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Effects of Different Cutting Types, Rooting media, IBA Doses and Waiting Times on Propagation of
Native White Stonecrop (Sedum album L.)"

Farkli Celik Tipleri, Koklendirme ortamlari, IBA Dozlar1 ve Bekleme Siirelerinin Coban Kavurgasi

Bitkisinin (Sedum album L.) Cogaltilmast Uzerine Etkileri*

Ezgi Ekici 1, Bahadir Altun?
Received: 29.01.2024 Accepted: 24.04.2024 Published: 25.08.2024

Abstract: This study was conducted to reveal the effects of different media, cutting types, IBA doses and different waiting times on the cutting
propagation of Sedum album L. species, which naturally spreads in the flora of Kirsehir, Tiirkiye. After the cuttings were prepared, the first group was
planted immediately, and the second group was planted after waiting for 3-d. Peat + perlite (3:1) and sand media were used as rooting medium in the
experiment. Cuttings were prepared as terminal, leaf, leafy stem and stem cuttings and treated with 0, 50 mg I and 100 mg 1 doses of IBA before
planting. Results showed that the peat + perlite (3:1) environment exhibited better performance than the sand environment and gave higher values in all
investigated parameters. While rooting occurred in all cutting types in the peat + perlite medium, rooting was occurred only in the terminal cuttings in
the sand environment. 100% rooting was occurred in the peat + perlite medium in terminal cuttings, it was 98.12% in the sand environment. The effects
of planting time and IBA doses on investigated parameters were statistically insignificant (P> 0.05).

Keywords: Sedum album L., succulent, propagation, IBA, rooting medium

&

Oz: Bu calisma, Kirsehir ili florasinda dogal olarak yayilis gosteren Sedum album L. tiirtiniin gelikle ¢ogaltilmas: {izerine farkli ortamlarmn, gelik tiplerinin,
IBA dozlarinin ve farkli bekleme siirelerinin etkilerini ortaya koymak amaciyla yapilmustir. Celikler hazirlandiktan sonra ilk grup hemen dikilmis, ikinci
grup ise 3 giin bekletildikten sonra dikilmistir. Denemede koklendirme ortami olarak torf + perlit (3:1) ve kum ortamlari kullanilmustir. Celikler terminal,
yaprak, yaprakli gévde ve gévde gelikleri olarak hazirlanmis ve dikimden 6nce IBA'nin 0, 50 mg 1 ve 100 mg I'' dozlari1 ile muamele edilmistir. Sonuglar
torf + perlit (3:1) ortaminin kum ortamina goére daha iyi performans sergiledigini ve incelenen tiim parametrelerde daha yiiksek degerler verdigini
gostermistir. Torf + perlit ortaminda tiim gelik tiplerinde koklenme meydana gelirken, kum ortaminda sadece terminal ¢eliklerde koklenme meydana
gelmistir. Terminal geliklerde torf + perlit ortaminda %100 koklenme gerceklesirken, kum ortaminda bu oran %98.12 olmustur. Dikim zamam ve IBA
dozlarmin incelenen parametreler {izerine etkisi istatistiksel olarak 6nemsiz bulunmustur (P>0.05).

Anahtar Kelimeler: Sedum album L., sukkulent, cogaltma, IBA, koklendirme ortami

Cite as: Ekici, E., & Altun, B. (2024). Effects of different cutting types, rooting media, iba doses and waiting times on propagation of Native White
Stonecrop (Sedum album L.). International Journal of Agriculture and Wildlife Science, 10(2), 173-182. doi: 10.24180/ijaws.1412678

Plagiarism/Ethic: This article has been reviewed by at least two referees and it has been confirmed that it is plagiarism-free and complies with research
and publication ethics. https://dergipark.org.tr/tr/pub/ijaws
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Ezgi EKICI, Bahadir ALTUN

INTRODUCTION

Succulents, which have an important place among ornamental plants, are known and used by mankind
since ancient times. The superior adaptability of cactus and succulent species let to the use of these plants
as outdoor and indoor ornamental plants. These plants, which are quite durable, can continue their lives
without any damage in severe drought and irregular irrigation conditions. For this reason, its cultivation
and maintenance is much easier than other plants. Nowadays, succulents have started to take place as

alternative green field plants in landscape areas due to their beautiful appearance and low water demand
(Cabahug et al., 2018).

Sedum is a large genus of flowering plants in the Crassulaceae family. Sedums are commonly known as stone
drops. Sedums, which mainly spread naturally in the Northern Hemisphere, are naturally found in Africa
and South America in the southern hemisphere. Sedum is a plant native to Europe, Asia, Africa and the
Americas. When the whole family is examined, it is reported that it consists of a total of 1410 species and
305 subspecies, as well as 33 genera and 23 hybrid genera. The genus Sedum is the largest genus in the
Crassulaceae family with 428 species (Thiede and Eggli, 2007; Manda et al., 2019). Sedums are in different
forms, from annuals and creeping plants to shrubs. Their leaves store water. Generally, five-petaled flowers
form, while 4 or 6-petal formations are observed. Typically, petals have twice as many stamens (Thiede
and Eggli, 2007). Turkey has an extremely rich and wide range of Sedum species. Among the reasons why
Sedum species diversity is so high, the topographic structure of our country plays an important role. These
topographic features include deep and discrete valleys, rocky slopes and height differences. There are 34
species and 44 taxa in total in the flora of Tiirkiye. 7 of these species are endemic (Alpinar, 2012).

Sedum album L. was plant material of current study. This species is a flowering plant of the Sedum genus of
the Crassulaceae family. It is naturally present in the northern temperate regions of the Earth, growing in
crevices, rocky and stony slopes. S. album, which is a long day plant and grows vegetatively most of the
year, blooms white in summer. The densely leafy creeping stems are short and cluster on the ground. At
the time of flowering in July and August, the stems are elongated, getting wider and branching to give new
shoots. Although the colors of these shoots vary according to the drought, they are usually pinkish-brown.
The leaves are succulent and almost cylindrical in shape, blunt and rounded, with a lobed arrangement on
the stem. The flowers are loosely structured, multi-flowered, in the form of cyme at the end of the branch
or stem. The flowers have 5 white petals. The calyx consists of 5 fused sepals. Stamens are 10 pieces. The
female organ is divided into carpels and 5 pistils (Chamberlain, 1972). S. album is an evergreen, highly
resistant to climatic conditions (cold, arid etc.), perennial, dense and herbaceous plant. This species, which
can be easily reproduced, develops and spreads very quickly and easily, is an economical plant material
sought for landscaping applications in recent years due to its contentment. S. album has creep stolons. That
is why it is located in rocky, stony and sloping areas. It covers ground quikly. Recently, this plant has been
used in refuges, parks and gardens, and roof gardens, with its wide and short stems, leaf shapes, small
white flowers on a thin flower stalk (Arslan, 2020). The species that can be easily propagated vegetatively
by cuttings and separation method. Root formation begins where their stems come into contact with the
soil. For this reason, they can spread easily by covering an entire area.

This study was conducted to determine the effects of different media (sand and peat + perlite), cutting types
(terminal, leaf, leafy stem and stem), waiting times (immediately and planting after 3-d waiting), and IBA
doses (0, 50, 100 mg I'') on propagation of Sedum album L. cuttings, which naturally present on stony and
rocky slopes at Kervansaray Mountain flora in Kirsehir.

MATERIAL AND METHOD

In this study, S. album L. (White Stonecrop) species, which naturally spreads on the Kervansaray Mountain
located within the borders of Kirsehir province, in Turkey, was used as plant material. The cuttings were
taken in 2019 and trials were established, and since they were under controlled conditions, the study was
planned for a single year. The cuttings were prepared in the laboratory of Kirsehir Ahi Evran University
Faculty of Agriculture, Department of Horticulture. Propagation works were done in the unheated
greenhouses of Kirsehir Ahi Evran University, Faculty of Agriculture, Department of Horticulture. Two
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different rooting media (peat + perlite (3:1) and sand) were used. IBA (Indole Butyric Acid) was applied for
the rooting of cuttings.

The cuttings were collected at the end of July. Cuttings were taken in the form of shoots using scissors
sterilized in 70% ethanol. When taking the cuttings, the plant was cut from the bottom of the stem and the
mother plant was not damaged. The collected cuttings were brought to the laboratory by placing them in
styrofoam boxes with moist newspaper lined inside. The cuttings brought were prepared in four different
ways as leaf, stem, leafy stem and terminal cutting. Information on the preparation of cutting is given below
in detail;

For obtaining terminal cuttings, the cuttings were cut from the non-flowering shoots of the mother plant,
about 2 cm long, with sharp and sterilized scissors. The leaves at the base of the shoot were cleaned and
the leaves at the top were left. For leaf cutting, the leaves on the shoots of the mother plant were manually
turned and plucked from the shoot, and each leaf was used as a leaf cutting. For obtaining a stem with
leaves, the cuttings are prepared as a leaf and a piece of stem by cutting a leaf and a stem part from the top
and bottom of the stem where the leaf is attached to the stem. For stem cutting, the cuttings were prepared
by cutting the stems of the plant into pieces about 2 cm long without leaves.

The rooting media sand and peat+perlite (3:1) were prepared as following;

For preparing sand medium, the stream sand was sieved and cleaned of foreign materials. Then, sand
moistened with tap water was filled into viols. These pores were covered with pieces of blotting paper so
that the sand would not flow from the pores at the bottom of the viols. For preparing peat + perlite medium,
sterile peat and agricultural perlite were prepared by mixing at a ratio of 3:1, respectively.

Two different planting times were used. Planting immediately and planting after 3-d waiting. Cuttings
brought from the field for planting without waiting (immediately) were prepared in the laboratory as
described above. This study was conducted in factorial experimental design (2 medium x 4 cutting type x
2 waiting times x 3 IBA doses) on the media prepared for planting.

One of the synthetic auxins groups, IBA (Indole-3-buytric acid) was used to promote rooting in cuttings.
The bottom part of each cutting was dipped into the IBA solution prepared at different doses (0, 50 and 100
mg 1) for 20 seconds before planting.

Powdered IBA was prepared in doses of 50 and 100 mg 1!, with each dose being 100 ml. 100 ml containing
50 mg I of IBA prepared as follows: 5 mg of powdered IBA was weighed and dissolved in 96% ethyl
alcohol and the top was completed with 50 ml of ethyl alcohol. The solution was made ready for use by
adding 50 ml of distilled water to the IBA and pure alcohol solution.

Cuttings were prepared in the laboratory and made ready for planting. The bottom parts of the terminal
cuttings were immersed in the rooting medium up to the leaf starting point and planting was carried out
this way. Leaf and leafy stem cuttings were placed on the prepared medium with the leaves on top, and
the bottom parts were contacted with the medium by pressing them lightly by hand. Stem cuttings, were
placed horizontally on the rooting medium and pressed lightly by hand and buried in the medium almost
up to half their trunk diameter.

The examined parameters were rooting rate, plant height, plant diameter, number of shoots and rooted
shoots, shoot length, root length, the distance between the exit point of the longest root on the cuttings and
the end point in rooted cuttings, wet and dry weights of roots. The distance between the tip points of the
shoots formed after the cuttings were rooted was measured as plant diameter.

The data were analysed by using SPSS 16.0 statistical software. In calculating rooting rates, the “ArcSin”
transformation was applied since the obtained data was calculated as %. The data were subjected to a one-
way analysis of variance. Comparisons of the means of the applications were done by using Duncan
Multiple Comparison Test. Root weights were used for determining the root quality without any statistical
analysis due to the collective taken root samples for each treatment group.

———
Uluslararas: Tarim ve Yaban Hayat1 Bilimleri https://dergipark.org.tr/tr/pub/ijaws

175



Ezgi EKICI, Bahadir ALTUN

RESULTS AND DISCUSSION

The effects of peat + perlite and sand media on the rooting of cuttings and the growth of plants were
investigated. Results showed that the effect of the media was statistically significant (p<0.01) on all
parameters except rooting rate (%) and shoot length (cm). Peat medium gave higher values in all
parameters examined. When all cutting types (terminal, leaf, leafy stem and stem) were evaluated together,
the effects of the media on the rooting rate of all cuttings were insignificant (P>0.05). As a mean, a 34.21%
rooting was obtained in peat + perlite medium while a 24.53% rooting was obtained in sand medium. The
effect of medium on plant height was significant with the highest plant (1.14 cm) formed in peat + perlite.
The media affected plant diameter at the P<0.01 level, and the widest diameter (2.60 cm) was obtained in
peat + perlite medium. The shoot numbers of cuttings rooted in peat + perlite and sand media were 3.61
and 0.26, respectively. A 1.13 rooting occurred in these shoots in peat + perlite media, and a 0.25 in sand
media. The longest shoot (0.61 cm) and longest root (10.28 cm) occurred in peat + perlite medium. The
higher fresh and dry weights were obtained in plants grown in peat + perlite medium compared to sand
medium (Table 1).

Table 1. The effects of the medium on investigated parameters.
Cizelge 1. Ortamin incelenen parametreler iizerindeki etkileri.

Parameters Peat+Perlite Sand SEM P Values
Rooting rate (%) 34.21 24.53 2.99 0.106
Plant height (cm) 1.14 0.37 0.06 0.000
Plant diameter (cm) 2.60 0.27 0.16 0.000
Number of shoots 3.61 0.26 0.24 0.000
Number of shoots having root 1.13 0.25 0.05 0.000
Length of shoots (cm) 0.61 0.45 0.05 0.167
Length of root (cm) 10.28 1.51 0.48 0.000
Wet weight (g) 1.70 0.37 0.13 0.000
Dry weight (g) 0.27 0.05 0.01 0.000

The results showed that a 34.21% (peat + perlite) and 24.53% (sand) rooting occurred, in average, in all
cutting types (Table 1). The highest rooting rate was obtained from terminal cuttings. The effects of media
on the rooting of the terminal cuttings and the growth of plants were, also, examined independent from
other cutting types, and the results are given in Table 2. By the way, the effects of media on all the
parameters examined was significant (P<0.01) and the peat + perlite medium gave much higher values than
the sand medium. A 100% rooting was obtained in the peat + perlite medium, while this rate was 98.12%
in the sand medium. In terms of shoot number, approximately 10 times higher shoots occurred in plants
rooted in peat + perlite medium compared to sand medium (Table 2).

Table 2. The effects of medium on parameters obtained from terminal cuttings.
Cizelge 2. Terminal ¢eliklerden elde edilen parametreler iizerine ortamin etkileri.

Parameters Peat+Perlite Sand SEM P Values
Rooting rate (%) 100.00 98.12 0.48 0.005
Plant height (cm) 2.56 1.48 0.08 0.000
Plant diameter (cm) 6.86 1.11 0.42 0.000
Number of shoots 10.12 1.06 0.67 0.000
Number of shoots having root 2.11 1.00 0.09 0.000
Length of shoots (cm) 1.97 1.82 0.02 0.004
Length of root (cm) 17.35 6.07 0.84 0.000
Wet weight (g) 5.44 1.50 0.34 0.000
Dry weight (g) 0.75 0.23 0.04 0.000
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In this study, the effects of cutting types on rooting of cuttings and growth of plants were investigated.
Results showed that the cutting types affected all parameters significantly (P<0.01) and the highest rooting
rate (99.06 %) was obtained in terminal cuttings, followed by leafy stem (10.52), leaf (6.35) and stem (1.56%).
When the effects of cutting type on root length (cm) and wet weight (g) were considered, the best values
were obtained by the terminal cuttings as 11.71 cm and 3.47 g, respectively. The lowest results were
obtained from the stem cuttings (Table 3).

Table 3. The effects of cutting types on investigated parameters.
Cizelge 3. Kesme sekillerinin incelenen parametrelere etkisi.

Terminal Leaf Leafy stem Stem

Parameters Cuttings  Cuttings  Cuttings  Cuttings SEM P Values
Rooting rate (%) 99.06 6.35 10.52 1.56 2.99 0.000
Plant height (cm) 2.02 0.41 0.49 0.09 0.06 0.000
Plant diameter (cm) 3.98 0.76 0.87 0.14 0.16 0.000
Number of shoots 5.59 1.09 0.84 0.22 0.24 0.000
Number of shoots having root 1.55 0.47 0.50 0.22 0.05 0.000
Length of shoots (cm) 1.90 0.08 0.15 0.01 0.05 0.000
Length of root (cm) 11.71 4.20 6.12 1.55 0.48 0.000
Wet weight (g) 3.47 0.30 0.31 0.06 0.13 0.000
Dry weight (g) 0.49 0.06 0.07 0.01 0.01 0.000

In this study, two different planting times were applied, namely planting without waiting and planting
with three days of waiting, and the effects of these times on rooting of cuttings and plant growth of rooted
cuttings were investigated. Results showed that planting time did not significantly affect rooting rate (%),
plant height (cm), plant diameter (cm), shoot number (piece), rooted shoot number (piece), shoot length
(cm), root length (cm), fresh weight (g) and dry weight (g) (P>0.05). The highest rooting rate (30.15%) was
obtained from cuttings planted by waiting for 3-d. Also, the number of rooted shoots in the cuttings planted
by waiting for 3-d tended to give a higher rate (0.70 units) than the immediate planting (0.67 units). All
other parameters examined were tended to be higher in immediate planted cuttings (Table 4).

Table 4. The effects of planting time on investigated parameters.
Cizelge 4. Dikim zamanlarinin incelenen parametreler iizerine etkisi.

Parameters Immediately  3-d waiting SEM P Values
Rooting rate (%) 28.59 30.15 2.99 0.795
Plant height (cm) 0.82 0.69 0.06 0.351
Plant diameter (cm) 1.55 1.32 0.16 0.375
Number of shoots 2.08 1.79 0.24 0.555
Number of shoots having root 0.67 0.70 0.05 0.756
Length of shoots (cm) 0.54 0.53 0.05 0.942
Length of root (cm) 6.34 5.45 0.48 0.354
Wet weight (g) 1.12 0.95 0.13 0.553
Dry weight (g) 0.17 0.15 0.01 0.509

Different IBA doses (0, 50 and 100 mg 1) were used in the propagation of Sedum album by cuttings, and the
effects of these doses on the rooting rate of cuttings and different plant growth characteristics during their
growth were investigated. Results showed that IBA doses did not affect the parameters examined
significantly (P>0.05). The plant height (0.81 cm), plant diameter (1.47 cm), rooted shoot number (0.70
pieces), shoot length (0.55 cm), root length (6.01 cm) were higher in control (0 mg I IBA) cuttings, while 50
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mg 1! increased rooting rate (30.23%) in cuttings compared to other doses. A 100 mg I"'IBA gave the best
results regarding the number of shoots (2.12), wet weight (1.23 g) and dry weight (0.17 g) (Table 5).

Table 5. The effects of IBA doses on investigated parameters.
Cizelge 5. IBA dozlarimin incelenen parametreler iizerine etkisi.

Parameters 0 mg 11 50 mgl!' 100 mgl! SEM P values
Rooting rate (%) 28.51 30.23 29.37 2.99 0.973
Plant height (cm) 0.81 0.78 0.68 0.06 0.727
Plant diameter (cm) 1.47 1.38 1.46 0.16 0.970
Number of shoots 1.90 1.78 212 0.24 0.847
Number of shoots having root 0.70 0.68 0.68 0.05 0.988
Length of shoots (cm) 0.55 0.54 0.51 0.05 0.969
Length of root (cm) 6.01 5.68 5.99 0.48 0.952
Wet weight (g) 0.97 0.90 1.23 0.13 0.573
Dry weight (g) 0.16 0.15 0.17 0.01 0.946

It was determined that the interaction of planting times x IBA doses on rooting and growth of cuttings had
a statistically significant effects (P<0.01). The results showed that the highest rooting rate (31.56%) was
obtained from the application of 100 mg I' IBA dose, when the cuttings were waited for 3-d. It was also
determined that the interaction effect on the number of shoots and wet weight was statistically significant
(P<0.01). In terms of shoot number, the highest value (31.56 number) was obtained from the cuttings that
were kept for 3-d and 100 mg 1'' IBA dose, while the lowest value (27.18 number) was obtained from the
cuttings immediately planted and 100 mg I* IBA dose. However, the other parameter were not affected by
this interaction (P>0.05) (Table 6).

Table 6. The effects of planting or waiting times and IBA doses on rooting and plant growth.
Cizelge 6. Dikim veya bekleme siireleri ile IBA dozlarinin kéklenme ve bitki biiyiimesi iizerine etkileri.

Immediately 3-d waiting Effects (P Values)
Parameters 0 50 100 0 50 100 SEM DZ IBA DZxIBA

mgl?! mgl! mgl! mgl! mgl! mgl?!
Rooting rate (%) 29.53 29.06 27.18 2750 31.40 31.56 2.99 0.02 0.11 0.000
Plant height (cm) 0.88 084 0.73 074 071 0.63 0.06 0.00 0.03 0910
Plant diameter (cm) 166 142 1.58 127 134 135 0.16 0.01 0.68 0.401
Number of shoots 29.53 29.06 27.18 2750 31.40 31.56 4147 0.02 0.1 0.000
Number of shoots having root 071 0.65 0.64 068 071 0.71 0.05 0.48 0.00 0.642
Length of shoots (cm) 058 0.53 0.50 051 054 0.53 0.05 0.62 024 0.058
Length of root (cm) 6.77 640 5.86 525 496 6.13 0.48 0.02 0.74 0.120
Wet weight (g) 098 0.85 152 097 094 095 0.13 0.00 0.00 0.000
Dry weight (g) 016 016 0.20 016 015 0.14 0.01 0.01 0.48 0.095

When the medium x IBA dose interaction was examined, the effect of the interaction on the wet weight of
the plants was found statistically significant (P<0.01). The control (having no IBA dose) plants planted in
the peat + perlite medium reached the highest wet weight (1.77 g). It was determined that these control
plants reached the least wet weight (0.18 g) in sand medium. While the medium X IBA interaction had no
effect on the rooting rate and other examined parameters (P>0.05), the highest rooting rate was obtained
from cuttings (35.62%) planted in peat + perlite medium and applied 50 mg I' IBA. This rate was followed
by cuttings planted in peat + perlite medium and applied 100 mg 1-1 IBA (33.75%) and non-IBA applied
cuttings (33.28%) planted in peat + perlite medium. The lowest rooting rate (23.75%) was obtained in control
cuttings planted in sand medium (Table 7).
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Table 7. The effects of medium and IBA doses on rooting and plant growth.
Cizelge 7. Ortam ve IBA dozlarinin koklenme ve bitki biiyiimesi iizerine etkileri.

Peat Sand Effects (P Values)
Parameters 0 50 100 0 50 100 SEM Media IBA MxI

mgl? mgl! mgl? mgl! mgl! mgl?!
Rooting rate (%) 3328 35.62 33.75 23.75 24.84 25.00 41.47 0.00 0.11 0457
Plant height (cm) 1.24 1.18 1.00 037 037 036 0.06 0.00 0.03 0.071
Plant diameter (cm) 2.71 246 2.63 022 030 030 0.16 0.00 0.68 0.361
Number of shoots 356 330 3.96 025 026 028 332 0.00 0.06 0.086
Number of shoots having root  1.15 112 1.11 025 025 025 0.76 0.00 094 0.940
Length of shoots (cm) 065 060 059 045 047 044 0.80 0.00 024 0226
Length of root (cm) 1057 981 1045 14 155 154 6.65 0.00 0.74 0.653
Wet weight (g) 1.77 160 172 0.18 0.19 0.75 1.87 0.00 0.00 0.000
Dry weight (g) 026 025 028 0.06 0.06 0.05 025 0.00 048 0.270

Medium x cutting type interaction had significant effects on all examined parameters (P<0.01). The highest
rooting rate (100%) was obtained from the terminal cuttings planted in peat medium. On the other hand,
98.12% rooting occurred from the terminal cuttings planted in sand medium. The effects of other cutting
types were interacted with medium. Rooting did not occur in leaf, leafy stem and stem cuttings in sand
medium. Rooting rates were as 21.04%, 12.70% and 3.12% were obtained in leafy stem, leaf and stem
cuttings planted in peat + perlite medium, respectively. While the terminal cuttings gave better results
compared to the other cuttings in terms of plant height. Terminal cuttings (2.56 cm) planted in peat + perlite
medium produced higher plants compared to terminal cuttings (1.48 cm) planted in sand medium. Peat +
perlite medium gave higher results than sand medium in all parameters examined. Especially, in terms of
the number of shoots formed by the terminal cuttings, almost 10 times more shoots occurred in the peat +
perlite medium compared to sand medium. Also, the longest roots (17.35 cm) were obtained from the
terminal cuttings planted in peat + perlite medium (Table 8).

Table 8. The effects of medium and cutting types on rooting and plant growth.
Cizelge 8. Ortam ve celik tiirlerinin koklenme ve bitki gelisimine etkileri.

Peat + Perlite Sand Effects
Parameters TerminalLeaf Leafy Stem TerminalLeaf Leafy Stem Med x
Cuttings Cuttings stem Cuttings Cuttings Cuttings stem Cuttings Cut Type
5 5 Cuttings 5 8 5 Cuttings 5 yp

Rooting rate (%) 100.00 1270  21.04 3.12 98.12 0.00 0.00 0.00 2.99 0.000
Plant height (cm)  2.56 0.83 0.98 0.19 1.48 0.00 0.00 0.00 0.06 0.000
Plant diameter (cm) 6.86 151 1.74 0.29 1.11 0.00 0.00 0.00 0.16 0.000
Number of shoots  10.12  2.18 1.68 0.45 1.06 0.00 0.00 0.00 0.24 0.000
Number of shoots

: 2.11 0.95 1.00 0.45 1.00 0.00 0.00 0.00 0.05 0.000
having root
Length of shoots
(cm) 1.98 0.16 0.30 0.02 1.82 0.00 0.00 0.00 0.05 0.000

cm

Length of root (cm) 17.35 8.40 1224 311 6.07 0.00 0.00 0.00 0.48 0.000
Wet weight (g) 5.44 0.60 0.63 0.12 1.50 0.00 0.00 0.00 0.13 0.000

Dry weight (g) 0.75 0.13 0.15 0.03 0.23 0.00 0.00 0.00 0.01 0.000

The effects of peat + perlite and sand, which are used as rooting media in the study, on the rooting of
cuttings and the growth of plants were investigated. Results showed that the effects of the media on all
parameters, except rooting rate (%) and shoot length (cm) parameters, were statistically significant (P<0.01).
Peat + perlite media gave higher values in all parameters examined. Our study was conducted in ordinary
greenhouse conditions during summer. Although irrigation was applied regularly and equally in both
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medium, peat + perlite media retained moisture more and longer. The reason why rooting does not occur
especially in leaf, leafy stem and stem cuttings in sand environment can be explained as the sand's inability
to kept moisture as long as peat + perlite. In addition, vegetatively propagated species can show different
reactions in different environments. As a matter of fact, Manda et al. (2019) achieved 100% rooting in 5
species in their multiplication study with 7 Sedum species, while 100% rooting rate was achieved in 4 species
in perlite + peat (1:1) and sand media. In the study, the lowest rooting rate (60%) was obtained in the sand
environment of Sedum pallidum species, and in perlite + peat and sand medium in Sedum spurium and Sedum
rupestre species. Anton and Cristescu (2009) studied 17 species, including 4 Sedum species (S. mexicanum, S.
linearum, S. pachyphyllum, S. morganianum). They determined that rooting time, rooting percentage and root
system development were different according to plant type, species and temperature conditions. Jeong
(1999) stated that the most effective rooting medium was a mixture of 70% vermiculite + 30% perlite with
a rooting rate of 94.4%. He reported that sand and vermiculite media were in the second rank regarding
rooting rate 87.8% while the worst rooting medium was peat medium with 52.2 % rooting rate. In the same
study, the highest rooting rate (66.6%) of leaf cuttings was obtained in sand medium, while the lowest
rooting rate (20%) was obtained in 70% vermiculite + 30% peat medium. Their study, which found the peat
medium as the worst environment, contradicts our study. This contrast may be due to the fact that their
pre-drying the cuttings prepared in a relative humidity environment with 100%, 87.4%, 81.7% or 76.7%,
unlike our study. It was determined that the effect of the environment on plant heights with the highest
value 1.14 cm was obtained in peat + perlite medium. The media affected the plant diameter at the P<0.01
level, and the largest diameter was obtained with an average of 2.60 cm in peat + perlite medium. It was
determined that the shoot numbers of cuttings rooted in peat + perlite and sand media were 3.61 and 0.26,
respectively, and an average of 1.13 rooting occurred in these shoots in peat + perlite media, and 0.25 in
sand media. The longest shoot length (0.61 cm) and longest root length (10.28 cm) occurred in peat + perlite
medium. Also, the higher results were obtained from the plants grown in peat + perlite medium in fresh
and dry weights compared to sand medium. Senol and S6giit (2017) found out that the average number of
roots (number) in S. sediforme species was determined as 2.25, 7.91 and 2.58 in peat, volcanic tuff and peat
+ volcanic tuff (1:1) environments, respectively. The average biomass weight in the same media was
measured as 16.95, 12.91 and 22.61 g, respectively. Our findings were agree with their study, which
reported that the highest number of roots and biomass weight occurred in peat medium.

