & Stanujkic) AHP (Dasdemir &
Giingor, 2010; Feng & Wang, 2000), AHP&TOPSIS (Nilsson, Nordstrédm, & Ohman, 2016), GRA
method (Caglayan, Kog, & Demirel, 2017; Chan & Tong, 2007; Gai, Weng, & Yuan, 2011; P. Wang,
Zhu, & Wang, 2016; Y. Wang et al., 2020; Zuxing & Dian, 2020) have been carried out in order to better
understand the dynamics of forest management, quality and ecosystems. The fundamental objective of
the research is to present the GRA mathematical approach in this field. The GRA's purpose is to assess
the relationship between components based on the degree to which development patterns among these
aspects are similar or different (Feng & Wang, 2000). The GRA technique has many significant benefits,
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the most important of which are that the conclusions are based on the original data and that the
computations are basic and uncomplicated (Chan & Tong, 2007; Zhai, Khoo, & Zhong, 2009). In the
study, a 30-year period analysis covering the past and present situations of the world and different
geographical regions was conducted in achieving the sustainable forest management goals, which are
included in the main headings of Sustainable Development Goals and the United Nations Strategic Plan
for Forests 2017-2030.

North and Central America South America Europe Africa
3 Euro

Oceania
m a W South America Europe Oceania

Figure 2. Regional and sub regional breakdown used in the Global Forest Resources Assessment 2020 (FAO,
2020).

In this study, the data of the World and 6 geographical regions were evaluated with the Gray Relational
Analysis (GRA) method using 18 indicators related to forest quantity, quality and management in the
Global Forest Resources Assessment 2020 Main Report. One of the primary aims of this study to
evaluate the data of 6 geographical regions, including 245 regions and countries, with world-wide data
belonging to 236 countries and regions, by using the GRA mathematical method. Also, performance
assessment in models where many indicators have a positive and negative correlation with each other is
evaluated using multi-criteria decision making approaches (Hasan, 2019; Hasan, Kogak, & Dogan,
2016). The reason of using this method is that, in GRA technique has been used for the assessment of
forest quality and management in a variety of different geographical areas. The second goal of the
research is to contribute to the literature by broadening the geographical scope, increasing the number
of indicators, and extending the time period covered by the study. Providing information on new
technologies for forest quality and management, as well as the evolution of the world's regions over a
30-year period, is another goal of the project.

The remaining of the study is organized as follows: Section 2 provides the research materials
and methods. Section 3 summarizes the results, while Section 4 outlines the conclusions drawn from
them.

2. Material and methods
The methodologies that were used in the research are described in this section.
2.1. Equal Weights Method

In order to determine the weighting method, it is necessary to have knowledge about the distributions
of the actual weights. Sometimes there are situations where there is insufficient information to determine
the weights. In such conditions, real weights can be explained as a uniform distribution on the n-unit
simplex through the set {0< wj <1 and Z}':lw; j=1,2,...n} (Jia, Dyer, 1998, 87-92). Therefore, within
the framework of the hypothesis of insufficient or no knowledge about the weights, the distributions of
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the weights and their expected values are explained by the equal weights vector defined by Dawes and
Corrigan as follows (Dawes, Corrigan, 1975, 95-106): wj = 1/n j=1,2....,n (n: number of qualifications).
In line with this information, the method of equal weighting has been applied to the qualifications in the
study.

2.2. Gray Relational Analysis (GRA) Method

The gray relational analysis (GRA) method was proposed by Ju-Long (1982) in 1982. GRA is a useful
method for solving problems where there are many criteria and complex and contradictory relationships
between criteria. It is also a recommended method for solving complex relationships between variables.
Depending on the degree of these associations, it considers the differences or similarities between two
sequences in the form of a measure of varying correlation, which involves a comparison of data sets
rather than the distance between two points (Lee & Lin, 2011; Tang & Young, 2013).

Gray relational Analysis method consists of seven steps (Karaatl, Omiirbek, Budak, & Dag, 2015;
2011):

Step 1: As a first step, the decision matrix is created. In the mxn-dimensional decision matrix, which
consists of m number of alternatives and n number of criteria, the value of the ith alternative according
to the j™ first criterion is expressed as Xi;.

) x@) - xm) (1)
x = [ %@ - ox)
xm.(l) xm-(Z) ’ xm-(n)

Step 2: In the next step, the data is normalized. With the normalization process, the decision matrix
elements defined by different units are free from their units. Thus, it is possible to evaluate the criteria
together. The normalization process is applied by using formula 2 when the criterion is a benefit
criterion, and using formula 3 when it is a cost-oriented criterion.

x; () — minx;(j)

% () = max x; () — min x;(j) t=12,..m j=12..n 0)

max x;(j) — x;(j
() () i=12,..m j=12,..,n

xi(j) = max x;(j) — minx;() )

Step 3: In this step, the difference of each value of the reference value determined by considering the
maximization (benefit) or minimization (cost) criteria of the criteria is calculated, and the absolute value
of these differences and the absolute value table of the distances to the reference values are obtained.
Since the values of each criterion in the transformed decision matrix have values in the [0,1] value range,
the reference value for the benefit criteria is determined as 1, while the reference value for the cost
criteria is determined as zero.

Vo |2 () — %0 (D] . . 4
x()=1- max 2, () —xa () i=12,...m j=12,..,n ( )
Step 4: In the matrix created in the previous step, the largest (Amax) and smallest (Amin) values for
each criterion are determined.

Step 5: Gray relational coefficient values are calculated.

Amin Amax
£ (XO(]),XI(])) = Aoi(j)++ iAmax (5)
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In the formula Ai(j); Ai represents the jth value in the difference data set. The coefficient § is used to
eliminate the possibility of being the extreme value in the Amax data set and is usually treated as 0.5 in
the literature.

Step 6: Gray relational degrees (GRD) matrix is created by multiplying the gray relational coefficient
values with the weights of the criteria.
n

V(o) = ) 2Cro() %)+ wi()
j=1 (6)
The wi(j) in the formula represents the weight for the jth data point.

Step 7: In the last step, GRD values are ordered from largest to smallest to obtain the ranking of the
compared alternatives by GRA method. The alternative with the greatest value is defined as the best
alternative in terms of the evaluated criteria.

The application consists of 18 quantitative indicators. Indicator codes and definitions are shown in Table
1.

Table 1. Indicator codes and definitions

Ingcl)%a;:r Indicator Definitions Ing(l)taza;:r Indicator Definitions
C1 Forest area (million ha) Cc10 Planted forest (million ha)
Cc2 Forest area (% of land area) C11 ... of which plantation forest (million ha)
C3 Growing stock (billion m3) C12 Primary forest (million ha)
C4 Growing stock (m3/ha) C13 Mangroves (million ha)
C5 Carbon stock in biomass (Gt) C14 Forest in protected areas (million ha)
C6 Carbon stock in biomass (t/ha) C15 Forest area with management plans (million ha)
Cc7 Total carbon stock (Gt) C16.1 Protection of soil and water (million ha)
C8 Total carbon stock (t/ha) C16.2 Conservation (million ha)
C9 Naturally regenerating forest (million ha) C16.3 Social services (million ha)

3. Results

In the study, a total of 7 alternatives representing 6 regions and one for the whole world were evaluated
in terms of forest quantity, quality and management using 18 indicators. Values for assessment
indicators consist of 1990, 2000, 2010 and 2020 data in the Global Forest Resources Assessment 2020
Main Report. The GRA approach was used to evaluate the data from each of these years independently.
The tables of the processing stages of the GRA technique for the year 2020 are presented in this part
just to serve as an example of how the method works. To begin, using the GRA technique, a decision
matrix consisting of indicator weights and indicator values for each alternative was built, as shown in
Table 2. The equal weighting approach was used to determine the values of the weights.

After creating the decision matrices, the appropriate computations were performed using the procedures
to get the normalized decision matrix shown in Table 3.

In the matrix created in the previous step, the largest (Amax) and smallest (Amin) Values for each criterion
were determined. The following matrix was created by calculating the absolute value of the difference
(A;(j)) between the value of the alternative in the normalized matrix and the largest value (reference
value) in the relevant column.
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Table 2. GRA Decision matrix for 2020

Wi

Regions
World
Africa
Asia
Europe

0.0556 0.0556 0.0556 0.0556

North and Central America

Oceania
South America

Wi

Regions
World
Africa
Asia
Europe

North and Central America

Oceania
South America

Table 3. GRA Normalized decision matrix

Wi 0.0556
C1
Regions Max
World 1
Africa 0.116675
Asia 0.113061
Europe 0.214765
North
and
Central 0.146618
America
Oceania 1E-08
South 0.170108
America
Reference 1
Value
Wi 0.0556
C10

Regions Max
World 1
Africa 0.022901
Asia 0.45177
Europe 0.240111
North
and
Central 0.146426
America
Oceania 1E-08
South 0.053435
America
Reference 1
Value

C1 C2 C3
Max Max Max
4059 31.1 557
637 21.3 76
623 20.0 63
1017 46.0 116
753 35.3 95
185 21.8 19
844 48.3 187
0.0556 0.0556 0.0556
C10 Cl1 C12
Max Max Max
293 131 825
11 8 123
135 79 86
74 4 1
47 15 313
5 4 3
20 20 299
0.0556 0.0556 0.0556
Cc2 C3 C4
Max Max Max
0.39222615 1 0.301561
0.0459364 0.105948 0.161052
0.00000001 0.081784 1E-08
0.91872792 0.180297 0.113394
0.54063604 0.141264 0.212818
0.06360424 1E-08 0.011504
1 0.312268 1
1 1 1
0.0556 0.0556 0.0556
Cl1 C12 C13
Max Max Max
1 1 1
0.02913386 0.147634  0.220408
0.59055118 0.102709 0.377551
0.00000001 1E-08 1E-08
0.08818898 0.378331 0.173469
0.00314961 0.001931 0.085714
0.12677165 0.361333  0.144218
1 1 1

C4 C5 C6
Max Max Max
137.1 295 72.6
120.0 51 79.4
100.4 38 60.3
114.2 55 53.6
126.3 42 55.3
101.8 14 74.9
222.1 96 114.1
0.0556 0.0556 0.0556
C13 Cl4 C15
Max Max Max
14.7 629 1991
3.2 131 118
5.6 135 353
0.0 46 942
2.6 73 432
1.3 28 12
2.1 216 134
0.0556 0.0556
C5 C6
Max Max
1 0.31405
0.131673  0.426446
0.085409 0.110744
0.145907 1E-08
0.099644  0.028099
1E-08 0.352066
0.291815 1
1 1
0.0556 0.0556
Cl4 C15
Max Max
1 1
0.171381  0.053562
0.178037  0.172309
0.02995 0.469934
0.074875  0.212228
1E-08 1E-08
0.312812  0.061647
1 1

0.0556  0.0556

0.0556
c7

Max
662
81
85
172
146
33
145

0.0556
Ci16.1

Max
390
36
132
171
17
1
34

0.0556
c7

Max
1
0.076312
0.082671
0.220986

0.17965

1E-08
0.17806

1

0.0556
Ci16.1

Max
1
0.089506
0.33642
0.436728

0.040638

1E-08
0.084362

1

0.0556
C8

Max
163.1
127.1
136.1
169.5
194.1
178.5
171.6

0.0556
C16.2

Max

422

107
89
39
74
31
83

0.0556
C8

Max
0.537313
1E-08
0.134328
0.632836

0.767164
0.664179

1

0.0556
C16.2

Max
1
0.194373
0.148338
0.02046

0.109974

1E-08
0.132992

1

0.0556
C9

Max
3737
625
487
915
706
180
824

0.0556
C16.3

Max
182
3
6
19
15
0
140

0.0556
C9

Max
1
0.125105
0.086309
0.206635

0.147877

1E-08
0.181051

1

0.0556
C16.3

Max
1
0.016484
0.031319
0.104396

0.082418

1E-08
0.769231

1

32



EJFS-Evaluation of the forest quantity, quality and management through gray relational analysis method by Ozkaya and Erdin 2022

Table 4. Distances and Absolute Value Matrix

Regions c1 c2 C3 Cc4 cs Cé c7 cs c9
World 0.00000 0.60777  0.00000  0.69844 0.00000 0.68595 0.00000 0.46269 0.00000
Africa 0.88332 0.95406  0.89405 0.83895 0.86833 0.57355 0.92369 1.00000 0.87489
Asia 0.88694 1.00000 0.91822 1.00000 0.91459 0.88926 0.91733 0.86567 0.91369
Europe 078523 0.08127 0.81970 0.88661 0.85409 1.00000 0.77901 0.36716 0.79337
ﬁ‘r’;;:‘if:d Central (85338 045036 085874 0.78718 090036 097190 0.82035 0.00000 0.85212
Oceania 1.00000 0.93640  1.00000 0.98850 1.00000 0.64793 1.00000 0.23284 1.00000
South America 0.82989  0.00000  0.68773 0.00000 0.70819 0.00000 0.82194 0.33582 0.81895
Amax 1 1 1 1 1 1 1 1 1

Amin 0 0 0 0 0 0 0 0 0

g 05

Regions C10 c11 c12 c13 Cl4 Cl5 Cl61 Cl62 C163
World 0.00000  0.00000  0.00000  0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
Africa 097710 0.97087  0.85237 0.77959 0.82862 0.94644 0.91049 0.80563 0.98352
Asia 054823 040945  0.89729 0.62245 0.82196 0.82769 0.66358 0.85166 0.96868
Europe 075989  1.00000  1.00000 1.00000 0.97005 0.53007 056327 0.97954 0.89560
";‘\;r;:‘if;d Central  (g5357 001181 062167 0.82653 092512 078777 0.95936 0.89003 0.91758
Oceania 1.00000 0.99685  0.99807 0.91429 1.00000 1.00000 1.00000 1.00000 1.00000
South America 094656 0.87323  0.63867 0.85578 0.68719 0.93835 0.91564 0.86701 0.23077
Amax 1 1 1 1 1 1 1 1 1

Amin 0 0 0 0 0 0 0 0 0

g 05

Then Gray Relational Coefficient values were calculated (&= 0.5), and Gray Relational Coefficient
Matrix (K;) values are shown in Table 5.
Tablo 5. Gray Relational Coefficient Matrix (K;)

Regions C1 C2 C3 C4 C5 C6 C7 C8 Cc9
World 1 0.45135566 1 0.417209 1 0.421603 1 0.51938 1
Africa 0.361448 0.34386391 0.358667 0.373427  0.36541  0.465743 0.3512 0.333333  0.363664
Asia 0.360506 0.33333334 0.352556 0.333333 0.353459 0.359905 0.352776 0.36612  0.353684
Europe 0.389034 0.86018237 0.378873 0.360593 0.369251 0.333333 0.390926 0.576592 0.386588
North and

Central 0.369445 0.52117864 0.367989 0.388446 0.357052 0.339697 0.378688 1 0.369789
America

Oceania 0.333333 0.34809348 0.333333 0.335909 0.333333 0.435565 0.333333 0.682281 0.333333
SOUth. 0.37597 1 0.42097 1 0.413844 1 0.378232 0.598214  0.37909
America

Regions C10 Cl11 C12 C13 Cl4 C15 Cl16.1 C16.2 C16.3
World 1 1 1 1 1 1 1 1 1
Africa 0.338501 0.33993576 0.369722  0.39075 0.376331 0.345677 0.354486 0.382958 0.337037
Asia 0.476994 0.54978355 0.357835 0.445455 0.378225 0.376594 0.429708 0.369915 0.340441
Europe 0.39686  0.33333334 0.333333 0.333333 0.340125 0.485406 0.470247 0.337943 0.358268
North and

Central 0.369392 0.35415505 0.445764 0.376923 0.350846 0.388268 0.342615 0.359706 0.352713
America

Oceania 0.333333  0.33403472 0.333763 0.353535 0.333333 0.333333 0.333333 0.333333 0.333333
South

America 0.345646  0.3641055  0.43911  0.368791 0.421163  0.34762  0.353198 0.365762 0.684211

Table 6 contains the Gray Relational Degrees calculation matrix and its values.
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Table 6. Gray relational degrees and grades

Regions C1 Cc2 C3 C4
World 0.056 0.025 0.056 0.023
Africa 0.020 0.019 0.020 0.021
Asia 0.020 0.019 0.020 0.019
Europe 0.022 0.048 0.021 0.020
North and
Central 0.021 0.029 0.020 0.022
America
Oceania 0.019 0.019 0.019 0.019
South America  0.021 0.056 0.023 0.056
. C10 Cl1 C12 C13
Regions
World 0.056 0.056 0.056 0.056
Africa 0.019 0.019 0.021 0.022
Asia 0.026 0.031 0.020 0.025
Europe 0.022 0.019 0.019 0.019
North and
Central 0.021 0.020 0.025 0.021
America
Oceania 0.019 0.019 0.019 0.020
South America  0.019 0.020 0.024 0.020

C5

0.056
0.020
0.020
0.021

0.020

0.019
0.023
C14

0.056
0.021
0.021
0.019

0.019

0.019
0.023

C6

0.023
0.026
0.020
0.019

0.019

0.024
0.056
C15

0.056
0.019
0.021
0.027

0.022

0.019
0.019

C7 Cs8 C9

0.056 0.029 0.056

0.020 0.019 0.020

0.020 0.020 0.020

0.022 0.032 0.021

0.021 0.056 0.021

0.019 0.038 0.019

0.021 0.033 0.021

Clel Cle2 C16.3 Gray Relational

Grades (GRG)

0.056 0.056 0.056 0.878
0.020 0.021 0.019 0.364
0.024 0.021 0.019 0.383
0.026 0.019 0.020 0.413
0.019 0.020 0.020 0.413
0.019 0.019 0.019 0.361
0.020 0.020 0.038 0.514

The Gray Relational Grades (GRG) values in Table 7 were obtained by analyzing the values

related to the other 10-year periods with the above-mentioned process steps.

