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Abstract

In the present study, the effect of some pre-treatments implemented on seeds of Oriental hornbeam
(Carpinus orientalis), which has wide geographical variation along Turkey on germination
percentage values were investigated. For this purpose, 13 different pre-treatments were
implemented to seeds obtained from 17 different populations. According to the obtained results
(except control seeds), pre-treatments leading to lowest germination percentage value (8.1%) in
Oriental hornbeam seeds was PT10: Keeping seeds for 90 min in sulfuric acid, while highest
germination percentage (86.58%) has been obtained with pre-treatment PT13: Implementation of
40% dose of Baikal EM1 + Biohoumous mixture to the seeds, while lowest germination
percentage (40.50%) was observed on seeds collected from P7 (Bartin-Kozcagiz) population,
highest germination percentage was observed in seeds obtained from P17 (Artvin-Hopa)
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Introduction

Forest degradation negatively affects the
characteristics of forest thereby reducing the value and
production of its goods and services. This change is caused
due to disturbances (although not all disturbance causes
degradation), which may vary in extent, severity, quality,
origin and frequency. Disturbance may be natural (e.g. that
caused by fire, storm or drought), human-induced (e.g.
through harvesting, road construction, shifting cultivation,
hunting or grazing) or due to combination of both. Human-
induced disturbance may be intentional (direct) such as
logging or grazing, or it may be unintentional (indirect) like
spread of an invasive alien species (FAO, 2014). On the other
hand, increase in raw materials and services obtained from
these forests were 68.4% in 2014. Despite this increase,
decrease in productivity of the forests throughout the world
has reached to 58.6%. Particularly, due to biotic and abiotic
factors such as overuses of fuel wood incorrect silvicultural
approaches, failed foresting activities, opening activities,
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fires, irregular structuring, insects, bacteria, fungi, snow and
storm, the forests loss level has decreased by 78.3% in Africa,
32.6% in Europe and 56.3% in central and eastern Asia
(FAO, 2014). Depending on ecological factors diversity,
Turkey is a rich country from the aspect of forest wealth and
bio-diversity.

Turkey has approximately 22.1 million ha forest area,
and this equals to approximately 27.5% of country's total
surface area. 52% of this area is productive, and the rest 48%
is unproductive area (Anonymous, 2012). The ecological
requirements of these unproductive and ruined forest lands is
appropriate for growing broad-leaved species rather than
needle-leaved species, and transforming these lands into
productive form again will be faster via establishing broad-
leaved tree forests. In parallel with increasing requirement of
wood of broad-leaved trees throughout the world has
increased interest on broad-leaved trees and their forests
gradually. Improvement of forest trees aims at growing
forests having quality and development potential suitable for
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economy's requirement by utilizing inherited characteristic
and variation of forest trees. An important function of tree
improvement is to find, to grow, and to propagate productive
individuals having some superior characteristic among the
natural generations. As genetic source in tree improvement,
firstly the natural stands (natural populations) are considered,
and the most suitable population for the desired product and
the region where the desired product will be produced is
chosen among them (Assis and Resende, 2011).

One of the most necessary steps is the production of
seeds because many plants are fed their seeds and regular and
redundant seed production is desired for the process
(Tungtaner, 2007). The success of foresting via planting or
sowing depends on the origin of seeds and their genetic
characteristics (Yahyao@lu and Olmez, 2005; Ugler and
Turna, 2006).

From this aspect, the forest growing activities require
enough information about collecting seeds of known origin
and information about germination of these seeds. Storage of
collected seeds affects germination skills of seed. For this
reason, storing collected seeds for long duration is of great
importance. Ex-situ storage of plants is gaining importance
day by day. One of the ex-situ protection method is to
preserve seeds for long duration without degrading their
quality. In hornbeam seeds, there is germination limitation
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rising from embryo. As embryos in hornbeam seeds are not
well-developed, they can stay in seedbed and can continue
germinating next year. In view of the above, the present study
aimed to determine seed characteristics of Oriental hornbeam
(Carpinus orientalis), which is one of two natural Carpinus
species in Turkey, and to obtain highest germination
percentage values by eliminating germination obstacles via
various pre-treatments.

Materials and Method

The seeds of hornbeam used in the present study was
collected from 17 populations (P1-P17) from Western and
Eastern Black Sea region (Fig. 1) with contributions of
Directorate of Forest Trees and Seeds Improvement
Researches.

Seeds were collected in late September and early
October 2014 which was the most appropriate ripening
period of Oriental hornbeam (Carpinus orientalis). They
were collected through complete field scanning at 135 to
1266 m altitude in a way representing 3 different altitude
belts.