In our study, the effects of cuttings on the rooting and growth of plants were investigated. It was found
that the cutting types affected significantly all parameters (P<0.01) and the highest rate of rooting (99.06 %)
was obtained from the terminal cuttings, followed by the leafy stem (10.52 %), leaves (6.35) and stem
(1.56%). When the effect of cutting type on root length (cm) and wet weight (g) was examined, the best
values were obtained from the terminal cuttings as 11.71 cm and 3.47 g, respectively. In this part of the
study, the lowest values were obtained from stem cuttings. The fact that the terminal cuttings contained
more leaves than other types of cuttings since they may have caused a higher rate of rooting. In addition,
the fact that these leaves in the terminal cuttings attached to a stem may help to be more resistant to poor
conditions heat and humidity compared to other cutting types. Jeong (1999) reported that the rooting
started 20 days after planting and completed 40 days later in cuttings taken from the upper and lower parts
of the stem. In another study, leaf cuttings were used in vegetative propagation and only 1.7% rooting
was obtained in Sedum pachyphyllum (Czekalski, 1998). Terminal cuttings can be used for vegetative
propagation of Sedum oreganum, resulting the easiest rooting in late spring and early summer (Hodzic,
2020). Stem cuttings gave 100% rooting in Sedum sediforme species (Ar1 et al., 2015). Also, in a study
conducted with Sedum sediforme, terminal cuttings responded faster and at higher rates to rooting compared
to leafless stem cuttings (Aprile et al., 2020). Our findings are consistent with these researchers' findings.

In this study, two waiting times immediately planting without waiting and planting after 3-d. The effects
of these waiting times on the rooting of cuttings and plant growth of the rooted cuttings were investigated.
Results showed that the waiting times did not affected rooting rate, plant height, plant diameter, shoot
number, rooted shoot number, shoot length, root length, fresh weight and dry weight (P>0.005). However,
the highest rooting rate (30.15%) was obtained in cuttings planted by waiting for 3-d. The number of rooted
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shoots in the cuttings planted by waiting for 3-d gave a higher rate (0.70 units) than the immediate planting
(0.67 units). Immadiate planting without waiting tended to affect all other parameters positively. In
general, it is recommended to wait for a few days after the cutting is prepared to allow callus formation in
succulents (Jeong, 1999; Hodzic, 2020). Our study showed that the effects of the waiting time on the
parameters examined were insignificant. However, evidently, the number of rooted shoots in the cuttings
planted by waiting for 3-d tended to give a higher rate (0.70 units) than the immediate planting (0.67 units).

Different IBA doses (0. 50, 100 mg 1) were used in the propagation of Sedum album by cuttings, and the
effects of these doses on the rooting rate of cuttings and different plant growth characteristics were
investigated. The results showed that the effects of IBA doses on all parameters examined were
insignificant (P>0.05). Control cuttings were higher in plant height (0.81 cm), plant diameter (1.47 cm),
rooted shoot number (0.70 pieces), shoot length (0.55 cm), root length (6.01 cm), while 50 mg 1" applied
cuttings had highest rooting rate (30.23%) compared to the cuttings applied with other doses. With the
application of IBA as 100 mg 17, the best results were obtained from the number of shoots (2.12), wet weight
(1.23 g) and dry weight (0.17 g). In propagation studies, the rooting rate may vary according to the plant
type, time, environment used, type of cutting, type and dose of plant growth regulator used. As a matter
of fact, in a study conducted with different varieties of Sedum edule, NAA (200 mg 1) was the most suitable
plant growth regulator application for fleshy-leaved “lunar shadow”, “blue apple” and “black claw”
leaves. It was reported that the best application for “Luna lotus” leaf cuttings is 100 mg 1 IBA (Chen et al.,
2018). In another study conducted with Pachyveria pachytoides and Sedum morganianum species, it was found
that the leaves with hormone injection in both species formed 100% shoots. Treatments of 4.0 or 6.0 mg I+
BAP and 0.1 mg 1! + NAA's produced shoot number per leaf in P. pachytoides as 5.08-5.14 and in S.
morganianum as 6.22-6.74. In addition, it was determined that the number of roots decreased with increased
BAP concentration (Xu and Zheng, 2017). On the other hand, Jeong (1999) reported that growth regulators
had no effect on rooting rates in S. rotundifolium species.

CONCLUSION

As a result, it can be recommended to use peat+perlite (3:1) medium, which can retain moisture well and
also has a good porous structure, for the propagation of Sedum album by cuttings. It has been determined
that reproduction can be made with any type of cutting when appropriate media are used, but good results
will be obtained from terminal cuttings, and it can be recommended to use terminal cuttings when there is
enough rootstock material. In our study, it was determined that the effect of IBA, which is frequently used
in propagation with cuttings, on the parameters we examined was statistically insignificant. For this reason,
it is recommended to use 50 mg 1! or 100 mg 1! IBA doses, as it increases the rooting rate and the number
of shoots, especially in the studies to be carried out on field coating. In general, it has been suggested in
various studies that in propagation of succulents with cuttings, it is necessary to wait for a while after the
cuttings are prepared. In our study, in which we examined the effects of different waiting times (immediate
planting and planting with three days waiting), it was determined that there was no significant difference
between waiting times. Therefore, it has been determined that the cuttings can be planted as soon as they
are taken, and if there is a need to wait for any reason, it will not have an effect on rooting.
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Bat1 Akdeniz Bolgesi'nde Domates Yetistiriciliginin Ana Zararlis1 Tuta absoluta (Meyrick)
(Lepidoptera: Gelechiidae)'nin Popiilasyon Takibi ve Bulasiklik Oranlarinin Belirlenmesi

Population Monitoring and Determination of Infestation Rates of Tuta absoluta (Meyrick) (Lepidoptera:
Gelechiidae), The Main Pest of Tomato Cultivation in the Western Mediterranean Region
Emine Topuz!'~, Ilyas Teksam?
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Oz: Calisma, Antalya ilinde agikta ve ortiialti domates yetistiriciliginde Domates giivesi Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae)'mn
popiilasyon gelisimi ve bulagiklik durumunu belirlemek amaciyla yiiriitiilmiistiir. Populasyon takibi 2011-2013 yillarinda Ag¢ik alanda Korkuteli ilgesi,
ortiialinda ise Aksu ilgesinde yapilmustir. Agik alanda ergin sayilarini belirlemek amaciyla asilan feromon tuzaklarda yakalanan Domates giivesi
sayisl, baslangigta diisiik seviyelerdeyken sezon sonuna kadar kademeli bir sekilde artis gostermistir Agik alanda tuzaklarda yakalanan en yiiksek
kelebek sayis1 355 iken, ortiialti domates yetistiriciliginde bu say1 395 olarak belirlenmistir. Maksimum larva popiilasyonu ise agik alan domates
yetistiriciliginde yaz déneminde bitki bagina 29.90 larva iken, ortiialt1 domates yetistiriciliginde ise en yiiksek larva yogunlugu bahar déneminde bitki
basina, 13.30 larva olarak belirlenmistir. Bulgularimiza goére zararlinin Antalya ili 6rtiialt domates yetistiriciliginde kis aylarinda da hayatta kalma ve
yumurta birakma kabiliyetine sahip oldugu belirlenmistir.

Anahtar Kelimeler: Tuta absoluta, Popiilasyon Takibi, Antalya.

&

Abstract: The study was conducted to determine the population development and contamination status of tomato moth Tuta absoluta (Meyrick)
(Lepidoptera: Gelechiidae) in open field and greenhouse tomato production in Antalya province. Population monitoring was carried out in 2011-2013
in open fields in Korkuteli district and in greenhouses in Aksu district. The number of tomato moths caught in the pheromone traps hung to determine
the number of adults in the open field was low at the beginning, but gradually increased until the end of the season. The highest number of moths
caught in the traps in the open field was 355 per trap, and this number was 395 per trap in the greenhouse tomato crop. While the maximum larval
population was 29.90 larvae per plant in the summer period in open field tomato cultivation, the highest larval density was 13.30 larvae per plant in
the spring period in greenhouse tomato cultivation. According to our results, it was found that the pest has the ability to survive and lay eggs in the
winter months in greenhouse tomato production in Antalya province.

Keywords: Tuta absoluta, Population Monitoring, Antalya.
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Diinyada ve {ilkemizde 6nemli bir iiretim potansiyeline sahip olan sebzelerden domates (Lycopersicon
esculentum Mill.), beslenmemizde Snemli bir yer tutmaktadir. Birlesmis Milletler Diinya Gida ve Tarim
Orgiitii (FAO)'niin 2022 yih verilerine gdre iilkemiz yaklasik 13.5 milyon ton domates iiretimi ile Cin ve
Hindistan’dan sonra diinyada en fazla domates iiretimi yapan tigiincii iilke konumundadir (Anonim, 2024;
FAO, 2024). Ulkemizde 2023 y1li iiretim verilerine gore yaklasik 32 milyon ton sebze {iretiminin 13 milyon
tonu domates iiretimine aittir. Domates, sebzeler igerisinde %41’lik {iretim payna sahiptir (TUIK, 2023).

Domates iiretiminin en yogun oldugu boélgeler sirasiyla %30.7 ile Akdeniz, %22 ile Ege, %13.2 ile Dogu
Marmara ve %9 ile Bati Marmara olarak bildirilmistir. Iller bazinda domates ekim alanlar1 incelendiginde
ise 17 bin ha alan ile Antalya’nin ilk sirada oldugu, bu {iretim alanini 16 bin ha ile Bursa ve 11.6 bin ha ile
Manisa takip etmektedir (TUIK, 2023).

Akdeniz bolgesi uygun iklim kosullarindan dolay:1 agik alan ve Ortiialti sebze yetistiriciliginde pek cok
zararlimn etkisi alindadir. Bu zararhlardan beyazsinekler, kirmizidriimcekler, tripsler ve yaprakbitleri ana
zararli konumundadir. Ancak 2009 yilinda iilkemize {zmir-Urla’dan giris yapmus olan T. absoluta, 2010 yilin
da Antalya ve ilcelerine hizli bir sekilde yayilarak kisa bir siirede acik alan domates yetistiriciliginde ana
zararli konumuna gelmistir (Erler vd., 2010; Kili¢, 2010, 2011). Esas konukc¢usu domates olan zararli,
domates disinda patates, patlican, pepino ve fasulyede de zararli olmaktadir (Biondi vd., 2018; Cherif ve
Verheggen, 2019; Desneux vd., 2010). T. absoluta, Gliney Amerika orjinli olup zararlinin larva donemleri
bitkinin kok harig tiim aksaminda galeriler acarak beslenmektedir. Meyvelerde agtig1 galerilerde sekonder
hastalik etmenleri de geliserek ¢iiriimelere ve meyvenin pazar degerinin diismesine sebep olmaktadir.
Zararlimin biyolojik déneminin kisa olusundan dolay1 yogun ve agir1 dozda uygulanan kimyasallara kars:
hizla dayaruklibk gelistirmesi de miicadeleyi zorlagtirmaktadir (Aboutalebian-Soureshjani vd., 2023;
Guedes vd., 2019; Haddi vd., 2012; Roditakis vd., 2017). Bulasik sebzelerde zararli ile miicadele edilmedigi
takdirde domateslerde %80-100lere ulasan {iriin kaybina yol agmakta olup tiim ortiialti ve agik-tarla
domates iiretimini tehdit etmektedir (Anonim, 2011; Silva vd., 2011; Topuz vd., 2016).

Ulkemiz Karantina listesindeki “Tiirkiye’de varlig1 siirh olarak bulunan zararl organizmalar” grubuna
dahil edilen T. absoluta ile ilgili ilkemizde ve diinyada pek ¢ok ¢alisma ytiriitiilmiistiir (Azli ve Mutlu, 2019;
Aksoy ve Karaca, 2015; Aslan vd., 2017; Cherif vd. 2018, 2023; Cetin vd., 2014; Doganlar vd.2011;
Durmusoglu vd., 2011; Erdogan vd., 2014; Karabiiyiik vd., 2011a, 2011b; Karut vd., 2011; Kilig, 2010, 2011;
Mamay ve Yanik, 2012; Mansour vd., 2018; 2019; Polat vd., 2016; Polat, 2020; Sabbahi ve Azzaoui, 2022;
Tanuk vd., 2020; Unlii, 2011).

Antalya ilinde yapilan daha 6nceki ¢alismalarda zararlinin tespiti, ergin bireylerin populasyon degisimi ve
biyoteknik ve biyolojik miicadelesine yonelik calismalar yiiriitiilmiis olup (Erler vd., 2010; Kegeci ve Oztop,
2017; Tathh ve Gogmen, 2011; Topuz vd., 2016) domates bitkisinde zararlinin diger biyolojik donemlerine
ait bulasiklik durumu belirlenmemistir. Bu ¢alisma ile Antalya ilinde hem yayla kosullarinda (agik alan-
tarla), hem de sahil kosullarinda (Ortiialt1) yetistiriciligi yapilan domates iiretim alanlarinda zararlinin
ergin, larva ve yumurta olmak iizere tiim biyolojik donemlerine ait populasyon degisimi ile domates
bitkisinin farkli vejetatif kisimlarindaki bulasiklik durumunu ortaya koyan kapsamli bir arastirma
hedeflenmistir.

MATERYAL VE METOT

Calismanin materyalini Antalya ve ilgelerinde domates yetistiriciligi yapilan Ortiialt1 ve tarla alanlars,
Domates giivesi ile bulasik bitki 6rnekleri, delta tuzak, feromon kapsiiller ile bocek drneklemesi icin emgi
tiipii, kese kagidi, polietilen torba, buz kaplari, buzdolabs, iklim odalari, Hobo, (Onset Computer, Bourne,
MA, ABD) stereo mikroskop gibi malzemeler calismanin materyalini olusturmustur.

Tuta absoluta’nin Popiilasyon Takibi

Antalya’da Ortiialt: serada tek donem giiz yetistiriciliginde (eyliil-haziran) ve agik alanda Korkuteli’de bir
tarlada bahar yetistiriciliginde (nisan-eyliil) 1 da’lik alanlarda yiirtitiilmiistiir. Ergin populasyon takibi i¢in
iiretim alanlarina delta feromon tuzag: (1 tuzak da), domatesler yaklasik 15 giinliik fide donemindeyken,
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bitkilerin 30-40 cm {iistiine gelecek sekilde asilmistir. Tuzaklarda “0.5 mg E3Z8711-14Ac+0.024 mg E3Z8-
14Ac” aktif madde igeren feromon kullanilmig olup, yetistirme sezonu siiresince etiketine bagli olarak 6
haftada bir yenilenmistir. Tuzakta yakalanan ergin bireyler haftalik olarak sayilarak kaydedilmis ve
ortamdan uzaklastirilmistir. Deneme alanlarinda zararli gelisimini etkileyebilecek olan insektisit
uygulamasi yapilmamustir.

Tuta absoluta’nin Domates Bitkisinde Bulasiklik Durumu

Bitkideki zararlinin bulasiklik durumunu belirlemek igin her hafta kdsegenler dogrultusunda girilerek
tarlay1 temsil edecek sekilde belirli noktalarda en az 10 bitki da’ secilerek yaprak, govde, cicek ve
siirgiindeki zararlinin biyolojik dénemleri ayr1 ayri kaydedilmistir. Meyve sayimlan ise, bitkide meyve
tutumu basladiginda yaklagik 100 meyvede olacak sekilde zararlinin biyolojik dénemleri ayru sekilde kayat
edilmistir.

BULGULAR VE TARTISMA

Agik Alan Tarla kosullarinda T. absoluta’nin 1. Y1l Popiilasyon Takibi

Korkuteli ilgesi Antalyanin yayla ilgelerinden olup domates yetistiricili§i nisan-mayis aylarinda
baslamakta ve sonbahara kadar devam etmektedir. Domates fideleri tarlaya 30 Nisan 2011 tarihinde
dikilmistir. Fideler yaklasik 15-20 cm boya geldiginde popiilasyon takibi i¢in 11 May1s 2011 tarihinde delta
tuzak asilmis ve haftalik olarak ergin sayilarn kaydedilmistir. Sayimlarda haftalik dalgalanmalar
goriilmekle beraber mayis aymdan itibaren hizla artisa gegen ergin kelebek sayisi, 13 Temmuz 2011
tarihinde 355 ergin tuzak! ile en yiiksek degere ulasmistir. Tuzaklarda ekim ayma kadar ergin
yakalanmaya devam etmistir (Sekil 1 a). 2. yil popiilasyon takibi i¢in 20 May1s 2012 tarihinde domates
fideleri tarlaya dikilmis olup, 7 Haziran 2012 tarihinde tuzak asilarak haftalik olarak sayilmustir.
Sayimlarda haftalik dalgalanmalar goériilmekle beraber 1 Agustos 2012 tarihinde 303 ergin tuzak ile en
yliksek kelebek sayis1 kaydedilmistir (Sekil 1 b). Sicaklik ve nem degerleri de incelendiginde her iki yilda
da tuzakta yakalanan ergin sayilar1 en yiiksek sayrya oransal nemin yaklasik %55 oldugu ortalama
sicakligin ise yaklasik 25 °C civarinda oldugu tarihlerde ulasmaistir.

Acik alan tarla yetistiriciliginde denemeler siiresince ortalama sicaklik ve nem degerleri i¢in Hobo cihazi
kullanilmustir. 2011 yihinda, sicaklik 5 °C - 25 °C araliginda degisirken, oransal nem (%) ise %40 ile %80
arasinda degismistir. Zararlinin acik alanda ilk yil en yiiksek popiilasyonu 25 °C sicaklik ve %55 nemde
rastlanilmistir. 2012 yilinda ise sicaklik ve nem degerleri ayn1 sekilde 6l¢iilmiis olup, sicaklik 16 °C ile 28
°C arasinda; nem degerleri de %65 ile %85 arasinda degismistir. Ikinci yil en yiiksek kelebek sayis1 24 °C
sicaklik ve %50 nem kosullarinda tespit edilmistir.
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Sekil 1. Acik tarla domates yetistiriciliginde 1. y1l (2011) tuzakta yakalanan kelebek sayisi (a) ve 2. y1l (2012) tuzakta
yakalanan kelebek sayisi (b).

Figure 1. Number of butterflies caught in traps in open field tomato production 1st year (2011) (a) and 2nd year (2012) number
of butterflies caught in the trap (b).

Zararh ile ilgili Antalya’da acgik alanda feromon+su tuzaklari ile yiiriitiilen biyoteknik miicadele
calismasinda da su tuzaklarina yakalanan kelebekler haziran ay1 baslarinda artisa ge¢mis, agustos ayinda
da en yiiksek (267 ergin tuzak) degerine ulasmistir (Topuz vd., 2016). Tlk yil iklime baglh olarak en fazla
25 °C’ye ulagan sicaklik degeri ikinci yil agustos ayinda 28 °C’ye ulagtig1 goriilmiistiir. Baz1 yazarlarin
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bildirdigine gore sicakligin artisiyla zararlinin bir doliinii daha kisa siirede tamamlayarak hizl bir sekilde
populasyonunu arttirmasina ve dolayisiyla tuzaklardaki yakalanan ergin sayisinin da artmasina yol actig1
belirtilmistir (Guimapi vd., 2016; Krechemer ve Foerster, 2015). Yine farkli bolgelerde yiiriitiilen arastirma
sonuclarina gore sicakliga bagl olarak haziran ve ekim aylar1 arasinda kademeli olarak popiilasyon artis:
tespit edilmistir. Bu ¢alismalardan Adana’da Tuzakta yakalanan en yiiksek T. absoluta ergini 07.06.2011
tarihinde 708 adet iken, ikinci yil 03.07.2012 tarihinde 257 adet tuzak! (Portakaldali vd., 2013); [zmir'in
Bayindir ilgesinde 2021-2022 yillar1 arasinda yiiriitiilen bir ¢alismada ilk y1l 11 Agustos’ta 1625 adet ergin
tuzak, 2.yilise 9 Agustos’ta 209 adet ergin tuzak’ (Cayigi ve Unlii, 2023); Sanliurfa’da bir ¢alismada ise
agustos sonu ve eyliil aymun ikinci haftas: sirasiyla 147 adet ergin bitki! ve 155 adet ergin bitki olmak
tizere iki pik elde edilirken (Azli ve Mutlu, 2019); yine Sanliurfa’da farkl: bir ¢calismada en yiiksek ergin
sayist 28 Temmuz 2010’da 370 adet tuzak? iken, 7 Ekim 2011 yilinda 978 adet ergin tuzak’ (Mamay ve
Yanik, 2012); Diyarbakir’da yiiriitiilen bir ¢calismada ise Bismil ilgesinde 04 Agustos 2011 ‘de 429 ergin
tuzak! ve 15 Ekim 2012’de 529 ergin tuzak-’; Ergani’de 20 Ekim 2011’de 251 ergin tuzak™' ve 26 Ekim 2012’de
395 ergin tuzak™ olarak tespit edilmistir (Bayram vd., 2014); Erzincan’da yiiriitiilen bir calismada ise may1s
sonu haziran baslarinda ilk erginlerin goriildiigii, haziran ayinda popiilasyonun diistiigii, temmuz-agustos
aylarinda tekrar ytikselerek, eyliil-ekim aylarinda pik yaptig1 bildirilmistir (Canbay vd., 2014); Usak’ta a¢ik
alanda ise 11 Eyliil 2014 tarihinde 351 adet tuzak™ ile en yiiksek ergin sayisi tespit edilmistir (Aksoy ve
Karaca, 2015); Konya’'da yiiriitiilen bir ¢calismada da yine en ytiiksek popiilasyon degerleri temmuz, agustos
ve eyliil aylarinda kaydedilmistir (Unlii vd., 2014).

Acik Alan Tarla Kosullarinda Tuta absoluta’nin Domates Bitkisindeki Bulasiklik Durumu

Popiilasyon takibi sirasinda incelenen en az 10 bitkinin tiim aksamindaki yaprak, siirgiin, gévde, meyve
ve c¢igeklerinde bulunan larva ve yumurta sayilarn kaydedilmigtir. Her bir bitki kismindaki sayim
sonuglarinin ortalamasi alinarak bitki basina bulasiklik belirlenmistir (Cizelge 1).

Cizelge 1. Acik alan tarla yetistiriciliginde 1. y1l (2011) bitki basina Tuta absoluta bulasiklik durumu.
Table 1. Contamination status of Tuta absoluta per plant in open field cultivation in the 1st year (2011).

Tarih Domates bitkisinin farkli vejetatif kisimlarindaki T. absoluta Yumurta ve Larva Sayilar

Yaprak Siirgiin Govde Meyve Cigek

Yumurta Larva Yumurta Larva Yumurta Larva Yumurta Larva Yumurta Larva
11.05.2011 - - - - - - - - - -
18.05.2011 2.00 - - - - - - - - -
27.05.2011 3.27 2.07 1.20 1.00 1.00 - - - - -
07.06.2011 3.83 3.27 2.07 1.77 1.20 - - 0.53 - -
16.06.2011 5.43 4.80 2.77 213 1.47 0.60 0.07 2.07 - -
24.06.2011 5.23 4.60 3.10 2.53 1.13 0.73 0.10 297 - -
01.07.2011 5.50 5.57 2.93 297 0.87 0.53 0.10 3.83 - -
08.07.2011 5.27 4.77 2.63 2.80 0.43 0.70 0.00 4.03 - -
13.07.2011 9.10 4.63 217 3.97 0.63 0.30 0.07 4.43 - -
20.07.2011 8.97 8.50 2.53 3.13 0.27 0.63 0.27 4.50 - -
27.07.2011 7.20 5.60 3.73 2.50 0.80 1.13 0.20 3.23 - -
03.08.2011 6.50 7.07 2.20 293 1.10 0.60 0.17 2.87 - -
10.08.2011 7.07 6.63 1.60 3.10 1.37 0.90 0.03 1.63 - -
17.08.2011 5.93 7.17 2.53 2.20 0.93 0.50 0.07 1.27 - -
23.08.2011 5.17 5.93 1.17 1.23 0.60 0.57 - 0.63 - -
08.09.2011 6.50 4.50 0.80 0.77 0.43 0.73 - 0.50 - -
22.09.2011 6.03 417 0.20 0.57 0.10 0.27 - 0.60 - -
04.10.2011 - 0.50 - 0.07 - - - - - -

[k y1l yiiriitilen galismada domates bitkisinde zararlinin yumurta ve larva donemleriyle bulagiklik
calismalarin sonuglarma gore bitkinin farkl vejetatif kissmlarindaki en yiiksek yumurta ve larva sayilari
sirastyla, yaprakta en yiiksek yumurta sayist 13.07.2011 tarihinde 9.10 adet yumurta bitki' olarak
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belirlenirken, larva sayis1 20.07.2011 tarihinde 8.50 adet larva bitki-! seklinde tespit edilmistir. Stirgiinde en
yliksek yumurta sayis1 27.07.2011 tarihinde 3.73 adet yumurta bitki! olarak belirlenirken, siirgiinde en
yiiksek larva sayis1 13.07.2011 tarihinde 3.97 adet larva bitki seklinde tespit edilmistir. Govdede en yiiksek
yumurta sayist 16.06.2011 tarihinde 1.47 adet yumurta bitki? olarak belirlenirken, larva sayis1 27.07.2011
tarihinde 1.13 adet larva bitki" seklinde tespit edilmigtir. Meyvede ise en yiiksek yumurta sayis1 20.07.2011
tarihinde 0.27 adet yumurta bitki-! olarak belirlenirken, larva sayis1 20.07.2011 tarihinde 4.50 adet larva
bitki? seklinde tespit edilmistir (Cizelge 1).

Acik alan yetistiriciliginin 2. y1l sayimlarinda bitkideki bulagiklik durumu belirlenmis olup Cizelge 2'de
verilmisgtir. Elde edilen verilere gore 2. y1l yaprakta en yiiksek yumurta sayisi 16.08.2012 tarihinde 11.20
adet yumurta bitki" olarak belirlenirken, yaprakta larva sayisi 23.08.2012 tarihinde 9.80 adet larva bitki-!
seklinde tespit edilmistir. Stirgiinde en yiiksek yumurta sayis1 16.08.2012 tarihinde 9.50 adet yumurta bitki-
1 olarak belirlenirken, larva sayisi 23.08.2012 tarihinde 8.70 adet larva bitki! seklinde tespit edilmistir.
Govdede en yiiksek yumurta sayisi 16.08.2012 tarihinde 2.90 adet yumurta bitki™ olarak belirlenirken, larva
sayis1 01.09.2012 tarihinde 3.40 adet larva bitki? seklinde tespit edilmistir. Meyvede en yiiksek yumurta
sayis1 08.08.2012 tarihinde 2.70 adet yumurta bitki! olarak belirlenirken, larva sayist 01.09.2012 tarihinde
8.00 adet larva bitki seklinde tespit edilmistir (Cizelge 2).

Cizelge 2. Acik alan tarla yetistiriciliinde 2. y1l (2012) bitki basina Tuta absoluta bulasiklik durumu.
Table 2. Contamination status of Tuta absoluta per plant in open field cultivation in the 2st year (2012).

Domates bitkisinin farkli vejetatif kistmlarindaki T. absoluta Yumurta ve Larva Sayilar

Yaprak Siirgiin Govde Meyve Cicek
Tarih Yumurta Larva Yumurta Larva Yumurta Larva Yumurta Larva Yumurta Larva
14.06.2012 - 1.10 - - - - - - - -
20.06.2012 3.80 1.90 2.10 0.80 0.20 - - - - -
28.06.2012 4.40 1.00 2.70 0.30 0.70 0.80 - - - -
05.07.2012 5.40 3.00 3.70 1.90 1.30 1.30 0.40 - - -
12.07.2012 6.10 3.40 3.20 2.10 1.50 1.40 0.60 0.20 - -
19.07.2012 4.20 4.70 2.50 3.60 1.00 1.80 0.60 0.30 - -
26.07.2012 7.70 6.40 6.00 5.30 2.30 2.20 0.70 0.40 - -
01.08.2012 8.80 7.50 7.10 6.40 2.40 1.60 1.20 0.60 - -
08.08.2012 7.60 6.70 5.90 5.60 2.80 2.10 2.70 2.20 - -
16.08.2012 11.20 7.70 9.50 6.60 2.90 0.90 2.30 1.50 - -
23.08.2012 9.30 9.80 7.60 8.70 1.80 1.90 2.50 4.00 - -
01.09.2012 7.70 8.00 6.00 6.90 1.40 3.40 1.40 8.00 - -
06.09.2012 6.50 8.40 4.80 7.30 0.70 1.80 0.60 7.90 - -

Calisma sonuglarina gore acik alanda her iki yi1lda da yaprakta ve meyvede en yiiksek bulasiklik temmuz
ayinda saptanmustir. Bitkinin farkl: vejetatif kisimlarinda zararlinin bulasiklik durumu incelendiginde en
yliksek yumurta ve larva sayilarinin yaprakta tespit edildigi, bunu siirgiin ve meyve kismmin izledigi, en
az larva bulasikliginin ise gévdede bulundugu saptanmistir. Bu durumun ilk dénem larvalarin dokuyu
delip igeri girebilmesi agisindan govde dokusunun sert olmasindan kaynaklanabilecegi diistintilmiistiir.
Bitkideki bulasiklik ergin popiilasyonuyla dogru orantili olarak artis gostermistir. Bitkinin ¢icek kisminda
ise zararlinin hi¢bir donemine rastlanilmamistir. Calismamizla benzer sonuglar iceren bazi aragtirmalara
gore bitkide en yiiksek yumurta ve larva bulagiklik sayilan sicakli§in arttigi temmuz ve agustos aylarinda
tespit edildigi bildirilmistir. Bu ¢aligmalara gore Antalya’da acitk alanda feromon+su tuzaklariyla kitle
amagcli miicadele olanaklarimin arastirildigi bir ¢alismada meyvede kaydedilen en yiiksek bulasiklik
agustos ayinda 12-13 meyve bitki! seklinde olmustur (Topuz vd., 2016). Adana’da yiiriitiilen bir baska
calismada da bitkideki en yiiksek bulasikli§in zararlinin larva dénemlerine ait oldugu, en yiiksek larva
sayisinin ise temmuz ayinn ilk haftas: 10.6 larva bitki”; meyve de ise 4.4 adet bitki! sayisi ile 06.07.2011
tarihinde tespit edildigi (Portakaldali vd., 2013); Usakta yapilan bir ¢alismada bulasiklik oraninin yaprakta
%52, meyvede %26 oldugu (Aksoy ve Karaca, 2015); Sanlurfa’da yiiriitiilen bir ¢alismada ise farkh
domates gesitlerinde bulagiklik durumunun en yiiksek yaprak ve meyvede iken en az govdede saptandig:
bildirilmistir (Aygel ve Aslan, 2023). Yine c¢alismamizla benzer sonuglar iceren Canbay vd. (2014),
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yaptiklar arastirmada T. absoluta’nin ergin dncesi donemlerinin bitkide en fazla sirasiyla yaprak, meyve,
siirgiin ve govde de bulundugu; cigekte ise zararlimin ergin 6ncesi herhangi bir donemine rastlanilmadigy;
Dogu Akdeniz Bolgesi (Adana, Mersin, Osmaniye ve Hatay) sebze alanlarinda yiiriitiilen bir ¢calismada ise
zararlimin en yogun olarak yaprak kisminda zarar yaptig1 belirtilmistir (Karabiiyiik, 2011).