Table 7. Gray Relational Grades (GRG) for 6 regions and the world in 10-year periods

Regions 1990

World 0.823470
Africa 0.355830
Asia 0.364240
Europe 0.365640
North and Central America 0.387910
Oceania 0.351240
South America 0.495790

WORLD AFRICA
236 countries 58 countries

1530

2000

0.878920
0.371020
0.385420
0.398750
0.411040
0.367140
0.515280
In Figure 3, these values of the regions are shown graphically.

ASIA

48 courtries
and territories and territories and territories and territories

2010 2020
0.878556 0.878211
0.367361 0.364011
0.384648 0.382784
0.405895 0.413052
0.412711 0.412961
0.367082 0.360567
0.514287 0.514295

EUROPE
50 countries

MORTH AND
CENTRAL
AMERICA

50 courtries

and territories

OCEANIA SOUTH
25 countries AMERICA
and territories 14 countries
andterritories

2010 2020

Figure 3. GRA scores of forest performance of the world in general and continents at 10-year intervals
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It is necessary to mention some key statistics and inferences that should be emphasized globally and
regionally in terms of the indicators included in the study in order to better understand the importance
of forest management and the point reached in the field of forest in the last 30 years, both globally and
regionally.

The tropics, followed by the boreal, temperate, and subtropical regions, has the greatest percentage of
the world's forests (45 percent). Only five nations (the Russian Federation, Brazil, Canada, the United
States of America, and China) account for more than half of the world's forests. From 7.8 million
hectares per year in 1990-2000, net forest loss decreased to 5.2 million hectares per year in the decade
2000-2010 and to 4.7 million hectares per year in the ten years 2010-2020.

Africa, with an annual net loss of forest of 3.9 million ha, and South America, with a loss of 2.6 million
ha, experienced the highest rates of net forest loss between 2010 and 2020. Since 1990, the pace of net
forest loss in Africa has steadily grown. However, compared to the years 2000-2010, the rate has
dropped dramatically in South America, and is now less than half of what it was. Following Oceania
and Europe, Asia had the greatest net growth in forest area between 2010 and 2020. Despite this, Europe
and Asia had fewer net gains in 2010-2020 than they did in 2000-2010. Oceania had net reductions in
forest area between 1990 and 2000 and again between 2000 and 2010.

Deforestation has resulted in the loss of 420 million hectares of forest throughout the world since 1990,
however this loss has slowed dramatically since then. During the years 2010-2015, deforestation totaled
12 million hectares; however, between 2015 and 2020, that number reduced to 10 million hectares.

A total of 7% (290 million hectares) of the world's forest land is planted, leaving 93% (3.75 billion ha)
is made up of naturally renewing forest. Plantation forests have grown by more than 120 million hectares
since 1990, whereas wild forests have shrunk at an ever decreasing pace. Increases in forested land have
slowed considerably during the recent decade.

South America has the highest share of planted forest, comprising 99 percent of global planted forest
area and 2% of total forest area. In Europe, plantation forest accounts for just 6% of planted national
forest and 0.4 percent of forest areas. Worldwide, 44% of plantation forests are composed mostly of
imported species. There are considerable geographical differences: for example, whereas plantation
forests in North and Central America are dominated by indigenous species, those in South America are
mainly dominated by foreign species.

Worldwide, protected areas cover an estimated 726 million hectares of forest. South America, with 31%
of its forests in protected areas, has the greatest proportion of forests in protected areas among the six
main geographical regions. Globally, the amount of forest in protected areas has expanded by 191
million hectares since 1990, however the yearly growth rate has decreased in the period 2010-2020.
Although primary forest cover has decreased by 81 million hectares since 1990, the rate of decline has
slowed to less than half in the period 2010-2020.

When the values of the regions in 1990 and 2020 are evaluated in terms of "C3 Growing stock (billion
m3)" indicator, a total of 17 (billion m3) growing stock has increased in the world in a 30-year period.
While there is an increase of 12 billion m3 in Europe, 5 in North and Central America and 11 billion m3
in Asia, there is a decrease in growing stock value of 12 billion m3 in Africa and 20 billion m3 in South
America. Oceania’'s total volume of 19 billion m3 remained stable. For this metric, South America
performs the worst, while Europe performs the best.

The indicator "C4 Growing stock (m3/ha)", in other words, "the average growing stock density"
identifies trees of suitable quality for timber. Woodland trees that fall under this definition are generally
larger, healthier trees, with long, straight trunks and low-growing branches. When the values of the
regions between 1990 and 2020 are evaluated in terms of this indicator, an average of 5 (m3/ha) growing
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stock has increased in the world in a 30-year period. There are 9.3 (m3/ha) increase in Europe, 6.7
(m3/ha) increase in North and Central America, 20.3 (m3/ha) increase in Asia, 0.6 (m3/ha) increase in
Oceania and 2 (m3/ha) increase in Africa, 9.3 (m3/ha) increase in South America ha). In terms of this
indicator, Oceania region remained almost at the same level and showed the worst performance, while
Asia showed the best performance with the increase it provided.

Biomass is the mass of biological organisms living in an ecosystem in a particular region or at a
particular time. Carbon is stored in a variety of locations and forms across the globe. "Stock™ refers to
the quantity of carbon in a given system. Forests take up carbon through photosynthesis and this carbon
is then allocated above and below ground, contributing to the global forest stock. There has been an
increase of 3 (Gt) in the carbon stock in biomass (C5 Carbon stock in biomass) indicator values during
the last 30 years. According to these indicator values, Europe has seen a rise of 10 (Gt) , Asia by 4 (Gt)
, and North and Central America by 3 (Gt) . On the other hand, there is a decrease of 10 (Gt) in South
America and 8 (Gt) in Africa. In the Oceania region, there was no change in this indicator value.
Therefore, according to carbon stock in biomass (Gt) values, Europe shows the best performance, while
South America and Africa show the worst performances.

According to the "C6 Carbon stock in biomass (t/ha)" indicator values, there is an increase of 2.3 (t/ha)
worldwide. In this indicator value, there is an increase in the values of all other regions, except for the
0.5 (t/ha) decrease in the Oceania region over a 30-year period. There was an increase of 0.3 (t/ha) in
Africa, 2.1 (t/ha) in Asia, 8.2 (t/ha) in Europe, 3.1 (t/ha) in North and Central America and 4.7 (t/ha) in
South America. When the values are examined, Europe is clearly ahead of the other regions in this
indicator with a significant value, and South America has a very good value.

According to the "C7 Total carbon stock (Gt)" indicator values, there is a decrease of 6 (Gt) worldwide
in a 30-year period. According to these indicator values, there is an increase of 13 (Gt) in Europe and 3
(Gt) in North and Central America. On the other hand, there is a decrease of 17 (Gt) in South America,
13 (Gt) in Africa and 8 (Gt) in Asia. There is no change in the Oceania region. When this 30-year period
is evaluated in terms of the relevant indicator, while Europe has the best indicator value, South America
has the worst indicator value. According to the "C8 Total carbon stock (t/ha)" indicator values, there is
an increase of 5.3 (t/ha) worldwide in the 30-year period. During this period, according to the relevant
indicator, there is an increase of 9.8 (t/ha) in Europe, 4.4 (t/ha) in Asia, 3.5 (t/ha) in North and Central
America, 5.5 (t/ha) in South America and 0.2 (t/ha) in Africa. There is a decrease of 1.7 (t/ha) in Oceania.
While Europe achieved the best increase, South America and Asia also achieved very good increases.

According to the "C9 Naturally regenerating forest (million ha)" indicator values, there has been a
decrease of 301 (million ha) worldwide in a 30-year period. During the same period, Europe was the
only region showing an increase of 2 (million ha) among regions. There is a decrease of 109 (million
ha) in Africa, 24 (million ha) in Asia, 26 (million ha) in North and Central America, 2 (million ha) in
Oceania and 143 (million ha) in South America. Considering these values, Europe diverges positively,
while Africa and South America perform quite poorly.

According to the "C10 Planted forest (million ha)" indicator values, there has been an increase of 123
(million ha) planted forests worldwide in a 30-year period. There is an increase of 2 (million ha) in
Africa, 61 (million ha) in Asia, 20 (million ha) in Europe, 24 (million ha) in North and Central America,
2 (million ha) in Oceania and 13 (million ha) in South America. In this regard, Asia performed the best
by a large margin, while Oceania and Africa performed the worst.

According to the "C11 ... of which plantation forest (million ha)" indicator values, there has been an
increase of 56 (million ha) worldwide in a 30-year period. There is an increase of 2 (million ha) in
Africa, 29 (million ha) in Asia, 1 (million ha) in Europe, 8 (million ha) in North and Central America,
1 (million ha) in Oceania and 13 (million ha) in South America. While Asia is leading in this regard, it
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performs well in South America and North and Central America. According to the "C12 Primary forest
(million ha)" indicator values, there has been an increase of 81 (million ha) worldwide in a 30-year
period. There was no change in this period in Europe and Oceania. There is an increase of 20 (million
ha) in Africa, 14 (million ha) in Asia and 4 (million ha) in North and Central America. In South America,
a decrease of 43 (million ha) occurred. Africa shows the best performance in terms of these indicator
values, while South America is the region with the worst value.

Mangrove forests, mangrove thickets, also called mangrove swamps, are fertile wetlands that occur in
the tidal zones of the coast. Mangrove forests grow mostly in tropical and subtropical latitudes because
mangrove trees cannot withstand freezing temperatures. There are about 80 different types of mangrove
trees. All of these trees grow in areas with low-oxygen soils, where slow-moving waters allow fine
sediments to build up. According to the "C13 Mangroves (million ha)" indicator values, it has decreased
by 1.1 (million ha) worldwide in a 30-year period. While there has been no change in this period in
Europe, an increase of 0.2 (million ha) in North and Central America and 0.1 (million ha) in South
America. There is a decrease of 0.2 (million ha) in Africa, 0.7 (million ha) in Asia and 0.2 (million ha)
in Oceania.

Over a 30-year period, the "C14 Forest in protected areas (million ha)" indicator values show a global
increase of 191 (million ha). Over the last three decades, the relevant indicator value has risen for all
areas. South America had the largest growth, with 66 million hectares, while Africa had the smallest
increase, with 7 million hectares (million ha). North and Central America expanded by 31 (million
hectares) and Oceania by 10 million (ha), whereas Asia grew by 50 (million ha) (million ha).

In 1990, there is no value for the indicator "C15 Forest area with management plans (million ha)".
Therefore, for this indicator, data for the years 2000 and 2020 have been compared. All regions except
Oceania had an increase in the relevant indicator value in this 20-year period. There has been an increase
of 233 (million ha) "forest area with management plans” in the world. There was an increase of 39
(million ha) in Africa, 73 (million ha) in Asia, 8 (million ha) in Europe, 55 (million ha) in North and
Central America and 69 (million ha) in South America. Increases are most pronounced in Asia, South
and Central America, and North and Central America.

Preserving soil, water, and vegetation in regions at risk of degradation is the goal of local soil and water
protection operations. These include efforts to reduce soil erosion, compaction, salinity, and water
conservation, as well as efforts to preserve or increase soil fertility. According to the "C16.1 Protection
of soil and water (million ha)" indicator values, there has been an increase of 94 (million ha) worldwide
in a 30-year period. Europe outperforms the rest of the world on this statistic, with 80 (million hectares)
in this period. There has been a 15 (million hectare) rise in Asia, a 1 (million hectare) increase in North
and Central America, and a 3 (million hectare) increase in South America. The size of the protected area
in Oceania has not changed over the last three decades.

The practice of conserving forests for the benefit of present and future generations is known as forest
conservation. Forest conservation involves the maintenance of natural resources in a forest that are
beneficial to both people and the ecosystem. According to the "C16.2 Conservation (million ha)"
indicator values, there has been an increase of 75 (million ha) worldwide in a 30-year period. All areas
have seen a rise in this metric. Asia (22 million ha) and North and Central America (21 million ha) are
the areas that have had the greatest growth in the amount of conservation since 1990. 10 (million ha) in
Africa, 11 (million ha) in Europe, 7 (million ha) in Oceania, and 5 (million ha) in South America have
seen a rise.

According to the "C16.3 Social services (million ha)" indicator values, there has been an increase of 2
(million ha) worldwide in the 30-year period. Forest areas designated for social services are the most
common kind of land in this category. In this 30-year period, while there has been an increase of 1
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(million ha) in Africa, 2 (million ha) in Asia, 2 (million ha) in Europe, there has been no change in North
and Central America and Oceania. In South America, there has been a decrease of 3 (million ha).

4. Discussion and Conclusion

The aims of the study are to contribute to the literature in terms of methodology by using the GRA
method, one of the MCDM methods, and to increase awareness about forest quantity, quality and
management. Another aim is to examine and compare the changes in the regions in terms of indicators
determined over a 30-year period. The study brings a new perspective to the literature since the Gray
relational analysis method has not been used to evaluate forest quantity, quality and management in a
global context in terms of geographical regions before.

The 18 indicators in the Global Forest Resources Assessment 2020 Main Report used in the study have
not assessed by MCDM or other analysis methods. Therefore, this is one of the aims and novelty of the
study to the literature. Only a subset of 10 indicators has been frequently used to assess forest ecosystem
management strategies, according to a review of the literature. This study was planned and carried out
with these key aspects in mind. According to the literature, the most important indicators are "carbon
stock," "tree species composition," and "forest degradation." In a research (Bowditch et al., 2020), most
of these variables were designated fundamental indicators for evaluating forest and climate. Although
Bowditch et al. (2020) indicates that social factors are an important part of the forest management in
response to climate change, the opposite is true when it comes to scientific articles: ecological rather
than economic factors are commonly discussed. In particular, findings of Santopuoli et al. (2021) show
that “forest damage” is the most important indicator deciding the forest management rating. In this
study, forest and carbon stock indicators were tried to evaluate the forest damage dimension, while the
indicator related to forest social services was included in the analysis and the social dimension was taken
into account. Therefore, it has been one of the rare studies evaluating the social aspect in this field.

In interregional comparisons, the South America region has the best values. Oceania, on the other hand,
is ranked at the bottom of the list. The main reason for this result is that the forest area (million ha) of
the Oceania region is quite less compared to other regions. On the other hand, the ratio of forest area to
terrestrial area (21.8%) of the Oceania region is approximately equal to that of Africa and Asia. While
the ratio of forest area in South America (48.3%) and Europe (46%) to the total terrestrial area is
approximately twice that of Asia, Africa and Oceania, they are approximately 1.5 times that of North
and Central America. While the GRA scores for all regions and the world have increased significantly
from 1990 to 2000, the performance values for the years 2000, 2010 and 2020 are very close to each
other. In all rankings, South America is in the first place, while Oceania is in the last place. Meanwhile,
in the 2020 rankings, Europe moved up from third to second place, just a few points ahead of North and
Central America.