During seed collection, attention was paid to naturally
of selected population, and selection of population among
non-treated stands or stands that were treated very few,
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P1: Derince
P2: Hendek
P3: Yigilca
P4: Kaynasli
P5: Devrek
P6: Yenice
P7: Kozcagiz
P8: Ulus

P9: Pinarbasi
P10:Kure
P11:Erfelek
P12:Bafra
P13: Akkus
P14: Espie
P15: Macka
P16: Caykara
P17: Hopa
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Fig. 1 : Geographical locations of populations (P1-P17) where the seeds have been collected
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especially the ones having normal or almost-normal closure.
While selecting trees within the population, during sampling,
attention was paid to keep 150 m distance between sample
trees for minimizing the affinity possibility and to ensure best
representation of the population. Seeds collected were put
into different bags and labeled. After collection, seeds were
taken to laboratory for further investigations. Seeds were
separated from fruit cover by hand and then observed for
disease, color, damage and undeveloped seeds were
removed. Clean seeds were then put into sealed nylon bags
and labeled for each population and tree.

After seeds were removed from dried fruits, initial
weight of per 1000 seeds of oriental hornbeam was
calculated. For this purpose, by counting seeds of each of the
trees in sample area separately, 8x100 seeds randomly
chosen from 43 trees were calculated, and then weighed in
precision balance. By placing the values obtained from
weighing process in the formula, the weight of per 1000 seeds
was calculated.

In order to determine the fullness rate of seeds, seeds
obtained from 3 different populations, a total of 12.900 seeds
(300 (3x100) per tree) were utilized. For revealing full and
consequently healthy seeds, floatation method was used with
90% ethanol solution (Giiney et al., 2014).

In order to remove germination inhibition rising from
seed boll and embryo in oriental hornbeam seeds, some pre-
treatments were given which are as follows: PT1-Control
(floatation in alcohol); PT2-30 days of cold folding; PT3-30
days of cold folding + gibberellic acid (700 ppm); PT4-60
days of cold folding; PT5-60 days of cold folding +
gibberellic acid (700 ppm); PT6-90 days of cold folding;
PT7-90 days of cold folding + gibberellic acid (700 ppm);
PT8-800 ppm gibberellic acid (GA3) treatment on seeds;
PT9-10,000 ppm citric acid (C,H,O,) treatment on seeds;
PT10-Keeping seeds in sulfuric acid for 90 min.; PT11-40%
doze of Baikal EM1 treatment on seeds; PT12-40% dose of
biohoumous treatment on seeds and PT13-40% doze of
Baikal EM1 +biohoumous mixture treatment on seeds.

The pre-treatments mentioned above were
implemented under open-air conditions, and a total of 13
different treatments were implemented. All the treatments
were implemented on seeds obtained from the method of
floatation in alcohol. Initially, in order to remove germination
obstacle of oriental hornbeam species, seeds were taken into
cold folding to determine the effects of storage duration
which were determined to be 30, 60 and 90 days, 3x70 pcs
seeds for each folding duration was placed into polyethylene
bags containing sand, 40% moisture, and then kept at +4°C
for folding. After seed samples were placed in polyethylene
bags, their population was written on the labels on the bags.
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After pre-treatments made on seeds, they were
labeled according to population numbers, were kept in sealed
bags and made ready for planting. In order to perform
planting, 2 seedbeds were prepared in greenhouse of Bartin
University, Faculty of Forestry. The seedbeds were prepared
with sand-forest soil mixture. For planting seeds, line
planting method was followed, and planting was executed
according to random try pattern. In seedbeds prepared, lines
having depth 3 folds of seed's height was opened with a stick.
3x70 seeds were planted with samples. Without applying any
pre-treatment and with pre-treatment implementation, seeds
were planted into 2 lines for each tree and population. In the
present study, 13 different pre-treatments were implemented
for each of the altitude zone, a total of 4620 seeds were
planted for these pre-treatments. Approximately, 10 trees
were used from each altitude zone, 9870 seeds were planted
in tree-based planting performed for 170 trees. A total of 210
lines were used for all the planting operations.

As covering material, sand-forest soil mixture was
used. Labels indicating the name of population and list of pre-
treatment implemented were placed at beginning of the line,
and seedbeds were protected against external factors by
covering them with cages. Watering in open-air was done
regularly and weeds in seedbeds were cleaned at regular
intervals. Seed germination was counted from the beginning
and recorded weekly.