Ortiialt: Kosullarinda Tuta absoluta’min Popiilasyon Takibi

Ortiialtinda ergin popiilasyon takibinin 1. yil caligmasit Aksu’da 1 da’lik domates serasinda yapilmistir.
Aksu ilgesi Antalya’nin merkez ilgelerinden olup tek ekim (giiz) ortiialt domates yetistiriciligi eyliil ayinda
baglayip haziran-temmuz aylar: arasinda hasatlar tamamlanmaktadir. Delta tuzak 14 Eyliil 2011 tarihinde
asilmis ve haftalik olarak erginler kaydedilmistir. Sayimlarda haftalik dalgalanmalar goriilmekle beraber
30.05.2012 tarihinde 366 adet bitki ile en yiiksek degerine ulagmustir. Ortiialtinda ergin popiilasyon
takibinin ikinci y1l ¢alismasi da yine Aksu’da 1 da’lik ortiialti domates serasinda yiiriitiilmiistiir. Tuzak 02
Ekim 2012 tarihinde asilmig ve haftalik olarak sayilmistir. Sayim sonuglarina gore 28.05.2013 tarihinde 395
adet bitki? ile en yiiksek kelebek sayis1 kaydedilmistir (Sekil 2).

Ortiialt1 giiz yetistiriciliginde (eyliil-haziran) yiiriitiilen denemeler siiresince ortalama sicaklik ve nem
degerleri 6l¢iimiinde Hobo (Onset Computer, Bourne, MA, ABD) cihazi kullanilmistir. Elde edilen verilere
gore 1. y1l (2011-2012) sicaklik ve oransal nem degerleri sirasiyla 7 °C ile 25 °C arasinda degisirken, oransal
nem %45 ile %95 arasinda degismistir. Tkinci y1l (2012-2013) verilerine gore sicaklik degerleri 9 °C ile 33°C
arasinda degisirken oransal nem ise %35 ile %95 arasinda olmustur. Zararlinin ortiialtinda ilk y1l en yiiksek
popiilasyonu 25 °C sicaklik ve %60 nemde rastlanilmistir. Tkinci yil ise 27 °C sicaklik ve %75 nemde
saptanmusgtir.
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Sekil 2. Ortitalti domates yetistiriciliginde 1. y1l (2011-2012) tuzakta yakalanan kelebek sayis1 (a); 2. yil (2012-2013)
tuzakta yakalanan kelebek say1s1 (b).

Figure 2. Number of butterflies caught in the traps in the tomato crop under greenhouse in the first year (2011-2012) (a); 2nd year
(2012-2013) number of butterflies caught in the trap (b).

Ortiialtinda yiiriitiilen popiilasyon takibi tek iiriin giiz yetistiriciliginde yapilmistir. Dolayisiyla eyliil
ayinda baslayan iiretimle birlikte ortiialtinda sonbahar doneminde zararh yiiksek sayilarda tuzaklara
yakalanirken havalarin sogudugu aralik-mart aylar: arasinda oldukga diisiik seviyede seyretmistir. Tekrar
nisan aymin ortalarina dogru artisa gegen zararli mayista yiiksek seviyelere ulagmis ve sahil sartlarinda
havalarm agir1 1stnmaya basladig1 haziran ve temmuz aylarinda ise popiilasyonun tekrar azalisa gectigi
saptanmistir (Sekil 2). Bazi arastiricilar mayis ayinin sonu ve haziran basinda iiretim sezonunun sonlarina
girilmesinden dolay: ilaglamalarin azaltilmasmin da zararli popiilasyonunun artisina sebep olabilecegine
deginmislerdir (Karut vd., 2011; Balzan ve Moonen, 2011). Nitekim Kahramanmaras ili Tiirkoglu ilgesi’ nde
farkl seralarda yiiriitiilen ¢calismada en yiiksek ergin sayilar1 mayis sonu haziran baginda tespiti edilmistir.
Calismada farkl: seralardaki tuzaklarda yakalanan ergin sayisi tuzak basina sirasiyla 325, 486, 462, 320, 287,
175, 300, 308 adet olmustur (Aslan vd., 2017). Mersin ili'nde giiz donemi domates yetistiriciliginde
ylriitiilen bir calismada ise 29 Nisan tarihinde tuzakta ilk ergin kelebegin yakalandigin, ilerleyen zamanda
ise tiim seralarda zararlinin tuzaklarda yakalanmaya basladigini belirtmislerdir (Karut vd., 2011). Unlii vd.
(2014), Cumra’da domates seralarinda haftalik en yiiksek yakalanan kelebek sayisimin 58 adet oldugunu
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bildirmistir. Calismamizda zararlinin minimum seviyede de olsa diyapoza girmeden kis1 gecirebildigi
goriilmistiir. Benzer sekilde Aslan vd. (2017)'nun yaptig1 ¢alismada da zararlinin kis aylarinda seralarda
konukgu ve iklim istekleri saglandiginda diyapoza girmeden yasamir siirdiirebildigi saptanmuistir.

Ortiialt1 Kosullarinda T. absoluta’nin Bulasiklik Durumu

Ortiialt: 1. y1l popiilasyon takibi igin domates bitkilerinin yaprak, gévde, siirgiin, cigek ve meyve olmak
iizere tiim aksaminda bulunan yumurta ve larva donemleri kaydedilmis ve ortalamasi alinarak bitki bagina
bulagiklik belirlenmistir (Cizelge 3). Ortiialt 1. y1l bulagiklik verilerine gore yaprakta en yiiksek yumurta
sayist 16.05.2012 tarihinde 15.50 adet yumurta bitki? olarak belirlenirken, yaprakta larva sayis1 30.05.2012
tarihinde 8.50 adet larva bitki"! seklinde tespit edilmistir. Siirgiinde en yiiksek yumurta sayis1 09.05.2012 ve
30.05.2012 tarihlerinde 2.50 adet yumurta bitki! olarak belirlenirken, siirgiinde en yiiksek larva sayisi
16.05.2012 ve 06.06.2012 tarihlerinde 2.80 adet larva bitki seklinde tespit edilmistir. Govdede en yiiksek
yumurta sayist 11.04.2012 ve 25.04.2012 tarihlerinde 0.70 adet yumurta bitki olarak belirlenirken, govdede
larva sayist 02.05.2012 tarihinde 0.80 adet larva bitki?! seklinde tespit edilmistir. Meyvede en yiiksek
yumurta sayisi 23.05.2012 tarihinde 0.30 adet yumurta bitki?! olarak belirlenirken, meyvede larva sayisi
04.04.2012 tarihinde 1.20 adet larva bitki? seklinde tespit edilmistir (Cizelge 3).

Cizelge 3. Ortiialt1 domates yetistiriciliginde 1. y1l bitki basia Tuta absoluta bulasiklik durumu (2011-2012).
Table 3. Contamination status of T. absoluta per plant in greenhouse cultivation in the 1st year (2011-2012).

Domates bitkisinin farkli vejetatif kissmlarindaki T. absoluta Yumurta ve Larva Sayilar1

Tarih Yaprak Siirgiin Govde Meyve Cigek
Yumurta Larva Yumurta Larva Yumurta Larva Yumurta Larva Yumurta Larva
21.09.2011 1.80 1.10 0.70 0.40 0.30 0.20 - - - -
28.09.2011 1.60 0.80 0.50 0.60 0.10 0.30 - - - -
05.10.2011 2.50 1.60 0.30 0.40 0.20 0.30 - - - -
12.10.2011 2.40 1.50 0.20 0.40 0.10 0.30 - 0.50 - -
19.10.2011 1.60 1.30 0.30 0.20 0.10 0.40 - 0.70 - -
26.10.2011 1.40 1.50 - 0.30 - 0.30 - 0.40 - -
02.11.2011 0.90 1.10 - 0.20 - 0.20 - 0.30 - -
09.11.2011 0.80 0.90 0.10 0.20 - 0.20 - 0.20 - -
16.11.2011 0.50 0.70 - 0.20 - 0.10 - 0.10 - -
23.11.2011 0.60 0.30 - 0.10 - - - - - -
30.11.2011 0.20 0.30 - - - - - - - -
07.12.2011 - 0.20 - - - - - - - -
14.12.2011 - 0.30 - - - N - - - -
21.12.2011 0.20 0.30 - - - - - 0.10 - -
28.12.2011 - - - - - - - - - -
04.01.2012 - - - - - - - - - -
11.01.2012 0.60 0.20 - - - - - - - -
18.01.2012 0.80 0.30 - 0.20 - - - - - -
25.01.2012 1.30 0.40 0.20 0.20 - - - 0.20 - -
01.02.2012 2.40 0.60 0.20 0.30 0.20 - - 0.30 - -
08.02.2012 3.20 0.80 0.30 0.40 0.20 0.10 - 0.40 - -
15.02.2012 3.60 0.70 0.30 0.60 0.30 0.20 - 0.50 - -
22.02.2012 4.50 0.60 0.50 0.70 0.30 0.20 - 0.40 - -
29.02.2012 6.50 1.00 0.60 0.50 0.40 0.30 - 0.30 - -
07.03.2012 7.70 1.30 0.90 0.60 0.40 0.30 - 0.40 - -
14.03.2012 8.80 1.90 0.90 0.90 0.50 0.20 - 0.50 - -
21.03.2012 9.30 2.10 1.10 1.00 0.50 0.20 - 0.80 - -
28.03.2012 12.00 2.50 0.90 0.90 0.60 0.30 0.10 0.90 - -
04.04.2012 11.60 3.30 1.40 1.30 0.60 0.30 0.20 1.20 - -
11.04.2012 14.50 3.20 1.50 1.30 0.70 0.30 0.10 1.00 - -
—_——
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Cizelge 3. Devami.
Table 3. Continue.

18.04.2012 15.30 4.10 1.60 1.10 0.50 0.50 - 0.90 - -
25.04.2012 15.10 4.20 2.10 1.40 0.70 0.50 0.20 1.10 - -
02.05.2012 13.60 5.40 2.00 1.90 0.60 0.80 0.20 0.80 - -
09.05.2012 14.00 6.30 2.50 2.30 0.50 0.40 - 0.90 - -
16.05.2012 15.50 6.70 1.80 2.80 0.40 0.50 - 0.80 - -
23.05.2012 13.40 7.70 2.30 2.60 0.60 0.40 0.30 0.70 - -
30.05.2012 14.30 8.50 2.50 2.70 0.50 0.40 0.10 0.60 - -
06.06.2012 12.70 4.20 2.20 2.80 0.60 0.30 0.20 0.50 - -
13.06.2012 10.10 440 2.00 1.60 0.40 0.30 - 0.70 - -
20.06.2012 3.30 2.10 0.90 1.10 0.40 0.20 - 0.50 - -

Ortiialti denemelerinde 2. yil bitkide bulasiklik verilerine gore yaprakta en yiiksek yumurta sayist
14.05.2013 tarihinde 17.20 adet yumurta bitki? olarak belirlenirken, yaprakta larva sayist 11.06.2013
tarihinde 8.10 adet larva bitki" seklinde tespit edilmigtir. Siirgiinde en yiiksek yumurta sayis1 14.05.2013,
11.06.2013 ve 18.06.2013 tarihlerinde 2.10 adet yumurta bitki? olarak belirlenirken, siirgiinde en yiiksek
larva sayis1 11.06.2013 tarihinde 2.80 adet larva bitki! seklinde tespit edilmistir. Govdede en yiiksek
yumurta sayisi 23.04.2013 tarihinde 1.10 adet yumurta bitki"! olarak belirlenirken, govdede larva sayist
07.05.2013 tarihinde 0.60 adet larva bitki? seklinde tespit edilmistir. Meyvede en yiiksek yumurta sayisi
07.05.2013 ve 04.06.2013 tarihlerinde 0.40 adet yumurta bitki?! olarak belirlenirken, meyvede larva sayisi
07.05.2013 ve 14.05.2013 tarihlerinde 1.40 adet larva bitki seklinde tespit edilmistir (Cizelge 4).

Cizelge 4. Ortiialti Domates Yetistiriciliginde 2. Y1l Bitki Basina Tuta absoluta Bulasiklik Durumu (2012-2013).
Table 4. Contamination status of Tuta absoluta per plant in greenhouse cultivation in the 2st year (2012-2013).

Domates bitkisinin farkl: vejetatif kisimlarindaki T. absoluta Yumurta ve Larva Sayilar:

Tarih Yaprak Siirgiin Govde Meyve Cigek
Yumurta Larva Yumurta Larva Yumurta Larva Yumurta Larva Yumurta Larva
02.10.2012 2.60 2.40 0.50 0.80 0.50 0.40 - - - -
09.10.2012 2.40 1.90 0.60 0.80 0.10 0.30 - - - -
16.10.2012 2.80 2.10 0.40 0.90 0.10 0.40 - - - -
23102012 2.10 2.00 0.40 0.80 0.20 0.40 - 0.80 - -
30.10.2012 1.90 2.20 0.20 0.30 - 0.20 - 0.80 - -
06.11.2012 1.80 1.90 0.10 0.30 - 0.20 - 1.10 - -
13.11.2012 1.40 0.10 - 0.30 - 0.10 - 0.70 - -
20.11.2012 1.20 1.10 - 0.10 - 0.10 - 0.30 - -
27.11.2012 0.70 0.90 - 0.10 - - - 0.30 - -
04.12.2012 0.70 0.80 - 0.10 - - - 0.20 - -
11.12.2012 0.40 0.60 - - - - - 0.20 - -
18.122012 0.30 0.30 - - - - - 0.10 - -
25.12.2012 0.10 0.20 . ) . B B . - -
01.01.2013 y 0.40 . ) . B} } . - -
08.01.2013 3 0.20 . ) . B} B . - -
15.01.2013 ) ) ) ) _ B B B - -
22.01.2013 0.40 ) . B _ B B B - -
29.01.2013 0.60 0.20 - 0.10 - - - 0.20 - -
05.022013 1.50 0.90 0.30 0.40 - 0.10 - 0.10 - -
12.02.2013 2.70 1.60 0.40 0.40 - 0.20 - 0.10 - -
19.02.2013 3.60 2.10 0.50 0.60 0.30 0.40 - 0.60 - -
—_—
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Cizelge 4. Devam1.
Table 4. Continue.

26.02.2013 3.80 2.20 0.60 0.70 0.50 0.40 - 0.40 - -
05.03.2013 4.90 1.80 0.60 0.90 0.50 0.30 - 0.60 - -
12.03.2013 6.90 2.10 0.80 0.70 0.50 0.40 - 0.60 - -
19.03.2013 8.40 2.40 0.80 0.80 0.70 0.40 - 0.50 - -
26.03.2013 8.90 2.40 0.80 1.10 0.80 0.30 - 0.70 - -
02.04.2013 10.10 3.20 1.30 1.30 0.80 0.30 0.10 1.00 - -
09.04.2013 13.50 1.80 1.10 1.40 1.00 0.40 0.30 1.20 - -
16.04.2013 13.30 420 1.20 1.50 1.00 0.50 0.30 1.10 - -
23.04.2013 14.70 5.40 1.40 1.50 1.10 0.30 0.30 1.30 - -
30.04.2013 16.60 5.10 1.80 1.60 0.60 0.30 0.10 0.90 - -
07.05.2013 16.90 6.60 1.80 1.60 0.80 0.60 0.40 1.40 - -
14.05.2013 17.20 5.80 2.10 1.70 0.80 0.30 0.30 1.40 - -
21.05.2013 15.40 7.20 1.70 1.60 0.70 0.20 0.10 1.00 - -
28.05.2013 14.90 7.70 1.60 1.90 0.70 0.30 0.10 0.600 - -
04.06.2013 15.10 6.90 1.50 2.40 0.70 0.30 0.40 0.600 - -
11.06.2013 13.70 8.10 2.10 2.80 0.40 0.30 0.20 0.300 - -
18.06.2013 11.30 5.60 2.10 2.40 0.40 0.20 - 0.400 - -
25.06.2013 9.80 3.40 1.10 1.20 0.30 0.10 - 0.300 - -
02.07.2013 3.80 1.90 0.70 0.80 0.10 - - 0.200 - -

T. absoluta’nin Ortiialti domates yetistiriciliginde bitkilerin sirasiyla yaprak, siirgiin ve meyvelerinde daha
fazla zarar olusturdugu gozlenmistir. Ortiialtinda gliz doneminde zararlinin nisan ve mayis aylarinda
bitkinin yaprak ve meyvede en yogun oranda zarar yaptig1 tespit edilmistir. Nitekim ortiialtinda ytiriitiilen
bazi1 arastirma sonuglarina gore Cocco vd. (2013), zararlinin nisan ve may1s aylarindaki zararmin ytiksek
oldugunu vurgulamislardir. Ulkemizde yiiriitiilen farkli ¢alismalara gore zararlinin értiialtinda domates
bitkisinin farkli vegetatif kisimlarindaki bulasiklik durumu Usak’ta en fazla yapraklarda %52 oldugu,
meyvelerde ise %26 oldugu (Aksoy ve Karaca, 2015); Mersin ili'nde de domates seralarinda meyvelerde
larva bulasikligr %38.4 oldugu tespit edilmistir (Karut vd., 2011).

SONUC

Acik alan domates yetistiriciligi ve ortiialt1 domates yetistiriciligi kosullarinda 2011-2013 yillar1 arasinda T.
absoluta zararlisina karsi yiiriitiilen popiilasyon takibi calismalar1 sonuglarina goére zararlinin yayla
kosullarinda domates {iretiminin basladig1 Nisan ayindan itibaren artisa gectigi, hasat sonuna dogru
(temmuz-agustos) popiilasyonun daha da arttig1 tespit edilmistir. Ortiialtinda giiz yetistiriciliginde ise
iiretimin basladig: eyliil ayinda popiilasyonun yiiksek seviyelerde oldugu, kis aylarina dogru zararlimn
biyolojisini azaltmasindan dolay: tuzaklarda yakalanan ergin sayisinin oldukga diisiik oldugu gozlenirken,
hasat donemine dogru bahar aylarinda popiilasyonun tekrar yiiksek seviyelere ulastig1 tespit edilmisgtir.
Bu dénemde popiilasyonun hizla artmasinin hasat zamanina denk gelmesi, kimyasal uygulamalarinin da
azaltilmasiin etkisinin olabilecegini diistindiirmektedir. Ortiialn ve agik alanda bitkide bulagiklik
incelendiginde zararlinin en fazla larva doneminin zarar yaptig1, zararlinin biyolojik donemlerinin bitkide
bulagiklik durumlari incelendiginde ise yumurta ve larva bulasikhigimin en fazla yapraklarda oldugu, bunu
stirgiin kisminin izledigi goriilmiistiir. Yumurta koyma agisindan gévde ve meyvenin tercih durumunun
birbirine yakin oldugu ancak en az larva sayisinin govde kisminda bulundugu saptanmistir. Larvanin
bitkide en fazla bulundugu kisimlarina baktigimizda bitkiye daha kolay giris yapabilecegi yumusak
dokular: sectigi goriilmiistiir. Bitkinin ¢igek kisminda her iki tiretim kosullarinda da zararlinin hicbir
donemine rastlanmamistir. Bu durum zararlinin yumurta koyma ve beslenme igin ¢icek kismini tercih
etmedigini gostermistir. Zararlinin her iki {iretim alaninda da tercih ettigi sicaklik ve nem degerleri
sirastyla 25 °C ile 27 °C sicakliklart ve %50 ile %75 nem araliginda oldugu saptanmis olup bu iklim
kosullarinin olustugu aylarda en yiiksek popiilasyona ulastig1 gézlenmistir. Dolayisiyla zararlinin ok
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asir1 sicakliklarda ve asir1 soguk kis aylarinda biyolojisini yavaslatarak canliigim1i devam ettirdigi
gozlenmistir. Bu calisma, Antalya ili sahil ve yayla kesiminde zararlinin popiilasyon takibi, domates
bitkisinin veJetatif aksaminda zararlin ergin 6ncesi donemleriyle bulasiklik durumu, yumurta koyma ve
beslenme i¢gin bitkinin en fazla hangi kisimlarin tercih ettigini ortaya koyarak, zararh ile miicadelede
onemli veriler saglamistir.

CIKAR CATISMASI
Yazarlar ¢alisma konusunda herhangi bir ¢ikar ¢atismasi olmadigini beyan ederler.

YAZAR KATKISI
Arazi ¢alismalari her iki yazar tarafindan yiiriitilmiistiir. Makalenin yazimi ET tarafindan gergeklestirilmis
olup, makalenin son hali yazarlar tarafindan okunarak onaylanmustir.

TESEKKUR
Bu ¢alisma, Tiirkiye Cumhuriyeti Tarim ve Orman Bakanhig1 Tarimsal Arastirmalar ve Politikalar Genel
Miid{irliigii tarafindan desteklenmistir (Proje No: BS -11 / 10-01 / 01-02 (4)).

KAYNAKLAR

Aboutalebian-Soureshjani, A., Rafiee-Dastjerdi, H., Naseri, B., Hassanpour, M., & Khajehali, J. (2023). Indoxacarb
resistance in Iranian populations of Tuta absoluta (Lepidoptera: Gelechiidae): Cross-resistance, biochemical and
molecular mechanisms. Pesticide Biochemistry and Physiology, 196, 105633.
https://doi.org/10.1016/j.pestbp.2023.105633

Anonim, (2024). Bitkisel {iretim verileri. http://www.tarim.gov.tr/sgb/Belgeler/SagMenuVeriler/BUGEM. [Erisim
tarihi: 15 Subat 2024].

Anonim, (2011). Zirai Miicadele Teknik Talimat1: Domates giivesi Tuta absoluta (Meyrick) (Lepidoptera:Gelechiidae).
Tarim ve Kd&yisleri Bakanligi Tarimsal Arastirmalar Genel Miidiirliigii, Ankara. [Erisim tarihi: 15 Subat 2024].

Aksoy, A., & Karaca, 1. (2015). Usak ilinde yogun domates yetistiriciligi yapilan alanlarda (Hatipler ve Koyunbeyli)
sera ve agik alan kosullarinda Domates yaprak galerigiivesinin popiilasyon gelisimi. Siileyman Demirel Universitesi
Fen Bilimleri Enstitiisii Dergisi, 19(3), 80-84. https://doi.org/10.19113/sdufbed.95150

Aslan, M. M., Gengoglan, S., Aygel, G., & Uciik, C. (2017). Kahramanmaras ili'nde sera kosullarinda Tuta absoluta
(Meyrick)(Lepidoptera: Gelechiidae) (Domates giivesi)nin popiilasyon yogunlugu. KSU Doga Bilimleri
Dergisi, 20(4), 339-343. https://doi.org/10.18016/ksudobil. 286437

Aygel, G., & Aslan, M. (2023). Mersin ili tarla kosullarinda yetistirilen farkli domates gesitlerinde Domates giivesi Tuta
absoluta (Meyrick, 1917) (Lepidoptera: Gelechiidae)' nin popiilasyon yogunlugu ve bulasiklik orani. Kahramanmaras
Siitcii Imam Universitesi Tarim ve Doga Dergisi, 26(1), 27-37. https://doi.org/10.18016/ksutarimdoga.vi.1058984

Azl A., & Mutlu, C. (2019). Population dynamics of Tuta absoluta (Meyrick, 1917) [Lepidoptera: Gelechiidae] with
different traps types in open areas of Sanlurfa Province, Turkey. Journal of the Institute of Science and Technology,
9(4), 1916-1925. https://doi.org/10.21597/jist.580999

Balzan, M. V., & Moonen, A. C. (2011). Management strategies for the control of Tuta absoluta (Lepidoptera:
Gelechiidae) and their effectiveness. EPPO/IOBC/FAO/NEPPO. Joint International Symposium on the Management
of Tuta absoluta.

Bayram, Y., Bektas, 0, Biiyiik, M., Bayram, N., Duman, M., & Mutlu, C. (2014). Giineydogu Anadolu Bolgesi’ nde
Domates giivesi [(Tuta absoluta Meyrick)(Lepidoptera: Gelechiidae)] ve dogal diismanlarmn siirveyi. Tiirkiye
Biyolojik Miicadele Dergisi, 5(2), 99-110.

Biondi, A., Guedes, R. N. C., Wan, F. H., & Desneux, N. (2018). Ecology, worldwide spread, and management of the
invasive South American tomato pinworm, Tuta absoluta: past, present, and future. Annual Review of Entomology, 63,
239-258. https://doi.org/10.1146/annurev-ento-031616-034933

Canbay, A., Alaserhat, i, & Tohma, O. (2014). Erzincan ve Igdir illeri domates alanlarinda zararh Tuta absoluta
(Meyrick)(Lep.: Gelechiidae) ve predatorlerinin popiilasyon takibi. Atatiirk Universitesi Ziraat Fakiiltesi
Dergisi, 45(2), 79-97.

Cherif, A., Harbaoui, K., Zappala, L., & Grissa-Lebdi, K. (2018). Efficacy of mass trapping and insecticides to control
Tuta absoluta in Tunisia. Journal of Plant Diseases and Protection, 125, 51-61. https://doi.org/10.1007/s41348-017-0140-6

Cherif, A., & Verheggen, F. (2019). A review of Tuta absoluta (Lepidoptera: Gelechiidae) host plants and their impact
on management strategies. Biotechnologie, Agronomie, Société et Environnement, 23(4). https://doi.org/10.25518/1780-
4507.18211

——
Uluslararas: Tarim ve Yaban Hayati Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

192



Bat1 Akdeniz Bolgesi'nde Tuta absolutanin Populasyon Takibi ve Bulagiklik Oranlarinin Belirlenmesi

Cherif, A., Mansour, R., & Grissa-Lebdi, K. (2023). Biological control of Tuta absoluta through releases of Trichogramma
cacoecige parasitoids and Macrolophus pygmaeus predators in northeastern Tunisian greenhouses. Biocontrol Science
and Technology, 33(11), 999-1010. https://doi.org/10.1080/09583157.2023.2269486

Cocco, A., Deliperi, S., & Delrio, G. (2013). Control of Tuta absoluta (Meyrick)(Lepidoptera: Gelechiidae) in greenhouse
tomato crops using the mating disruption technique. Journal of Applied Entomology, 137(1-2), 16-28.
https://doi.org/10.1111/j.1439-0418.2012.01735.x

Cayici, F., & Unlii, L. (2023). Bayindir (Izmir) ilcesi domates tarlalarnda Domates glvesi [Tuta absoluta
(Meyrick)(Lepidoptera: Gelechiidae)] nin popiilasyon gelisimi ve bulagiklik oraninin belirlenmesi. Harran Tarim ve
Guda Bilimleri Dergisi, 27(01), 52-63. https://doi.org/10.29050/harranziraat. 1199328

Cetin, G., Hantas, C., & Sonmez, 1. (2014). Giiney Marmara Bolgesi'nde Domates giivesi [ Tuta absoluta (Meyrick, 1917)
(Lepidoptera: Gelechiidae)]'nin doga kosullarinda bazi biyolojik &zelliklerinin belirlenmesi. Plant Protection
Bulletin, 54(3), 181-189.

Desneux, N., Wajnberg, E., Wyckhuys, K. A., Burgio, G., Arpaia, S., Narvaez-Vasquez, C. A., Cabrea, ].G., Ruescas,
D.C., Frandon, J., Pizzol, ]J., Tabone, E., Poncet, C., Cabello, T., & Urbaneja, A. (2010). Biological invasion of
European tomato crops by Tuta absoluta: ecology, geographic expansion and prospects for biological control. Journal
of Pest Science, 83, 197-215. https://doi.org/10.1007/s10340-010-0321-6

Doganlar, M., Yildirim, A. E., & Yigit, A. (2011). Sera domateslerinde zararli Tuta absoluta (Meyrick)(Lepidoptera:
Gelechidae) miicadelesinde ¢evre dostu bazi ilaglarin etkileri, IV. Bitki Koruma Kongresi, Tiirkiye.