It's important to note that underutilized forest resources are more sensitive to natural catastrophes and
may release more carbon than harvested forest resources in the case of degradation (Jandl, Spathelf,
Bolte, & Prescott, 2019). Therefore, the amount of managed forest should increase at a faster pace.
When the indicators of the study on this subject are evaluated, the majority of forest areas in Europe
have a management action plan; by contrast, fewer than 25% of forests in Africa and less than 20% in
South America have implementation strategies. The amount of forest managed under plans is expanding
in all areas worldwide, it has expanded by 233 million hectares (ha) since 2000, and reached to
almost 2.05 billion hectares in 2020. In 2015, insects, diseases, and severe weather damaged
approximately 40 million hectares of forest, mostly in temperate and boreal areas.

Rotation time of forest harvesting operations may increase both the growing stock and the quality of
wood products (Jandl et al., 2018; Jandl et al., 2019; Ko6hl, Ehrhart, Knauf, & Neupane, 2020). An
adaptive management plan, which includes increased wood collection, might allow long-term carbon
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storage in forest products, in addition to the economic benefits already described (Colombo et al., 2012;
Jasinevicius, Lindner, Verkerk, & Aleinikovas, 2017; Paletto, De Meo, Grilli, & Nikodinoska, 2017).
As a result of these research, it is safe to say that nations and regions with a long-term strategy for
managing forest and carbon stock will have a positive impact on their own economy and the environment
(Santopuoli et al., 2021). When the analysis in the study is taken into account, Europe under the
leadership of Russia and EU; Asia led by China; and North America, led by Canada and the USA, are
important actors.

All regions and the majority of subregions are dominated by public ownership. Oceania, North and
Central America, and South America have the largest percentage of private forests among the continents.
Since 1990, the percentage of publicly held forests has dropped globally, while the amount of privately
owned forest has expanded.

A net loss in forest area has reduced the world's total growing supply of trees from 560 billion m? in
1990 to 557 billion m3 in 2020. But worldwide and regional growing stock per unit area is rising; it has
gone from 132 m?® per ha per year in 1990 to 137 m?® per ha in 2020. Most trees are grown per square
meter in South and Central America's tropical forests, as well as West and Central Africa's rainforests.
About 606 gigatonnes of live biomass (both above and below ground) and 59 gigatonnes of dead wood
are available in the world's forests. Biomass as a whole has fallen significantly since 1990, while biomass
as a percentage of land area has risen. In addition, carbon storage in forests declined from 668 gigatonnes
in 1990 to 662 gigatonnes in 2020; carbon density grew slightly over the same time, from 159 to 163
tonnes per hectare. Around the globe, 186 million hectares of forest are set aside for social activities
such as leisure, ecotourism, training, and the protection of spiritual and cultural places. Since 2010, the
area allocated for this forest use has expanded by 186 000 hectares each year.

There should be no negative consequences of forest use and management for both the public's health
and the environment. Environment-related problems must no longer be ignored or avoided.
Policymakers must come up with a common strategy for more effective protection and long-term
sustainability of forest resources in order to achieve these goals. Increasing the pace of research and
development, education, and public awareness, as well as increasing incentives and investments in the
infrastructure of standard data collection systems, will all contribute to the achievement of the
Sustainable Development Goals. Global awareness, cooperation, policies, and strategies will bring us
closer to a sustainable world in which forest resources are protected and global climate problems can be
brought under control as a result of our collective efforts.
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Ozet

2019 ve 2020 yillar1 arasinda Diizce ili ve ilgelerinden (Akgakoca, Cumayeri, Cilimli, Golyaka, Giimiisova,
Kaynasli, Yigilca) 34 bal 6rnegi toplanmis ve bunlarin polen analizi yapilmistir. Yapilan analiz sonucunda Diizce
yoresi ballarinda 20’si familya, 69°u cins ve 20’si tiir diizeyinde toplam 109 taksonun poleni teshis edilmistir. Bu
polenler c¢ogunlukla Apiaceae, Asteraceae, Boraginaceae, Brassicaceae, Ericaceae, Fabaceae, Fagaceae,
Plantaginaceae, Poaceae ve Rosaceae familyalarina aittir. Balda polenlerine en yiiksek oranda rastlanan takson
yorenin dogal bitkilerinden olan Castanea sativa Miller (kestane) tiiriidiir. incelenen 34 bal 6rneginden 12 tanesi
monofloral (tek ¢igek kaynakli) bal olarak belirlenmistir. Monofloral ballarin 8 tanesi Castanea sativa, 3 tanesi
Rhododendron ponticum L. (ormangiilit) ve 1 tanesi Ailanthus altissima (Miller) Swingle (kokaragac) bali olarak
tanimlanmistir. Geriye kalan 22 adet bal 6rnegi ise polifloral (¢cok ¢icek kaynakli) bal olarak tanimlanmstir.
Yapilan analizler sonucunda ballardaki takson cesitliligi en yiiksek diizeyde olan familyanin 17 6rnekle
Asteraceae, ikinci familyanin 11 drnekle Rosaceae ve iigiincii familyanin 9 6rnekle Fabaceae oldugu belirlenmistir.

Anahtar sozciikler: Polen analizi, Bal, Melissopalinoloji, Diizce.

Abstract

In this study, 34 honey samples were collected from Diizce province and its districts (Ak¢akoca, Cumayeri, Cilimli,
Golyaka, Giimiisova, Kaynaslh, Yigilca) between 2019-2020 and pollen analysis was carried out in the samples. A
total as 109 taxa including 20 in families, 69 in genera and 20 in species level, were identified in Diizce honey.
Most of these pollen belong to the families of Apiaceae, Asteraceae, Boraginaceae, Brassicaceae, Ericaceae,
Fabaceae, Fagaceae, Plantaginaceae, Poaceae and Rosaceae. The taxon with the highest rate of pollen in honey is
Castanea sativa Miller (chesnut) species, which is one of the natural plants of the region. 12 of 34 honey samples
examined were determined as monofloral (single flower origin) honey. Eight of the monofloral honeys were
defined as Castanea sativa, 3 as Rhododendron ponticum L. and 1 as Ailanthus altissima (Miller) Swingle honey.
The remaining 22 honey samples were determined as polyfloral (multi-floral origin) honey. As a result of the
analysis, it was determined that the family with the highest taxa diversity in honey was Asteraceae with 17 samples,
Rosaceae with 11 samples from the second family and Fabaceae with 9 samples from the third family.

Keywords: Pollen analysis, Honey, Melissopalynology, Diizce.
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Tirk Gida Kodeksi Bal Tebligi’ne gore bal; bitki nektarlarinin, bitkilerin canli kisimlarinin salgilarinin
veya bitkilerin canli kisimlari iizerinde yasayan bitki emici boceklerin salgilarinin bal arist (Apis
mellifera L.) tarafindan toplandiktan sonra kendine 6zgii maddelerle birlestirerek degisiklige ugrattigi,
su igerigini diislirdiigii ve petekte depolayarak olgunlastirdig1 dogal bir iiriin olarak tanimlanmaktadir
(Anonim, 2020).

Bal, gegmisten giiniimiize degin insanlar i¢in degerli bir besin maddesi olarak 6nemini korumaktadir.
Ancak balin kalitesi, iiretildigi bolgenin cografik yapisi ve elde edildigi bitkiye bagli olarak degisiklik
gostermektedir. Balin kalitesini ortaya koyan en 6nemli kriter kimyasal ve fiziksel 6zelliklerinin yani
sira sahip oldugu polen igerigidir (Terzi, 2009).

Ballarin polen igerigini iiretimin yapildig1 bolgeye ait floristik ¢esitlilik dnemli 6l¢tide belirler (Erdogan,
2007). Cesitli iklimsel 6zelliklerin hiikiim stirdiigii ve yaklasik 12.000 bitki tiirline ev sahipligi yapan
iilkemiz aricilik agisindan &nemli bir potansiyele sahiptir. Ulkemizin sahip oldugu zengin bitki
cesitliligine yonelik ¢ok sayida ¢alisma olmasina ragmen bal iiretimine hangi bitkilerin katki sagladigi
konusunda detayl1 ¢aligmalara gereksinim duyulmaktadir. Bu nedenle bitki ¢esitliliginin bal iiretimine
katkisinin belirlenmesinde yardimecr olacak en onemli yontemlerden biri balda polen analizidir.
Ulkemizde iiretilen ballarin palinolojik acidan incelenmesine ydnelik ¢alismalarin son yillarda artmasi,
bala kaynak olusturan nektarl bitkilerin belirlenmesi ve iiriin kalitesinin arttirilmasini hedeflemektedir
(Kemanci, 1999). Yapilan polen analizleri sonucunda balin bitkisel orijinin belirlenmesinin yani1 sira
kotii tat, acilik, hizli kristallesme ve toksik etki gdsteren ballarin polen tanimlamasi yapilabilmektedir.
Bu tiir caligmalar sonucunda ballarin niteliklerinin ortaya konulmasiyla degerinde de artis saglanacaktir.

Balda polen analizi ilk kez 1845°te Pfister tarafindan yapilmistir ve devaminda tiim diinyada polen
analizi ¢alismalar1 hiz kazanmigtir. Tiirkiye ballarinda ise polen analizi ilk olarak Quistani tarafindan
1976 yilinda gergeklestirilmis (Sorkun vd., 1989), ardindan Aytug, 1967; Sorkun, 1982; Sorkun ve
Inceoglu, 1984a; Sorkun vd., 1989; Dalgi¢, 1994; Sorkun ve Dogan, 1995; Basoglu vd., 1996; Kemanci,
1999; Bagg¢1 ve Tung, 2006; Erdogan vd., 2006; Erdogan, 2007; Erdogan vd., 2009; Taskin ve Ince,
2009; Kelez, 2009; Terzi, 2009; Misir, 2011; Bakoglu vd., 2014; Giizel, 2014; Kambur vd., 2015; Ozler,
2015; Yalgin, 2015; Figne, 2016; Bayramli vd., 2016; Sik vd., 2017; Atalay vd., 2018; Giirbiiz vd., 2019;
Uzunca, 2019; Yildirim, 2020 yillarinda Tiirkiye’nin farkli yorelerinde ¢alismalarini gergeklestirmistir.

Calisma alanimiz olan Diizce bal arisi irki olarak onemli bir ekotipe ev sahipligi yapmaktadir.
Kekecoglu (2007), yapmis oldugu ¢aligmada Diizce’den temin edilen bal aris1 6rneklerinin diger bal
aris1 Orneklerinden morfolojik olarak farklilik gdsterdigini tespit etmistir. Kekecoglu (2009), Bati
Karadeniz’de bal aris1 biyogesitliligi lizerine yapmis oldugu calismada genetik ve morfolojik verilerden
yararlanarak Diizce ili i¢in Apis mellifera L. anatoliaca ekotipi olan Yigilca ekotipini tanimlamustir.

Bu calisma kapsaminda, 6zel bir bal aris1 ekotipine (Y1gilca ekotipi) sahip olan Diizce ili ve ilgelerine
ait bal 6rneklerinde bitki ¢esitliliginin belirlenmesine yonelik melissopalinolojik analizler yapilmustir.
Yapilmis olan melissopalinolojik ¢alismalar ile bolgede arilar i¢in nektar ve polen potansiyeline sahip
bitkilerin belirlenmesi ve Diizce ili nektarl bitkiler listesinin olusturulmasi amag¢lanmustir.

Caligma alani olarak secilen bolgede daha 6nce 2 melissopalinolojik ¢alisma gergeklestirilmis ancak bu
caligmalar lokal dlgektedir. Diizce ili Yigilca ilgesinin bal 6rneklerini igeren ¢aligmalar Kambur vd.
(2015) ve Yildirnm (2020) tarafindan yapilmistir. Yapilan bu ¢alisma Diizce il ve tiim ilgelerini
(Akgakoca, Cumayeri, Cilimli, Golyaka, Glimiisova, Kaynasli, Yigilca) kapsamasi yoniinden farklilik
ve gesitlilik sunmaktadir.

Materyal ve Yontem
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34 adet bal 6rnegi Diizce ili Merkez (4) ve 7 ilgesindeki (Akgakoca (4), Cumayeri (4), Cilimli (3),
Golyaka (5), Giimiisova (2), Kaynash (5), Yigilca (7) aricilardan temin edilmistir. Orneklerin her biri
bir arilig1 temsil etmektedir. Bal toplama islemi 2019 — 2020 yillar1 arasinda bal sagim zamaninin
sonunda gergeklestirilmistir. Bal 6rnekleri alinirken ariliklarin birbirine olan uzakliklarina, sabit tutulan
ariliklardan olmasma ve alinan 6rneklerin agirliklarinin en az 250 gram olmasina dikkat edilmistir.
Stizme bal olarak alinan 6rnekler steril kavanozlara konularak oda sicakliginda, nemsiz ve karanlik bir
dolapta muhafaza edilmistir. Kavanozlar iizerine balin alindig1 yorenin adi, alinis tarihi ve iiretici
isimleri yazilarak, incelenmek iizere Diizce Universitesi Fen Edebiyat Fakiiltesi Biyoloji Boliimii
Botanik Arastirma Laboratuvari’na getirilmistir.

Polen Preparatlarinin Hazirlanmasi

Bal 6rneklerinin botanik orijinini belirlenmek i¢in sekiz Avrupa iilkesinin aricilik enstitiilerinde ¢alisan
uzmanlarca incelenip uluslararasi bir metot olarak kabul edilen preparat hazirlama yontemi
kullanilmigtir (Maurizio 1951; Louveaux vd. 1970; Lieux 1972). Preparatlarin hazirlanmasinda
kullanilan montaj materyali Wodehouse yontemine gore hazirlanmistir (Aytug 1967).

Bunun igin kristallesmis ve soguktan katilagmis olan ballar 40-45°C’lik sicak su banyosunda bir siire
erimesi igin bekletilmistir. Daha sonra cam baget ile karistirilan ballar homojen hale getirilmis ve
icerisinden 10 gram tartilarak deney tiiplerine aktarilmistir. Deney tiipleri {izerinde 20 ml distile su ilave
edildikten sonra 40-45°C’de 10-15 dakika sicak su banyosunda bekletilmistir. Sicak su banyosundan
cikartilip vortekslenen deney tiipleri 3500-4000 rpm’de 45 dakika santrifiij edilmistir. Cihazdan
c¢ikarilan tiipler icerisindeki s1vi kisim ¢okeltiye zarar vermeden dokiilmiis ve tiipler kurumalari igin ters
cevrilip bekletilmistir. Daha sonra steril igne ucuna alman (1-2 mm?) safraninli gliserin jelatin dipteki
cokeltiye bulastirilmis ve lam iizerine aktarilmistir. Isitici tabla {izerine yerlestirilen montaj materyali
eridikten sonra tizerine lamel kapatilmustir. Etiketlenip ters gevrilen preparat 12 saat bekletildikten sonra
incelemeye hazir hale gelmistir.

Hazirlanan Polen Preparatinin Incelenmesi

Hazirlanan polen preparatinin teshisi Nikon H550S marka mikroskoba bagli Nikon DS-U3 marka
goriintiileme sistemi ile gerceklestirilmistir. incelemelerde 22x22°lik lamel alam taranmis ve polen
teshisi yapilmustir. Polenlerin teshisinde, Diizce Universitesi Fen Edebiyat Fakiiltesi Biyoloji Bliimii
Botanik Aragtirma Laboratuvari’'nda yer alan ve 2018-2020 yillar1 arasinda Diizce’nin farkli
lokalitelerinden toplanilmis referans bitki koleksiyonundan hazirlanmis polen preparatlari, Tiirkiye nin
nektarl1 bitkileri, polenleri ve ballar1 kitabi (Sorkun, 2008), The global pollen project, Paldat internet
sayfalar1 ve daha once yapilmis olan balda polen analizi ¢aligmalarindan yararlanilmistir. Alanda 200
adet polen sayilmistir (Louveaux vd. 1970; Sawyer 1981). Taksonlarin polen ortalamalari ve yiizdeleri
belirlenip, polen spektrumlarina gore 4 ana gruba (dominant, > %45; sekonder, %44-%16; minor, %15-
%3; eser < %3) ayrilmigtir (Barbattini vd. 1991; Warakomska ve Jaroszynska 1992).