In order to assess the data, statistical analyses were
made on data obtained from measured characters by SPSS
package software. In order to determine whether or not each
of characters showed variation among the population or
within the population depending on altitude, one-way and
two-way analyses of variance (99%significantly) and
Duncan test (95% significantly) were performed (Ozdamar,
1999; Ercan, 1997).

Results and Discussion

In order to remove germination obstacle and to
determine difference between germination percentage of the
population, 13 different pre-treatments were given, and
germination was noted.

Table 1 shows that highest germination percentage
values were noted PT13 pre-treatment was implemented in
P17, P16 and P14 population. The lowest germination
percentage values were noted in P7 and P8 population with
PT10. Merou et al. (2012) on Carpinus orientalis Mill., 1, 2,
and 3 months of cold folding at 5°C has been implemented to
mechanically injured seeds after cold folding for 1, 2, and 3
months at 5°C and application of 15 and 30 min. of H,SO,
treatment in order to remove the germination obstacle of the
seeds.
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Table 1 : Germination percentage results of populations where the different pre-treatments have been implemented

Pre- Germination percentage values (%)

freatments py p2 P3 P4 PS5 P6 P7 P8 P9 PO PIl P12 PI3 P4 PI5S PI6 P17
PT1 8.3 7.5 7.2 8.3 7.0 6.5 5.4 6.8 5.5 5.2 7.4 8.3 8.0 7.6 6.8 5.4 5.8
PT2 21.8 204 225 23,6 204 218 197 203 192 187 21.5 228 226 217 203 202 216
PT3 149 176 173 154 150 148 142 155 154 148 147 182 180 17.6 168 163 172
PT4 165 183 188 176 172 153 164 176 173 167 169 21.0 195 187 182 183 185
PT5 237 245 256 248 252 234 242 263 257 248 254 268 264 256 251 254 258
PT6 133 152 148 146 143 125 128 135 13.6 145 148 164 163 160 162 164 163
PT7 1.5 123 105 11.6 104 106 112 10.8 10.7 114 12,6 13.1 13.0 132 127 125 124
PT8 243 242 236 245 243 215 226 217 21.8 245 254 267 269 275 268 264 265
PT9 353 356 354 352 323 245 268 257 336 374 382 393 401 387 400 416 424
PT10 8.5 8.2 8.3 7.6 7.4 7.3 6.8 6.5 8.1 8.3 8.8 8.2 8.5 8.3 8.4 8.2 8.6
PT11 724 735 738 736 688 686 568 524 726 756 758 747 755 724 764 735 754
PTI12 67.6 654 653 642 61.6 652 604 637 658 678 674 685 682 693 682 684 693
PTI3 832 836 842 786 784 854 742 846 843 882 895 912 924 934 925 93.6 945

As a result, the germination percentage reached
almost 100% with in 3 months of cold folding, but it was
found that germination percentage was less in seeds after
chemical and mechanical treatment. For this reason, at the
end of the study, it was observed that mechanically injuring
the seeds led to lethal effect on seeds and chemical treatments
might have damaged the embryo. Czapracki and Holubowicz
(2010), in their study on Carpinus betulus, applied hot-cold
folding operations at different durations in order for planting
operations to be successful and in order to break germination
obstacle. In the present study, where 5 different pre-
treatments were implemented in order to remove germination
obstacle, most appropriate folding duration was determined.
As a result, it was found that the most appropriate medium
was hot folding in turf and sand for 4 weeks at 20-22°C and
cold folding for 16 weeks at 3-5°C and 0.5% concentration of
GA3 decreased the folding duration. In an another study on
Carpinus orientalis and Carpinus betulus species, hot
folding, cold folding and GA3 treatments was given in order
to remove germination obstacles of both the two species.
Firstly, the seeds were taken under hot folder for 1 or 2
months at 20-25°C, and then under cold folding at 3-5 °C for
0, 1,2, 3, and 4 months for initial germination experiment and
then, after treatment with 500, 1000 and 2000 ppm GA3 the
seeds were under cold folding at 3-5 °C for 0, 1, 2, 3, and 4
months. The results revealed that the highest germination
percentage value was obtained from Carpinus orientalis with
2000 ppm GA3+ 4 months cold folding (90.8%), while
highest germination in Carpinus betulus species was
observed with 1000 ppm GA3+ 4 months cold folding
(89.2%) treatment (Pipinis et al., 2012). In an another study on
Carpinus loxiflora, Carpinus tshonoskii and Carpinus cordata
species, germination obstacle 3 species, and the effects of cold
folding application on germination was determined. After
cold folding application to seeds, it was determined that the
germination percentage exceeded 80% in C. laxiflora and C.
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tshonoskii, but seeds of C. cordata could germinate only after
being kept in cold folding for 10 months, and couldn't
germinate in darkness (Suzuki, 2000). In a similar research,
highest germination percentage of pretreatments were found
with citric acid (5000) in population 1, GA3 (500 ppm) in
population 2, and stratification of 2 months + GA3 500ppm in
population 3. Germination of oriental hornbeam could be
increased with stratification and GA3 treatments. Seed
germination showed a decreasing trend with increase in
altitude (Giiney et al., 2014). Furthermore, Merou et al.
(2012) reported that Carpinus orientalis seeds with chemical
(H,SO,) and mechanical scarification showed lower
germination percentage. This indicates that mechanical
scarification can be deadly for seeds, while chemical
application can harm the embryo, further it was found the
highest germination percentage was obtained by applying
40% concentration Baikal EM1 + Biohoumous mixture on
seeds. Several studies have concluded that these effective
microorganisms have positive effect on yield, particularly in
agriculture fields (Fujita, 2000; Kremer et al., 2001; Chagas
et al., 2011). But the natural materials have never been
investigated in Turkey from the aspect of their effect on seed
germination of forest tree species and development of
saplings. The present study is the first one on this regard, and
even 40% dose of Baikal EM1 + biohoumous mixture
significantly increased the germination percentage of
Oriental Hornbeam seeds.