Durmusoglu, E., Hatipoglu, A., & Balci, H. (2011). Baz: bitkisel kokenli insektisitlerin laboratuvar kosullarinda Tuta
absoluta (Meyrick, 1917)(Lepidoptera: Gelechiidae) larvalarina etkileri. Turkish Journal of Entomology, 35(4), 651-663.

Erdogan, P., Baris, A., & Alpkent, Y. N. (2014). Orta Anadolu bdlgesi'nde domateslerde zararl olan “Domates giivesi
[Tuta absoluta Meyrick (Lepidoptera: Gelechiidae)]” nin siirveyi ile popiilasyon takibi. Bitki Koruma Biilteni, 54(3),
255-265.

Erler, F., Can, M., Erdogan, M., Ates, A. O., & Pradier, T. (2010). New record of Tuta absoluta (Meyrick)(Lepidoptera:
Gelechiidae) on greenhouse-grown tomato in southwestern Turkey (Antalya). Journal of Entomological Science, 45(4),
392-393. https://doi.org/10.18474/0749-8004-45.4.392

FAO. (2024). Food and Agriculture Organization. https://www.fao.org. [Erisim tarihi: 25 Ocak 2024].

Guedes, R. N. C,, Roditakis, E., Campos, M. R., Haddi, K., Bielza, P., Siqueira, H. A. A., Tsagkarakou, A., Vontas, J., &
Nauen, R. (2019). Insecticide resistance in the tomato pinworm Tuta absoluta: patterns, spread, mechanisms,
management and outlook. Journal of Pest Science, 92(4), 1329-1342. https://doi.org/10.1007/s10340-019-01086-9

Guimapi, R. Y., Mohamed, S. A., Okeyo, G. O., Ndjomatchoua, F. T., Ekesi, S., & Tonnang, H. E. (2016). Modeling the
risk of invasion and spread of Tuta absoluta in  Africa. Ecological =~ Complexity, 28, 77-93.
https://doi.org/10.1016/j.ecocom.2016.08.001

Haddi, K., Berger, M., Bielza, P., Cifuentes, D., Field, L. M., Gorman, K., Rapisarda, C., Williamson, M.S., Bass, C., &
Bass, C. (2012). Identification of mutations associated with pyrethroid resistance in the voltage-gated sodium
channel of the tomato leaf miner (Tuta absoluta).Insect Biochemistry and Molecular Biology, 42(7), 506-513.
https://doi.org/10.1016/j.ibmb.2012.03.008

Karabiiytik, F., Portakaldali, M., & Ulusoy, M. R. (2011a). Dogu Akdeniz Bolgesi Sebze alanlarinda Domates yaprak
galeri giivesi (Tuta absoluta (Meyrick))'nin Yayilisi ve Konukgular:. IV. Bitki Koruma Kongresi, Tiirkiye.

Karabtiyiik, F.,, Horuz, S., Aysan, Y., & Ulusoy, M. R. (2011b). Domates yaprak galeri giivesi (Tuta absoluta
(Meyrick)) nin biyolojik miicadelesine yonelik 6n ¢alismalar. IV. Bitki Koruma Kongresi, Tiirkiye.

Karut, K., Kazak, C., Doker, 1., & Ulusoy, M. R. (2011). Mersin Ili domates seralarinda Domates yaprak galeri giivesi
Tuta absoluta (Meyrick, 1917) (Lepidoptera: Gelechiidae)nin Yaygmlhig1 ve Zarar Durumu. Turkish Journal of
Entomology, 35(2), 339-347.

Kegeci, M., & Oztop, A. (2017). Bat1 Akdeniz Bolgesi'nde Tuta absoluta (Meyrick, 1917) (Lepidoptera: Gelechiidae) ile
biyolojik miicadele olanaklarinin arastirilmasi. Tiirkiye Entomoloji Dergisi, 41(2), 219 - 230.
http://dx.doi.org/10.16970/ted.25851

Kilig, T. (2010). First Record of Tuta absoluta in Turkey. Phytoparasitica, 38(3), 243-244. https://doi.org/10.1007/s12600-
010-0095-7

Kilig, T.(2011). Domates giivesi Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae)'nin Tiirkiye'deki yayilisi ve
miicadelesine yonelik alinan 6nlemler. IV. Bitki Koruma Kongresi Bildirileri, Tiirkiye.

Krechemer, F. D. S, & Foerster, L. A. (2015). Tuta absoluta (Lepidoptera: Gelechiidae): Thermal requirements and effect
of temperature on development, survival, reproduction and longevity. European Journal of Entomology, 112(4), 658-
663. https://doi.org/10.14411/eje.2015.103

Mamay, M., & Yanik, E. (2012). Sanliurfa’da domates alanlarinda Domates giivesi [ Tuta absoluta (Meyrick)(Lepidoptera:
Gelechiidae)]'nin ergin populasyon gelisiminin belirlenmesi. Tiirkiye Entomoloji Biilteni, 2(3), 189-198.

——
Uluslararas: Tarim ve Yaban Hayat1 Bilimleri https://dergipark.org.tr/tr/pub/ijaws

193


https://dergipark.org.tr/tr/pub/ijaws

Emine TOPUZ, Ilyas TEKSAM

Mansour, R., Brévault, T., Chailleux, A., Cherif, A., Grissa-Lebdi, K., Haddi, K., Mohamed, S.A., Nofemela, R.S., Oke,
A., Sylla, S., Tonnang, H.E.Z., Zappala, L., Kenis, M., Desneux, N., & Biondi, A. (2018). Occurrence, biology, natural
enemies and management of Tuta absoluta in Africa. Entomologia Generalis, 38(2).
https://doi.org/10.1127/entomologia/2018/0749

Mansour, R., Cherif, A., Attia-Barhoumi, S., Zappala, L., & Grissa-Lebdi, K. (2019). Tuta absoluta in Tunisia: ten years
of invasion and pest management. Phytoparasitica, 47, 461-474. https://doi.org/10.1007/s12600-019-00748-9

Polat, B., Ozpmar, A., & Sahin, A. K. (2016). Studies of selected biological parameters of tomato leafminer Tuta absoluta
(Meyrick),(Lepidoptera: Gelechiidae) under natural conditions. Phytoparasitica, 44,195-202.
https://doi.org/10.1007/s12600-016-0511-8

Polat, B. (2020). Batakovasi (Canakkale) agik alan domates yetistiriciliginde Domates giivesi Tuta absoluta (Meyrick,
1917)'nin Popiilasyon Degisiminin Belirlenmesi. Bahce, 49(1), 35-41.

Portakaldali, M., Oztemiz, S., Kiitiik, H., Buytikoztirk, H., & Aysegiil, A. (2013). Dogu Akdeniz ve Giineydogu
Anadolu Bolgeleri'nde Tuta absoluta (Meyrick)(Lepidoptera: Gelechiidae)'nin yayilis durumu. Tiirkiye Entomoloji
Biilteni, 3(3), 133-139.

Roditakis, E., Mavridis, K., Riga, M., Vasakis, E., Morou, E., Rison, J. L., & Vontas, J. (2017). Identification and detection
of indoxacarb resistance mutations in the para sodium channel of the tomato leafminer, Tuta absoluta. Pest
Management Science, 73(8), 1679-1688. https://doi.org/10.1002/ps.4513

Sabbahi, R., & Azzaoui, K. (2022). The effectiveness of pheromone traps in controlling the tomato leafminer, Tuta
absoluta, in the United Arab Emirates. Journal of Plant Diseases and Protection, 129(2), 367-374.
https://doi.org/10.1007/s41348-022-00572-0

Silva, G. A,, Picango, M. C,, Bacci, L., Crespo, A. L. B.,, Rosado, J. F., & Guedes, R. N. C. (2011). Control failure likelihood
and spatial dependence of insecticide resistance in the tomato pinworm, Tuta absoluta. Pest Management
Science, 67(8), 913-920. https://doi.org/10.1002/ps.2131

Tanik, R., Celikpenge, Y., & Karaca, I (2020). Afyonkarahisar ili domates serasinda dnemli zararh popiilasyonlarinin
renkli yapiskan tuzaklar ile izlenmesi. Tiirk Bilim ve Miihendislik Dergisi, 2(2), 71-77.

Tath E., & Gogmen H., (2011). Domates giivesi, Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae)’ nin Bati1 Akdeniz
Bolgesi domates tiretim alanlarinda yayilisinin ve populasyon degisiminin izlenmesi. Tiirkiye IV. Bitki Koruma
Kongresi Bildirileri, Tiirkiye.

Topuz, E., Teksam, I, & Karatas, A. (2016). Bat1 Akdeniz Bolgesinde Tuta absoluta (Meyrick)(Lepidoptera:
Gelechiidae)'nin biyoteknik miicadele olanaklarinin arastirilmasi. Plant Protection Bulletin, 56(3), 239-258.
https://doi.org/10.16955/bkb.35749

TUIK. (2023). Bitkisel Uretim 1.Tahmini. http://www.tuik.gov.tr. [Erigim tarihi: 15 Subat 2024].

Unlii, L. (2011). Domates glivesi, Tuta absoluta (Meyrick)nin Konya ilinde Ortiialtinda yetistirilen domateslerdeki
varlig1 ve populasyon degisimi. Selcuk Tarim ve Gida Bilimleri Dergisi, 25(4), 27-29.

Unli, L., Ogﬁr, E., & Ozkan, Z. (2014). Yar1 kurak alanlarda yetistirilen domates bitkisinde Tuta absoluta
(Meyrick)(Lepidoptera: Gelechiidae)'nin popiilasyon gelisiminin belirlenmesi. Selcuk Tarim Bilimleri Dergisi, 1(1),
21-26.

——
Uluslararas: Tarim ve Yaban Hayati Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

194



Research Article / Aragtirma Makalesi

1 BA;
S5 T, e I
é”\ v: " Uluslararasi Tarim ve Yaban Hayati Bilimleri Dergisi ot
slp =z B
< W7~ = . . R .
Z U & International Journal of Agriculture and Wildlife Science
Vg >
g1 2024, 10(2): 195 — 202, doi: 10.24180/ijaws. 1498569

Asphondylia capsici Barnes (Diptera: Cecidomyiidae)'nin Farkli Renk Tuzaklarina Yénelimi ve

Tuzakl1 Alanlardaki Zarar Oranin Belirlenmesi
Determining the Preference of Asphondylia capsici Barnes (Diptera: Cecidomyiidae) to Different Colour
Traps and the Damage Ratio of the Pest in the Trapped Areas
Musa Kirigik! °=,
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Oz: Asphondylia capsici, Barnes (Diptera: Cecidomyiidae) biber {iretiminde ciddi zararlara neden olan bir bocek tiiriidiir. Son yillarda biyolojik
miicadele ile biber {iretimi yapan {ireticiler zararlimin artan popiilasyonu nedeni ile biyolojik miicadeleden vazgererek kimyasal miicadeleye
yonelmektedir. Bu calisma ile kimyasal miicedeleye alternatif olabilecek, sari, siyah, mavi, beyaz ve yesil renkteki tuzaklarin A. capsici'yi ¢ekme
potansiyeli incelenmistir. Bu amagla yiiriitiilen denemeler, Antalya ili Aksu ilgesi Topalli ve Camkdy mahallelerinde sonbahar yetistirme doneminde
yiiriitiilmiistiir. Veriler, sekiz hafta boyunca haftalik olarak toplanmistir. Her hafta, tuzaklar kontrol edilerek yakalanan A. capsici bireyleri sayilmis
ve kaydedilmistir. Yiiriitiilen denemeler, sar1 renk tuzaklarmn Camkdy lokasyonunda 56.50 birey tuzak™ ve Topalli lokasyonunda 40.25 birey tuzak™
ile diger renklere gore 6nemli l¢iide daha fazla A. capsici ¢ektigi belirlenmistir. Ancak, beyaz ve yesil tuzaklar da belli bir gekicilige sahiptir. Bununla
birlikte, siyah ve mavi tuzaklar daha az etkili bulunmusgtur. Renk tuzaklarimin biber galsinegi zarar oranlarina etkisi incelendiginde ise, farkli renklerin
benzer zarar oranlarina neden oldugu gozlemlenmistir. Bu bulgular, renk tuzaklarimin tek bagina yeterli bir kontrol yontemi olmadigini ancak entegre
zararli yonetimi stratejilerinin 6nemli bir pargasi oldugunu gostermistir. Gelecekteki arastirmalar, renk tuzaklarmnm etkinligini artirmak igin farkl
renk kombinasyonlarinin ve diger entegre yontemlerin kullanilmasini incelemelidir.

Anahtar Kelimeler: Biber, galsinegi, Asphondylia capsici, biyoteknik, renk tuzagi

&

Abstract: Asphondylia capsici, Barnes (Diptera: Cecidomyiidae) is an insect causing serious damage in pepper production. In recent years, farmers who
produce pepper with biological control have given up biological control due to the increasing population of the pest and turned to chemical control.
In this study, the potential of yellow, black, blue, white and green coloured traps to attract A. capsici was investigated as an alternative to chemical
control. The trials were conducted in Topalli and Camkdy neighbourhoods of Aksu district of Antalya province during autumn growing season. Data
were collected weekly for eight weeks. Each week, the traps were checked and captured A. capsici individuals were counted and recorded. It was
determined that yellow traps attracted significantly more A. capsici than other colours with 56.50 individuals trap-1 at Camkdy location and 40.25
individuals trap-1 at Topalli location. However, white and green traps also had a certain attractiveness. However, black and blue traps were found to
be less effective. When the effect of colour traps on pepper gallfly damage rates was examined, it was observed that different colours caused similar
damage rates. These findings showed that colour traps alone are not an adequate control method but are an important part of integrated pest
management strategies. Future research should consider the use of different colour combinations to increase the effectiveness of colour traps.
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GIRIS

Biber, tiim diinyada oldugu gibi iilkemizde de yaygin olarak ve ¢ok fazla tiiketilen bir sebze tiiriidiir. En
cok tiiketimi yapilan tiir Capsicum annuum L.’dur (Ozalp, 2010). Diinyada 24 milyon ton biber iiretilmekte
olup; Tiirkiye, Cin ve Meksika’dan sonra 1.76 milyon ton iiretim ile 3. sirada yer almaktadir (()zalp, 2010).
Ulkemiz ortiialt1 biber {iretimine bakildiginda Antalya ili ilk sirada gelmektedir. Tiirkiye’de 2023 yilinda
oOrtiialt1 biber {iretim alam 102.287 dekar, {iretim miktar1 1.050.674 ton; Antalya ilindeki 6rtiialti biber {iretim
alan1 59.767 dekar, iiretim miktar1 ise 675.898 ton olarak belirlenmistir (TUIK, 2024). Ortiialti biber
{iretiminin oransal olarak yaklasik %64'ii Antalya Ili'nde yapilmaktadir.

Asphondylia capsici Barnes (Diptera: Cecidomyiidae), diinya genelinde biber gesitlerinde zarar veren énemli
bir zararlidir. Bu zararli, 6zellikle ekonomik degeri yiiksek olan biber iiretiminde ciddi kayiplara yol
agmaktadir. A. capsici, yumurtalarini bitki dokusuna birakarak larvalarin gelisimi sirasinda gal olusumuna
neden olmaktadir. Bu gallerin, bitkinin biiylimesini ve meyve verimini olumsuz etkileyerek tarimsal
iiretimde verim kayiplarina neden oldugu bildirilmistir (Gagné, 1989).

Biber galsinegi ilk olarak Morris tarafindan Kibris'ta biberlerde tespit edilmis olup 1932 yilinda Barnes
tarafindan tanimlanmistir. Ergin bireyleri 2.0-2.5 mm uzunlugunda olup, viicutlar1 koyu gri renkte ve
kanatlar1 agik giimiis rengindedir (Alkan, 1958). Biber fideleri tarlaya veya seraya dikildiginde bitkiler
tomurcuklanmaya basladiginda, zararlinin disileri yeni olusmus tomurcuklara yumurtalarini koymaya
baslamaktadir. Cigek tomurcuklarindan meyve olusmaya basladig1 déonemde yumurtadan ¢ikan larvalar
meyve i¢ini yiyerek beslenmektedir. Biber galsinegi, ergin donemi harig¢ diger biitiin donemlerini biber
meyvesi i¢inde gegirmektedir (Kiray, 1965; Anonymous, 2008).

Asphondylia capsicinin biyolojisi, davranislar1 ve yonetim stratejileri iizerine yapilan arastirmalar, bu
zararlimn etkili bir sekilde kontrol edilmesi i¢in gereklidir. Literatiirde, A. capsici'nin yasam dongiisii,
konukcu bitkiler tizerindeki etkileri ve dogal diismanlar1 {izerine c¢esitli calismalar bulunmaktadir
(Skuhrava vd., 2005; Sertkaya vd., 2006). Ayrica literatiir taramasinda zararliya kars: arazi kosullarinda
bazi aktif maddelerin etkinliginin belirlenmeye c¢alisildig1 goriilmiistiir (Pathipati vd., 2016). Bunun
yaninda bazi botanik insektisitlerin de zararhya kars1 kullanildig1 ¢alismalar bulunmaktadir (Ghatage vd.,
2022). Bu ¢alismalar, zararlimin biyolojik ve ekolojik 6zelliklerini anlamamiza yardimci olmakta ve entegre
zararl1 yOnetimi (EZY) stratejilerinin gelistirilmesine katk: saglamaktadir.

Asphondylia capsici'nin kontroliinde kullanilan yontemler arasinda kimyasal pestisitler, biyolojik kontrol
ajanlar1 ve kiiltiirel yontemler yer almaktadir. Ancak, kimyasal pestisitlerin asir1 kullanimi gevresel ve
saglik sorunlarma yol agabileceginden, daha siirdiiriilebilir ve cevre dostu yontemlerin gelistirilmesi
gerekmektedir (Van Driesche ve Bellows, 2012). Bu baglamda, renk tuzaklar: gibi gorsel gekici araglar,
zararli yonetiminde Snemli bir rol oynayabilir. Renk tuzaklarinin etkinligi tizerine yapilan calismalar,
cesitli bocek tiirlerinin belirli renklere olan yonelimlerini inceleyerek zararli kontroliinde yenilikgi
¢oziimler sunmaktadir (Prokopy ve Owens, 1983; Vernon ve Gillespie, 1995).

Tarimsal zararlilar1 ile miicadelede, biyoteknik miicadele uygulamalarinda en yaygin kullanilan
metotlardan biri de renkli yapiskan tuzaklardir. Farkli renk tuzaklarinin zararh tiirler {izerinde etkisi
bugiine kadar ¢ok sayida arastirmada calisilmistir. Ornegin; sar1 renkli yapiskan tuzaklarin daha gok
meyve sinekleri (Tephritidae), yaprak galerisinekleri (Agromyzidae), Hemiptera takimina bagh
beyazsinekler (Aleyrodidae) ve ciice agustos bocekleri (Cicadellidae)'ne ait tiirleri ¢ekerken mavi renkli
yapiskan tuzaklarin Syrphidae (Diptera) ve Thripidae (Thysanoptera)'ne ait tiirlerini ¢ektigi bilinmektedir
(Tryon ve ark., 1980; Parrella ve Jones, 1985; Hoback ve ark., 1999; Tezcan, 2000).

Biyolojik miicadele ile biber iiretimi yapilan alanlarda bilindigi gibi pestisit uygulamasi sinirhdir. Son
yillarda zararlinin popiilasyonun artmasi ve ruhsath bir iiriin bulunmamas: nedeniyle iireticiler tavsiye
dis1 bitki koruma iiriinii kullandig1 bilinmektedir. Bu durum biyolojik miicadele yapan {ireticilerin de
biyolojik miicadeleden vazgeg¢melerine neden olmaktadir. Goriilen bu durum {izerine EZY stratejisi
kapsaminda farkli renk tuzaklarinin zararliy1 gekme durumu merak edilmis ve bu ¢alisma planlanmuistir.
Renk tuzaklari, boceklerin gorsel algilarina dayanarak calisir ve belirli renklerin bocekleri cezbetme
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dereceleri farklilik gosterebilir. Bu ¢alismanin amaci, A. capsicinin farkli renk tuzaklarina olan yénelimini
incelemek ve bu bilgilerin zararli yonetiminde nasil kullanilabilecegini belirlemektir.

MATERYAL VE METOT

Asphondylia capsicinin miicadelesine yonelik farkl renkli gorsel tuzaklarin etkinliginin belirlenmesine
yonelik denemeler, Antalya ili Aksu ilgesi Topalli ve Camkdy mahallelerinde sonbahar yetistirme
doneminde yiiriitiilmiistiir. Deneme yerine iliskin bilgiler Cizelge 1’de verilmistir.

Cizelge 1. Deneme yerlerine iliskin bilgiler.
Table 1. Information about the trial locations.

Deneme yerlerine ait bilgiler

Camkdy Topalll

Biber tipi California wonder Kapya
Dikim tarihi 22.08.2023 03.09.2023

Fenoloji Cicek-tomurcuk dénemi Cicek-tomurcuk dénemi

Deneme basinda bitki boyu 40-50 cm 40-50 cm
Deneme yeri Plastik sera Cam sera
Sulama Damlama Damlama
Toprak yapisi Killi-tinl1 Killi-tinh

Farkli Renkte Gérsel Yapiskan Tuzaklarin Cekiciliginin Belirlenmesi

Calisma, Biiyiikoztirk vd. (2020), Lasioptera sp. (Diptera: Cecidomyiidae)’'ya 6 farkli gorsel yapiskan
tuzaginin etkinligi belirlemesinde bulunan metotun uyarlanmasi ile tasarlanmistir. Denemede sar, siyah,
mavi, beyaz ve yesil olmak {izere beg farkli renkte 20x25 cm biiytikliigiinde gorsel yapigkan tuzaklar (Bio
Grup Tarim Urn. Ltd. Sti., Antalya, Tiirkiye) kullamilmistir. Deneme, A. capsici popiilasyonunun en yogun
oldugu donemde, Eyliil-Kasim aylarinda yiiriitiilmiistiir. Veriler, sekiz hafta boyunca haftalik olarak
toplanmistir. Her hafta, tuzaklar kontrol edilerek yakalanan A. capsici bireyleri sayilmis ve kaydedilmistir.
Yapiskan tuzaklar dikkatlice incelenmis ve tizerlerindeki bocekler bir biiytiite¢ yardimiyla tespit edilmistir.
Sayimlarin ardindan tuzaklardaki A. capsici erginleri temizlenmis ve kirlenen tuzaklar yenileri ile
degistirilmistir.

Deneme tesadiif bloklar1 deneme desenine gore 4 tekerriirlii olarak kurulmustur. Her parsel 50 m? (5*10
m) biiyiikliigiinde olup, parselin ortasina bitkinin 15-20 cm yukarisina bir adet tuzak asilmistir. Her
sayimda, bitki boyu uzamasi kontrol edilerek, tuzaklar bitkinin 15-20 cm yukarisina asilmustir. Bloklarda
iki tuzak arasinda yaklasik 10 m mesafe birakilmistir.

Farkli renk tuzaklarimin A. capsici erginlerini gekme durumunun istatistiksel agidan 6nemini belirlemek
icin IBM SPSS® Statistics (Version 22.0) paket programi ile varyans analizi (ANOVA) yapilmistir. Tukey
HSD testi i¢in anlamlilik esigi P < 0.05 olarak belirlenmistir.
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Biber galsinegi’nin Zarar Oranin Belirlenmesi

Her bir renk gorsel yapiskan tuzaginda Biber galsinegi'nin zarar oranini belirlemek i¢in her iki lokasyonda
da sekizinci haftanin sonunda sayim yapilmistir. Her bir parselin farkli noktalarinda toplam 20 biber
bitkisinin tomurcuk ve meyveleri kontrol edilmistir. Biber galsinegi larva zararinin ve pupa déneminin
tespit edildigi her bitki bulasik olarak kaydedilmistir. Bu sekilde calismanin yiiriitiildiigii her biber
serasinin zarar orant agsagidaki formdiil ile hesaplanmistir.

Bulusik bitki Sayist 0

Z 0 Yizdesi (%) = 100
arar Oranin Yizdest (%) KontrolEdilenToplamBitkiSayLSLx

BULGULAR VE TARTISMA

Farkli Renk Tuzaklarinin Asphondylia capsici Yénelimine Etkisi

Biber galsinegi'nin renklere olan yonelimini belirlemek i¢in sar1, siyah, mavi, beyaz ve yesil renk tuzaklar
kullanilmustir. Tuzaklara yakalanan A. capsici erginlerinin sayilar1 haftalik olarak kaydedilmistir. Cizelge
2’de farkli renk tuzaklarina yakalanan A. capsici’nin toplam sayilar: verilmistir.

Cizelge 2. Farkli renk tuzaklarina yakalanan Asphondylia capsici’nin ortalama sayilari.
Table 2. Mean numbers of Asphondylia capsici caught in different color traps.

Ortalama Yakalanan A. capsici Sayisi (+ Standart Hata)

Renk Camkdy Topallx
Sar1 56.50+5.2a 40.25+3.1a
Siyah 225+1.7d 325+1.8d
Mavi 1050+ 8.4 c 14.75+4.6 c
Beyaz 3725146 b 31.50+£2.0Db
Yesil 34.00£34Db 2825+23D

*Ayni harfin takip ettigi bir stitundaki ortalamalar 6nemli 6l¢iide farkli degildir (P < 0.05; Tukey testi).

Camkoy ve Topalli mahallelerinde A. capsici 'min haftahk araliklarla renkli yapiskan tuzaklara
yakalanmasina iliskin veriler Sekil 1 ve Sekil 2'de verilmektedir.

Farkli tuzaklarda yakalanan ortalama birey sayisi

14

12

6.09.2023 13.09.2023  22.09.2023  26.09.2023 3.10.2023 13.10.2023  20.10.2023  27.10.2023
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Sekil 1. Camkoy mahallesinde farkli gorsel tuzaklarda yakalanan Asphondylia capsici erginlerinin ortalama sayist.
Figure 1. Average number of Asphondylia capsici adults caught in different visual traps in Camkoy district.
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Farkl tuzaklarda yakalanan ortalama birey sayis1

12
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Sekil 2. Topalli mahallesinde farkli gorsel tuzaklarda yakalanan Asphondylia capsici erginlerinin ortalama sayisi.
Figure 2. Average number of Asphondylia capsici adults caught in different visual traps in Topalli district.

Varyans analizi (ANOVA) sonuglarina gore, renk tuzaklar1 arasindaki farklar istatistiksel olarak anlaml
bulunmustur (P < 0.05). Camkoy lokasyonunda ortalama 56.50 birey tuzak! ve Topalli lokasyonunda
ortalama 40.25 birey tuzak™ ile Tukey HSD testi sonuglari, sar1 renk tuzaklarinin diger renklerden anlaml
derecede daha fazla A. capsici ¢ektigini gostermistir. Beyaz ve yesil renk tuzaklar, sar1 tuzaklara kiyasla
daha az cekici olmakla birlikte, diger renklerden (mavi ve siyah) istatistiksel olarak anlamli derecede daha
fazla bocek cekmistir. Her iki lokasyonda da beyaz ve yesil renk tuzaklar arasinda ise istatistiksel olarak
anlaml bir fark bulunmamustir. Ayrica zararlinin hemen hemen tiim tuzaklarda yakalanmasina ve zarar
yaptig1 donem olmasina ragmen tiim renkli tuzaklarda yakalanan biber galsinegi sayisinin da oldukga az
oldugu sonucuna varilmstir.

Biber galsinegi'nin Zarar Oranmin Belirlenmesi

Calisma sonunda sari, siyah, mavi, beyaz ve yesil renk tuzaklar: kullanilarak A. capsici'nin zarar oranlari
degerlendirilmistir. Farkli renk tuzaklar: icin Biber galsineginin zarar oranlarina ait veriler Cizelge 3'te
verilmisgtir.

Cizelge 3. Farkli renk tuzaklari kullanilarak belirlenen biber galsinegi zarar oranlari.
Table 3. Pepper gall midge damage rates determined using different color traps.

Zarar oranlar1 (%) (£ Standart Hata)

Renk Camkdy Topall1

Sar1 20+29a 20+46a
Siyah 30+54a 25+6.1a
Mavi 30+73a 25+4.1a
Beyaz 25+64a 20+x3.5a
Yesil 25+20a 2054 a

*Ayni harfin takip ettigi bir siitundaki ortalamalar 6nemli 6l¢iide farkli degildir (P < 0.05; Tukey testi).
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Gorsel yapiskan tuzaklarin farkli renklerine gore biber galsinegi'nin zarar oranlarinda varyans analizi
(ANOVA) sonuglarina gore istatistiksel olarak anlamli bir fark bulunamamistir (P < 0.05). Her iki
lokasyonda da farkli renk tuzaklarinda igin bulunan zarar oranlari ayr harf (a) grubuna girmistir. Bununla
birlikte, A. capsici'nin bitki {izerindeki zarar oranlarinin belirlenmesi, zararli yonetim stratejilerinin
etkinligini artirmak adina 6nemlidir.