Bulgular

Calisma kapsaminda Diizce yoresinden 34 bal 6rnegi temin edilmis ve alinan bal 6rnekleri tizerinde
yapilan polen analizleri sonucunda 20’si familya, 69’u cins ve 20’si tiir diizeyinde toplam 109 taksonun
poleni teshis edilmistir. Yapilan polen analizleri sonucunda yore ballarinda rastlanan takson sayist 17-
44 arasinda degigsmektedir (Tablo 1). Calisma sonucunda incelenen 34 bal 6rneginin 12 tanesinin
monofloral (tek ¢igek kaynakli), 22 tanesinin polifloral (¢cok ¢igek kaynakli) bal oldugu tespit edilmistir.
Monofloral ballardan 8’i Castanea sativa Miller (kestane) (Fagaceae), 3’ Rhododendron ponticum L.
(ormangiilii) (Ericaceae) ve 1 tanesi de Ailanthus altissima (kokar agag¢) (Simaroubaceae) bali olarak
adlandirilmistir. Polifloral ballardan Yigilca 3 numarali bal 6rnegi Fagaceae familyasindan Castanea
sativa (kestane) ve Qercus sp. (mese) polenlerini farkli oranlarda barindirdig: i¢in Fagaceae familyasi

44



EJFS-Diizce yéresi ballarinda polen analizi, Atsay ve Altundag Cakir 2022

bali, Akgakoca 4 ve Merkez 3 numarali bal 6rnekleri ise Castanea sativa (Fagaceae) ve Tilia sp.
(Tiliaceae) taksonlarini farkli oranlarda barindirdigi igin Thlamur/Kestane bali olarak adlandirilmistir.
Geriye kalan polifloral ballar karisik ¢igek bali olarak isimlendirilmistir.

Akgakoca 1 numarali bal 6rneginde 18 familyaya ait 22 taksonun poleni teshis edilmistir. Bal 6rneginde
dominant polene rastlanmamistir. Castanea sativa (Fagaceae) poleni sekonder diizeyde gozlenmistir.
Diger taksonlara ait polenler mindr ve eser diizeyde gézlenmistir.

Akgakoca 2 numarali bal 6rneginde 23 familyaya ait 30 taksonun poleni teshis edilmistir. Bal 6rneginde
dominant polene rastlanmamistir. Castanea sativa (Fagaceae) poleni sekonder diizeyde gozlenmistir.
Diger taksonlara ait polenler mindr ve eser diizeyde gbzlenmistir.

Akcakoca 3 numarali bal 6rneginde 19 familyaya ait 25 taksonun poleni teshis edilmistir. Bal 6rneginde
dominant polene rastlanmamistir. Castanea sativa (Fagaceae) poleni sekonder diizeyde gozlenmistir.
Diger taksonlara ait polenler mindr ve eser diizeyde gbzlenmistir.

Akcakoca 4 numarali bal 6rneginde 17 familyaya ait 22 taksonun poleni teshis edilmistir. Bal 6rneginde
Castanea sativa (Fagaceae) poleni dominant oranda gozlenirken sekonder diizeyde polen tespit
edilmemistir. Diger taksonlara ait polenler mindr ve eser diizeyde gozlenmistir.

Cumayeri 1 numarali bal 6rneginde 21 familyaya ait 31 taksonun poleni teshis edilmistir. Bal 6rneginde
Castanea sativa (Fagaceae) poleni dominant oranda gozlenirken sekonder diizeyde polen tespit
edilmemistir. Diger taksonlara ait polenler mindr ve eser diizeyde gozlenmistir.

Cumayeri 2 numarali bal 6rneginde 21 familyaya ait 29 taksonun poleni teshis edilmistir. Bal 6rneginde
Castanea sativa (Fagaceae) poleni dominant oranda gozlenirken sekonder diizeyde polen tespit
edilmemistir. Diger taksonlara ait polenler mindr ve eser diizeyde gozlenmistir.

Cumayeri 3 numarali bal 6rneginde 21 familyaya ait 29 taksonun poleni teshis edilmistir. Bal 6rneginde
Castanea sativa (Fagaceae) poleni dominant oranda gozlenirken sekonder diizeyde polen tespit
edilmemistir. Diger taksonlara ait polenler mindr ve eser diizeyde gozlenmistir.

Cumayeri 4 numarali bal 6rneginde 18 familyaya ait 24 taksonun poleni teshis edilmistir. Bal 6rneginde
Castanea sativa (Fagaceae) poleni dominant oranda gozlenirken sekonder diizeyde polen tespit
edilmemistir. Diger taksonlara ait polenler mindr ve eser diizeyde gozlenmistir.

Cilimli 1 numarali bal 6rneginde 25 familyaya ait 33 taksonun poleni teshis edilmistir. Bal 6rneginde
Castanea sativa (Fagaceae) poleni dominant oranda gozlenirken sekonder diizeyde polen tespit
edilmemistir. Diger taksonlara ait polenler mindr ve eser diizeyde gozlenmistir.

Cilimli 2 numarali bal 6rneginde 23 familyaya ait 31 taksonun poleni teshis edilmistir. Bal 6rneginde
dominant polene rastlanmamigtir. Castanea sativa (Fagaceae) poleni sekonder diizeyde gozlenmistir.
Diger taksonlara ait polenler mindr ve eser diizeyde gdzlenmistir.

Cilimli 3 numarali bal 6rneginde 20 familyaya ait 23 taksonun poleni teshis edilmistir. Bal 6rneginde
dominant polene rastlanmamigtir. Castanea sativa (Fagaceae) ve Rubus sp. (Rosaceae) polenleri
sekonder diizeyde gozlenmistir. Diger taksonlara ait polenler mindr ve eser diizeyde gozlenmistir.

Golyaka 1 numarali bal rneginde 23 familyaya ait 26 taksonun poleni teshis edilmistir. Bal drneginde
dominant polene rastlanmamustir. Sekonder diizeyde tespit edilen polenler Apiaceae, Rhododendron
ponticum (Ericaceae) ve Castanea sativa (Fagaceae) taksonlarina aittir. Diger taksonlarin polenleri
mindr ve eser diizeyde gézlenmistir.
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Golyaka 2 numarali bal 6rneginde 22 familyaya ait 31 taksonun poleni teshis edilmistir. Bal érneginde
dominant polene rastlanmamustir. Taraxacum sp. (Asteraceae) ve Rosaceae taksonlarina ait polenler
sekonder diizeyde gozlenmistir. Diger taksonlara ait polenler mindr ve eser diizeyde gozlenmistir.

Golyaka 3 numarali bal 6rneginde 28 familyaya ait 40 taksonun poleni teshis edilmistir. Bal 6rneginde
Castanea sativa (Fagaceae) poleni dominant oranda gdzlenirken sekonder diizeyde polen tespit
edilmemistir. Diger taksonlara ait polenler mindr ve eser diizeyde gozlenmistir.

Golyaka 4 numarali bal 6rneginde 21 familyaya ait 25 taksonun poleni teshis edilmistir. Bal 6rneginde
dominant diizeyde polen tespit edilmemistir. Sekonder diizeyde tespit edilen polenler Taraxacum sp.
(Asteraceae) ve Rhododendron ponticum (Ericaceae) taksonlarina aittir. Diger taksonlara ait polenler
minor ve eser diizeyde gdzlenmistir.

Golyaka 5 numarali bal érneginde 15 familyaya ait 19 taksonun poleni teshis edilmistir. Bal érneginde
Castanea sativa (Fagaceae) poleni dominant oranda gozlenirken sekonder diizeyde polen tespit
edilmemistir. Diger taksonlara ait polenler mindr ve eser diizeyde gozlenmistir.

Gimiisova 1 numarali bal 6rneginde 20 familyaya ait 29 taksonun poleni teshis edilmistir. Bal 6rneginde
Castanea sativa (Fagaceae) poleni dominant oranda gozlenirken sekonder diizeyde polen tespit
edilmemistir. Diger taksonlara ait polenler mindr ve eser diizeyde gozlenmistir.

Giimiisova 2 numarali bal 6rneginde 16 familyaya ait 19 taksonun poleni teshis edilmistir. Bal 6rneginde
dominant polene rastlanmamigtir. Castanea sativa (Fagaceae) ve Fabaceae familyasi polenleri sekonder
diizeyde gozlenmistir. Diger taksonlara ait polenler mindr ve eser diizeyde gozlenmistir.

Kaynaslh 1 numarali bal 6rneginde 24 familyaya ait 35 taksonun poleni teshis edilmistir. Bal 6rneginde
Castanea sativa (Fagaceae) poleni dominant oranda goézlenirken sekonder diizeyde polen tespit
edilmemistir. Diger taksonlara ait polenler mindr ve eser diizeyde gozlenmistir.

Kaynasl 2 numarali bal 6rneginde 24 familyaya ait 32 taksonun poleni teshis edilmistir. Bal 6rneginde
dominant ve sekonder diizeyde polen tespit edilmemistir. Tespit edilen taksonlara ait polenler minor ve
eser diizeyde gozlenmistir.

Kaynasl 3 numarali bal 6rneginde 12 familyaya ait 20 taksonun poleni teshis edilmistir. Bal 6rneginde
Castanea sativa (Fagaceae) poleni dominant oranda gézlenirken sekonder ve minor diizeyde polen tespit
edilmemistir. Diger taksonlara ait polenler eser diizeyde gdzlenmistir.

Kaynasli 4 numarali bal 6rneginde 19 familyaya ait 25 taksonun poleni teshis edilmistir. Bal 6rneginde
Castanea sativa (Fagaceae) poleni dominant oranda gézlenirken sekonder ve mindr diizeyde polen tespit
edilmemistir. Diger taksonlara ait polenler eser diizeyde gdzlenmistir.

Kaynasli 5 numarali bal 6rneginde 25 familyaya ait 35 taksonun poleni teshis edilmistir. Bal 6rneginde
Castanea sativa (Fagaceae) poleni dominant oranda gozlenirken sekonder ve minér diizeyde polen tespit
edilmemistir. Diger taksonlara ait polenler eser diizeyde gdzlenmistir.

Merkez 1 numarali bal rneginde 15 familyaya ait 17 taksonun poleni teshis edilmistir. Bal drneginde
Castanea sativa (Fagaceae) poleni dominant oranda gozlenirken sekonder diizeyde polen tespit
edilmemistir. Diger taksonlara ait polenler mindr ve eser diizeyde gozlenmistir.

Merkez 2 numarali bal rneginde 20 familyaya ait 33 taksonun poleni teshis edilmistir. Bal drneginde
dominant oranda polene rastlanmamistir. Sekonder diizeyde tespit edilen polen Calystegia sp.
(Convolvulaceae) taksonuna aittir. Diger taksonlara ait polenler minor ve eser diizeyde gozlenmistir.
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Merkez 3 numarali bal 6rneginde 20 familyaya ait 26 taksonun poleni teshis edilmistir. Bal 6rneginde
Castanea sativa (Fagaceae) poleni dominant oranda gozlenirken sekonder diizeyde polen tespit
edilmemistir. Diger taksonlara ait polenler mindr ve eser diizeyde gozlenmistir.

Merkez 4 numarali bal 6rneginde 14 familyaya ait 20 taksonun poleni teshis edilmistir. Bal 6rneginde
Ailanthus altissima (Simaroubaceae) poleni dominant oranda gozlenirken Helianthus annuus
(Asteraceae) poleni sekonder diizeyde tespit edilmistir. Minér diizeyde polene rastlanmamistir. Diger
taksonlara ait polenler eser diizeyde gézlenmistir.

Yigilca 1 numarali bal rneginde 29 familyaya ait 44 taksonun poleni teshis edilmistir. Bal 6rneginde
Castanea sativa (Fagaceae) poleni dominant oranda gozlenirken sekonder diizeyde polen tespit
edilmemistir. Diger taksonlara ait polenler mindr ve eser diizeyde gozlenmistir.

Yigilca 2 numarali bal 6rneginde 19 familyaya ait 26 taksonun poleni teshis edilmistir. Bal 6rneginde
Rhododendron ponticum (Ericaceae) poleni dominant oranda gozlenirken sekonder diizeyde polen tespit
edilmemistir. Diger taksonlara ait polenler mindr ve eser diizeyde gozlenmistir.

Yigilca 3 numarali bal 6rneginde 21 familyaya ait 36 taksonun poleni teshis edilmistir. Bal 6rneginde
Castanea sativa (Fagaceae) poleni dominant, Quercus sp. (Fagaceae) polenleri sekonder diizeyde tespit
edilmistir. Diger taksonlara ait polenler minor ve eser diizeyde gozlenmistir.

Yigilca 4 numarali bal 6rneginde 20 familyaya ait 27 taksonun poleni teshis edilmistir. Bal 6rneginde
dominant diizeyde polen tespit edilmemistir. Erica sp. (Ericaceae) ve Fagus orientalis polenleri
(Fagaceae) sekonder diizeyde tespit edilmistir. Diger taksonlara ait polenler minér ve eser diizeyde
gbzlenmistir.

Yigilca 5 numarali bal 6rneginde 18 familyaya ait 26 taksonun poleni teshis edilmistir. Bal 6rneginde
Castanea sativa (Fagaceae) poleni dominant diizeyde tespit edilmistir. Sekonder ve mindr diizeyde
polen tespit edilmemistir. Diger taksonlara ait polenler eser diizeyde gozlenmistir.

Yigilca 6 numarali bal 6rneginde 15 familyaya ait 24 taksonun poleni teshis edilmistir. Bal 6rneginde
Rhododendron ponticum (Ericaceae) poleni dominant oranda gozlenirken sekonder diizeyde polen tespit
edilmemistir. Diger taksonlara ait polenler mindr ve eser diizeyde gozlenmistir.

Yigilca 7 numarali bal 6érneginde 18 familyaya ait 29 taksonun poleni teshis edilmistir. Bal 6rneginde
Rhododendron ponticum (Ericaceae) poleni dominant oranda g6zlenirken sekonder diizeyde polen tespit
edilmemistir. Diger taksonlara ait polenler mindr ve eser diizeyde gozlenmistir.

Calisma kapsamindan incelenen 34 bal 6rneginin polen spektrumlar yiizdeleri ile birlikte Tablo 1°de,
teshis edilen polenlerin mikrofotograflar: Tablo 2’de verilmistir.
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Tablo 1. Diizce yoresi ballar1 polen spektrumlari ve takson sayilari.