Table 2 shows that highest germination percentage
among the oriental hornbeam population was found in P17
population with 94.5%, while lowest germination
percentage was seen in P6 (7.3%). On the other hand, it was
found that germination percentage values varied between
40.50% and 51.55%. The level of significance was less than
0.01 from the aspect of population, pre-treatment and
population (the level of confidence being 99%) and it
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Table 2 : Germination percentage of population
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Table 4 : Duncan test results of populations

Population Min. Max. Mean
germination germination germination
percentage (%) percentage (%) percentage (%)

P1 8.5 83.2 45.85

P2 8.2 83.6 45.90

P3 8.3 84.2 46.25

P4 7.6 78.6 43.10

P5 7.4 78.4 42.90

P6 7.3 85.4 46.35

P7 6.8 74.2 40.50

P8 6.5 84.6 45.55

P9 8.1 84.3 46.20

P10 8.3 88.2 48.25

P11 8.8 89.5 49.15

P12 8.2 91.2 49.70

P13 8.5 92.4 50.45

P14 8.3 93.4 50.85

P15 8.4 92.5 50.46

P16 8.2 93.6 50.90

P17 8.6 94.5 51.55

Table 3 : Results of Duncan test regarding pre-treatments

Pre-treatments Germination percentage (%)

PT1 6.88a
PT2 21.12b
PT3 16.10bc
PT4 17.81bc
PT5 25.21c¢
PT6 14.79b
PT7 11.76b
PT8 24.65bc
PT9 35.42cd
PT10 8.1ab
PTI11 71.28de
PT12 66.25d
PT13 86.58¢

revealed that all of them had impact on germination
percentage.

It was found according to Duncan test that pre-
treatments formed 9 different groups (Table 3). In this
context, PT1 pre-treatment was placed in first group, PT13
pre-treatment was placed in final group. Baikal EM1 and
biohoumous increased germination percentage in hornbeam
seed.

Table 4 shows that lowest mean germination
percentage was observed in P4 (Kaynasli), PS (Devrek) and
P7 (KozcaZiz) population. Highest germination percentage
was found in P17 (Hopa) population. Giiney et al. (2014)
noted highest germination percentage in Magka 3 population
and studied variations based on germination characteristics

Population Germination percentage (%)
Pl 45.85b
P2 45.90b
P3 46.25¢
P4 43.10a
P5 42.90a
P6 46.35¢
P7 40.50a
P8 45.55b
P9 46.20c
P10 48.25d
P11 49.15d
P12 49.70d
P13 50.45¢
P14 50.85e
P15 50.46¢
P16 50.90e
P17 51.55f

of Carpinus orientalis mill seeds that were collected from
natural population at high altitudes.

Thus, in the present study sevealed that highest
germination percentage was found with 40% dose of Baikal
EMI1 + biohoumous mixture for hornbeam seed. In this
context, Baikal EM1+biohoumous effective microorganism
mixture should be used for increasing germination
percentage of oriental hornbeam seed in different population
in Turkey.
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