Bu calismada A. capsicinin farkli renk tuzaklarina olan yonelimi ve bu tuzaklarin biber galsinegi zarar
oranlar1 {izerindeki etkisi incelenmistir. Elde edilen bulgular, sar1 renk tuzaklarinin A. capsici'yi diger
renklerden daha fazla ¢ektigini gostermistir. Bu sonug, bir¢ok bocek tiirtiniin sar1 renge ¢ekildigini belirten
onceki calismalarla uyumludur (Prokopy ve Owens, 1983; Vernon ve Gillespie, 1995). Sar1 renk
tuzaklarinin etkinligi, bu zararhlarin kontroliinde kullanilabilecek potansiyel bir yontem olarak
degerlendirilebilir.

Sar1 rengin cekiciligi, genellikle boceklerin fototaksi davrarislari ve gorsel algilariyla iligkilidir. Gelismis
gorsel sistemleri sayesinde bir¢ok bocek tiirii, yiyecek bulma ve ¢iftlesme davramslarinda belirli renkleri
kullanir (Raghu vd., 2004). A. capsicinin sar1 renge yoOnelimi, bu zararlinin yonetiminde sar1 renk
tuzaklarinin etkili bir arag olarak kullanilabilecegini gostermektedir.

Beyaz ve yesil renk tuzaklarin da sariya kiyasla daha az gekici olmakla birlikte, mavi ve siyah renklere gore
anlamli derecede daha fazla A. capsici ¢ektigi goriilmiistiir. Bu sonuglar, boceklerin gorsel algisimin sadece
belirli renklere degil, ayr1 zamanda belirli renk kombinasyonlarina da duyarl olabilecegini gostermektedir
(Hern vd., 1996). Bu baglamda, beyaz ve yesil renk tuzaklarin da sar1 renk tuzaklarla birlikte kullanilmasi,
zararlinin etkin bir sekilde yonetilmesine katki saglayabilir.

Ote yandan, mavi ve siyah renk tuzaklar, diger renklere gore daha az etkili bulunmustur. Bu durum, bu
renklerin A. capsicinin dogal gorsel alg1 sistemine uygun olmadigimi veya daha az gekici oldugunu
gostermektedir. Ancak, mavi rengin bazi bocek tiirleri igin gekici olabilecegi literatiirde belirtilmistir
(Mazzoni vd., 2013). Bu nedenle, A. capsici'nin mavi renge olan diisiik ilgisi, bu tiiriin gorsel algisinin
spesifik ozelliklerinden kaynaklaniyor olabilir.

A. capsicimin biyolojisi ve davraniglar {izerine yapilan ¢alismalar, zararhnin yonetim stratejilerinin
gelistirilmesinde Onemlidir. Literatiirde, A. capsicinin yasam dongiisii ve konukcu bitkiler {izerindeki
etkileri {izerine gesitli arastirmalar bulunmaktadir (Skuhrava vd., 2005; Sertkaya vd., 2006). Bu ¢alismalar,
zararlinin biyolojik ve ekolojik 6zelliklerini anlamamiza yardimci olmakta ve entegre zararli yonetimi
(EZY) stratejilerinin gelistirilmesine katki saglamaktadur.

Renk tuzaklarinin etkinligine iliskin bulgular, kimyasal pestisitlerin asir1 kullamiminin ¢evresel ve saglik
sorunlarina yol agabilecegi goz Oniine alindiginda, daha siirdiiriilebilir ve ¢evre dostu yontemlerin
gelistirilmesi gerektigini vurgulamaktadir (Van Driesche ve Bellows, 2012). Bu baglamda, renk tuzaklar:
gibi gorsel cekici araglar, zararli yonetiminde 6nemli bir rol oynayabilir. Bu ¢alismada, beyaz ve yesil renk
tuzaklarm da belirli bir ¢ekicilige sahip oldugu, ancak siyah ve mavi tuzaklarin diigiik etkinlik gosterdigi
belirlenmistir. Bu bulgu, beyaz ve yesil tuzaklarin da A. capsici kontroliinde kullanilabilecegini, ancak siyah
ve mavi tuzaklarin etkisiz oldugunu ortaya koymaktadir.

Biiytiikoztiirk vd. 2020, Lasioptera sp. (Diptera: Cecidomyiidae)'ya 6 farkli gorsel yapiskan tuzag:
denemisglerdir. Yesil ve beyaz rengin zararliy1 en ¢ok ¢eken renk oldugunu belirlemiglerdir. Bu sonuglar ile
yuriittiiglimiiz calisma karsilastirildiginda beyaz rengin ortak en ¢ekici renk oldugu sonucuna varilmistir.

Biber galsinegi zarar oranlarina iliskin bulgular, farkli renk tuzaklari kullanilarak belirgin bir fark
gozlenmemistir. Tiim renkli tuzaklarda benzer zarar oranlarinin gozlemlenmesi, renk tuzaklarimn tek
bagina yeterli bir kontrol yontemi olmadigin gostermektedir. Bu durum, entegre zararh yonetimi (EZY)
stratejilerinin 6nemini bir kez daha vurgulamaktadir. Kimyasal pestisitlerin agir1 kullanimmin gevresel ve
saglik sorunlarina yol agabilecegi dikkate alindiginda, biyolojik kontrol ajanlarinin ve kiiltiirel yontemlerin
entegre edilmesi gereklidir (Van Driesche ve Bellows, 2012).
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Gelecekteki arastirmalar, renk tuzaklarimin etkinligini artirmak igin farkl renklerin kombinasyonlarinin ve
diger entegre yontemlerle bir arada kullanilmasini incelemelidir. Ornegin, biber galsinegi gibi zararlilarin
yonetiminde, sar1 renk tuzaklarimin yaninda feromon tuzaklarinin veya biyolojik kontrol ajanlarimin
kullanilmasi, daha etkili sonuglar saglayabilir (Witzgall vd., 2010). Ayrica, zararhnin dogal diismanlarmin
etkisi ve biyolojik kontrol ajanlarinin etkinligi iizerine daha fazla aragtirma yapilmalidir (Sertkaya vd.,
2006).

SONUC

Sonug¢ olarak, bu calisma A. capsicinin kontroliinde sari1 renk tuzaklarinin daha etkili oldugunu
gostermistir. Ancak, zararli yonetim stratejilerinin gelistirilmesi igin yalnizca renk tuzaklarma dayal bir
yaklagimin yetersiz oldugu anlagilmaktadir. Entegre zararli yonetimi programlarinin etkinligini artirmak
icin kimyasal, biyolojik ve kiiltiirel yontemlerin bir arada kullanilmas1 onerilmektedir. Bu ¢alisma, zararh
yonetimi programlarinin gelistirilmesine ve ¢evre dostu kontrol yontemlerinin uygulanmasina yonelik
onemli bilgiler sunmaktadir. Gelecekteki arastirmalar, farkli renk tuzaklarinin kombinasyonlar1 ve diger
entegre yontemlerle bir araya getirilerek daha etkili kontrol stratejilerinin gelistirilmesine odaklanmalidir.

CIKAR CATISMASI
Yazar herhangi bir kurum, kurulus veya kisi ile ¢ikar ¢atismasi olmadigini beyan eder.
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Tiirkiye’deki Tarimsal Kredilerin Tarimsal Is Giicii Verimliligine Etkisinin Analizi
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Oz: Bu cahismada Tiirkiye’deki tarimsal kredilerin tarimsal is giicli verimliligine etkisini zaman serisi analiziyle analiz etmek amaglanmistir. Amag
dogrultusunda krediler ve tarimsal is giicii verimliligi ile ilgili gesitli veri kaynaklarindan 1988-2022 donemini kapsayan yillik veriler toplanmigtir.
Analiz igin kredilerin bagimsiz, tarimsal is giicii verimliliginin ise bagiml degisken olarak atandigi tam logaritmik bir model kurulup bu modelin
tahmininde ARDL simur testi yontemi uygulanmigtir. Tahminden elde edilen bulgulara gore; krediler degiskeniyle tarimsal is giicii verimliligi
degiskeni arasinda uzun dénemli, pozitif ve istatistiksel olarak anlaml1 egbiitiinlesme iligkisi vardir. Kredilerin bakiyesindeki %1’lik artis, tarimsal is
giicii verimliligini yaklasik %0.13 artirmaktadir. Ayrica degiskenler arasindaki kisa donemli iligki ise negatif olup istatistiksel olarak anlamlidir. Kisa
dénemde yasanan soklardan sonra degiskenler arasinda olusan uzun dénem dengesinden sapma(lar) 1 dénem sonra yaklasik %40 oraninda ortadan
kalkmaktadir.

Anahtar Kelimeler: Tarimsal krediler, Tarimsal is giicii verimliligi, Zaman serisi analizi, ARDL sinur testi

&

Abstract: In this study, it is aimed to analyze the effect of agricultural loans on agricultural labor productivity in Tiirkiye by time series analysis. In
line with the aim, annual data covering the period 1988-2022 were collected from various data sources related to loans and agricultural labor
productivity. For the analysis, a log-log model was constructed with loans as the independent variable and agricultural labor productivity as the
dependent variable, and the ARDL bounds testing method was applied in the estimation of this model. According to the findings obtained from the
estimation; there is a long-term, positive and statistically significant co-integration relationship between the loans variable and the agricultural labor
productivity variable. A 1% increase in the balance of loans increases agricultural labor productivity by about 0.13%. In addition, the short-term
relationship between the variables is negative and statistically significant. The deviation(s) from the long-term balance that occurs between the
variables after the shocks experienced in the short term disappear by about 40% after 1 period.
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GIRIS

Tarimsal iiretim, niteligi itibariyla gesitli girdilerin satin alimip ekim-dikim ve bakim islemlerinin
gerceklestirilmesiyle {iretimi yapilan iiriinlerin hasat edilip pazarlanmasi arasinda gegen birka¢ ayhk
veya 1 yillik siireci kapsamaktadir. Bu siirecte bir tarim isletmesinin sahibi oldugu isletme sermayesinin
seviyesi ve tarim bankacilign kapsaminda kullandirilan kredilere erisiminin giicii alacagi iiretim
kararlarinda onemli belirleyiciler olmaktadir. Diger taraftan {iretim siireci, tarim sektoriiniin riskli dogasi
nedeniyle zarar gormeye her zaman agiktir. Dolayisiyla isletme sermayesinin yani sira 6zellikle kredi
piyasasinin olanaklarindan yararlanma, s6z konusu risklerin azaltilabilmesi, siirdiiriilebilir bir verimlilik
artig1 saglanabilmesi ve daha verimli {iretim kararlarinin alinabilmesi noktasinda 6énemli bir rol oynama
potansiyeli tasimaktadir (Bayramoglu, 2010; Eswaran ve Kotwal, 1986). Verimliligin artirilmasi, amact
gelismek olan tiim {ilkelerin kalkinma ¢abalarinin merkezinde yer almaktadir (Uslu ve Apaydin, 2021).

Kirsal kalkinmay1 biiyiik dlciide tamamlamis olan giiniimiiziin gelismis {ilkelerinde is¢i basina en yiiksek
verimlilikle tarimsal {iretimde bulunulmaktadir. Dolayisiyla gelismis {ilkelerde isci bagina yiiksek
tarimsal {irlin ve biiylik iiretim kapasitesi so6z konusudur. Ancak kalkinmayi tamamlayamamig
gelismekte olan {ilkelerde alisilagelmis iiretim yontemlerinin varligi ve tarim arazilerinin kiigiik ve
parcal1 yapisi nedeniyle verimliligin saglanamamas siiregelen ciddi bir sorundur. Bu baglamda, tarimsal
verimlilik, gelismis ve gelismekte olan tiilkelerin tarimsal yapilarini ayiran en 6énemli noktadir (Uzun,
2009). Ayrica gelismekte olan {ilkelerde kayit dis1 kredi kanallarinin yaygin sekilde varlik gosterdikleri
bilinmektedir. Pratikte yer yer ticari bankalarla ve tarimsal kooperatiflerle birlikte s6z konusu kredi
kanallarinin mikro seviyede verimlilik 6l¢iisiine dikkat etmeyerek kredi kullandirmalari, gelismekte olan
iilkelerdeki tarimsal verimliligin gelismis {ilkelerdekine kiyasla ¢ok daha diisiik diizeyde
gerceklesmesinin bir baska 6nemli nedeni oldugu sdylenebilir (Seven ve Tumen, 2020).

Gelismekte olan tilkelerde kayit disi kredi kanallarimin yaru sira is giicii piyasalarinin da yaygin oldugu
bilinmektedir. Kalkinma yolunda resmi kredi kanallarinin zamanla kayit dig1 kredi kanallarinin yerini
almasi resmi is glicli piyasasini giiclendiren temel faktor olabilir. Ileri tarimsal iiretim teknolojileri
krediyle finanse edilen yatirimlarla yaygmlashginda muhtemelen kalkinmanin ileri agamalarinda
tiretimde kullarilan is giiclinii artiracaktir. Bu varsayim, “tarim bankaciligi hizmetlerinin verimliligi
artirmaya yonelik tasarlandig1” seklindeki genel yaklasimdan destek almaktadir.

Bir iilke ekonomisi gelistik¢e tarim sektoriiniin ekonomiye katkisinin diisiis gosterdigi ve bu durumun
sektore verilen finansman desteginin azalmasini beraberinde getirdigi bir gercektir. Bununla birlikte
Diinya Bankasi, diinya genelindeki tarimsal {iriinlere yonelik talebin 2050 yilina kadar yaklasik %70
artacaginin, artan talebin karsilanmas: igin verimliligin artirilmasi ve bunun igin sektdre daha fazla
finansman destegi verilmesi ve yatirim yapilmas: gerektiginin {izerinde durmaktadir. Dolayisiyla ticari
bankalarin tarim bankaciligi hizmetlerini daha da gesitlendirip gelistirmeleri onem arz etmektedir (World
Bank, 2007).

Diinya genelindeki hemen hemen her iilkede tarimsal istihdamin toplam istihdamdan aldig1 pay,
tarimsal katma degerin toplam katma degerden aldigi paydan daha yiiksektir. Basit bir sekilde bu
durum, tarim dis1 sektorlerde her is¢i basina katma degerin tarim sektoriine kiyasla ¢ok daha yiiksek
oldugu anlamina gelmektedir (Gollin vd., 2014). Temel verimlilik gostergeleri olarak ilgili literatiirde
genellikle 4 ol¢ilit kullanilmaktadir. Bunlar arasinda girdi basina iiriin, {irlin bazinda tarim isletmesi
verimi, hektar basina {iirlin ve tarimsal is giicli verimliligi (is¢i basina iiriin, yani katma deger)
sayllmaktadir (Schneider ve Gugerty, 2011).

Tiirkiye 6rnekleminde ve Tiirkiye digindaki 6rneklemlerde tarim sektoriindeki verimlilik konusunu ele
almis cok sayida calisma vardir. Ornegin;

-Bravo-Ortega ve Lederman (2004) tarafindan yapilan ¢alismada Latin Amerika ve Karayip tilkelerindeki
tarimsal verimliligin belirleyicileri incelenmis ve okuryazarlik ve asfalt yol artistnin verimliligi artirdig:
tespit edilmistir.
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-Wiebe, Soule ve Schimmelpfennig (2006) tarafindan yapilan calismada Sahra Alti Afrika bolgesindeki
iilkelerde tarimsal verimlili§in belirleyicileri incelenmis ve basta giibre, fiziki sermaye ve hayvan olmak
tizere geleneksel girdilerin kullanimindaki artisin verimliligi artirdig1 tespit edilmistir.

-Bayramoglu (2010) tarafindan yapilan g¢alismada 1981-2008 yillar1 arasinda Tiirkiye’deki tarimsal
iiretimde yasanan degisim logaritmik regresyon analiziyle incelenmis ve kimyasal giibre kullanimu,
sagilan hayvan bagina siit verimlili§i ve kullanim halindeki traktor sayisi gibi agiklayicr degiskenlerin
iiretim elastikiyetlerinin sirasiyla %7.8, %9.4 ve %28.2 olarak tespit edilmistir.

-Ercakar ve Tasc1 (2011) tarafindan yapilan ¢alismada Tiirkiye’de iiretilen 5 tarimsal iirtinde verimlilik ve
tarim isletmelerinin ellerine gegen fiyat diizeyi arasindaki iliski incelenmis ve s6z konusu iirtinlerde
yaganan verimlilik artisinin ele gecen nominal fiyatlar: yiikseltip reel fiyatlar1 diisiirdiigii belirlenmistir.

-Kaya ve Aktan (2011) tarafindan yapilan c¢alismada Tiirkiye’deki tiim illerin tarim sektoriindeki
verimlilik performanslar: arastirilmis ve verimlilik agisindan en fazla ilerleme kaydeden ilin Ordu, en
fazla gerileme kaydeden ilin ise Mardin oldugu saptanmustir.

-Semerci (2016) tarafindan yapilan calismada Tiirkiye’'yle Avrupa Birligi (AB) {ilkelerinin tarimsal
verimlilik diizeyleri karsilastirmali olarak incelenmis ve Tiirkiye’de tarim sektoriine yonelik devlet
desteklerinin 5488 Sayili Tarim Kanunu'nda belirtilen oranin ¢ok altinda kalmasi nedeniyle verimlilik
diizeyinin AB’deki iilkelere kiyasla ¢ok diisiik oldugu belirlenmistir.

-Bustos, Caprettini ve Ponticelli (2016) tarafindan yapilan calismada Brezilya'daki tarimsal is giicii
verimliligi artiginin tarimsal isttihdam paymna etkisi incelenmis ve verimlilikteki %1’lik artisin istihdam
payini %0.16 azalttig: tespit edilmistir.

-Emran ve Shilpi (2018), yaptiklar1 calismada Hindistan'daki tarimsal verimliligin tarimsal istihdama ve
yoksulluga etkisini incelemis ve verimlilik artisimin {icretleri ve istihdami artirdigini ve bu yolla
yoksullugu azalttigin tespit etmislerdir.

-Shanmugan ve Baria (2019) tarafindan yapilan calismada Hindistan’daki tarimsal is giicli verimliliginin
belirleyicileri incelenmis ve kirsal bolgelerde okuryazarlik ve elektrik tiiketimi artisinin, briit sermaye
olusumunun ve hava durumu kukla degiskeninin en Onemli verimlilik belirleyicileri oldugu
belirlenmistir.

-Liu vd. (2020) tarafindan yapilan c¢alismada Giiney ve Giineydogu Asya {ilkelerindeki tarimsal
verimliligin belirleyicileri arastirilmis ve tarimsal istihdamdaki ve kimyevi giibre tiiketimindeki %1’lik
artisin verimliligi sirasiyla %0.18 ve %0.06 artirdig1 saptanmustir.

-Karaduman (2020) tarafindan yapilan calismada 1962-2017 yillar1 arasinda Tiirkiye'deki tarimsal
verimliligin belirleyicileri incelenmis ve begeri sermaye, giibre ve kredi kullanimlarimin uzun vadede
verimliligi artirdig: tespit edilmistir.

-Yiicel ve Caliskan (2020) tarafindan yapilan calismada Tiirkiye’de tarimsal verimliligin ve
makinelesmenin tarimsal istihdama etkisi incelenmis ve makinelesmeyle istthdam arasinda uzun
doénemli bir iligki oldugu, verimlilikle istihdam arasinda ise boyle bir iliski olmadig; tespit edilmisgtir.

-Uslu ve Apaydin (2021), yaptiklar1 ¢alismada Tiirkiye’de alan bazli olarak verilen devlet desteklerinin
tarimsal verimlilige etkisini incelemis ve bu desteklerin verimlilik tizerinde herhangi bir etkiye sahip
olmadigini tespit etmislerdir.

-Wang vd. (2022) tarafindan yapilan calismada Amerika’daki tarimsal is giicliniin toplam calisma
saatinin ve egitim kalitesinin tarimsal verimlilige etkisi incelenmis ve calisma saatindeki bir birimlik
azalmanin verimliligi %0.57 azalttig1, egitim kalitesindeki kazanimlarin ise verimliligi %8 artirdig: tespit
edilmistir.

-Adamopoulos ve Restuccia (2022) tarafindan yapilan ¢alismada toplam 162 iilkedeki cografi sartlarin
tarimsal verimlilige etkisi aragtirilmis ve dar cografi bolgelerde bile tarim arazilerinin kalitesinde 6nemli
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bir heterojenlik bulunmasina ragmen verim diisiikliigiiniin elverissiz cografi sartlardan kaynaklanmadig1
saptanmugtir.

-Ayaz ve Mughal (2022) tarafindan yapilan ¢alismada Pakistan’daki ¢iftlik biiyiikliiklerindeki artigmn
tarimsal verimlilige etkisi incelenmis ve biiyiikliikteki %1’lik artisin verimlili§i %0.07 azaltti1 tespit
edilmistir.

-Chiarella vd. (2023), yaptiklar1 ¢alismada 32 gelismekte olan {ilkedeki is giicii ve arazi verimliligiyle
ciftlik biiytikliikleri arasindaki iliskiyi arastirmis ve biiytiikliik artisinin arazi verimliligini azalttigini, is
glicii verimliligini ise artirdigini ortaya koymuslardir.

Literatlir 6zetinden anlagildig1 iizere tarimsal verimlilik, genel itibarryla belirleyicileri ve tarimsal
finansman digindaki cesitli faktorlerle iliskisi temelinde ele alinmistir. Bu ¢alisma ise tarimsal is giicii
verimliligini en 6nemli tarimsal finansman araglarindan biri olan tarimsal kredilerle iligkisi temelinde ve
zaman serisi analiziyle Tiirkiye Ornekleminde incelemesi yoniiyle literatiir Ozetinde yer alan
calismalardan farklilasmaktadir. Dolayisiyla bu calisma, literatiirde bulunan séz konusu boslugun
dolmasina katk: saglayacak olmasi nedeniyle 6nem tasimaktadir.

Kendi kendine yeten bir tarim iilkesi olmaktan ¢ikan ve tarimsal mekanizasyon diizeyi yeterince
gelismemis olan Tiirkiye'de tarimsal is giicii verimliliginin tarimsal kredilerle iliskisini arastiran ve bu
dogrultuda uygun ve 6zgiin politika Onerileri gelistirmeyi planlayan bu ¢alismanin verimlilik konusuna
ilgi duyan politika yapicilara, arastirmacilara, 6zel sektor kuruluslarina ve diger tiim tarimsal paydaslara
faydali olmast umulmaktadir.

Bu ¢alisma kapsaminda ilk once materyal ve metot hakkinda bilgi verilmis, daha sonra ise analizden elde
edilen bulgular ortaya konulup degerlendirilmistir.

MATERYAL VE METOT
Bu béliimde ¢alismadaki veri toplama araci ve 6rneklem, degiskenler, model ve yontem ile ilgili agtklama
yapilmistir.

Veri Toplama Araci ve Orneklem

Caligmanin amaci dogrultusunda tarim bankaciligi kapsaminda kullandirilan krediler ve tarimsal is giicii
verimliligi ile ilgili veriler toplanmistir. Kredilere ait veriler, Tiirkiye Bankalar Birligi'nin veri sistemi
tizerinden toplanmis olup TL cinsinden kullandirilmis tarim (ihtisas) kredilerini temsil etmektedir.
Tarimsal is giicli verimliliine ait veriler ise Diinya Bankasi'nin veri bankasinda 2015 yil1 sabit dolar
kuruyla diizenli olarak yayimlanan tarim, ormancilik ve balikgilik (katma) degerlerinin Tiirkiye Istatistik
Kurumu'nun web sitesinde yayinlanan is giicii (tarim) degerlerine boliinmesiyle hesaplanmis olup dolar
cinsinden yaratilmis isci basina katma degeri temsil etmektedir.

Her iki veri seti, 1988-2022 donemini (35 gozlem) kapsamakta olup yillik niteliktedir.

Degiskenler ve Kurulan Model

Caligmanmn amact dogrultusunda krediler bagimsiz, tarimsal is giicli verimlilii ise bagimh degisken
olarak belirlenmistir. Bu degiskenler dahil edilerek kurulan tam logaritmik model? ve agiklamas: su
sekildedir;

logverim, = a+ Bxlogkredi, + &, (1)

Modeli olusturan;

2 Calismada serilerin dogrusal olmasi, katsayilarinin esneklik seklinde yorumlanmasi, 6l¢iim birimlerinden bagimsizlagtirilmasi1 ve analiz
sonucunda degisen varyans sorununun ortaya ¢ikmasim &nlemek igin logaritmalar1 (log) alinmustir. Dolayisiyla degiskenler arasindaki reel
iliski, bagimsiz degiskendeki (logkredi degiskeni) %’lik degismeye karsilik bagimli degiskendeki (logverim degiskeni) %’lik degisme seklinde
yorumlanacaktir.
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logverim tarimsal is glicli verimliliginin, ¢ zamann, a sabit terimin, § katsaymin, logkredi kredilerin ve ¢
hata teriminin karsiligidir.

Yontem

Esbiitiinlesme, birden fazla degiskenin tiimlesmesi, yani birlikte hareket etmesidir. Bu hareket, uzun
donem bigiminde tanimlanmaktadir. Ciinkii kisa donemdeki soklar, bir serinin patikasini/gidis yolunu
bozmaktadir. Bu durum diger serilerde de gegerli olsa da yine de degiskenler arasinda uzun dénemli bir
iliski yakalanabilir.

Esbiitiinlesme testleri, duragan olmayan degiskenler arasindaki egbiitiinlesme iliskisini Sl¢gmektedir.
Literatiirde esbiitiinlesme iliskisini 6l¢gmek icin genellikle Engle ve Granger (1987), Johansen (1988),
Gregory ve Hansen (1996) ve Pesaran vd. (2001) tarafindan gelistirilmis olan testler tercih edilmektedir.
Ancak ilk ii¢ testin uygulanabilmesi i¢in degiskenlerin ayni diizeyde duragan olmasi gerekmektedir.
Basgka bir deyisle, degiskenlerden biri veya birkagi farkl: diizeylerde duragan oluyorsa, soz konusu testler
uygulanamamaktadir. Pesaran vd. (2001) tarafindan gelistirilmis olan Autoregressive Distributed Lag
(ARDL) sirur testi ise farklhh diizeylerde duragan olan degiskenler arasindaki esbiitiinlesme iliskisinin
tespitini yapabilmektedir. ARDL testinin diger testlere kiyasla 6ne ¢ikan avantaji, testte kullanilan hata
diizeltme modelinde hicbir kisit olmayisidir. Dolayisiyla ARDL testinin uygulanisi, analiz sonuglarini
daha giivenilir ve dogru kilabilmektedir (Akcan vd., 2022). Ayrica ARDL testi, say1 itibariyla sinurl
gozlem igeren veri setlerinin kullanildig analizlerde de giivenilir sonuglar verme potansiyeline sahiptir
(Doru ve Diistinceli, 2021). Agiklanan avantajlar1 nedeniyle calismada ARDL sirur testinin uygulanmast
tercih edilmistir.

Duraganlik, degiskenlerin sabit bir ortalamaya sahip olmasi/zamanla belli bir degere yaklasmasi
anlamina gelmektedir (Akel ve Gazel, 2014). Duragan olmayan degiskenler kullanilarak yapilan analizler
sonucunda yanli/sahte regresyon sorunuyla karsilasilabilir (Sar1, 2021). Bu sorunun tespitinde birim kok
testlerine ihtiya¢ duyulmakta olup literatiirdeki testler arasindan genellikle tercih edilenleri Augmented
Dickey Fuller (ADF) ve Philips-Perron (PP) testleridir (igde, 2010). ADF ve PP testleri, standart testler
olarak kabul edilmektedir. Ikisi arasindaki temel farklilik, ADF testinde otokorelasyon sorununu
gidermek icin esitligin sag tarafina bagimli degiskenin uygun gecikmesi aciklayici degisken olarak
eklenirken PP testinde ise bunun eklenmemesidir. Her iki testte de bagiml degiskenlerin bir gecikmeli
degerlerinin katsayilarina iligkin t-istatistikleri tahmin edilerek degiskenlerin duragan olup olmadig:
netlestirilmektedir (Eyiiboglu ve Abdioglu, 2019). Calismada bu iki standart testin uygulamasi
gerceklestirilmistir.

ARDL testi degiskenlerin I(2) (ikinci diizeyde duragan) olmasi durumunda uygulanamadig: igin
degiskenlerin en ¢ok I(1) (birinci diizeyde duragan) oldugunun ortaya konulmasi gereklidir (Pesaran vd.,
2001).

Alogverim, = o, + Zal Alogverim,_; + Zaz ;Alogkredi,_, + alogverim,_, + o logkredi,, +¢&,  (2)
i=1 i=0

ARDL testi uygulanirken ilk 6nce 1 numaral esitlikteki modelin uyarlanmasiyla olusturulan 2 numaral
esitlikteki kisitlanmamis hata diizeltme modeli tahmin edilmektedir. Tahmin sonucunda ilgili
degiskenler arasinda egbiitiinlesme iliskisi yoktur temel hipotezinin (Ho = a3 = a4 = 0) gecerli olup
olmadig belirlenmektedir (Ugak vd., 2018).