Bal
Ornekleri

Mindr polenler
%15-%3

Eser polenler
<%3

Takson
Sayist

Al

Apiaceae (%14,32), Helianthus
annuus L. (%14,07), Rumex
sp.(%4,36), Tilia sp. (%3,64),
Trifolium sp. (%3,4)

Amarathaceae (Chenopodiaceae) (%0,24), Anthemis sp.
(%0,72), Cichorium intybus L. (%2,66), Cistus sp. (%2,18),
Echium vulgare L. (%0,24), Ericaceae (%1,21), Geranium sp.
(%1,21), llex aquifolium L. (%0,24), Juglans regia L. (%0,97),
Laurus nobilis L. (%0,97), Ligustrum vulgare L. (%0,48),
Plantago sp. (%1,21), Poaceae (%2,66), Potentilla sp. (%0,97),
Rhododendron ponticum L. (%0,24) ve Sanguisorba sp.
(%0,24)

22

A2

Apiaceae(%8,06), Brassicaceae
(%6,38), Echium vulgare (%12),
Helianthus  annuus  (%11,9),
Rubus sp. (%3,02), Rumex sp.
(%3,7), Salix sp. (%5,38)

Alnus sp. (%0,34), Amaranthaceae (Chenopodiaceae) (%0,17),
Centaurea sp. (%1,18), Cichorium intybus (%2,67), Cistus sp.
(%1,68), Fabaceae (%1,51), Geranium sp. (%1,18), llex
aquifolium (%0,17), Juglans regia (%0,17), Laurus nobilis
(%0,67), Ligustrum vulgare (%0,34), Plantago sp. (%1,68),
Poaceae (%1,51), Pyracantha coccinea M. Roem. (%2,18),
Quercus sp. (%0,34), Ranunculaceae (%0,84), Rhamnaceae
(%0,17), Rhododendron ponticum (%2,18), Rosa canina L.
(%1,85), Sanguisorba sp. (%0,17), Tilia sp. (%2,25) ve Zinnia
sp. (%0,67)

30

A3

Dominant polenler Sekonder polenler
> %45 %44-%16
Castanea sativa Mill.
(%43,69)
Castanea sativa
(%35,3)
Castanea sativa
(%44,58)

Apiaceae (%12,65), Helianthus
annuus (%9,04), Sambucus ebulus
L. (%5,12), Rubus sp. (%5,42)

Amaranthaceae (Chenopodiaceae) (%0,6), Anthemis sp.
(%1,2), Cistus sp. (%0,6), Ericaceae (%0,9), Fabaceae (%2,11),
Fagus orientalis Lipsky (%2,71), Geranium sp. (%2,11),
Juglans regia (%0,6), Laurus nobilis (%0,6), Ligustrum
vulgare (%0,6), Pinus sp. (%0,6), Plantago sp. (%1,2), Poaceae
(%1,5), Potentilla sp. (%0,6), Quercus sp. (%1,2),
Ranunculaceae (%0,6), Rhododendron ponticum (%0,3),
Rumex sp. (%2,41), Taraxacum sp. (%1,81) ve Tilia sp.
(%2,41)

25

A4

Castanea sativa
(%47,8)

Apiaceae (%7,17), Plantago sp.
(%8,23), Ranunculaceae (%4,91),
Rosa canina (%5,84), Rubus sp.
(%5,18), Tilia sp. (%6,5)

Allium cepa L.(%0,13), Anthemis sp. (%0,4), Calystegia sp.
(%0,4), Echium vulgare L. (%2), Fagus orientalis (%0,93),
Juglans regia (%0,4), Lamiaceae (%0,13), Laurus nobilis
(%0,26), Ligustrum vulgare (%0,53), Medicago sp. (%2,39),
Poaceae sp. (%1,46), Potentilla sp. (%1,33), Rumex sp. (%0,8),
Taraxacum sp. (%1,46) ve Trifolium sp. (%1,72)

22

C1

Castanea sativa
(%74,8)

Poaceae (%5,16)

Allium cepa (%0,08), Apiaceae (%1,34), Arctium minus (Hill)
Bernh. (%0,17), Brassicaceae (%2,76), Cichorium intybus

31
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(%0,71), Cistus sp. (%0,35), Cota tinctoria var. pallida (DC)
Ozbek & Vural (%0,35), Ericaceae (%0,35), Fagus orientalis
(%0,44), Geranium sp. (%0,08), Hedysarum sp. (%0,89),
Helianthus annuus (%0,08), Lamiaceae (%0,17), Laurus
nobilis (%0,17), Ligustrum vulgare (%0,08), Onobrychis sp.
(%0,62), Plantago sp. (%1,6), Potentilla sp. (%0,27), Quercus
sp. (%1,25), Ranunculus sp. (%0,08), Rhododendron ponticum
(%0,27), Rosa canina (%1,42), Rubus sp. (%2,13), Rumex sp.
(%0,17), Salix sp. (%1,06), Sambucus ebulus (%0,53),
Scabiosa sp. (%0,27), Tilia sp. (%0,35) ve Trifolium sp.
(%1,78)

C2

Castanea
(%81,26)

sativa

Poaceae (%4,74)

Acer sp. (%0,34), Agrimonia sp. (%1,35), Apiaceae (%1,24),
Artemisia sp. (%0,11), Brassicaceae (%1,69), Campanula sp.
(%0,11), Cistus sp. (%0,45), Cota tinctoria var. pallida
(%0,11), Cupressus sp. (%0,11), Echium vulgare (%0,34),
Ericaceae (%0,56), Geranium sp. (%0,11), Helianthus annuus
(%0,22), Medicago sp. (%0,45), Pinus sp. (%0,11), Plantago
sp. (%1,8), Potentilla sp. (%0,45), Quercus sp. (%0,11),
Rhododendron ponticum (%0,34), Rorippa sp. (%0,79), Rumex
sp. (%0,22), Salix sp. (%1,01), Scabiosa sp. (%0,11),
Taraxacum sp. (%0,45), Tilia sp. (%0,22) ve Trifolium sp.
(%1,12)

29

C3

Castanea
(%74,84)

sativa

Brassicaceae (%3,25), Poaceae
(%5,2)

Acer sp. (%0,1), Apiaceae (%0,98), Betulaceae (%0,1),
Carduus sp. (%0,1), Cistus sp. (%0,98), Clematis sp. (%0,32),
Cota tinctoria var. pallida (%0,1), Echium vulgare (%0,54),
Ericaceae (%0,87), Helianthus annuus (%0,43), Lamiaceae
(%0,1), Ligustrum vulgare (%0,32), Plantago sp. (%1,3),
Potentilla sp. (%0,76), Quercus sp. (%0,98), Ranunculaceae
(%0,1), Rhamnaceae (%0,1), Rhododendron ponticum
(%0,21), Rorippa sp. (%1,08), Rosaceae (%0,54), Rumex sp.
(%0,32), Salix sp. (%1,19), Sambucus ebulus (%2,17),
Taraxacum sp. (%0,76), Tilia sp. (%0,43) ve Trifolium sp.
(9%1,73)

29

C4

Castanea
(%64,55)

sativa

Apiaceae (%5,6), Echium vulgare
(%3,41), Salix sp. (%3,89),
Sambucus ebulus (%5,85)

Allium cepa (%0,12), Asteraceae (%0,49), Betulaceae (%0,24),
Brassicaceae (%1,83), Cichorium intybus (%0,24), Cistus sp.
(%0,6), Crateagus sp. (%0,6), Cornus sp. (%0,97), Laurus
nobilis (%0,24), Medicago sp. (%1,22), Plantago sp. (%2,07),
Poaceae (%1,22), Potentilla sp. (%0,37), Quercus sp. (%1,09),

24
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Ranunculaceae (%0,24), Rorippa sp. (%0,49), Rosa canina
(%1,09), Tilia sp. (%0,73) ve Trifolium sp. (%2,8)

Castanea
(%55,93)

sativa

Apiaceae (%3,24), Euphorbia sp.
(%3,24), Poaceae (%4,7), Salix sp.
(%3,58), Sambucus  ebulus
(%5,59), Tilia sp. (%3,46)

Anthemis sp. (%0,45), Carex sp. (%0,67), Cichorium intybus
(%0,67), Cistus sp. (%0,45), Cucurbita sp. (%0,11), Cupressus
sp. (%0,22), Echium vulgare (%0,56), Fagus orientalis
(%0,67), Lamiaceae (%0,11), Ligustrum vulgare (%0,89),
Malva sp. (%0,11), Medicago sp. (%2,8), Morus sp. (%0,22),

¢l Pinus sp. (%0,11), Plantago sp. (%0,45), Populus sp. (%0,11), 33
Potentilla sp. (%1,347), Prunus sp. (%0,22), Quercus sp.
(%0,78), Ranunculaceae (%0,89), Rhododendron ponticum
(%0,11), Rorippa sp. (%2,8), Rosa canina (%1,68), Rubus sp.
(%1,9), Rumex sp. (%0,11) ve Trifolium sp. (%1,79)
Castanea sativa Apiaceae (%5,52), Brassicaceae Alnus sp. (%0,18), Carex sp. (%0,71), Cichorium intybus
(%28,46) (%5,7), Medicago sp. (%5,87), (%1,42), Carduus sp. (%0,18), Dipsacus sp. (%0,18), Echium
Poaceae (%7,11), Ranunculaceae vulgare (%0,71), Euphorbia sp. (%0,18), Fagus orientalis
2 (%3,38), Rubus sp. (%4,63), Salix (%1,78), llex aquifolium (%0,35), Lathyrus sp. (%0,71), 31
sp. (%3,38), Sambucus ebulus Lamiaceae (%0,35), Malva sp. (%0,18), Morus sp. (%0,18),
(%6,94), Tilia sp. (%4,8), Plantago sp. (%2,49), Potentilla sp. (%0,17), Quercus sp.
Trifolium sp. (%6,76) (%1,24), Rhododendron ponticum(%0,35), Rorippa sp.
(%2,49), Rosa canina (%2,31) ve Rumex sp. (%0,71)
Castanea sativa Apiaceae (%9,17), Cornus sp. Cichorium intybus (%1,75), Cupressus sp. (%0,87), Echium
(%34,93), Rubus sp. (%7,86), Poaceae (%3,05), Rosa vulgare (%0,87), Epilobium sp. (%0,44), Euphorbia sp.
(%16,59) canina (%10,48), Rumex sp. (%0,44), Helianthus annuus (%0,44), Iris sp. (%0,44), Lotus
C3 (%3,05) sp. (%0,87), Medicago sp. (%2,18), Pinus sp. (%0,44), 23
Plantago sp. (%1,31), Ranunculaceae (%1,31), Rhododendron
ponticum (%2,18), Sambucus ebulus (%0,44), Saponaria sp.
(%0,44) ve Tilia sp. (%0,44)
Apiaceae  (%18,28), Pinus sp. (%4,22), Rosaceae Allium cepa (%0,7), Asteraceae (%0,35), Brassicaceae
Castanea sativa (%4,57), Rumex sp. (%3,34) (%0,35), Carduus sp. (%0,52), Caryophyllaceae (%0,35),
(%37,43), Convolvulaceae (%0,35), Cornus sp. (%1,05), Cupressus sp.
Gl Rhododendron (%1,05), Echium vulgare (%0,35), Elaeagnus angustifolia L. 26
ponticum (%14,76) (%0,17), llex aquifolium (%1,76), Lamiaceae (%0,17),
Lathyrus sp. (%1,76), Medicago sp. (%1,4), Geranium sp.
(%0,17), Papaver sp. (%0,17), Plantago sp. (%0,35), Poaceae
sp. (%2,46), Salix sp. (%0,87) ve Taraxacum sp. (%2,99)
Rosaceae  (%31,92), Apiaceae (%6,78), Castanea Alnus sp. (%0,06), Arctium minus (%0,82), Boraginaceae
G2 Taraxacum sp. sativa (%5,34), Poaceae (%7,4) (%0,75), Brassicaceae (%0,89), Carduus sp. (%0,06), Cota 31
(%30,13) tinctoria var. pallida (%1,3), Cornus sp. (%1,37), Cupressus

sp. (%0,55), Echium vulgare (%0,06), Fagus orientalis
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(%1,09), Geranium sp. (%0,2), Hedysarum sp. (%0,34), llex
aquifolium (%2,46), Juglans regia (%0,61), Lathyrus sp.
(%0,55), Laurus nobilis (%0,61), Loranthaceae (%0,27),
Medicago sp. (%0,96), Pinus sp. (%0,13), Plantago sp.
(%0,06), Quercus sp. (%1,71), Ranunculaceae (%0,41),
Rhododendron ponticum (%0,34), Rumex sp. (%0,48), Tilia sp.
(%0,06), Trifolium sp. (%2,19)

Castanea
(%58,49)

G3

sativa

Apiaceae (%6,1), Plantago sp.
(%7,88), Taraxacum sp. (%5,8)

Acer sp. (%0,61), Asteraceae (%0,1), Asperula sp. (%0,05),
Betulaceae (%0,05), Brassicaceae (%0,45), Carduus sp.
(%0,4), Cornus sp. (%1,27), Crateagus sp. (%0,25), Cupressus
sp. (%0,1), Echium vulgare (%0,76), Epilobium sp. (%0,15),
Fabaceae (%0,61), Fagus orientalis (%0,2), Geranium sp.
(%0,05), Hedysarum sp. (%0,25), llex aquifolium (%0,3), Iris
sp. (%0,05), Juglans regia (%0,25), Lamiaceae (%0,35),
Lathyrus sp. (%0,05), Laurus nobilis (%0,1), Ligustrum
vulgare (%0,2), Medicago sp. (%1,53), Pinus sp. (%0,2),
Poaceae (%1,27), Prunus sp. (%0,15), Pyracantha coccinea
(%0,61), Quercus sp. (%1,32), Ranunculus sp. (%1,78),
Rhamnaceae (%0,05), Rhododendron ponticum (%0,15), Rosa
canina (%1,01), Rumex sp. (%1,42), Stachys sp. (%0,25), Tilia
sp. (%1,53) ve Trifolium sp. (%2,95)

40

G4

Rhododendron
ponticum
Taraxacum
(%17,43)

(%18,2),
sp.

Apiaceae (%11,28), Brassicaceae
(%4,35), Castanea sativa (%12,3),
Helianthus  annuus  (%5,12),
Rosaceae (%6,41), Rumex sp.
(%3,07), Salix sp. (%6,41)

Acer sp. (%0,51), llex aquifolium (%2,3), Alnus sp. (%1,02),
Boraginaceae (%0,26), Caryophyllaceae (%0,51),
Caprifoliaceae (%0,51), Centaurea sp. (%0,26), Clematis sp.
(%0,51), Cornus sp. (%1,79), Echium vulgare (%0,26),
Lamiaceae (%0,51), Loranthaceae (%0,26), Pinus sp. (%1,28),
Plantago sp. (%0,26), Poaceae (%2,3) ve Zinnia sp. (%1,28)

25

Castanea
(%80,47)

G5

sativa

Rubus sp. (%5,68)

Amaranthaceae (Chenopodiaceae) (%0,12), Apiaceae (%2,48),
Brassicaceae (%0,35), Cichorium intybus (%0,35), Cornus sp.
(%1,42), Echium vulgare (%1,66), Helianthus annuus (%0,35),
Pinus sp. (%0,12), Plantago sp. (%0,24), Poaceae (%2,37),
Potentilla sp. (%1,42), Quercus sp. (%0,24), Rhododendron
ponticum (%0,83), Rosa canina (%0,71), Rumex sp. (%0,12),
Tilia sp. (%0,35) ve Trifolium sp. (%0,71)

19

Castanea
(%56,3)
Gul

sativa

Apiaceae (%4,36), Brassicaceae
(%4,36), Crateagus sp. (%5,21),
Rosa canina (%3,8), Rubus sp.
(%3,94), Trifolium sp. (%4,9)

Allium cepa (%0,14), Alnus sp. (%0,42), Bellis sp. (%0,28),
Cistus sp. (%0,85), Convolvulaceae (%0,7), Dipsacus sp.
(%0,28), Echium vulgare (%0,42), Ericaceae (%2,4), Fagus
orientalis (%0,98), Isatis sp. (%0,28), Juglans regia (%0,14),
Lamiaceae (%0,14), Laurus nobilis (%0,84), Ligustrum

29
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vulgare (%0,14), Medicago sp. (%2,95), Plantago sp. (%0,84),
Poaceae (%0,28), Quercus sp. (%2,95), Sanguisorba sp.
(%0,14), Scabiosa sp. (%0,56), Taraxacum sp. (%0,7) ve Tilia
sp. (%0,56)

Gii 2

Castanea

sativa

(%29,7), Crateagus sp.

(%8,82),
(%28)

Fabaceae

Ericaceae (%15,8), Rosa canina
(%3,78)

Amaranthaceae (Chenopodiaceae) (%0,56), Apiaceae (%1,96),
Cichorium intybus (%0,7), Cirsium sp. (%0,14), Cistus sp.
(%3,36), Echium vulgare (%0,56), Geranium sp. (%0,28),
Lamiaceae (%0,14), Ligustrum vulgare (%1,12), Plantago sp.
(%0,84), Poaceae (%0,7), Quercus sp. (%1,68), Scabiosa sp.
(%0,56) ve Tilia sp. (%1,26)

19

K1

Castanea
(%69,25)

sativa

Apiaceae (%9,32), Quercus sp.
(%3,89)

Amaranthaceae (Chenopodiaceae) (%0,05), Arctium minus
(%0,47), Betulaceae (%0,43), Brassica sp. (%0,53), Cirsium
sp. (%0,21), Cistus sp. (%0,05), Cichorium intybus (%1,97),
Crateagus sp. (%0,69), Convolvulus sp. (%0,1), Cornus sp.
(%0,64), Cupressus sp. (%0,05), Echium vulgare (%0,37),
Fagus orientalis (%0,05), Geranium sp. (%0,05), Helianthus
annuus (%1,43), Lathyrus sp. (%0,32), Laurus nobilis (%0,05),
Ligustrum vulgare (%0,64), Medicago sp. (%1,22), Pinus sp.
(%0,05), Plantago sp. (%0,27), Poaceae (%1,28), Potentilla
sp. (%0,32), Rorippa sp. (%0,05), Rosa canina (%1,33), Rubus
sp. (%0,27), Salix sp. (%0,8), Salvia sp. (%0,16), Sambucus
ebulus (%0,96), Scabiosa sp. (%0,21), Tilia sp. (%1,49) ve
Trifolium sp. (%0,96)

35

K2

Arctium minus (%3,84), Brassica
sp. (%4,3), Castanea sativa
(%14,9), Cornus sp. (%5,53),
Lathyrus sp. (%3,68), Ligustrum
vulgare (%15,2), Rorippa sp.
(%6,14), Salix sp. (%7,37),
Sambucus ebulus (%9,67),
Trifolium sp. (%4,14)

Alnus sp. (%0,15), Apiaceae (%1,67), Cota tinctoria var.
pallida (%0,46), Cupressus sp. (%0,3), Dipsacus sp. (%2,92),
Echium vulgare (%0,3), Fagus orientalis (%0,15), Geranium
sp. (%2,3), Hedera helix L. (%0,15), Helianthus annuus
(%0,15), Lamiaceae (%0,15), Laurus nobilis (%0,92),
Myrtaceae (%0,15), Onobrychis sp. (%1,38), Pinus sp.
(%0,15), Plantago sp. (%0,61), Poaceae (%1,22), Quercus sp.
(%2,3), Rhododendron ponticum (%2,92), Rumex sp. (%0,15),
Saponaria sp. (%0,3) ve Taraxacum sp. (%2,15)

32

K3

Castanea
(%86,3)

sativa

Apiaceae (%1,77), Centaurea sp. (%0,12), Cichorium intybus
(%0,12), Crateagus sp. (%0,94), Cornus sp. (%0,12), Echium
vulgare (%1,41), Fagus orientalis (%0,12), Helianthus annuus
(%1,77), Lathyrus sp. (%1,18), Onobrychis sp. (%0,12),
Poaceae (%0,24), Potentilla sp. (%0,24), Rhododendron
ponticum (%0,12), Rorippa sp. (%0,12), Rosa canina (%1,41),

20
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Rubus sp. (%0,47), Salix sp. (%1,06), Tilia sp. (%0,24) ve
Trifolium sp. (%2,12)

K4

Castanea
(%86,3)

sativa

Apiaceae (%0,43), Brassica sp. (%0,43), Cornus sp. (%0,5),
Dipsacus sp. (%0,07), Echium vulgare (%1,15), Fagus
orientalis (%0,21), Galega sp. (%0,57), Helianthus annuus
(%1,15), Hypericum sp. (%0,14), Juglans regia (%0,14),
Ligustrum vulgare (%0,72), Medicago sp. (%0,43), Onobrychis
sp. (%0,21), Plantago sp. (%0,07), Poaceae (%0,43), Potentilla
sp. (%0,07), Ranunculus sp. (%0,29), Rhododendron ponticum
(%0,36), Rosa canina (%2,88), Rubus sp. (%1,44), Salix sp.
(%0,72), Sambucus ebulus (%0,29), Tilia sp. (%0,14) ve
Trifolium sp. (%0,86)

25

K5

Castanea
(%80,2)

sativa

Alnus sp. (%0,05), Amaranthaceae (Chenopodiaceae) (%0,11),
Apiaceae (%0,94), Bidens sp. (%0,55), Centaurea sp. (%0,17),
Clematis sp. (%0,5), Cota tinctoria var. pallida (%0,22),
Cornus sp. (%0,77), Cupressus sp. (%0,05), Echium vulgare
(%0,99), Fagus orientalis (%0,05), Geranium sp. (%0,05),
Hedysarum sp. (%0,17), Helianthus annuus (%1,82),
Medicago sp. (%1,99), Moraceae (%0,05), Plantago sp.
(%0,11), Poaceae (%0,55), Potentilla sp. (%0,66), Prunus sp.
(%0,11), Quercus sp. (%3,09), Rhamnaceae (%0,05),
Rhododendron ponticum (%0,16), Rorippa sp. (%0,22), Rosa
canina (%1,99), Rubus sp. (%1,66), Rumex sp. (%0,22), Salix
sp. (%0,22), Sambucus ebulus (%0,66), Scabiosa sp. (%0,05),
Solanaceae (%0,05), Stachys sp. (%0,17), Tilia sp. (%0,05) ve
Trifolium sp. (%1,22)

35

M1

Castanea
(%35,5)

sativa Apiaceae (%8,82), Brassica sp.

(%8,82), Medicago sp. (%11),
Plantago sp. (%3,68), Poaceae
(%7,35), Rosa canina (%8,82)

Ailanthus sp. (%1,47), Clematis sp. (%2,94), Echium vulgare
(%0,73), Ericaceae (%0,73), Papaveraceae (%2,94), Rumex sp.
(%1,47), Rorippa sp. (%2,2), Taraxacum sp. (%0,73), Tilia sp.
(%2,2) ve Zinnia sp. (%0,73)

17

M2

Calystegia
(%27,66)

sp.

Apiaceae (%12,88), Castanea
sativa (%5,08), Ericaceae
(%4,96), Fagus orientalis
(%9,93), Plantago sp. (%8,63),
Pyracantha coccinea (%3,3), Rosa
canina (%5,9), Rubus sp. (%4,02)

Alnus sp. (%0,94), Amaranthaceae (Chenopodiaceae) (%0,23),
Bellis sp. (%0,23), Boraginaceae (%0,23), Brassicaceae (%0,7),
Carduus sp. (%0,7), Centaurea sp. (%1,42), Cistus sp. (%0,94),
Cota tinctoria var. pallida (%0,12), Corylus sp. (%1,89),
Cupressus sp. (%0,12), Echium vulgare (%0,12), Illex
aquifolium (%0,12), Papaveraceae (%0,23), Pinus sp. (%2),
Poaceae (%0,7), Populus sp. (%0,12), Quercus sp. (%1,06),
Ranunculaceae (%1,77), Rhododendron ponticum (%0,35),

33
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Salix sp. (%0,35), Taraxacum sp. (%2,84), Trifolium sp.
(%0,23) ve Zinnia sp. (%0,12)

Castanea sativa

Apiaceae (%6,96), Corylus sp.
(%3,63), Fagus orientalis
(%8,47), Plantago sp. (%3,12),
Poaceae (%10,18), Tilia sp.
(%06,25)

Alnus sp. (%1,5), Amaranthaceae (Chenopodiaceae) (%0,5),
Bellis sp. (%0,9), Calystegia sp. (%0,5), Centaurea sp. (%0,2),
Cistus sp. (%1,8), Cupressus sp. (%0,1), Echium vulgare
(%0,1), Ericaceae (%0,3), llex aquifolium (%0,1), Lamiaceae
(%0,1), Ligustrum vulgare (%0,2), Pinus sp. (%0,8), Populus
sp. (%1,6), Quercus sp. (%1,81), Ranunculaceae (%1,7),
Rhododendron ponticum (%0,1), Rumex sp. (%1,3) ve
Taraxacum sp. (%0,3)

26

annuus

Apiaceae (%0,34), Bidens sp. (%0,78), Brassicaceae (%0,7),
Carduus sp. (%0,086), Castanea sativa (%2,78), Centaurea sp.
(%0,086), Cichorium intybus (%0,17), Cistus sp. (%1,39),
Echium vulgare (%0,17), Epilobium sp. (%0,086), Geranium
sp. (%0,17), Hedysarum sp. (%0,086), Lamiaceae (%0,26),
Plantago sp. (%0,086), Poaceae (%1,04), Rumex sp. (%0,086),
Trifolium sp. (%0,26) ve Zinnia sp. (%0,6)

20

Brassicaceae (%10,26), Fagus
orientalis (%3,48),
Onobrychis sp. (%3,88)

Allium cepa (%0,34), Apiaceae (%2,74), Asperula sp. (%0,17),
Betulaceae (%0,05), Centaurea sp. (%0,05), Cirsium sp.
(%0,11), Cistus sp. (9%0,34), Convolvulus sp. (%1,02), Cornus
sp. (%1,14), Cupressus sp. (%0,11), Echium vulgare (%1,42),
Eupatorium sp. (%0,17), Elaeagnus angustifolia (%0,22),
Geranium sp. (%0,11), Hedysarum sp. (%1,31), Helianthus
annuus (%0,17), Lactuca sp. (%0,34), Lamiaceae (%1,25),
Lathyrus sp. (%0,62), Laurus nobilis (%0,05), Ligustrum
vulgare (%2,62), Medicago sp. (%0,28), Pinus sp. (%0,22),
Plantago sp. (%1,31), Poaceae (%1,48), Prunus sp. (%0,11),
Pyracantha coccinea (%0,57), Ranunculus sp. (%0,57),
Rhododendron ponticum (%0,91), Rorippa sp. (%0,96), Rosa
canina (%0,46), Rumex sp. (%0,28), Rubus sp. (%0,28), Salix
sp. (%2,28), Sambucus ebulus (%0,11), Sanguisorba sp.
(%0,05), Scabiosa sp. (%0,05), Stachys sp. (%0,28), Tilia sp.
(%1,31) ve Trifolium sp. (%1,82)

44

(%47,38)
M3
Ailanthus sp. Helianthus
(%67,6) (%22,06)
M4
Castanea sativa
(%55,87)
Y1
Rhododendron
ponticum (%55,2)
Y2

Acer sp. (%4,52), Castanea sativa
(%13,55), Fagus  orientalis
(%4,14), Medicago sp. (%5,14),
Pinus sp. (%4,01), Quercus sp.
(9%05,9)

Allium cepa (%1), Alnus sp. (%1), Apiaceae (%0,5), Betulaceae
(%0,12), Cichorium intybus (%0,12), Cirsium sp. (%0,25),
Cornus sp. (%0,25), Cota tinctoria var. pallida (%0,12),
Cupressus sp. (%0,12), Geranium sp. (%0,25), llex aquifolium
(%0,25), Juglans regia (%0,12), Ligustrum vulgare (%0,25),
Poaceae (%0,12), Pyracantha coccinea (%1,13), Rosa canina

26
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(%0,75), Rubus sp. (%0,38), Salix sp. (%1,5) ve Sambucus
ebulus (%0,12)

Y3

Castanea sativa Quercus sp. (%20,18)  Brassica sp. (%6,11), Sambucus

(%53,65) ebulus (%3,18)

Apiaceae (%0,76), Agrimonia sp. (%0,23), Alnus sp. (%0,05),
Astragalus sp. (%0,59), Ailanthus sp. (%0,05), Campanula sp.
(%0,05), Crateagus sp. (%0,59), Celtis sp. (%0,12), Cichorium
intybus (%0,94), Convolvulus sp. (%0,94), Cota tinctoria var.
pallida (%0,05), Cupressus sp. (%0,05), Betulaceae (%0,18),
Fagus orientalis (%0,18), Geranium sp. (%0,18), Helianthus
annuus (%0,05), Iris sp. (%0,05), Lapsana sp. (%1,94),
Ligustrum vulgare (%0,47), Matthiola sp. (%0,12), Medicago
sp. (%1,05), Melissa officinalis L. (%0,05), Plantago sp.
(%0,41), Poaceae (%0,65), Pyracantha coccinea (%0,7),
Rhododendron ponticum (%0,18), Rorippa sp. (%1,47), Salix
sp. (%2,12), Salvia sp. (%0,05), Taraxacum sp. (%0,12), Tilia
sp. (%0,53) ve Trifolium sp. (%1,35)

36

Y4

Erica sp. (%28,7), Rhododendron ponticum (%12,8),
Fagus orientalis Rosa canina (%4,83), Salix sp.

(%26,1) (%11,5)

Acer sp. (%0,64), Allium cepa (%0,21), llex aquifolium
(%0,32), Betulaceae (%0,21), Castanea sativa (%1,5),
Cichorium intybus (%0,1), Cirsium sp. (%0,1), Cota tinctoria
var. pallida (%0,1), Crataegus sp. (%2,04), Cupressus sp.
(%0,1), Geranium sp. (%0,64), Juglans regia (%0,1),
Medicago sp. (%1,5), Laurus nobilis (%0,1), Pinus sp. (%0,75),
Plantago sp. (%1,61), Poaceae (%0,1), Pyracantha coccinea
(%2,68), Salvia sp. (%0,21), Sambucus ebulus (%1,29),
Trifolium sp. (%1,61) ve Urtica dioica L. (%0,1)

27

Y5

Castanea sativa
(%87,32)

Allium cepa (%0,08), Apiaceae (%0,17), Astragalus sp.
(%0,08), Centaurea sp. (%0,08), Cichorium intybus (%0,26),
Cornus sp. (%0,51), Echium vulgare (%0,34), Hedysarum sp.
(%0,17), Fagus orientalis (%21,88), Lamiaceae (%0,34),
Medicago sp. (%0,05), Papaver sp. (%0,08), Plantago sp.
(%0,43), Poaceae (%0,08), Potentilla sp. (%0,17), Quercus sp.
(%0,08), Rhamnaceae (%0,08), Rhododendron ponticum
(%1,37), Rosa canina (%1,03), Rosaceae (%1,28), Rumex sp.
(%0,08), Salix sp. (%1,03), Scabiosa sp. (%0,17), Solanaceae
(%0,08) ve Trifolium sp. (%0,6)

26

Y6

Rhododendron
ponticum (%60)

ebulus (%5,04)

Castanea sativa (%4,3), Erica sp.
(%5,04), Heliotropium sp. (%5,9),
Rosa canina (%3,56), Sambucus

Acer sp. (%0,74), Alnus sp. (%0,24), Apiaceae (%0,12),
Centaurea sp. (%0,12), Cota tinctoria var. pallida (%0,12),
Cichorium intybus (%0,37), Crataegus sp. (%1,23), Fagus
orientalis (%0,12), llex aquifolium (%0,98), Ligustrum vulgare
(%1,84), Lotus sp. (%0,24), Medicago sp. (%1,84), Pinus sp.

24
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(%0,37), Rorippa sp. (%1,23), Rubus sp. (%1,71), Pyracantha
coccinea (%0,86), Salix sp. (%2,09) ve Trifolium sp. (%1,47)

Rhododendron Brassica sp. (%5,37), Castanea Allium cepa (%0,15), Apiaceae (%0,51), Carduus sp. (%0,15),
ponticum (%51,47) sativa (%7,65), Cistus sp. (%7,13), Cichorium intybus (%0,07), Convolvulus sp. (%0,15), Cota
Erica sp. (%12,28) tinctoria var. pallida (%0,15), Crataegus sp. (%1,54), Fagus

orientalis (%2,35), Geranium sp. (%0,37), Helianthus annuus
(%0,44), llex aquifolium (%0,44), Lathyrus sp. (%0,73),
Lamiaceae (%0,15), Medicago sp. (%0,59), Pinus sp. (%0,8),
Plantago sp. (%0,22), Poaceae (%0,37), Populus sp. (%0,22),
Pyracantha coccinea (%2,57), Rorippa sp. (%1,47), Rumex sp.
(%0,22), Rubus sp. (%0,95), Salix sp. (%1,32) ve Trifolium sp.
(%0,88)

Y7

29

A: Akgakoca, C: Cumayeri, C: Cilimli, G: Gdlyaka, Gii: Gliimiisova, K: Kaynasl, M: Merkez, Y: Yigilca
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Tablo 2. Diizce yoresi ballarinda tespit edilen polenlerin mikrofotograflari.
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Tartisma

Diizce merkez ve 7 ilgesinden (Akcakoca, Cumayeri, Cilimli, G6lyaka, Glimiisova, Kaynasl, Yigilca)
temin edilen 34 bal 6rneginin yapilan analizler sonucunda 12 bal 6rneginin monofloral ve geri kalan 22
bal 6rneginin polifloral bal oldugu tespit edilmistir. Calismamizda dominant diizeyde temsil edilen
taksonlarin Ailanthus altissima, Castanea sativa ve Rhododendron ponticum oldugu belirlenmistir.

Sorkun ve Dogan (1995), yilinda yapmis olduklari calismada dominant gruptaki takson gesitliliginin her
zaman daha az, eser gruptaki takson gesitliliginin ise daha fazla oldugunu bildirmistir. Diizce yoresi
ballarinda yapmis oldugumuz polen analizi ¢aligmasinin sonucu bu literatiir bilgisine uygunluk
gostermektedir.