Modeldeki m optimum gecikme uzunlugunu, A ise birinci dereceden farki ifade etmektedir. ARDL
testinde kullanilan F testi gecikme uzunluguna kars: duyarlidir. Dolayistyla m degerinin kag¢ olduguna
karar verilmesi gerekmektedir. Bu kapsamda literatiirde genellikle Akaike ve Schwarz gibi bilgi kriterleri
kullanilmaktadir (Peker ve Goger, 2010).
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Alogverim, = o, + Zal,.Alogverimt_,. + ZazlAlogkredit_,. +¢&,

i=1 i=0

m n 3
Alogverim, = o, + Zal,.Alogverimt_,. + Zazl.Alogkredit_,. + phdk, , + ¢, ©)

i=1 i=0

Degiskenler arasinda esbiitiinlesme iligkisi tespit edildikten sonra 3 numarali esitlikteki sirasiyla uzun
donem katsayilarini belirlemek igin ARDL modeli ve hata diizeltme katsayisini belirlemek icin ARDL
modeline dayali hata diizeltme modeli tahmin edilmektedir. 2. model igindeki hdk, hata diizeltme
katsayisina karsilik gelmektedir. Hata diizeltme mekanizmasinin ¢alismasi, katsayinun O ile -2 arasinda
(negatif) deger almasini gerektirmektedir (Giilmez, 2015).

BULGULAR VE TARTISMA

Calismada EViews 13 istatistiksel paket programi kullanilmistir. Analizde kullanilan degiskenlere ait veri
degerleri, 1988-2022 doneminde Sekil 1’de gosterilen seyri izlemistir.

logverim logkredi
9.6 20
9.4
18
9.2
90 16
8.8 14
8.6
12
8.4

3.2 10

8
1990 1995 2000 2005 2010 2015 2020 1990 1995 2000 2005 2010 2015 2020

Sekil 1. Degiskenlerin izledigi seyir.
Figure 1. Course of variables.

Daha once belirtildigi tizere ARDL testini uygulayabilmek degiskenlerin I(2) olmadigimin teyit edilmesini
gerektirdigi icin bu asamada yapisal kirilmasiz birim kok testlerinden ADF ve PP testleri uygulanmistir?

(Cizelge 1).

Cizelge 1. ADF ve PP testlerinin sonuglarr.
Table 1. Results of ADF and PP tests.

Sabitsiz ve

.. Sabit model- Trefld ve trendsiz
Degiskenler C . P sabit model-t p P
t istatistik . .. model-t
istatistik NP
istatistik

ADF logverim -0.194933 (0) 0.9298 -2.690172 (0) 0.2466 2.241115 (0) 0.9927
logkredi -3.188478 (0) 0.0295** -4.790282 (5) 0.0032* 5.286414 (0) 1.0000
PP logverim -0.099036 0.9416 -2.690172 0.2466 2.567117 0.9967
logkredi -3.042240 0.0410** -2.298287 0.4235 3.264984 0.9995

() Parantezlerdeki degerler, Akaike Info Criterion (AIC) maksimum 8’e gére hesaplanmis gecikme uzunluklaridir.

* ve ™ sirasiyla %1 ve %5 anlamlilik diizeyinde anlamli oldugunun gostergesidir. ADF testinde %1 ve %5 anlamlilik diizeyinde
logkredi icin t-istatistik degerleri -3.574244 ve -2.951125 olarak hesaplanmustir. Bu degerler mutlak deger olarak -4.790282 ve -
3.188478 degerlerinden kiigiik oldugu icin ilgili degisken diizeyde duragan demektir. Ayrica PP testinde %5 anlamlilik diizeyinde
logkredi i¢in hesaplanan t-istatistik degeri (-2.951125) mutlak deger olarak -3.042240 degerinden kiigiik ¢ikmustir.

3 Normal sartlarda serilerde mevsimsel etkilerle karsilasilabilir. Ancak calismada yillik veri seti kullamldig: i¢in mevsimsel ayrigtirma yapilmast
gerekmemistir.
—
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Cizelge 1'e gore logkredi degiskeni, %1 ve %5 anlamhlik diizeyinde hem trend ve sabit hem sabit
modelde diizeyde duragan niteliktedir. Bu iki modelde 0 gecikme uzunlugunda otokorelasyon sorunu
yoktur. Yani logkredi serisi temizdir (LM test = 0.48).

Daha once belirtildigi tizere ADF ve PP testleri yapisal kirilmasiz birim kok testlerindendir. Yapisal
kirilmasiz birim kok testi sonucunda degisken duragandisi ¢iktiysa, bunun nedeni yapisal kirilma(lar)
olabilir. Dolayisiyla yapisal kirilmali bir birim kok testi yapmak gerekmektedir. Aksi takdirde caligmada
kurulmus olan modelde spesifikasyon hatasi olusabilir. Boyle bir durumda modeldeki degisken, 6rnegin,
normalde duragan iken duragandisi nitelik gosterir (Keskin, 2023).

Yukaridaki ADF ve PP testlerinde logverim degiskeni diizeyde duragan ¢ikmadig igin tek kirilmay igsel
olarak dikkate alan Lee Strazicich yapisal kirilmali birim kok testi uygulanmustir (Cizelge 2).

Cizelge 2. Lee Strazicich yapisal kirilmali birim kok testi sonucu.
Table 2. Lee Strazicich structural break unit root test result.

Degiskenler Model A-t istatistik Kirilma yili Minimum t istatistik
logverim -3.487000* 2000 (Gecikme uzunlugu 5) -2.811934

* %5 anlamlilik diizeyinde anlamli oldugunun gostergesidir.

Cizelge 2'de goriildiigii lizere logverim degiskeni, model A-t istatistik degeri minimum t istatistik
degerinden kiiciik ¢iktif1 icin duragandigi niteliktedir. Bu durum, serinin yapisal kirilmasiz birim kok
testlerinde duragandisi ¢ikma nedeninin yapisal kirilmadan kaynaklanmadig1 anlamina gelmektedir.

logverim degiskeni, I(0) olmadigi igin 1. farki alinip yeniden ADF ve PP testlerine tabi tutulmustur. Sonug
olarak s6z konusu degisken, her ii¢ model agisindan duragan bir nitelik gostermistir (Cizelge 3).

Cizelge 3. ADF ve PP testlerinin sonuglari.
Table 3. Results of ADF and PP tests.

Sabitsiz ve
Trend ve

it 1- t i
Degiskenler S?bl m ?de P sabit model- p rendsiz P
tistatistik . L. model-t
t istatistik . .
istatistik
ADF dlogverim -7.077885 (0) 0.0000* -6.940685 (0) 0.0000* -2.731568 (1) 0.0079*
PP dlogverim -6.987584 0.0000* -6.860177 0.0000* -5.910174 0.0000*

() Parantezlerdeki degerler, AIC maksimum 8’e gére hesaplanmis gecikme uzunluklaridir.
* %1 anlamlilik diizeyinde anlamli oldugunun gostergesidir.

Cizelge 1'de ve 3'te zaman serisi analizinde kullanilan degiskenlerin I(2) olmadig teyit edilmigtir. Yani
ARDL testini uygulayabilmek icin gerekli sart saglanmistir. Bu noktada ARDL testinde AIC degerinin
minimum olup otokorelasyon sorununun olusmadigr maksimum gecikme uzunlugu (Esen vd., 2012),
modeldeki degiskenlerin farkli gecikme kombinasyonlar1 kullanilarak sinanmasi sonucunda 7-7 olarak
belirlenmistir. Diger taraftan uygun modelin otomatik secimle ARDL (1, 7) modeli oldugu sonucuna
ulasilmistir (Cizelge 4).

Cizelge 4. ARDL testi sonucu.
Table 4. ARDL test result.

k=1 Tahmin edilmek istenen esitlik = logverim = f (logkredi)
F istatistik degeri 5.849
Model (kisitli sabit ve trendsiz) ARDL (1, 7)
P Kritik degerler I(1)
%5 4.663
%10 3.797
—_—
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Cizelge 4'te goruldiigii lizere F istatistik degeri (5.849), %5 anlamlilik diizeyindeki kritik degerden (4.663)
biiyiik ¢ikmistir. Bu sonug, krediler ve tarimsal is giicii verimliligi degiskenleri arasinda uzun doénemli
esbiitiinlesme iliskisinin varligina isarettir.

Cizelge 5. ARDL (1, 7) modelinin parametrelerine iliskin tahmin ve tanisal testlerine iliskin sonug.
Table 5. Results of estimation and diagnostic tests for the parameters of the ARDL (1, 7) model.

Degiskenler Katsayilar t istatistik degerleri p
logverim(-1) 0.605117 3.916116 0.0010
logkredi -0.020579 -0.342602 0.7359
logkredi(-1) 0.115599 1.496726 0.1518
logkredi(-2) -0.210518 -2.815790 0.0114
logkredi(-3) 0.166511 2.060556 0.0541
logkredi(-4) -0.156171 -2.164566 0.0441
logkredi(-5) 0.199816 2.757917 0.0130
logkredi(-6) -0.174575 -2.250054 0.0372
logkredi(-7) 0.133125 2.590876 0.0184

c 2.844632 2.903393 0.0095
Tanuisal testler

Breusch-Godfrey: 0.87 White: 12.04 Jarque-Bera: 0.64 Ramsey Reset: 0.98
(p=0.35) (p=0.21) (p=0.73) (p=0.34)

Cizelge 5'teki tahmin ¢iktisindan model parametrelerinin genel itibariyla anlamli oldugu, tanisal testlerin
sonug ¢iktisindan ise modelde otokorelasyon ve degisen varyans sorunlarinin goriilmedigi, kalintilarin
normal dagilim gosterdigi ve model kurma noktasinda hata ortaya ¢ikmadig1 anlagilmaktadir (p>0.10).

Tanusal testlere iliskin sonug basarili bir model tahmini yapildiginin ispati mahiyetinde olsa da tahminin
istikrar kosulunu saglayip saglamadigina (modelin kararli olup olmadigina) da bakilmis ve %5 anlamlilik
diizeyinde bu kosulu sagladig1 sonucuna ulasilmistir (Sekil 2).

15

-10

-15
2006 2008 2010 2012 2014 2016 2018 2020 2022

— CUSUM

5% Significance

Sekil 2. Cusum testine iligkin sonug.
Figure 2. Result for Cusum test.

Modelin uzun dénem katsayilarinin tahmin sonucuna gore krediler degiskeninin pozitif isaretli katsayisi
istatistiksel olarak anlamlidir (p<0.01). Yani krediler degiskeniyle tarimsal is giicii verimliligi degiskeni
arasinda pozitif bir iliski vardir. Kredilerin bakiyesindeki %1’lik artis, tarimsal is giicli verimliligini
yaklasik %0.13 artirmaktadir (Cizelge 6).

Model degiskenleri arasinda var olan uzun donemli egbiitiinlesme iliskisinin dinamikleri ortaya
konulduktan sonra kisa donemli iliskinin dinamiklerinin de ortaya konulmasi asamasina gecilmistir

(Cizelge 7).
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Cizelge 6. ARDL (1, 7) modelinin uzun dénem katsayilarina iligkin tahmin.
Table 6. Estimation of the long-run coefficients of the ARDL (1, 7) model.

Degiskenler Katsayilar t istatistik degerleri p
logkredi 0.134744 4.481411 0.0001
c 7.203731 12.074590 0.0000

Bagimli degisken = logverim

Cizelge 7. ARDL (1, 7) modelinin hata diizeltme katsayisina iliskin tahmin.
Table 7. Estimation of the error correction coefficient of the ARDL (1, 7) model.

Degiskenler Katsayilar t istatistik degerleri p

Hata diizeltme katsayis1 -0.394883 -4.415635 0.0003
d(logkredi) -0.020579 -0.474358 0.6404
d(logkredi(-1)) 0.041812 0.915105 0.3710
d(logkredi(-2)) -0.168706 -3.774069 0.0012
d(logkredi(-3)) -0.002195 -0.044408 0.9650
d(logkredi(-4)) -0.158366 -3.252917 0.0040
d(logkredi(-5)) 0.041450 0.770435 0.4500
d(logkredi(-6)) -0.133125 -2.739044 0.0126

Cizelge 7’de hata diizeltme katsayisimin negatif ve istatistiksel olarak anlamli oldugu goriilmektedir
(p<0.01). Bu sonug, kisa donemli yasanan soklarin ardindan degiskenler arasinda olusan uzun dénem
dengesinden sapmalarin 1 donem sonra yaklasik %40 ortadan kalktigina isarettir. Yani kisa dénemdeki
soklarin etkisi nedeniyle birbirinden uzaklagsan degiskenler, 1 donem sonra birbirine yaklasik %40 tekrar
yakinlik sergilemektedir/2.5 yil (1/0.40) sonra uzun dénem dengesine geri donmektedir.

SONUC

Bu c¢alisma kapsaminda Tiirkiye’deki tarimsal kredilerin tarimsal is giicii verimliligine etkisi
incelenmistir. S6z konusu iki degisken arasindaki iliskinin ¢alismanin konusu olarak ele alinmasi,
tarimsal kredilerin bakiyesinin 2023 yil1 igerisinde 300 milyar TL’yi gecerek onemli bir gelisim gostermesi
(TBB, 2023) ve tarimsal istthdamdaki ¢oziilmeye ragmen halen 6zellikle yilin belli donemlerinde ciddi bir
is giici (mevsimlik is giicii gibi) beklentisi ortaya ¢ikmasi nedeniyledir. Dolayisiyla bu calismanin ele
aldig1 konu itibariyla giincel ve 6nemli bir nitelik tasidigi sodylenebilir. Calismada teorik cerceve ve
literatiirde bulunan cahsmalar hakkinda agiklamalar yapildiktan sonra kullamilan yodnteme, analiz
bulgularina ve bulgulardan hareketle gelistirilmis olan uygun ve 0Ozgiin politika Onerilerine yer
verilmigtir.

Tiirkiye ornekleminde tarimsal kredilerin tarimsal iiretime etkisini incelemis olan ¢ok sayida calisma
vardir. Bu calismalardan bir kism1 ekonometrik analizlere, diger kismi ise dokiiman ve mikro diizeyde
anket analizlerine dayandirilmistir (Terin vd., 2014; Adanacioglu vd., 2017; Duramaz ve Tas, 2018; Gezer,
2022; Ogul, 2022; Orak ve Tahsin, 2023). Ilgili literatiir genis olsa da buradan tarimsal verimliligin
artmasinda tarimsal kredilerin roliine iliskin gii¢lii bir mesaj/sonug ¢ikarmak kolay olmamaktadir.
Dolayistyla bu ¢alismada ekonometrik bir analiz yaparak s6z konusu iligkiyi tarimsal is giicli verimliligi
agisindan ortaya koymak amaclanmustir.

Calismanin amaci dogrultusunda zaman serisi analizi yapilmistir. Analizde gozlem sayisini olabildigince
yiiksek tutabilmek icin arsiv niteligindeki ve giincel nitelikteki veri kaynaklarindan veriler derlenmistir.
Veri donemi, toplanabilen verilerden hareketle 1988-2022 (35 yil) olarak kararlastirilmistir. Analiz, iki
veya daha ¢ok degisken arasindaki kisa ve uzun donemli iligkilerin dinamiklerini ortaya koymay
saglayan ARDL sirur testi yontemi tercih edilerek gergeklestirilmistir.

Calismada kurulan tam logaritmik model tahmininden elde edilen bulgulara gore; krediler degiskeniyle
tarimsal is giicii verimliligi degiskeni arasinda uzun donemli, pozitif ve istatistiksel olarak anlamh bir
esbiitiinlesme iligskisi vardir. Yani kredilerin bakiyesinde yasanan %1’lik artis, tarimsal is glicii
verimlili§ini yaklasik %0.13 artirmaktadir. Ayrica iki degisken arasindaki kisa donemli iligki de yine
istatistiksel olarak anlamli olup negatiftir. Yani kisa donemli soklar nedeniyle degiskenler arasinda
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olusan uzun dénem dengesinden sapma(lar) 1 donem sonra yaklasik %40 oranunda kaybolmaktadir. Bu
baglamda, calismada kullanilan degiskenler arasindaki uyarlanma stirecinin hizli oldugu agiktur.

Kredilerin tarimsal is gilicii verimliligine etkisinin analizi c¢ercevesinde varilan “Kredilerin bakiyesi
arttikca is glicti verimliligi artmaktadir.” seklindeki sonug, Omolade ve Adepoju (2019), Islam (2020),
Wirakusuma ve Irham (2020), Assouto ve Houngbeme (2023), Ngong vd. (2023), Louyindoula vd. (2023),
Rivera-Acosta ve Xiuchuan (2023) ve Ozdemir (2024) tarafindan yiiritiilmiis ¢alismalarin sonuglarimi
destekleyip literatiirdeki teorik varsayimi (Assouto ve Houngbeme, 2023) dogrulamaktadir. Ote yandan
Nwaru ve Onuoha (2010), Khan vd. (2013), Njeru vd. (2016), Agbodji ve Johnson (2019) ve Nakano ve
Magezi (2020) tarafindan yiiriitiilmiis ¢calismalarin sonuglarin ise desteklememektedir.

Arastirmanin bu bulgusuna dayanarak, Tiirkiye'de tarimsal is giicli verimliliginin artmasinin
dinamiklerinden birinin tarim bankaciigi kapsaminda tarim sektoriine finansal destek saglanmasi
oldugu agikca sOylenebilir. Her ne kadar Tiirkiye’de kullandirilan tarimsal krediler bakiye yoniinden
siirekli artiyor olsa da tarim bankaciligi hizmetlerinin daha ¢ok gesitlendirilmesi gerekmektedir. Ozellikle
tarim isletmelerinin hem makine-ekipman hem tiretim teknolojileri yoniinden mevcut yetersizliklerini
giderebilmek igin ticari bankalar tarafindan kullandirilacak mikrokredilerin is giici verimliligini
arirmanin  yam sira tarim sektoriindeki yapisal sorunlarin ¢oziimlerine katki saglayacag:
ongorilmektedir. Bununla birlikte tipki gelismis {ilkelerin yaptiklar1 gibi kooperatif bankacilig:
olusumunun oniinii agmak suretiyle mevcut kredi kaynaklarinin gesitlendirilmesi tarimsal finansman
faaliyetlerinin ilerleyisine hiz kazandirabilecektir.

Tirkiye’de onde gelen tarimsal kredi kurulusu konumunda bulunan T.C. Ziraat Bankas: A.S.,
gliniimiizde ticari amacgli nakdi kredilere toplam nakdi krediler iginden giderek daha yiiksek pay
vermeye devam ederek (TBB, 2022) kurulus amacinun (tarim isletmelerine krediler kullandirarak tarim
sektoriiniin gelisiminde oncii rol oynamak) disinda kredi kullandirma politikasi izlemektedir. Dolayisiyla
T.C. Ziraat Bankas1 A.$.nin izledigi bu politika varlik nedeni dogrultusunda doniistiiriilmelidir.

Tiirkiye’de tarimsal is giiciiniin verimlilik diizeyinin ytikseltilebilmesi, bagka bir deyisle, is giiciiniin daha
rasyonel ve verimli kullanilabilmesi icin ticari bankalar tarafindan diisiik faizli ve/veya faizsiz kredi
destek mekanizmalarinin (6zellikle mikro kredilerin) hayata gegcirilmesi gerektigi diistiniilmektedir.
Ornegin, 2025 yilinda Tiirkiye’deki bankacilik sektdriinde %15 pazar payina sahip olmay1 hedefleyen
katilim bankalarinin bu konuda aktif rol almalar1 hedefe ulasmalar1 noktasinda énemli katk: saglayabilir.

Bu ¢alismadan hareketle Tiirkiye’de devletin tarimsal desteklerinin, tarimsal kredi faiz oranlarinin, doviz
kurunun ve enflasyonun tarimsal is giicii verimliligine etkisini zaman serisi analiziyle ayr1 ayr1 inceleyen
bagka calismalar yapilabilir.
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Abstract: In this study, the possibilities of using the hazelnut harvesting machine with pneumatic effective harvesting unit produced by local
manufacturers and the prototype manufactured hazelnut harvesting machine with mechanical effective harvesting unit in the mechanical harvesting of
hazelnuts grown in flat and near flat land conditions were examined, some performance values (harvesting efficiency, labor requirement,
machine+thuman labor requirement, field productivity, machine+human field productivity and kernel productivity) of hazelnut harvesting machines
with mechanically operated harvesting units were determined under different orchard yield conditions. According to the results of the experiment, the
hazelnut harvesting machine with a mechanical effective harvesting unit had a harvesting efficiency of 92.54-96.03% and; a labor requirement of 6.349-
9.839 MIGh ha; machine+human labor requirement of 46.228-62.531 BIiGh ha; field productivity 0.158-0.102 ha MIGh*; machine+human field
productivity: 0.022-0.016 ha BIiGh; kernel productivity: 124.83-1322.08 kg h-.. The hazelnut harvesting machine with a pneumatic effective harvesting
unit has a harvesting efficiency of 97.68-99.36%; labor requirement 70.349-105.647 BIiGh ha''; machine+human labor requirement 108.509-147.481 BIliGh
ha; field productivity 0.014-0.009 ha MiGh'; machine+human field productivity 0.009-0.007 ha BIiGh''; kernel productivity 18.90-67.18 kg h.. As a result,
when the characteristics of harvesting efficiency, field productivity, and kernel productivity of the machines are compared, the mass production of
hazelnut harvesting machines with mechanically effective harvesting units can provide benefits for hazelnut producers in terms of reducing harvesting
costs and demand for labor.

Keywords: Labor requirement, field productivity, kernel productivity

&

Oz: Bu calismada, yerel imalatgilar tarafdan iiretilen pnomatik etkili toplama {initeli findik toplama makinast ile prototip imalati yapilmis mekanik
etkili toplama tiniteli findik toplama makinasinin diiz ve diize yakin arazi kosullarinda yetistirilen findigin mekanik hasadinda kullanilma olanaklarin
incelenmis olup, farkli bahge verim kosullarinda mekanik etkili toplama iiniteli findik toplama makinalarimin bazi performans degerleri (toplama
etkinligi, is giicii gereksinimi, makina+insan is giicii gereksinimi, alan ig basarisi, makina+insan alan i basarisi ve iiriin is basarisi) belirlenmistir. Deneme
sonuglarina gore, mekanik etkili toplama iiniteli findik toplama makinasinin, toplama etkinligi %92.54-96.03; is giicii gereksinimi 6.349-9.839 MiGh ha;
makina+insan is giicii gereksinimi 46.228-62.531 BIiGh ha'; alan is basarisi 0.158-0.102 ha MiGh; makina+insan alan is basarist: 0.022-0.016 ha BIiiGh;
tirin i basarisi: 124.83-1322.08 kg h! olarak tespit edilmistir. Pnématik etkili toplama iiniteli findik toplama makinasinin ise toplama etkinligi %97.68-
99.36; is giicii gereksinimi 70.349-105.647 MIGh ha'; makina+insan is giicii gereksinimi 108.509-147.481 BIiGh ha"; alan is basaris1 0.014-0.009 ha MiGh:
1; makina+insan alan is basaris1 0.009-0.007 ha BIiGh; iiriin is basaris1 18.90-67.18 kg h olarak saplanmigtir. Sonug olarak, makinalarmn toplama etkinligi,
alan is basaris1 ve iiriin is basarisi karakteristikleri karsilastirldiginda, mekanik etkili toplama {initeli findik toplama makinasimn seri imalati
yapildiginda, findik iireticileri i¢in hasat maliyeti ve isciye olan talebi azaltmasi agisindan yararlar saglayabilecektir.
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Comparison of Performance Characteristics of Different Types of Hazelnut Harvesting Machines

INTRODUCTION

Turkey has 74.50% of the world's hazelnut planting areas with an area of approximately 700 thousand ha.
Hazelnuts in shell production is approximately 665 thousand tons and supply about 76% of the world's
hazelnut production. Hazelnut exports are approximately 500 thousand tons and 75% of the world's
hazelnut exports (Turkish Statistical Institute [TUIK], 2023). Although Turkey is the world's leading
producer and exporter of hazelnuts and the sole source of livelihood for around 500 thousand farmers,
harvest mechanization has not reached the same level with competing countries. Hazelnut harvesting,
which has an important place in the agriculture of our country, is done manually, but it is also done
mechanically with the widespread use of hazelnut harvesting machines developed by local manufacturers
recently (Beyhan and Sauk, 2018).

Harvesting in stone fruit production, due to high labor requirements, is an important factor in determining
product cost (Tous et al., 1994). For example, hand-harvesting hazelnuts under Turkish conditions requires
306 BIIGh hal. This account constitutes 71% of the total working time for production and 55% of the
production cost (Ilkyaz, 1986). This situation not only significantly increases the cost of hazelnut production
but also causes labor-intensive labor requirements during the harvest period. Reducing the high labor
requirement and cost is possible by mechanizing the harvesting process.

Hazelnut harvesting is fully mechanized in other economically producing countries except for Turkey.
However, there are many factors affecting the feasibility of mechanical harvesting. The main factors are
topography, soil properties, planting technique, garden size, variety characteristics, technical-cultural
practices, and socio-economic status. Today, methods have been developed to eliminate the negative effects
of many of these factors. As a result, differences have emerged in the mechanical harvesting technologies
applied in different production regions around the world (Beyhan and Yildiz, 1996). In some important
hazelnut producing countries such as the USA, Italy, France, and Spain, mechanical harvesting methods
are applied to the extent that the land and planting technique allows. Machines with pneumatic and
mechanical action have been developed for the harvesting of hazelnuts from the orchard ground in one or
two operations (Zoppello and Tempia, 1988; Ghiotti, 1989). In Turkey, machine harvesting studies started
with the trials of aspirated machines, the design and manufacture of which were carried out by Beyhan
(1992). Beyhan (1992), designed and manufactured an aspiration hazelnut harvesting machine suitable for
Turkish conditions. As a result of the experiments conducted under three different orchard yield conditions
(113.4, 226.8, and 340.2 kg ha'), under the condition where the orchard yield was 226.8 kg ha, kernel
productivity, harvesting efficiency, and field productivity were determined as 28.48 kg h, 95.13%, and
0.396 da h, respectively. Since the machine was operated by three people, the kernel productivity per
person reached its highest value at the maximum orchard yield.

On the other hand, all these operations can be performed by one person with machines with mechanical
harvesting units. For these reasons, harvesting machines with mechanical harvesting units have started to
be developed to increase harvesting efficiency and labor productivity, minimize production losses, cover
the largest possible area, reduce the dust problem, and obtain good results even in gardens with uneven
ground and to reduce the power requirement (Biondi et al., 1992; Ghiotti, 1989; Yildiz, 2000). Yildiz (2000),
also designed and tested a prototype hazelnut harvesting machine with a tractor-operated mechanical
ground harvesting unit. The trials were conducted under three different orchard yield conditions (75, 150,
and 225 kg ha"), three different working velocities (1, 1.6, and 3.2 km h!), and four different harvesting
system speeds (490, 430, 360, and 300 min™). In the orchard trials carried out; (225 kg ha! orchard yield, 3.2
km h' working velocity, and 430 min' harvesting system speed), harvesting efficiency and kernel
productivity were determined as 91.66% and 100.29 kg ha, respectively. In addition, it was reported that
the field productivity of the machine was between 1-1.5 da h-!, depending on the orchard yield. Monarca
et al. (2005), in their studies on the developments in hazelnut harvesting machines, stated that with the
increase in hazelnut planting areas in Italy in the last 20 years, manual harvesting has been replaced by
machine harvesting, however, they stated that the product throughput increased from 100 kg h-! to 1000
kg h' (about 10 times). They reported that the field productivity of hazelnut harvesters (trailed type and
self-propelled type) varied between 0.2-0.4 ha h'' and 0.35-5 ha h", respectively. Monarca et al. (2008), In
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the study in which they compared the field productivity of hazelnut harvesting machines with different
types of mechanical harvesting units, stated that the field productivity varied between 0.2-4 ha h' for
trailed-type machines and 0.35-0.5 ha h for self-propelled machines and that the field productivity of the
machines varied depending on the working conditions, row length, and orchard structure.

Hazelnut harvesting machines with pneumatic effective harvesting unit (PHM) manufactured by local
manufacturers and prototype manufactured hazelnut harvesting machines with mechanical effective
harvesting unit (MHM), The possibilities of using in mechanical harvesting of hazelnut grown in flat and
near flat land conditions will be examined and harvesting efficiency and work productivity will be
determined. Data to be obtained as a result of the study, in addition to analyzing the mechanical harvesting
of hazelnuts, will enable us to explain the reasons for the changes that may occur in the performance
characteristics of the existing machines and to make suggestions for improvement. Thus, healthier
recommendations will be made for the mechanical harvesting of hazelnuts grown on flat and nearly flat
lands. A decrease in harvesting cost depending on the degree of mechanization of hazelnut harvesting, will
increase our competitiveness in international markets. In addition, the results obtained will provide basic
data for academic studies and applications in this field.

MATERIALS AND METHODS

Experimetal Desing

Harvesting experiments, it was carried out in a farmer's orchard in the Kizilot neighborhood of Carsamba
town of Samsun city. The hazelnut orchard where the trials were carried out has Cakildak hazelnut variety,
which is widely grown in the region. In five brushes (“ocak” in Turkish) to determine the distribution of
naturally fallen hazelnuts around the ocak, squares of 1x1 m were formed from the base of the ocak to the
outermost branch. The hazelnuts (kernel+husked hazelnut) within this field were harvested. The harvested
hazelnuts were weighed and the hazelnut weight was determined.