Giines Ozkan vd. (2016) yilinda yapmis oldugu Hasanlar Baraji (Diizce - Yigilca) ve Cevresinin Balli
Bitkileri adli ¢alismada en yiiksek diizeyde tespit edilen familyalarin Fabaceae, Asteraceae ve Rosaceae
oldugunu tespit etmislerdir. Yildirim (2020) tarafindan ayn1 bdlgede yapilan Yigilca Yoresi Ballarinin
Polen Analizi ve Balli Bitkiler Florasi ¢alismasinda en ¢ok goriilen familyalarin Asteraceae, Rosaceae
ve Fabaceae oldugu belirlenmistir. Iki calisma sonucu karsilastirildiginda ayni familyalarin kendi
caligmamizda da en yiiksek oranda tespit edildigi goriilmiistir ve Yigilca bolgesinden elde edilen
ballarin bitki florasiyla uygunluk gosterdigi belirlenmistir.

Bolgede lokal dlgekte Yigilca ilgesinin ballari {izerine iki ¢alisma yapilmistir. Kambur vd. (2015),
yapmis olduklari ¢alisma kapsaminda inceledikleri 10 bal numunesinden 3’{inii monofloral ve geri kalan
7’sini polifloral bal olarak tanimlamistir. Calisma kapsaminda 15 taksonun poleni teshis edilmistir.
Dominant gruptaki polenlerin Castanea sativa ve Rhododendron ponticum oldugu belirlenmistir.
Calismamizin Yigilca ornekleriyle karsilastirildigt zaman dominant diizeydeki polen taksonlarimin
benzer oldugu gézlenmistir.

Yildirim (2020), yapmis oldugu ¢alisma kapsaminda inceledigi 7 bal 6rneginin 2 tanesini monofloral
geri kalan 5 tanesini polifloral bal olarak tanimlamustir. Calisma kapsaminda 42 taksonun poleni teshis
edilmistir. Dominant gruptaki polenlerin Castanea sativa ve Rhododendron ponticum oldugu
belirlenmistir. Calismamizin Yigilca ornekleriyle karsilastirildigi zaman dominant olarak tespit edilen
taksonlarin benzer oldugu gortilmistiir bununla birlikte Agrimonia repens, Apiaceae, Arctium minus,
Campanula sp., Centaurea sp., Cirsium sp., Cota tinctoria var. pallida, Crateagus sp., Cupressus sp.,
Echium vulgare, Fagus orientalis, Geranium sp., Ligustrum vulgare, Plantago sp., Potentilla sp.,
Pyracantha coccinea, Quercus sp., Rosa canina, Rubus sp., Salvia sp., Sambucus ebulus, Stachys sp.,
Trifolium sp. ve Urtica dioica L. taksonlari her iki ¢aligmada da tespit edilmistir. Bunlarin diginda kalan
taksonlar ¢aligmamizda familya ve cins diizeyinde goriilmiistiir.

06.09.2021 tarihinde Diizce Il Tarim ve Orman Miidiirliigii tarafindan tescil ettirilen Diizce Kestane
Balinin igerisinde barindirmasi gereken polen orani en az %70 olarak belirtilmistir (Anonim, 2021).
Yapmis oldugumuz calisma kapsaminda 8 bal o6rnegi Castanea sativa (kestane) bali olarak
belirlenmistir. Kestane bali olarak adlandirilan numuneler Cumayeri 1 (% 74,8), Cumayeri 2 (% 81,26),
Cumayeri 3 (% 74,84), Golyaka 5 (% 80,47), Kaynash 3 (% 86,3), Kaynaslh 4 (% 86,26), Kaynasli 5 (%
80,2) ve Yigilca 5 (% 87,32) numarali bal 6rneklerine aittir. Caligma sonucumuza baktigimiz zaman
Kestane bali olarak adlandirilan 6rneklerin tescil belgesiyle uyum sagladigi gézlenmistir.

Erdogan (2007), yilinda yaptig1 Sakarya ili ve on iki ilgesini kapsayan ¢alismasinda 65 bal 6rnegi temin
etmistir. Analizler sonucunda 11 bal 6rneginin monofloral, 54 bal 6rneginin polifloral bal oldugunu
tespit etmistir. Caligma kapsaminda 51 taksonun poleni teshis edilmistir. Dominant gruptaki polenlerin
Castanea sativa, Cistus sp., Cynoglossum sp., Fabaceae, Hedysarum sp., Ranunculaceae, Rhamnaceae,
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Rhododendron sp., Rosaceae, Scrophulariaceae ve Xanthium sp. taksonlarina ait oldugu belirlenmistir.
Fagaceae familyasindan Castanea sativa’nin her iki ¢alismada dominant 6zellik gostermesinin sebebi
yorenin dogal bitkilerinden biri olmas1 ve genis yayilisa sahip olmastyla aciklanabilir.

Figne (2016), yilinda yaptig1 ¢alisma kapsaminda 85 bal 6rnegini incelemistir ve bu drneklerin 4’iinii
monofloral kestane bali olarak tanimlamistir. Calismada dominant diizeyde tespit edilen taksonlarin
Castanea sativa ve Lamiaceae oldugu belirlenmistir. Bizim ¢alismamizda oldugu gibi Castanea sativa
bal 6rneklerinde en ¢ok gdzlenen taksondur bunun sebebi bolgenin dogal bitkilerinden olmasi ve genis
yayilisa sahip olmasiyla agiklanabilir. Calismamizla benzerlik gosteren bir diger takson istilact bir tiir
olarak karsimiza ¢ikan Ailanthus sp. polenleridir ve bu ¢alismanin iki 6rneginde karsimiza ¢ikmaktadir.

Daha onceki ¢alismalarla karsilastirildiginda Ailanthus sp. poleni 2 ¢aligmada minér ve eser diizeyde
karsimiza cikmustir (Ozler, 2015; Fisne, 2016). Bizim ¢alismanuzda Ailanthus altissima taksonuna ait
polenler dominant diizeydedir ve Ailathus bali olarak tanimlanmigtir. Dolayisiyla bu 6rnek Ailathus bali
icin ilk kayit olabilir.

Bakoglu vd. (2014) yilinda Bing6l ilinde yaptiklar: ¢alisma kapsaminda 5 bal 6rnegi incelemislerdir.
Caligma sonucunda Thymus leucostomus, Astragalus lagurus, Tribulus terrestris, Echinacea purpurea
ve Lamium purpureum taksonlar1 dominant, sekonder ve mindr diizeyde tespit edilmistir.

Bayramli vd. (2016), yilinda yaptiklart caligma kapsaminda 10 bal drnegi incelemisler ve toplamda 34
polen taksonu tanimlamislardir. Dominant diizeyde tespit edilen taksonlarin Liliaceae ve Medicago sp.
oldugu belirlenmistir.

Siiliin vd. (2017), 2013 yilinda Kars ili ve bes ilgesinden temin ettikleri 6 bal 6rnegi ve 5 polen graniili
tizerinde calismiglardir. Bal orneklerinde 21 polen taksonu tespit edilmis ve dominant taksonlarin
Compositea (Asteraceae), Leguminosea (Fabaceae) ve Mercurialis sp. oldugu belirlenmistir. Diizce
yoresinde yapmis oldugumuz caligsma ile karsilagtirildigi zaman son ii¢ ¢aligmanin dominant polen
diizeyinde benzerlik goriilmemistir. Ulkemiz ii¢ fitocografik bdlgenin kesistigi konumda yer almasindan
kaynakl1 zengin bitki ¢esitliligine sahiptir. Bu nedenle, farkli cografi bolgelere ait bal 6rneklerinde farkl
bitki tiirlerine ait polenler gozlenebilir. Son ii¢ ¢alisma bu farki ortaya koymak adina tartigma kismina
eklenmisgtir.

Sonug¢

Diizce yoresi ballarinda 20’si familya, 69°u cins ve 20’si tiir diizeyinde toplam 109 taksonun polen
teshisi yapilmigtir. Bal Orneklerindeki takson cesitliligi 17-44 arasinda degismektedir. Caligma
sonucunda siklikla karsilagilan taksonlarin Apiaceae, Asteraceae, Brassicaceae, Boraginaceae,
Ericaceae, Fabaceae, Fagaceae, Plantaginaceae, Poaceae ve Rosaceae, takson ¢esitliligi bakimindan ise
en yogun familyalarin Asteraceae (17), Rosaceae (11) ve Fabaceae (9) oldugu tespit edilmistir.

Calismamizda baskin tiir olarak temsil edilen ii¢ takson bulunmaktadir. Bunlardan ilki Castanea sativa
(17 o6rnek), ikincisi Rhododendron ponticum (3 6rnek) ve iiglinciisii Ailanthus sp. (1 o6rnek). Bu
taksonlardan Castanea sativa ve Rhododendron ponticum tiirlerinin bal drneklerinde goriilme siklig
bolgede dogal yayilis alanlarina sahip olmalari, Ailanthus altissima tiirtiniin ise 6rnek temin edilen arilik
cevresindeki varlig ile iliskilendirilmistir.

Ailanthus altissima (Cennet agaci, Kokar agac) bali Simaroubaceae familyasindan Ailanthus altissima
monofloral (tek ¢igek kaynakli) bal elde edilebilen, yiiksek oranda nektar ve polen igerigine sahip bir
taksondur. Bitkinin adiyla anilan bal ayn1 zamanda cennet agaci bali (tree of heaven honey) veya cennet
bali (heaven honey) olarak da adlandirilmaktadir (Lixandru, 2017). Bal, kehribar rengindedir ve
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kovandan alindig1 ilk halinde kot bir tada sahiptir fakat bir miiddet dinlendirildikten sonra giizel bir tat
almaktadir. Bal ayn1 zamanda hizli kristallesme egilimindedir (Hu, 1979; Farkas ve Zajacz, 2007;
Kowarik ve Saumel, 2007; Thompson, 2008; Gardi, Micheli ve Petrarchini, 2020).

Sekonder grupta temsil edilen polen tiirleri; Castanea sativa, Rhododendron ponticum, Taraxacum sp.,
Apiaceae, Calystegia sp., Crateagus sp., Erica sp., Fabaceae, Fagus orientalis, Helianthus annuus,
Quercus sp., Rosaceae ve Rubus sp. olarak belirlenmistir. Dominant ve sekonder grupta yer alan polen
tirleri balin olusumuna ve isimlendirilmesine birinci derece katki yaparken, mindr ve eser gruptaki
polenlerin etkisi daha azdir ve bu grupta yer alan ve ¢aligmamizda goriilen polenlerin (Chenopodiaceae,
Cistus sp., Cupressus sp., Juglans regia, Hypericum sp., Morus sp., Quercus sp., Plantago sp., Poaceae,
Pinus sp., Populus sp. ve Rumex sp.) kontaminasyon sonucu bala katildig1 diistiniilmektedir.

Avrupa’da bal ithal eden iilkeler i¢in balin polen icerigi dnemli bir kriterdir. Cesitli mineral maddelere,
vitaminlere ve enzimlere sahip olan polenlerin, balda bulunma yiizdeleri melissopalinolojik yontem ile
tespit edilir ve orantili olarak balin kalitesi artmaktadir (Dalgig, 1994). Tolon 1999, yilinda yapmis
oldugu ¢aligmada kaynagi ve niteligi belli olan ballarin daha kolay pazarlanabildigini belirtmistir. Bazi
yerel aricilar ballarini satisa sunarken balin temin edildigi bolgenin hakim bitki Ortiisiini, tadini,
kokusunu ve rengini kriter olarak belirleyip isimlendirmektedir. Fakat bu uygulamanin her zaman dogru
sonu¢ vermeyecegi goz oniine alinarak polen analizleri ile desteklenmesi gerekmektedir.

Diizce yoresinde yapmis oldugumuz ¢alisma kapsaminda aricilardan temin edilen bal 6rneklerinin 25
tanesi kestane, 7 tanesi ormangiilii ve 2 tanesi cigek bali olarak kayit edilmistir. Yapilan analizler ve
uluslararasi standartlar goz Oniine alindiginda temin edilen 25 kestane bali drneginden 8’inin
standartlarla uygunluk gosterdigi (%70 lizeri kestane poleni igermesi) geriye kalan 17 bal 6rneginin
kestane - ¢icek karisik bal oldugu, ormangiilii olarak temin edilen 7 ornekten 3 tanesinin %45’in
tizerinde Rhododendron ponticum poleni i¢erdigi, ¢igek bali olarak temin edilen 2 6rnekten birinin gigek
bali, digerinin ise Ailanthus altissima (%67,6) bali oldugu tespit edilmistir. Analizler sonucunda balin
isimlendirilmesi yapilirken polen analizlerinin ne kadar 6nemli oldugu bir kez daha anlasilmistir.

Yaptigimiz analizler sonucunda Diizce yoresinin iklim 6zellikleri ve bitki ortiisiiniin ¢esitliligi aricilik
faaliyeti i¢in uygun oldugu goriilmiistiir. Kaliteli ve yiiksek verimde bal elde etmek isteyen aricilara
kolonilerini ¢alisma kapsaminda tespit edilen nektarl bitkilerin yogun oldugu bdlgelere tagsimasi, sabit
aricilik yapiyor ise kovanlarin etrafina bu bitkilerin ekilmesi 6nerilebilir. Bu ¢alisma lilkemizde yapilmis
olan melissopalinolojik ¢aligmalar1 tamamlayici niteliktedir. Calismada elde edilen bilgilerin aricilar ve
yore halki i¢in faydali olmasini temenni etmekteyiz.
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ABSTRACT

Balanites aegyptiaca tree has multiple benefits in the arid/semi-arid regions of Nigeria. However, despite its
importance, information on its silvicultural requirements is still scanty. This study was therefore conducted to
determine the optimum light requirement and best sowing orientation of Balanites aegyptiaca seeds that would
enhance its germination. The experiment was laid out in a 4x3 factorial in a Completely Randomized Design (CRD).
Factor A (light) has four levels: 100% (L1), 75% (L), 50% (L3) and 25% (Ls) light intensities. Factor B (sowing
orientation) has 3 levels: seeds sown vertically with stalk upward (SO1), seeds sown vertically with stalk downward
(SO2) and seeds sown horizontally (SOs). Germination percentage (GP), mean germination time (MGT), and
germination speed (GS) were the variables assessed. The results show that light intensity and the interaction between
light intensity and sowing orientation did not significantly influence the germination characteristics assessed.
However, exposure to 100% light resulted in better GP (13.81+7.18%) and GS (2.85+1.84). Sowing orientation was
also found not to affect GP and MGT significantly. However, it affects GS significantly. Sowing seed vertically with
stalk upward gave better GP (15.79+6.02%) but early completion of germination (11.29+7.17 days) was observed
when seeds were sown horizontally. Seeds sown vertically with stalk upward germinate faster (3.44+1.85). Sowing of
Balanites aegyptiaca seeds should in a vertical position with their stalk upward and under moderate light exposure is
recommended.

Keywords: Balanites aegyptiaca, Desert date, Light intensity, Germination percentage, Mean germination time.