In the orchard with an average row spacing of 4.55 m to determine the harvesting efficiency of hazelnut
harvesting machines, experimental plots of approximately 20 m? were formed with each plot containing
three ocak (Yildiz, 2000). Experimental plots were formed with dimensions of 1.60x12.50 m for PHM and
1.40x14.28 m for MHM. The harvesting trials were conducted as milling dry hazelnuts with 10% moisture
content under orchard yield conditions of 71.74, 143.48, 215.23, 286.97, and 358.72 kg ha", according to the
random plot design with three replicates. For this purpose, 1.43, 2.86, 4.29, 5.72, 4.29, 5.72, and 7.15 kg
hazelnuts were laid on the orchard ground considering the natural shedding conditions.

During the experiments, no intervention was made regarding the setting levels of PHM and MHM. PHM
was operated at 2500 min! engine shaft speed, 3750 min' ventilator shaft speed, and 41.19 m s’
transmission air velocity, while MHM was operated at 1.6 m s working velocity.

Determination of Moisture Content

As the maturity periods of hazelnuts differ according to the varieties, hazelnuts of the same variety do not
ripen at the same time. This causes the moisture content of the same variety of hazelnuts to be different
during the harvest period. The sample hazelnuts were dried in an oven at 103 °C (+2 °C) until they reached
constant weight. The samples taken from the oven were cooled in a desiccator and their dry weight was
determined. Moisture content was determined using the following equation (Sauk, 2016)

0—
=¥ 100 M)

Mouse(%) =

where; wo: wet weight of hazelnut (g); w: dry weight of hazelnut (g)
The last weights of the hazelnuts whose moisture contents were determined at these moisture levels were
calculated with the equation given below.

_ Gb(100 — @b) @)
~ 100 — @s)
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where; Gs: weight of hazelnuts in dried form (kg); G»: wet weight of hazelnut (kg); @ initial moisture
content of the hazelnut (%); &s: last moisture content of dried hazelnuts (%).

Determining the Harvesting Efficiency

Hazelnuts laid in the experimental plots were harvested separately by PHM and MHM. Then, the foreign
materials (soil, grass, twigs, leaves, etc.) collected by the machines together with the kernel+husked
hazelnuts were removed and the harvested kernel+husked hazelnuts were weighed. Hazelnut weight was
harvested by the machine from the unit area (kernel+husked hazelnut), The harvesting efficiency was
calculated by proportion to the weight of grain+thusked hazelnut spilled on the parcel.

Determining Labor Force and Field Productivity

The values obtained as a result of the trials to determine the labor requirements and field productivity of
hazelnut harvesting machines depending on the yield of the orchard, It was evaluated according to a
standard plot measuring 66.67x150 m in 1 ha area (Caran, 1994).

To determine the field productivity of hazelnut harvesting machines, the basic time (BT, (h ha')) and
auxiliary times (AT,(h ha")) (transition time (TT), preparation time (PT), supply and replenishment time
(SRT), break time (BT) and rotation time (RT)) were measured for each process with a stopwatch. To
determine work efficiency in the orchard, effective working time (EWT) was noted. To determine EWT,
first basic time (BT) and auxiliary time (AT) were added to calculate principal time (PT) (Yildiz, 2016).

PT = BT + AT...........(%) 3)

Effective working time (EWT) was calculated from the following equation (Y1ildiz, 2016).

h
EWT = PT + UTL e G )

Unavoidable time loss (UTL) was determined as a percentage of the principal time obtained by adding
basic and auxiliary time (Yildiz, 2016).

P
- ®)
UTL = 755%PT

Here, P is a multiplication factor showing variations according to the hazelnut harvesting machine used
and labor power. In this study, for labor power P was 1, while for machine power P was 6.

The utilization coefficient (UC) was calculated from the following equation using total time (Y1ldiz, 2016).

e == v100.... (%) (6)

The working efficiency per unit area (WPA) in the study with the hazelnut harvesting machine was
determined with the following equation, linked to the EWT (Yildiz, 2016).

WPA = e (hf) @)

m T

Determining Kernel Productivity

Hazelnuts laid in the experimental plots were harvested separately by PHM and MHM. Time
measurements for each machine's harvesting trial were recorded with the help of a stopwatch. To
determine the kernel productivity of the machines (KP), the kernel harvested per unit time (KH) was
divided by harvesting time (t) (Yildiz, 2000).

KP=— . (o ®)
t ( h )

During the harvesting of hazelnuts with the PHM, as the transmission hose of the machine is moved along
the ground, hazelnuts can be harvested at the base of the ocak and over the rows. Product losses in these
fields are shown in the hazelnuts that could not be harvested in the area swept by the machine.
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Evaluation of Data
The data obtained in the study were analyzed in the JUMP 5.0 statistical package program, according to
the random plots experimental design, and compared with the Duncan test.

RESULTS AND DISCUSSION

Harvesting Efficiency

As a result of the experiments, the changes in the harvesting efficiency values obtained depending on the
garden yield and hazelnut picking machines are given in Table 1. The results of the analysis of variance
showed that these factors affected the harvesting efficiency at a statistically significant level (P<0.05).
However, the effect of hazelnut harvesting machines on harvesting efficiency was at different levels
depending on the orchard yield.

Table 1. Harvesting efficiency values of machines under different orchard yield conditions (%).
Cizelge 1. Farkli bahce verimi kosullarinda, makinalarin toplama etkinligi degerleri (%).

Orchard yield (kg da)

Type of machine 71.74 143.48 215.23 286.97 358.72 Average
MHM 9254 94.00 d 95.87 ¢ 95.95 ¢ 96.03 ¢ 94.87
PHM 97.68 b 98.83 a 98.95a 99.09 a 99.36 a 98.78

Average 95.11 96.41 9741 97.52 97.69

(There is no difference between the data shown with the same lowercase letter according to P<0.05)

As seen in Table 1, harvesting hazelnuts with MHM, with the increase in orchard yield from 71.74 kg ha
to 143.48 kg ha! and from 143.48 kg ha' to 215.23 kg ha", the increase in the harvesting efficiency value
caused a statistically significant change, while it did not cause a statistically significant change in all orchard
yields above 215.23 kg ha'. Again, as seen in Table 1, harvesting hazelnuts with PHM, the increase in the
orchard yield from 71.74 kg ha' to 143.48 kg ha caused a statistically significant change in the harvesting
efficiency value, while it did not cause a statistically significant change in all orchard yields above 143.48
kg ha. In addition, for all orchard yields, there was a statistically significant change in harvesting efficiency
values when hazelnuts were harvested with PHM instead of MHM.

Labor Force and Field Productivity

The field productivity of MHM and PHM obtained with the use of machine + human labor in inter-row
harvesting depending on orchard yields are given in Figure 1, and the field productivity obtained with the
use of only machine are given in Figure 2.

0,24 0.216 0203
~ 021 e -— 0.193 0.186
= - ______ -
s 018 TR 0.160
Z 015 .
s
g OB 0.092 0.088 0.087 0.082
T 0,09 — —— P 0.068
. \
5 0,06
2
= 0,03

0,00

71.74 143.48 215.23 286.97 358.72
Orchard yield (kg da)
- & - MHM —e&— PHM

Figure 1. Field productivity values obtained by using machine+human labor.
Sekil 1. Makina+insan is giicii kullanimuyla elde edilen alan is basarist degerleri.

——
Uluslararas: Tarim ve Yaban Hayati Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

220



Comparison of Performance Characteristics of Different Types of Hazelnut Harvesting Machines

As seen in Figure 1, the field productivity obtained with the use of PHM+human labor and MHM+human
labor showed a decreasing trend in both machines due to the increase in orchard yield. The changes in field
productivity were 0.092 da h' and 0.216 da h for 71.74 kg ha’; 0.088 da h' and 0.203 da h for 143.48 kg
ha'; 0.087 da h' and 0.193 da h'! for 215.23 kg ha; 0.082 da h-! and 0.186 da h-! for 286.97 kg ha’; 0.068 da
h*and 0.160 da h! for 358.72 kg ha, respectively.

1,60 1'5'25* -~ 1.385
= 140 0 TTe=-g
= ° IRRREE e 1.115
[ T-E- - _ .
-z L2 —EET=—— S 1.016
2100 T -
2
S 080
o]
2 0,60
(oW
2 040
= 020 0.142 0.132 0.131 0.124 0.095

! o -® - —— °
0,00
71.74 143.48 215.23 286.97 358.72
. -1
MHM g da) PHM
- - - MF1M is basarisi (da/h) —— ’FI'M is basarisi1 (da/h)

Figure 2. Field productivity values obtained by using machine labor.
Sekil 2. Makina is giicii kullanumyla elde edilen alan is basarisi degerleri.

As seen in Figure 2, the field productivity obtained with the use of only MHM and PHM showed a
decreasing trend depending on the increase in orchard yield. The changes in the field productivity of
hazelnut harvesting machines depending on the orchard yield were found to be 0.142 da h' and 1.575 da
h for 71.74 kg ha’; 0.132 da h'* and 1.385 da h for 143.48 kg ha; 0.131 da h'' and 1.236 da h for 215.23 kg
ha?; 0.124 da h?! and 1.115 da h' for 286.97 kg ha?; 0.095 da h' and 1.016 da h' for 358.72 kg ha?,
respectively.

Depending on the increase in orchard yield, PHM+human labor requirement and PHM labor requirement
are increasing. Accordingly, in the condition of 71.74 kg ha orchard yield with PHM, the PHM+human
labor requirement was 108.509 BIIGh hal. In the same orchard yield condition, the hazelnuts within the
ocak and the hazelnuts that could not be harvested by the machine were left not harvested, that is, only
when the row spacing is harvested with the machine, PHM labor requirement is 70.394 MiGh ha. If the
orchard yield is 143.48, 215.23, 286.97, and 358.72 kg da’', change in PHM+human labor and PHM labor
requirements, for 143.48 kg da, 113.691 BIIGh ha! and 75.715 MIGh ha; for 215.23 kg da*!, 114.581 BIiGh
ha't and 76.428 MIGh ha'l; for 286.97 kg da‘, 122.315 BiiGh ha and 80.957 MIGh ha*; for 358.72 kg da‘,
147.481 BIIGh ha! and 105.647 MIGh ha, respectively.

Depending on the increase in orchard yield, MHM+human labor requirement and MHM labor requirement
are increasing. Accordingly, in the condition of 71.74 kg ha orchard yield with MHM, the MHM-+human
labor requirement was 46.228 BIIGh ha. In the same orchard yield condition, the hazelnuts within the ocak
and the hazelnuts that could not be harvested by the machine were left not harvested, that is, only when
the row spacing is harvested with the machine, MHM labor requirement is 6.349 MiGh/ha. If the orchard
yield is 143.48, 215.23, 286.97, and 358.72 kg da', change in MHM+human labor and MHM labor
requirements, for 143.48 kg da-, 49.182 BIiIGh ha'! and 7.221 MIGh ha"; for 215.23 kg da‘, 51.711 BIIGh ha-
1 and 8.094 MIGh ha; for 286.97 kg da, 53.783 BIIGh ha'! and 8.966 MiGh ha; for 358.72 kg da‘, 62.531
BIiGh ha! and 9.839 MiGh ha, respectively.
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Kernel productivity
Kernel productivity values for milling dry hazelnuts (10% moisture) obtained as a result of the trials are
given in Figure 3.
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Figure 3. Kernel productivity values obtained under different orchard yield conditions.
Sekil 3. Farkli bahce verimi kosullarinda elde edilen iiriin is basarisi degerleri.

As seen in Figure 3, in the kernel productivity values of the machines milling dried hazelnuts, there is an
increase due to the increase in orchard yield. In the study with PHM, this increase in kernel productivity is
lower and at the same level for all orchard yields. In the study with MHM, it increases rapidly after 286.97
kg da orchard yield. Again, as seen in Figure 3, depending on the orchard yield, It can be said that if
hazelnuts are harvested with MHM instead of PHM, the increase in kernel productivity is significant.

CONCLUSION

In the experiments carried out to investigate the possibilities of mechanical harvesting of hazelnuts grown
in flat and nearly flat lands in Turkey, harvesting efficiency, field productivity, and kernel productivity
characteristics of the machines were determined.

Accordingly, there was an increase in the harvesting efficiency values of MHM and PHM due to the
increase in orchard yield. The harvesting efficiency values ranged between 92.54..96.03% and
97.68...99.36%, respectively. Beyhan (1992) designed and manufactured an aspiration hazelnut harvesting
machine suitable for Turkish conditions, In the case of orchard yields of 113.4, 226.8, and 340.2 kg da, the
harvesting efficiency of the machine was 92.43%, 95.13%, and 95.73%, respectively. Yildiz (2000), in his
research on the design of a prototype hazelnut harvesting machine with a tractor-operated mechanical
ground harvesting unit, 225 kg da orchard yield and 3.2 km h-* machine working velocity, the harvesting
efficiency was reported to be 91.66%. Ghiotti (1989), in a study carried out under Italian conditions with a
machine with chain link harvesting arrangement, the harvesting efficiency of the machine was found to
vary between 86-89%. Keskin (2004), reported that in a rubber finger-type harvesting unit that can harvest
hazelnuts from the ground, the harvesting efficiency was 90.17% under 100 kg da' orchard yield
conditions. While no significant difference was observed between the harvesting efficiency values of both
machines, it is also consistent with the literature reports given above.

In the study with MHM and PHM, depending on the increase in orchard yields, while there is an increase
in machine labor and machinethuman labor requirements, there is a decrease in field productivity and
machine+thuman field productivity values. For MHM and PHM, the change in the values of labor
requirement, machine+human labor requirement, field productivity obtained by using only machine and
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field productivity obtained by using machine+human labor are as follows; for MHM; 6. 349-9.839 MiGh ha-
1, 46.228-62.531 BIIGh ha", 0.158-0.102 ha MiGh, 0.022-0.016 ha BiiGh", for PHM; 70.394-105. 647 MIGh
ha, 108.509-147.481 BIiGh ha, 0.014-0.009 ha MIGh!, 0.009-0.007 ha BIiGh-'. Beyhan (1992), in his study
on the design and manufacturing of an aspiration hazelnut harvester suitable for Turkish conditions,
reported that the field productivity values of the machine were 0.428, 0.396, and 0.352 da h for orchard
yields of 113.4, 226.8 and 340.2 kg ha‘l, respectively. Yildiz (2000), in his research on the design of a
prototype hazelnut harvesting machine with a tractor-operated mechanical ground harvesting unit,
reported that the field productivity values of the machine varied between 1.50-1.10 da h"' when the orchard
yields were 75, 150 and 225 kg da. Yildiz and Tekgiiler (2012), in their study comparing the labor
requirement and work success of a hand-held, shoulder-hung eccentric type shredder with the traditional
(handshaking and hand harvesting) method; the main time was 97.73 h ha! with handshaking and 114.12
h ha with shredder; the auxiliary time was 0.48 h ha' with handshaking and 35. 82 h ha; unavoidable
time 0.98 h ha! with manual shaking, 6.91 h ha' with shredder; effective working times 99.19 BIiGh ha
with manual shaking, 156. 86 MIGh ha; field productivity was 0.0101 ha BIiGh-! with handshaking and
0.0064 ha MIGh! with shredder; field productivity was 1.01 da day-! (10 h) with handshaking and 0.64 da
day (10 h) with the shredder. Although the harvesting efficiency of PHM is high, their field productivity
is quite low. As the orchard yield increases, labor requirements increase, and field productivity decreases.
This situation is because with the increase in orchard yield, the hazelnuts that cannot be harvested by the
machine are harvested by hand and the time for bag tying-unloading increases. In the harvesting of
hazelnuts with PHM, with the increase in orchard yield, the operator's rest and refueling time increases,
which decreases the field productivity of the machine. However, due to the high yield of the orchard and
the consequent density of hazelnuts on the ground, the delivery hose was moved slowly and sometimes
passed through the same area more than once. As the orchard yield decreased, this situation was relatively
eliminated. The results obtained from the harvesting trials with the MHM show a labor-saving of
approximately 96.95% compared to traditional manual harvesting and 90.68% compared to PHM
harvesting.

MHM and PHM showed an increase in kernel productivity values due to the increase in orchard yield. The
change in the kernel productivity values of MHM and PHM varied between 124.83-1322.08 kg ha' and
18.90-67.18 kg ha'!, respectively. Ghiotti (1989) conducted a study with a drum (metal chain) self-propelled
hazelnut harvesting machine, If the orchard yield is 122.6 kg da-, the kernel productivity of the machine is
177 kg ha, and if the orchard yield is 173 kg ha", the kernel productivity of the machine is 207 kg ha.
Beyhan (1992) designed and manufactured an aspiration hazelnut harvesting machine suitable for Turkish
conditions, In the case of orchard yields of 113.4, 226.8, and 340.2 kg da“, the kernel productivity of the
machine was 44.86, 85.44, and 114.63 kg ha’, respectively. Yildiz (2000), in his research on the design of a
prototype hazelnut harvesting machine with a tractor-operated mechanical ground harvesting unit,
determined that the kernel productivity of the machine was 100.29 kg ha! (as milling dry kernel) when the
orchard yield was 225 kg ha"'. Fanigliulo and Tomasone (2009), in their study in which they determined
the operating characteristics of a self-propelled mechanically effective hazelnut harvester, reported that the
kernel productivity of the machine was 2.5 t h'l. Pagano et al. (2011), in their study to determine the
performance values of a hazelnut harvesting machine with a mechanical harvesting unit (at a working
velocity of 1.5 km h), determined that the product success of the machine was 1.25 t h'. A significant
difference is observed between the kernel productivity values of both machines. It can be said that this
difference is because MHM is a self-propelled machine and the working width is higher.

As aresult, when the MHM developed as a prototype is mass-produced, it will be able to provide economic
and agronomic benefits for hazelnut producers, such as reducing the harvesting cost and demand for labor,
and on the other hand, preventing damage to the trees as a result of hazelnut harvesting. Thus, an
important step will be taken for the mechanization of hazelnuts, which is one of the most important
problems in our country, with the production of a machine suitable for our orchard structure and hazelnut
varieties.
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ABBREVIATIONS

MIGh ha machine labor hour / hectare
BiiGh ha' unit human labor hour / hectare
ha MIGh! hectare / machine labor hour

ha BIiGh hectare / unit human labor hour
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Macar Figinde (Vicia pannonica Crantz) Ot Verimi ve Kalite A¢isindan Uygun Hasat Zamaninin

Belirlenmesi

Determination of Appropriate Cutting Time in Dry Forage Yield in Hungarian Vetch (Vicia pannonica
Crantz)
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Oz: Yari-kurak bolgelerde ekim nébetinde ot iiretimi amagl Macar figinin yer almasi oldukga 6nemlidir. Ancak kendinden sonra gelecek tahillarin
verimini fazla etkilememesi igin tarlay1 erken terk etmesi gereklidir. Bu ¢alismada, Macar figi 1) ciceklenme baslangici, 2) % 50 ciceklenme, 3) tam
cigeklenme, 4) alt baklalardaki tanelerin tam seklini aldig1 donemlerde bigilerek verim, kalite ve ekim nobeti agisindan en uygun bigim zamanmnin
tespit edilmesi amaglanmigtir. Bu aragtirma, Tarla Bitkileri Merkez Arastirma Enstitiisii Golbasi/ikizce lokasyonunda 2010-2011, 2011-2012 ve 2012-
2013 yetistirme sezonlarinda, Macar figi Tarm Beyaz1-98 (Vicia pannonica Crantz.) ¢esidinde tesadiif bloklar1 deneme deseninde dort tekerriirli
olarak yiiriitiilmiistiir. Arastirmada gelisme durumu, bi¢im giin sayisi, ana sap uzunlugu, dogal bitki boyu, ana sap kalinlig, ana sap say1si, yesil ve
kuru ot verimi, ham protein orani, ham protein verimi, asit deterjan lif ve notr deterjan lif orani, sindirilebilir kuru madde orani, nispi yem degeri
incelenmistir. Arastirma sonucunda, bigim zamanlarinda en diisiik ve en yiiksek bicim giin say1s1 210.7- 236.7 giin, ana sap uzunlugu 39.3- 65.6 cm,
arasinda tespit edilmistir. En ytiiksek yesil ot ve kuru ot verimi 1858.6 kg da™, 331.2 kg da™ ile tam ¢igeklenme déneminde alinmistir. Ham protein
oram ¢gigeklenme baslangicinda %19.2 iken, dénem boyunca azalarak, bakla baglama doneminde % 15.6 olmustur. Nisbi yem degerinde de benzeri
bir azalis goriilmiis, bigim donemleri icerisinde 116.9’dan 100.7" e inmistir. Bu arastirma sonucunda, Macar figi bitkisinin %50 ¢igeklenme
déneminde bigilmesinin hem verim ve kalite ve hem de tarlanin erken bosaltilmas: agisindan uygun oldugu sonucuna varilmistir.

Anahtar Kelimeler: Macar Figi (Vicia pannonica Crantz.), ot verimi, ham protein verimi, ADF, nispi yem degeri.

&

Abstract: In semi-arid regions, it is very important to include Hungarian vetch for hay production purposes in the rotation. However, it is necessary
to leave the field early so that it does not affect the yield of the grains that will come after it. In this study, it was aimed to determine the most
suitable cutting time in terms of yield, quality and rotation of Hungarian vetch at different cutting time 1) beginning of flowering, 2) 50% flowering,
3) full flowering, 4) when the grains in the lower pods take their full shape. This study was carried out in a randomized block design with four
replications in Hungarian vetch Tarm Beyaz1-98 (Vicia pannonica Crantz.) cultivar in 2010-2011, 2011-2012 and 2012-2013 growing seasons in Field
Crops Central Research Institute Golbasy/Ikizce location. In the study, growth habit, number of cutting days, main stem length, natural plant height,
main stem thickness, main stem number, green and dry forage yield, crude protein rate, crude protein yield, acid detergent fiber and neutral
detergent fiber, digestible dry matter rate, relative feed value were examined. As a result of the research, the lowest and highest cutting days were
determined between 210.7 - 236.7 days, and the main stem length was between 39.3 - 65.6 cm. The highest green and hay forage yield was reached at
1858.6 kg da! and 331.2 kg da in full bloom period. While the crude protein ratio was 19.2% at the beginning of flowering, it decreased throughout
the season and became 15.6% during the pod emergence stage. A similar decrease was observed in the relative feed value, from 116.9 to 100.7 during
the period. As a result of this research, it was concluded that mowing the Hungarian vetch plant during the 50% flowering period is suitable for
yield, quality, and early emptying of the field.

Keywords: Vetch (Vicia pannonica Crantz.), forage yield, crude protein yield, ADF, relative feed value

Atif/Cite as: Mutlu, Z., Unal, S., & Efe, B. (20024). Macar figinde (Vicia pannonica Crantz) ot verimi ve kalite agisindan uygun hasat zamammn
belirlenmesi. Uluslararasi Tarim ve Hayat Bilimleri Dergisi, 10(2), 225-237. doi:10.24180/ijaws.1386709

intihal-Plagiarism/Etik-Ethic: Bu makale, en az iki hakem tarafindan incelenmis ve intihal igermedigi, arastirma ve yayn etigine uyuldugu teyit
edilmistir. / This article has been reviewed by at least two referees and it has been confirmed that it is plagiarism-free and complies with research
and publication ethics. https://dergipark.org.tr/tr/pub/ijaws

Copyright © Published by Bolu Abant Izzet Baysal University, Since 2015 — Bolu

! Dr. Ziya Mutly, Tarla Bitkileri Merkez Aragtirma Enstitiisii, aziyamutlu@gmail.com (Sorumlu Yazar / Corresponding author)
2 Dog. Dr. Sabahaddin Unal, Bolu izzet Baysal Universitesi, Doga ve Ziraat Fakiiltesi Tarla Bitkileri B6liimii, sabahaddin2015@gmail.com
3 Dr. Berna EFE, Tarla Bitkileri Merkez Arastirma Enstitiisii, bernaefe@85@gmail.com

* Bu calismarun ilk y1l verileri yiiksek lisans tezinden {iretilmigtir *


https://orcid.org/0000-0002-4122-6968
https://orcid.org/0000-0003-3771-4536
https://orcid.org/0000-0003-2207-6543

Ziya MUTLU, Sabahaddin UNAL, Berna EFE

GIRIS

Yem bitkileri igerisinde fig tiirleri, kaliteli kaba yem kaynag1 olarak hayvanlarin beslenmesinde 6nemli
bir yere sahiptir. Genis bir adaptasyon kabiliyetine sahip olan figler, yari-kurak alanlardan serin ve nemli
bolgelere kadar degisen farkli kosullarda ciftciler tarafindan uzun yillardir ekilmektedir. Tiirkiye'de fig
ekim alanlar1 342 bin hektar (Anonim, 2024) olmakla birlikte, ekim alanini artirmak miimkiindiir. Sanayi
bitkilerinin yetigtirildigi sulu tarim bolgelerinde, ana bitkinin verimini diisiirmeden kighk ara iiriin olarak
tek yillik baklagil yem bitkilerini yetistirmek miimkiindiir (Kaplan ve Gokkus, 2018). Tahil-nadas
sisteminin uygulandig bolgelerde, yazlik olarak ekimi yapilan seker pancari, musir, aycigegi, pamuk gibi
bitkiler oncesi kishik ara iiriin olarak fig tiirlerini ot amach yetistirilebilir (Kaya, 2009; Agikgoz, 2021).
Kislik olarak ekilip ot amagh yetistirildiginde, topraktan daha az su ve besin maddesi alarak (Ekiz vd.,
2009), kendisinden sonra gelen tahillarin veriminde fazla diismeye yol a¢gmazlar (Ava vd., 2007), yazlik
ekilen iiriinler i¢in daha elverigli toprak kosullar1 birakirlar (Kaya, 2009). Nadas alanlarinin (2.96 milyon
ha) yaklasik %70'i tahil nadas sisteminin yaygin olarak uygulandigi Orta Anadolu Bolgesinde yer
almaktadir (Anonim, 2024). Tarlanin bos kaldig1 nadas yilinin ot {iretimi amaciyla degerlendirilmesinde,
kislik fig tiirleri onemli bir potansiyele sahiptir (Agikgoz, 2021). Nadasin amaci, yagisin yetersiz oldugu
bolgelerde, nadas yilinda yapilacak uygulamalarla, bir miktar nemin sonraki yil ekilecek bitki icin
muhafaza etmektir. Nadastaki basari, nadasin etkinligine baghdir. Etkin bir nadasin sonucu, derin toprak
profiline sahip tarla kosullarinda kurak gecen yillarda ortaya ¢ikmakta (Kalayci, 2017), ylizeysel toprak
yapisina sahip alanlarda etkinliginin diisiik olmas1 nedeniyle nadasin faydas: goriilmemektedir (Baskan
ve Unver, 2000; Kalayci, 2017). Toprakta nem birikimine etkili unsurlardan birisi de, ilk siiriimiin
zamanidir. Nadas etkinliginin daha yiiksek oldugu 120 cm toprak profiline sahip tarla kosullarinda, aniz
bozmanin Mart ay1 yerine, Haziranda yapilmasi, toprakta biriktirilen nemin %53.1 azalmasina ve bugday
veriminde de %52.0 diismesine yol agmaktadir (Kalayci, 2017). Toprakta biriktirilen 1 mm nem ile,
Kirkegaard vd., (2001) 1.8 kg da! ve Kalayc1 (2017) 1.69 kg da verimde artis saglandigini bildirmektedir.
Nadas yilinda erken yapilan ilk siirtim, toprak profilinde daha fazla nem birikimi ve etkin bir yabanc ot
kontrolii saglayarak bugday verimini artirmaktadir (Kalayci, 2017). Nadas yilinda ekilen tek yillik
baklagiller, toprakta kisithi olan suyu kullandiklar i¢in bugday veriminde diismeye yol agmaktadir
(Acikgoz, 2021). Bu nedenle ekim nobetinde ot amach fig yetistirildiginde, en azindan sonra ekilecek
iriinde ortaya ¢ikacak verim kaybimi telafi edecek diizeyde ot tiretilebilmelidir. Ancak bu durumda,
nadas yilinda daha fazla fig ekilmesi miimkiin olacak ve kaliteli kaba yem ihtiyacina katki yapabilecektir.
Bunun i¢gin ot i¢in yetistirilen figin miimkiin oldugu kadar erken donemde hasat edilmesi biiyiik 6nem
tasimaktadir. Figlerde ot icin hasat zamar genel olarak alt baklalarin seklini aldig1 zaman olarak tavsiye
edilmekle (Anlarsal, 2009; Balabanli, 2009) birlikte, cigeklenmeden tam bakla olusumuna kadar gegen her
donemde hasat yapilabilir (Agikgoz, 2021). Figlerin ot amagli erken donemde hasat edilmesi tahil-nadas
sisteminde ve yazlik ekimler 6ncesinde ara {iiriin olarak kullanilma sansini artiracaktir. Bu sekilde, daha
genis alanlarda yetistirilme ve daha fazla ot {iretme imkan1 dogacaktir. Bu ¢alismada, Macar figinde farkl
bi¢cim zamanlarinin ot verimi ve kalitesi {izerine etkileri arastirilarak, uygun bi¢im zamanmmn
belirlenmesi ve daha fazla yetistirilmesine katki saglanmasi amaglanmuistir.