INTRODUCTION

Balanites aegyptiaca is a desert or arid/semi-arid specie, it is distributed widely across the Sahel region of
Africa, some parts of the Middle East, and Asia (Orwa et al., 2009). It is popularly referred to as desert date
because of its similarities with date fruit. It is known as Adutiwaa in the Northern part of Nigeria where it
is common. Identified by its multiple branches and spines, the stem is dark brown or grey colour, while the
leaf is green or dark green. It has a height of 10 m and a diameter at breast height of 40 cm at its best
(Varshney and Anis, 2014). Various part of the tree is utilized; the fruit and leaf are edible, providing several
essential nutrients (Kubmarawa et al., 2008, NRC 2008, Okia et al., 2013). It also has many medicinal
benefits (Ojo et al., 2006; Orwa et al., 2009; Morsya et al., 2010; Ya’u et al., 2011; Al-Maliki et al., 2016).
The stem is used in constructing farm tools and local slate which is used for writing and reading. The wood
of Balanites aegyptiaca provides good calorific value when used as fuelwood (Orwa et al., 2009).
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Light is one of the most important environmental factors required for seed germination, plant growth, and
development (Fankhauser and Chory, 1997; Pons, 2000). According to Menegaes et al, (2018), there are
three categories that all seeds belong to: positively photoblastic, negatively photoblastic, and neutral
photoblastic. Positively photoblastic seeds germinate in the presence of light, which means they are light-
dependent. For example, Musanga leoerrerae seeds had the highest germination rate in the presence of
light according to Muhanguzi et al. (2002). Negatively photoblastic seeds are inhibited by light, while
neutral photoblastic seeds are indifferent to light, for example, species of Funtumia africana, Oxyansus
speciosus, Funtumia gummifera, Celosia argentea, and Celosia cristata did well under neutral light
(Muhanguzi et al., 2002; Menegaes et al., 2018). Germination in the seeds of Cassia fistula, Enterolobium
saman, and Delonix regia species were found to be significantly affected by light intensity (Aref, 2014).
Muhanguzi et al, (2002) also reported a significant difference in the germination response of some selected
species. Similarly, Onyekwelu et al. (2012) found a significant difference in the germination of
Chrysophyllum albidum when exposed to different light intensities. While light intensity was found to affect
germination significantly as mentioned earlier, in some species different light regime was found not to
affect germination significantly. For example, Onyekwelu et al. (2012) reported that seeds of Irvingia
gabonensis were not significantly affected by different light treatments. Likewise, Akinyemi and Sakpere
(2015) observed that the germination of Moringa seeds was not significantly different between light and
dark conditions.

The amount or intensity of light required by the seed during germination is often neglected even though it
is an already established fact that the seed of different species responds to light differently during
germination (Muhanguzi etal., 2002; Onyekwelu et al., 2012; Aref, 2014; Menegaes et al., 2018). However,
the light requirement of several species, especially tropical tree species is yet to be established. It is therefore
important to understand the response of specie to light to achieve optimum germination.

Other factors such as sowing orientation or position can also affect germination. Seeds must be placed in a
position that allowed the uptake of water and other environmental variables required for germination
(Bowers and Hayden 1972). In some instances the effect of sowing orientation on seed germination was
reported to be significant (Elfeel, 2012; Zhang et al., 2015) while in another instance it was reported to be
non-significant (Kelvin et al., 2015). This implies that the seed of different species responds differently
during germination to the position of sowing. The position of the seed during sowing can be vertical or
horizontal, depending on the type of seed. For example, in Balanites aegyptiaca seeds, better germination
was achieved when seeds were sown vertically with stalk downward (Hall and Walker 1991; Sayda 2002;
Elfeel, 2012). However, poor germination was reported when seeds of the same Balanites aegyptiaca specie
were laid in the same position (vertically) according to EI Nour and Kalislo (1995) in another study. In
Litchi chinensis placement of seeds vertically with their radicle downward results in better germination
compared to sowing with radicle upward (Zhang et al., 2015). Sowing seeds of Lagenaria siceraria in a
horizontal position resulted in better germination (Kelvin et al., 2015). In peanut seeds, the highest
germination rate was recorded when seeds were sown vertically with hypocotyls end down, while the least
germination was observed when the hypocotyls end was up (Ahn et al., 2016). This means that the
appropriate position of seed placement during sowing is dependent on the type of species.

Though the effect of sowing orientation on germination of Balanites aegyptiaca was studied by Hall and
Walker (1991), EI Nour and Kalislo (1995), Sayda (2002), and Elfeel (2012), there seem to be
contradictions in their findings. Therefore more studies are needed to establish the best sowing position that
would lead to rapid and synchronized. The aim of this study therefore was to determine the optimum light
requirement and the best sowing position of Balanites aegyptiaca seeds that would lead to rapid and
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synchronized germination which is an essential requirement for raising seedlings for plantation
establishment and domestication programme.

METHODOLOGY

Study area

The study was carried out at the Seedlings Nursery of the Department of Forestry and Wildlife
Management, Federal University Gashua, Yobe State, Nigeria. Gashua town is located between Latitude
12°51'.723"- 12°54'.723" N and longitude 11°00'.024" - 11°03".475" E. The climate is divided into rain
(June — September) and dry seasons (end of September — May). Average annual rainfall ranged between
500 to 1000 mm. The minimum temperature ranged from 23 to 28°C, while the maximum temperature
ranges from 38 - to 40°C (Field Survey 2021).

Seeds collections

Ten (10) kg of mature fruits of Balanites aegyptiaca that are of good quality, free from pest or insect attack
were collected from tree stands within the Federal University Gashua. The fruits were bulked and separated
into different sizes; the larger fruits were selected for the experiment.

Experimental procedure

Selected fruits of Balanites aegyptiaca were de-pulped by soaking and washing in water to obtain the seeds.
The viability of the seeds was tested using the floatation test (Wakawa and Akinyele 2016). 2,000 viable
seeds were selected for the experiment. Seeds of Balanites aegyptiaca were randomly sampled from the
bulk of viable seeds and sown at three different orientations (vertically with stalk upward (SO,), vertically
with stalk downward (SO>), and horizontally (SOs)) in germination trays filled with sterilized river sand.
Light chambers were locally constructed with a wooden frame covered with 1 mm green mesh netting.
Seeds sown in germination trays without a light chamber served as control (100% light intensity). Seeds
sown in germination trays covered with one (1), two (2) and three (3) layers of green mesh nets represent
75% (L2), 50% (Ls), and 25% (Ls) light penetration respectively (Akinyele, 2007). The germination trays
were watered twice a day (morning and evening) while the experiment lasted. Germination count stopped
after no new germination was observed for one (1) week. The experiment lasted for five weeks (35 days).

Experimental design

The experiment was arranged in a 4x3 factorial in a completely randomized design (CRD). The treatment
combinations are shown in Table 1 below. Each treatment combination was made up of 12 germination
trays, which translated to a total of 48 germination trays.

Table 1: Treatments Combination of 4x3 factorial

Light intensity
Seeds shape L: L L3 La
SO, L1SO; L.SO; LsSO; L4SO,
SO, LSO, L,SO; LsSO; L4SO;
SO3 L1SO3 L,SO3 L3SO3 L4SO3

L1:100% Light intensity, L2:75% Light intensity, L3:50% Light intensity, L4:25% Light intensity, SO1: Seeds sowed
vertically with stalk upward, SO: Seeds sowed vertically with stalk downward, SOs: Seeds sowed horizontally

Germination characteristics assessed

Germination percentage (GP)

Germination percentage was calculated based on the formulae adopted by International Seed Testing
Association (ISTA) (1999) as shown below:
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Number of seeds germinatd
100

" Total number of seeds sown
Mean germination time (MGT days)
Mean germination time (MGT) was determined according to Soltani et al, (2015) formulae given below:
MGT=Y(n.t)/¥n

t is the time from the beginning of the germination test in terms of days

n is the number of newly germinated seeds at Time t.
Germination speed (GS)
Germination speed (GS) was calculated using the equation of Maguire (1962), given as

s = No.of germinated No.of seeds germinated

" Days of first count o days of final count

Data analysis

Data collected were subjected to two ways Analysis of Variance (ANOVA) using STATISTICA Version
12. Mean separation where applicable was done using Duncan Multiple Range Test (DMRT).

RESULTS AND DISCUSSION

Germination percentage

Light variation did not affect the germination percentage of Balanites aegyptiaca seeds significantly (Table
2). This implies that the germination of Balanites aegyptiaca seeds is not dependent on the amount of light
exposed to. However, seeds exposed to 100% light intensity (control) had better performance
(13.81+7.18%). According to Menegaes et al (2018), seed germination of some species is indifferent to
light (neutral photoblastic), collaborating with our finding. In Irvingia gabonensis seeds, Onyekwelu et al.
(2012) reported similar results when it was subjected to varying light exposure. A lack of significant
difference in germination percentage of Moringa seeds exposed to light and darkness was also reported by
Sakpere (2015). However, in other species, such as Cassia fistula, Enterolobium saman, Delonix regia, and
Chrysophyllum albidum, exposure to different light significantly influenced germination. Seeds of different
species respond differently under varying light intensity as observed by Menegaes et al (2018). Overall
germination percentage recorded for all the light regimes was poor which we attributed to the dormancy
effect of the seed as a result of the hard seed coat. We also suspect the low temperature observed during the
experiment to have played a part in hindering germination. The study was conducted during the harmattan
season when the temperature was low. Temperature is one of the environmental factors that can affect
germination. The temperature in both extremes can decrease seed viability thereby reducing germination
(Corbineau et al., 1986; Eberle et al., 2014).

Sowing orientation has no significant effect on the germination percentage of Balanites aegyptiaca seeds
but seeds sown vertically with their stalk upward perform marginally better than other orientations
(15.794£6.02%). Our result was contrary to that of Elfeel (2012) who reported sowing orientation to
significantly affect the germination percentage of Balanites aegyptiaca seeds. According to Elfeel (2012)
sowing Balanites aegyptiaca seeds in a vertical position with the stalk downward and horizontally gave
better germination and differed significantly with seeds sown vertically with the stalk upward. Our result
indicated that sowing seeds vertically with stalk upward gave better germination compared with those sown
vertically with stalk downward and horizontally though the difference was not significant. The
contradiction between our work and that of Elfeel (2012) is surprising since the species used are the same.
Reports from other studies concerning the effect of sowing orientation on the germination percentage of
Balanites aegyptiaca seeds such as that of Hall and Walker (1991) and Sayda (2002) all affirmed the
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superiority of sowing seeds vertically with stalk downward. However, EI Nour and Kalislo (1995) reported
poor germination when Balanites aegyptiaca seeds were sown vertically with stalk downward. This implies
that there is an intra-specific variation in germination response among Balanites aegyptiaca seeds.
Variation in germination response of seeds of different species when placed in a different position during
sowing is common (Elfeel, 2012; Kelvin et al, 2015; Zhang et al, 2015) but variation among similar species
is not common. Variation in seed characteristics among Balanites aegyptiaca species has been reported by
Aviara et al. (2005). This could be one of the reasons responsible for the observed difference since the
characteristics of seeds used in our study and that of Elfeel (2012) were not taken into consideration. Seed
characteristics such as size, weight, etc affect germination (Egli and Rucker, 2012; Souza and Fagundes
2014; Tabakovic et al 2020).

Interaction between light intensity and sowing orientation did not significantly affect the germination
percentage of Balanites aegyptiaca seeds. However, seeds exposed to 75% light and sown vertically with
stalk upward gave a better germination percentage of 16.49+8.17 (Table 3). Sowing orientation seems to
contribute more to this relationship than light intensity.

Mean germination time

The different light intensities had no significant effects on MGT, seeds sown under full light (control) took
a longer period (15.50+2.87 days) before completing germination, while seeds exposed to 50% light
intensity completed germination within the shortest possible time (11.99+6.36 days) (Table 2). Unlike in
GP where exposure of Balanites aegyptiaca seeds to high light intensity resulted in higher GP, in MGT,
low light intensity leads to early completion of germination. MGT is used to determine the number of days
it takes for germination to start and conclude. The fewer the days spent to complete germination the better.
Therefore exposing Balanites aegyptiaca seeds to 50% light intensity is better because it shortens the
number of days required to complete germination. The number of days taken to complete germination in
the seeds of some tropical forest species was reported to vary under different light conditions according to
Borthwick (1957), this is similar to our observation though the variation was not significant.

Sowing seeds of Balanites aegyptiaca in different orientations did not affect MGT significantly. Seeds
sown vertically with stalk upward require 15.17+2.84 days to complete germination, while seeds sown
horizontally took fewer days (11.29+7.17) to complete germination. Our result is contrary to that of Kelvin
et al. (2015) who reported MGT to vary significantly in seeds of Lagenaria siceraria when sown in a
different position. This may be attributed to the difference in species and/or environmental factors from
which the mother tree used for the collection of seeds was grown. The interaction between light intensity
and sowing orientation on MGT was not significant, seeds sown vertically with stalk downward and
exposed to 100% light intensity gave higher MGT (16.98+3.46 days), while those sown vertically with stalk
downward and exposed to 75% light intensity had the least MGT of 7.83+13.57 days. This implies that
sowing Balanites aegyptiaca seed vertically with the stalk downward and exposed to 75% light intensity
will reduce the time taken to complete germination.

Germination speed

The germination speed of Balanites aegyptiaca was not affected by exposure to different light intensities.
Seeds sown under 100% light intensity germinated faster (2.85+1.84) in comparison with other light
treatments (Table 2). Seeds exposed to 75% light intensity had the slowest germination speed (1.95+1.90).
This means sowing Balanites aegyptiaca seeds in high light intensity could lead to rapid germination.
Rapidity during seed germination is very important. Seeds that germinate faster and in large numbers during
germination are generally preferred because it is an indication of a favourable germination condition
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(Sarvas, 1950). Contrary to our result, the germination rate in the seeds of four tropical species was found
to vary significantly (Borthwick 1957). Since the species are different, we assumed individual species
difference was responsible for variation in behaviour.

Sowing orientation significantly affects the germination speed of Balanites aegyptiaca seeds. Seeds sown
vertically with stalk upward germinate faster (3.44+1.85) and differed significantly from those sown
vertically with stalk downward which had 1.13+1.18. Our result agreed with that of Kelvin et al (2015) who
reported a significant difference in GS of Lagenaria siceraria sown in a different orientation. Ahn et al.
(2017) also reported that sowing orientation significantly affects the GS of peanut seeds. The interaction
between light intensity and sowing orientation was not significant. Seeds sown vertically with stalk upward
and exposed to 25% light intensity had a faster germination rate (3.99+3.06S2), while those sown vertically
with stalk downward and exposed to 75% light intensity had the lowest germination speed (0.47+0.81)

Table 2: Effects of light intensity and sowing orientation on germination characteristics of Balanites aegyptiaca

Treatments GP MGT (days) GS
L1 13.81+7.18 15.50+2.87 2.85+1.84
L2 10.52+9.67 10.96+9.10 1.95+1.90
L3 11.27+7.54 11.99+6.36 2.46+1.83
L4 12.54£11.06 12.11+£8.52 2.70£2.65
S1 15.79+6.02 15.17+2.84 3.44+1.85%
S2 7.03+£7.25 11.46+9.39 1.13+1.18P
S3 13.29+£10.38 11.29+7.17 2.9042.242b

Note: Mean carrying the same alphabet did not vary significantly p< 0.05. Means values are followed by standard
deviation. L1=100% Light Intensity, L2=75% Light Intensity, L3=50% Light Intensity, L4=25% Light Intensity, S1=
Seed sown vertically with stalk upward, S2= Seed sown vertically with stalk downward, S3= Seed sown horizontally

Table 3: Effect of interaction between light intensity and sowing orientation on germination characteristics of
Balanites aegyptiaca

Treatments GP MGT GS
L1 Sl 15.24+3.59 15.22+2.45 3.14+1.30
L1 S2 10.48+7.87 16.98+3.46 1.90+1.61
L1 S3 15.71+10.30 14.31£3.09 3.51+2.67
L2 S1 16.49+£8.17 15.17+4.80 3.17+1.93
L2 S2 3.81+6.60 7.83+13.57 0.47+0.81
L2 S3 11.25£11.91 9.8949.02 2.20+2.12
L3 Sl 15.71+6.22 14.78+3.75 3.46+1.82
L3 S2 7.15+£6.55 11.97+£7.76 1.26+1.01
L3 S3 10.95+9.51 9.2248.01 2.67+£2.32
L4 S1 15.72+8.92 15.52+0.90 3.99+3.06
L4 S2 6.67£10.33 9.07+12.40 0.89+1.34
L4 S3 15.24+15.00 11.73+£10.20 3.22+3.02

Note: Mean carrying the same alphabet did not vary significantly p< 0.05. Means values are followed by standard
deviation.

L1=100% Light Intensity, L2=75% Light Intensity, L3=50% Light Intensity, L4=25% Light Intensity, S1= Seed
sown vertically with stalk upward, S2= Seed sown vertically with stalk downward, S3= Seed sown horizontally,
LxS= Interaction between light intensity and sowing orientation
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CONCLUSION

Germination characteristics of Balanites aegyptiaca seeds were not affected by the intensity of light. This
is an indication of the ability of the seeds to germinate irrespective of the intensity of light. Sowing Balanites
aegyptiaca seeds vertically with the stalk upward gave better germination characteristics even though the
difference from other sowing orientations was not significant. Sowing of Balanites aegyptiaca seeds in a
vertical position with their stalk upward under moderate light exposure is therefore recommended.
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