MATERYAL VE METOT

Bu aragtirma, Tarla Bitkileri Merkez Arastirma Enstitiisit Miidiirliigii, Golbasi/ikizce Arastirma ve
Uygulama Ciftliginde, 2010-2011, 2011-2012 ve 2012-2013 iiretim sezonlarinda yiiriitiilmiis, ekimler kislik
olarak her ti¢ yilda da Ekim ay1 basinda yapilmistir. Deneme alani topraklar killi-tinl1 tekstiirde, %0.92
oraninda organik maddeye sahip, ¢ok kiregli, bitkiye yarayish fosfor seviyesi orta diizeyde, potasyum
bakimindan zengin, pH’st ise hafif alkali olan bir toprak yapisina sahiptir (Cizelge 1). Arastirmanin
yuriitiildiigi ti¢ tiretim sezonunun yagis verileri incelendiginde(Cizelge 2), bolgede 6zellikle ilk iki yilda
yagislarin sezon ici dagilimi birbirinden oldukga farkli gergeklesmistir. Ik yil alinan 343.6 mm toplam
yagls uzun yillar ortalamasina yakin olmakla birlikte, ozellikle figlerin gelisme donemi olan Mayis
ayinda yogunlagmustir. Ikinci y1lda alman 166 mm toplam yagis hem uzun yillar ortalamasindan diisiik,
hem de Mart ve Nisan aylarinda uzun yillar ortalamasinin oldukga altinda ger¢eklesmistir. Uciincii yilin
yagislart uzun yillar ortalamalar1 seviyesinde gerceklesmistir. Denemede materyal olarak Macar
figinin(Vicia pannonica Crantz.) Tarm Beyazi-98 ¢esidi kullanilmigtir. Arastirmada, genellikle figler icin
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bigim zamani olarak tavsiye edilen alt baklalarda tanelerin tam seklini aldig1 donemle (BB) (Anlarsal,
2009; Balabanli, 2009) birlikte, ciceklenme baslangici (CB), %50 ciceklenme donemi (YC) ve tam
ciceklenme donemi (TC) olmak tizere Macar figinin dort farkli gelisme dénemi, bicim faktorii olarak
incelenmistir. Deneme, tesadiif bloklar1 deneme deseninde 4 tekerriirlii olarak yiiriitiilmiistiir. Her parsel
5 m uzunlugunda, sira arasi 26 cm olmak iizere 6 siradan olusmustur. Cesidin bin tane agirlig1 hesap
edilerek, parsellerde metrekareye 250 adet tohum gelecek sekilde (Avci vd., 2006) 3-4 cm derinlige ekim
yapilmustir. Ekimden bigim zamanina kadar gegen giin bigim giin sayist olarak kaydedilmistir (Unal vd.,
2011). Bitkilerin gelisme donemlerinde ki gelisme durumlar1 1-5 skalasina gore (1-dik, 5-yatik) olarak
degerlendirilmistir (Unal d., 2011). Ot hasad1 6ncesi her parselin kenar siralari ile bagindan ve sonundan
50 cm’lik boliim kenar tesiri olarak bigilip, geriye kalan 4.16 m? alan hasat edilerek her bi¢im zamani i¢in
yesil ot verimi (YOV) belirlenmistir (Unal vd., 2011). Hasat 6ncesinde tesadiifen segilen 5 bitkide dogal
bitki boyu (DBB), ana sap uzunlugu (ASU), (Bedir, 2010; Firincioglu vd., 2009), ana sap sayis! ve ana sap
kalinhgi (Sayar vd., 2011; Unal vd., 2011) belirlenmistir. Her parselden rasgele alinan 500 gr yesil ot
ornekleri kurutularak kuru ot verimleri (KOV) (Unal, 2011), ham protein orami (HPO), ham protein
verimi (HPV) (Bedir, 2010), asit deterjan lif (ADF) ve nétr deterjan lif (NDF) (Kutlu, 2008), sindirilebilir
kuru madde orani (SKMO) ve nisbi yem degeri (NYD) (Demirbag vd., 2015) tespit edilmistir. Arastirma
sonuglarinin istatistiki analizi, SAS istatistik programinda yapilmistir. Tim ortalamalar, asgari onemli
farklilik (AOF) testine gore gruplandiriimistir.

Cizelge 1. Deneme alani toprak analiz sonucu
Table 1. The result of soil analysis on the trial area

Deneme alani Toplam Organik Kireg Fosfor Potasyum pH  Toprak
Tuz (%) Madde CaCos P20s K20 (kg Tekstiirii
(%) (%) (kgda?) da?)
Golbast Tkizce 0.023 0.92 25.36 6.28 178.98 791  Killi-tinh

Cizelge 2. Deneme alani iklim verileri
Table 2. Trial area climatic values

Toplam Yagis (mm) Ortalama Sicaklik (°C)
Aylar 2010- 2011- 2012- 1989-2010 2010- 2011- 2012- 1989-2010
2011 2012 2013 2011 2012 2013
Eyliil 0.0 1.6 3.6 194 17.0 17.1 19.0 16.9
Ekim 81.6 34.0 46.3 23.7 11.3 12.3 14.5 12.4
Kasim 10.0 2.2 34.7 344 11.8 6.4 6.9 5.4
Aralik 13.2 19.8 60.4 50.0 4.3 1.0 13 0.4
Ocak 28.0 56.4 27.0 29.1 0.2 -0.5 0.1 -1.5
Subat 5.0 3.6 26.8 329 -0.6 -0.3 3.8 -0.2
Mart 42.0 0.0 37.2 43.0 2.6 4.8 6.5 39
Nisan 404 1.8 494 51.1 7.6 10.1 10.0 9.2
May1s 86.6 46.8 59.8 444 12.4 16.1 16.5 13.9
Haziran 36.8 0.0 13.0 26.1 16.8 20.1 20.0 18.4
Toplam 343.6 166.2 358.2 354.1
Ortalama 8.3 8.7 7.9 79
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BULGULAR VE TARTISMA

Gelisme Durumu

Macar figi Tarm Beyazi-98 cesidinin dort farkli gelisme doneminde, yapilan gelisme durumu (1-dik, 5-
yatik) gozlemleri sonucunda elde edilen veriler Cizelge 3'de verilmistir. Cizelge 3'de goriildigii gibi,
yagish gecen ilk yilda YC doneminden itibaren 4 degeri alarak yar1 yatik gelisme gostermistir. Ikinci ve
tigiincii yillarda figin gelisme doneminde yagislarin az olmas: nedeniyle bitkiler fazla boylanmadig; icin,
genel olarak BB donemine kadar fazla yatma gozlenmemistir. Cizelge 4’de yer alan ASU verileri ve
Cizelge 3’de ki gelisme durumu birlikte degerlendirildiginde, ASU degeri yaklasik 60 cm uzunluga
ulastiginda Macar figinin yatmaya basladig1 goriilmektedir.

Bigim Giin Sayisi(giin)

Arastirmada Tarm Beyazi1-98 cesidinin dort farkli bicim doneminde, yesil ot icin bi¢im yapilmistir. Bu
bi¢im zamanlar i¢in ortalama bicim giin sayilar1 Cizelge 3'de verilmistir. Bu cizelge'de goriildiigii gibi,
bi¢im giin sayisi ortalama 221.6 giin olurken, CB, YC, TC, BB olmak {izere dort bigim dénemi igin bigim
glin sayilar sirastyla, 210.7, 217.0, 222.0 ve 236.7 giin olarak belirlenmistir. Elde ettigimiz sonuglar Unal
vd. (2011)in c¢igeklenme giin sayisindan diisiik bulunmustur. Bu farkhilik, yillar igindeki iklim
kosullarinin farkli olmasindan kaynaklanmis olabilir.

Ana Sap Uzunlugu(ASU, cm)

Birlesik analiz sonuglarina gore farkli bigim donemlerinde ana sap uzunlugu degerlerinin varyans analizi
sonuglar1 Cizelge 4' de sunulmustur. Bu sonuglara gore yillar (P<0.01), bicim donemleri (P<0.01) ve bigim
x yil interaksiyonu (P<0.01) istatistiki olarak énemli bulunmustur. Ortalama sonuglara gore en yiiksek
ana sap uzunlugu 99.4 cm ile BB déneminde belirlenirken, bunu sirastyla 69.7, 60.9 ve 50.0 cm ile TC, YC
ve CB donemleri izlemistir. Ug yil siireyle yiiriitiilen arastirmada, en yiiksek ortalama ASU degerleri ilk
yil elde edilirken, bunda yilin iklim kosullar ozellikle de Mart, Nisan ve Mayis aylar1 yagis miktarlar
etkili olmustur. Tkinci yil ve iigiincii y1l Slgiilen ASU degerleri, birbirine benzer bulunmustur. Tkinci yil
Mayis ayinda gelen yagislar ASU degerini {igiincii yil ASU degerine yakin olmasimi saglamistir. Bu
durum, ilkbahar yagislarimin bitki gelisiminde ¢ok etkili oldugunu gostermektedir. En yiiksek ASU
degeri, ii¢ yilda da BB doneminde 6l¢iilmiistiir. Ancak birinci yil bigim zamanlarinin siralamas: diger
yillardan farkli olmustur. Bu farkhilik bigim * yil interaksiyonunun 6nemli ¢ikmasim saglamistir. En
yiiksek ASU 165.3 cm ile birinci yil BB déneminde olciilmiistiir (Cizelge 10). Tlk yil elde ettigimiz ASU
degerleri Tenikecier vd.(2020), ve Hashalc1 vd. (2017)’ den yiiksek bulunmus, ancak ikinci ve tiglincii y1l
degerleri ise diisiik olmustur. Bu durum ¢alisma yapilan bolgeler arasindaki farkl iklim sartlar1 ve toprak
yapistyla agiklanabilir. Ortalama sonuglar ise yakin bulunmustur.

Dogal Bitki Boyu (DBB, cm)

Dogal bitki boyu degerlerinin genel varyans analizi sonuglarina (Cizelge 4) gore, yillar (P<0.01), bigim
donemleri (P<0.01), bi¢im x yil interaksiyonu (P<0.01) istatistiki olarak énemli bulunmustur. Ortalama
sonuglara gore, en yiiksek DBB 55.9 cm ile BB déneminde olgiiliirken, onu 49.6, 46.4 ve 45. 6 cm ile
sirastyla TC, CB ve YC donemleri izlemistir. En yiiksek DBB 55.4 c¢m ile ilk yilda belirlenmistir. Mk yil en
yiiksek DBB 65.1 cm ile CB déneminde oOlgiiliirken, sonra ki donemlerde bitkiler uzun boylu olmasi
nedeniyle yatmistir. Tkinci ve {iclincii yillarda en yiiksek DBB, sirasiyla 63.1 ve 53.0 cm ile BB doneminde
tespit edilmistir. Ik yildan farkli olarak, iklim kosularmin etkisiyle ikinci ve {igiincii yillarda bitkilerin
daha az biiyiimesi nedeniyle yatma goriilmemis ve en yiiksek DBB, BB déneminde olgiilmiis ve bigim *
y1l interaksiyonunun énemli olmasina yol agmistir. Ug yillik sonuglara gore, en yiiksek DBB 65.1 cm ile
birinci yil CB doneminde tespit edilmistir (Cizelge 10). Bu calismanin DBB degerleri Tenikecier vd.
(2020)'nin sonuglariyla benzerlik i¢indedir.

Ana Sap Kalinlig1 (ASK, mm)

Ana sap kalinligma ait varyans analiz sonuglarma (Cizelge 5) gore, yillar (P<0.01), bi¢im doénemleri
(P<0.05) ve bigim x y1l interaksiyonu (P<0.01) istatistiki olarak 6nemli ¢ikmustir. Ug yillik ortalamalara
gore, en yiiksek ASK degeri BB doneminde Olgciiliirken, en diisiik TC doneminde Ol¢iilmiistiir. Ik yil,
ASK degerleri bigim donemlerinde degisme gostermezken, ikinci (P<0.05) ve iiglincii (P<0.01) yillarda
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onemli degisim gostermistir. Ilk y1l ASK degeri diger yillardan daha yiiksek &lgiilmiistiir. Bu durum ilk
yil daha fazla yagis nedeniyle bitkilerin fazla gelismesiyle agiklanabilir. Birinci yil bi¢cim zamanlarinda
ASK degerleri benzer cikarken ikinci yil CB ile YC doéneminde en yiiksek, {i¢iincii yilda BB en yiiksek
ASK degerlerine sahip olmuslardir. Bu farklilik bi¢cim * yil interaksiyonunun &nemli olmasina sebep
olmustur. Ug yillik sonuglara gore, en yiiksek ASK 2.3 mm ile birinci yil CB ve BB doénemlerinde
belirlenmistir (Cizelge 10). Bu ¢alisma sonuglar1 Unal vd. (2011), Sayar vd. (2011) ve Tenikecier vd.
(2020)'nin deneme verileriyle benzer bulunmustur.

Ana Sap Sayisi (ASS, adet)

Ana sap sayisi igin Cizelge 5'de verilen varyans analiz sonuglarina gore, sadece yillar (P<0.01) istatistiki
olarak onemli ¢ikarken, bigim donemleri ve bigim x yil interaksiyonuna ait degerler istatistiki olarak
onemli gtkmamustir. Ortalamalara gore, en yiiksek ASS 2.5 mm ile ilk yil tespit edilirken, onu 2.3 ve 1.8
mm ile {iglincii ve ikinci yillar takip etmistir. Tlk yil ASS'nin yiiksek ¢ikmasi iklim kogullarimin bitkilerin

gelismesi i¢in daha elverigli olmasiyla agiklanabilir. Elde ettigimiz ortalama ASS degerleri, Sayar vd.
(2011), Tenikecier vd. (2020) ile yakindur.

Cizelge 3. Bitkilerin farkli gelisme dénemlerindeki gelisme durumu (1-dik, 5-yatik) ve bi¢im giin sayst (giin)
Table 3. Development status of plants in different development periods (1-erect, 5-prone) and number of days to harvest (days)

Gelisme Durumu Bi¢im Giin Sayis1
Bi¢cim Dénemi 2011 2012 2013 Ortalama 2011 2012 2013 Ortalama
CB 1.0 1.0 1.0 1.0 210.0 215.0 207.0 210.7
YC 4.0 1.0 1.0 2.0 218.0 223.0 210.0 217.0
TC 4.8 1.0 2.0 2.6 223.0 226.0 217.0 222.0
BB 5.0 2.0 3.0 3.3 245.0 238.0 227.0 236.7
Ortalama 3.7 1.3 1.8 2.2 224.0 2255 215.3 221.6

CB: Ciceklenme Baslangici, YC:%50 Ciceklenme, TC:Tam Ciceklenme, BB:Bakla Baglama

Cizelge 4. Bitkilerin farkli gelisme donemlerindeki ana sap uzunlugu ve dogal bitki boyu (cm)
Table 4. Main stem length (cm) and natural plant height (cm) of plants in different development periods

Ana Sap Uzunlugu Dogal Bitki Boyu
Bi¢im Donemi  2010-2011  2011-2012 2012-2013 Ortalama 2010-2011 2011-2012 2012-2013 Ortalama

CB 723 ¢ 384b 39.3b 50.0d 65.1 a 34.2d 39.8Db 46.4 ¢

YC 95.1 bc 47.0b 40.8b 60.9 ¢ 51.3b 453 ¢ 40.2b 45.6 c

TC 117.7b 47.6b 439b 69.7b 539D 499b 449D 496 Db

BB 1653 a 67.5a 65.6 a 994 a 51.7b 63.1a 53.0 a 55.9 a
Ortalama 1126 a 50.1b 474D 70.0 55.5a 48.1b 445 c 494

F bigim) 28.9** 21.6** 38.0%* 74.0** 52.6** 98.0** 7.9%* 25.5%*
AOF (picim) (0.05) 23.6 8.5 6.4 7.1 29 3.9 7.0 2.7

F o) 300.1** 48.5%*

F igim*yu) 14.9** 30.2*%*
Degisim 13.1 10.6 8.4 12.2 32 5.0 9.8 6.5

Katsayisi (%)

**% 1 diizeyinde 6nemli CB: Cigeklenme Baslangici, YC:%50 Ciceklenme, TC:Tam Cigeklenme, BB:Bakla Baglama
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Cizelge 5.Bitkilerin farkli gelisme donemlerindeki ana sap kalinligi (mm) ve ana sap sayisi (adet)
Table 5. Main stem thickness (mm) and number of main stems (number) in different development periods of plants

Ana Sap Kalinlig1 Ana Sap Sayisi
Bicim Donemi 2010-2011 2011-2012 2012-2013  Ortalama 2010-2011 2011-2012 2012-2013 Ortalama
CB 2.3 21a 15¢ 1.94 ab 2.6 1.8 24 2.3
YC 22 22a 1.7b 2.04a 29 1.8 2.3 2.3
TC 2.1 1.6b 19b 1.86 b 2.3 1.9 22 2.1
BB 2.3 1.8 ab 22a 2.08a 2.3 1.8 22 2.1
Ortalama 22a 19b 1.8b 2.0 25a 1.8b 23a 2.2
F bigim) 1.7 3.9% 20.0** 3.3% 22 0.9 0.3 0.9
AOF(bigim) (0.05) 0.2 0.4 0.2 0.2 0.6 0.6 0.6 0.3
F ou 18.0** 13.1**
Fbigim*ym) 6.5%* 0.8
Degisim 6.5 12.7 6.9 9.6 15.3 225 17.0 18.4

Katsayis1 (%)

* %5 diizeyinde 6nemli, **% 1 diizeyinde 6nemli, CB: Cigeklenme Baslangici, YC:%50 Cigeklenme, TC:Tam Cigeklenme, BB:Bakla
Baglama

Yesil Ot Verimi (YOV, kg da-?)

YOV'nin ii¢ yillik birlesik analiz sonuglarina gore (Cizelge 6), yillar (P<0.01), bi¢cim dénemleri (P<0.01) ve
bigim x yil interaksiyonu (P<0.01) istatistiki olarak énemli ¢ikmistir. Ortalamalara gore, en yiiksek YOV
1858.6 kg da ile TC doneminde elde edilmis ve YC doneminde alinan1785.4 kg da' YOV ile birlikte a
grubunda yer almistir. CB ve BB doneminde elde edilen YOV verimi degerleri 1436.2, 1081.8 kg daile
sirasiyla b ve ¢ grubuna girmistir. YOV degerlerinin bi¢cim dénemlerinde ki degisimi, 2010-2011 (P<0.01),
2011-2012 (P<0.01) ve 2012-2013 (P<0.05) yetistirme sezonlarinda onemli ¢ikmistir. En yiiksek YOV fig
yilda da farkli bi¢cim déneminde elde edilmistir. Bu durum ilkbaharda ki yagis rejimi ve sicakliklarin bitki
gelisiminde dnemli etkiye sahip olmasiyla izah edilebilir (Cizelge 2). En yiiksek YOV, yagish gecen birinci
yil YC déneminde, kurak gecen ikinci yilda ise TC déneminde, yagis miktarimn uzun yillar ortalamasina
yakin oldugu iiglincii y1l BB doneminde almmustir. Bu durum bigim x yil interaksiyonunun 6nemli
¢ikmasina sebep olmustur. Ug y1l igerisinde, en yiiksek YOV 65.1 cm ile birinci y1l CB déneminde tespit
edilmistir (Cizelge 10). YOV birinci ve ikinci yillarda, BB doneminde diisiis gOstermistir. Birinci yil
goriilen diiglis asir1 yagis ve yatma nedeniyle alt dal ve yapraklarin ciiriimesinden kaynaklanmustir.
Tkinci yilda ki diisiis ise, KOV ve YOV birlikte degerlendirildiginde (Cizelge,6), BB déneminde yesil otta
kuru madde oraninin yiikselmesiyle aciklanabilir. Yillara gore en yiiksek ortalama YOV 2855.3 kg da ile
arastirmanin birinci yilinda elde edilirken, onu 1037.3, 729.0 kg da! ile {igiincii ve ikinci yillar izlemistir.
113 yil yesil ot veriminin yiiksek olmasi, ayni yilin Mayis ay1 yagisinin uzun yillara gore ¢ok yiiksek
olmasindan kaynaklanmustir (Cizelge, 2). Ikinci yilda alman diisitk YOV, yagis diisiikliigiinden ileri
gelmistir. Uciincii yilin yagist uzun yillar ortalamasiyla ayni olmasina ragmen YOV'nin diisiik ¢ikmasi,
Mayis ayinda goriilen yiiksek sicaklik degerlerinin bitkilerin vejetatif gelisme donemini kisaltmasiyla
(Cizelge, 3) agiklanabilir. Ortalama degerlere gore, en yiiksek YOV bizim c¢alismamizda TC doneminde
alinirken, Tenikecier vd. (2020) en yiiksek YOV’'ni CB’da elde ettigini bildirmektedir. Arastirmamizda ilk
yil aldigimiz YOV degerleri, Elvan (2019), Hashalic1 vd. (2017), Ulker ve Yiiksel (2021), Mihailovi¢ vd.,
(2007), Unal vd., (2011), Sayar vd. (2011), Bakoveglu vd., (2010)‘den yiiksek bulunurken, ikinci ve iigiincii
yil YOV degerleri diisiik bulunmustur. Ortaya ¢ikan farklilik yagis ve bolge farkliligindan kaynaklanmis
olabilir.

Kuru Ot Verimi (KOV, kg da')

Macar figinin bi¢im donemlerinde belirlenen KOV degerleri i¢in yapilan varyans analizine gore (Cizelge
6), yillar (P<0.01), bi¢cim donemleri (P<0.05) ve bigim x y1l interaksiyonu (P<0.01) istatistiki agidan 6nemli
bulunmustur. Ortalamalara gore en yiiksek kuru ot verimi 331.2 kg da ile TC doneminde alinmakla
birlikte, 312.9, 300.9 kg da? ile sirasiyla YC ve BB doneminde elde edilen kuru ot verimi degerleri ile
istatistiki bakimdan ayni grupta yer almistir. En diisiik kuru ot verimi, 254.1 kg da ile CB déneminde
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tespit edilmistir. KOV degerleri, 2010-2011 (P<0.01), 2011-2012 (P<0.01) ve 2012-2013 (P<0.05) yetistirme
sezonlarinda bicim donemlerine gore énemli degisim gostermistir. Yillik ortalamalara gore, en yiiksek
KOV 2855.3 kg da ile aragtirmanin birinci yilinda alinmis ve a grubunda yer almistir. Ugiincii ve ikinci
yil alinan 1037.3, 729.0 kg da' KOV’leri sirasi ile b ve ¢ grubuna girmislerdir. ik yi1l KOV'nin yiiksek
olmasi, Mayis ay1 yagisinin uzun yillara gore ¢ok yiiksek olmasindan kaynaklanirken (Cizelge, 2), ikinci
yilda diisiik ¢ikmasi, yagisin az olmasindandir. Yagisin uzun yillar ortalamasina yakin oldugu tiglincii
yilda diisitk ¢ikmasi, Mayis ayinda goriilen yiiksek sicaklik degerlerinin (Cizelge, 2) bitkilerin vejetatif
gelisme donemini kisaltmasiyla agiklanabilir. Bu sonug, ASU degerleri (Cizelge, 4) ve bi¢im giin sayilar
(Cizelge,3) ile paralellik gostermektedir. Tkinci ve {igiincii yillarda en yiiksek KOV degeri, BB déneminde
yapilan bicimlerden alinirken, 2011 yilinda TC déneminde yapilan bi¢imden alinmistir. Bu sonugta, ilk y1l
bitkilerin yatmasi ve asir1 yagis nedeniyle alt dal ve yapraklarin giiriimesi etkili olmustur. Ug yilda
ilkbahar yagislarinda goriilen farklihik bigim x yil interaksiyonunun 6nemli ¢tkmasina sebep olmustur.
Tum bigimler iginde en yiiksek KOV, ilk yil TC déneminde yapilan bigimde 669.5 kg da'! olarak
kaydedilmistir. Arastirmamizda ilk yil aldigimiz KOV degerleri, Sentiirk (2019), Elvan (2019), Mihailovig
vd., (2007), Unal vd,, (2011), Giizelogullar1 ve Abayrak (2016), Bakoglu vd. (2010)'dan yiiksek
bulunurken, ikinci ve {igiincti yil KOV degerleri diisiik bulunmustur. Ik y1l sonuglar1 Hashalici vd.
(2017), Ulker ve Yiiksel (2021), Sayar vd. (2011) ile benzerlik gostermektedir. Ilk yil alinan kuru ot
verimlerin diger arastirmalardan yiiksek olmasi bitkilerin gelisme doneminin normalin {izerinde yagish
gecmesinden kaynaklanirken, ikinci ve {igiincii yilin diisiik ¢ikmasi bolgelerin iklim kosullarimin farkl
olmasindan kaynaklandigi sonucuna varilmigtir.

Cizelge 6. Bitkilerin farkli gelisme dénemlerindeki yesil ot ve kuru ot verim degerleri (kg da)
Table 6. Green forage and hay yield values of plants in different development periods(kg da)

Yesil Ot Verimi Kuru Ot Verimi

Bic¢im 2010-2011 2011-2012 2012-2013 Ortalama 2010-2011 2011-2012 2012-2013 Ortalama
Donemi

CB 2944.5b 507.5b 856.7 b 1436.2 b 504.5 bc 89.0 ¢ 1689 b 254.1b
YC 3686.3 a 751.7 a 9183 Db 17854 a 624.5 ab 139.1b 1750b 3129 a
TC 3642.3 a 8715a 1062.2 ab 1858.6 a 6694 a 151.0b 1732b 3312 a
BB 1148.0 c 7852 a 13122 a 1081.8 ¢ 406.0 ¢ 226.8 a 269.8 a 3009 a
Ortalama 2855.3 a 729.0 ¢ 1037.3 b 1540.5 551.1a 1515¢ 196.7 b 299.8
Fvigim) 63.5** 11.9%* 4.6* 28.8** 7.5%* 24 .4** 4.8* 35
AOF pigim)(0.05) 476.8 144.7 301.9 191.6 138.8 36.9 71.3 50.4
F 397.0** 208.0**
F igim*yi) 41.1** 9.0**
Degisim 10.4 12.4 18.2 15.0 15.8 15.2 22.7 20.2
Katsayist (%)

* %5 diizeyinde 6nemli, **% 1 diizeyinde 6énemli, CB: Cigeklenme Baslangici, YC:%50 Cigeklenme, TC:Tam Cigeklenme, BB:Bakla
Baglama

Ham Protein Orami (HPO, %)

Macar figinin bigim dénemlerinde belirlenen HPO degerlerinin varyans analizine (Cizelge 7) gore, yillar
istatistiki olarak 6nemsiz ¢ikarken, bi¢cim dénemleri (P<0.01) ve bi¢im x yil interaksiyonu (’<0.01) énemli
bulunmustur. Ug yillik sonuglara gore, yillik ortalama HPO'lar1 arasinda istatistiki agidan fark
¢itkmamustir. Bigim donemlerinde ise, beklendigi gibi en yiiksek HPO CB doéneminde belirlenmis ve
%19.2 oraru ile a grubunda yer almigtir. Onu sirasiyla, %17.6 ve %16.8 HPO'lar1 ile b grubunda yer alan
YC ve TC donemleri izlerken, BB donemi ise %15.6 HPO ile ¢ grubunda yer almistir. HPO’lar1 2010-2011
(P<0.01), 2011-2012 (P<0.01) ve 2012-2013 (P<0.05) yetistirme sezonlarinda, bi¢cim donemlerinde 6nemli
degisim gostermistir. Macar figinde, gelismenin ilerlemesiyle birlikte aragtirmanin ikinci ve {igiincii
yillarinda HPO diigerken, ilk yilda BB doneminde yiikselmistir. HPO'nin baslangica gore en fazla
diistiigii y1l, uzun yillar ortalamalarina gore kurak gegen ikinci y1l olarak dikkati gekmektedir. Ugiincii
yilda ise, ilk ii¢ bigcim doénemindeki HPO'lar1 birbirine yakin degerler alarak istatistiki bakimdan aymni

—
Uluslararas: Tarim ve Yaban Hayat1 Bilimleri https://dergipark.org.tr/tr/pub/ijaws

231


https://dergipark.org.tr/tr/pub/ijaws

Ziya MUTLU, Sabahaddin UNAL, Berna EFE

gruba girmistir. Yillar arasinda goriilen bu farklilik, sicaklik ve yagislarin bitkilerin vejetatif gelismesini
etkilemesiyle agiklanabilir. Ortaya ¢ikan bu farklilik, bigim * yil interaksiyonunun 6nemli ¢ikmasina yol
agmustir. Bicimlerin tiimii i¢inde en yiiksek HPO %19.9 ile ilk y11 CB doneminde belirlenmistir(Cizelge
10). Ug yillik sonuglara gore, arastirmamizda elde ettigimiz HPO bulgulari, Ova ve Uslu (2020),
Tenikecier vd. (2020), Elvan (2019), Hashalic1 vd. (2017), Kugvuran vd. (2014), Yolcu vd. (2009), Tas (2010),
Cagan ve Yi1lmaz (2015), Tekin Giind{iiz (2010),'nun bulgular1 ile benzerlik gostermektedir.

Ham Protein Verimi (HPV, kg da")

Arastirma sonucunda Macar figinin bi¢cim dénemlerinde tespit edilen HPV degerleri i¢in yapilan varyans
analizine(Cizelge 7) gore, yillar (P<0.01) ve bi¢im x yil interaksiyonu (P<0.01) istatistiki olarak onemli
cikarken, bigimler donemleri 6nemsiz ¢ikmistir. Yillik ortalamalara gore, en yiiksek HPV 94.7 kg da ile
ilk y1l alinmus ve a grubunda yer almistir. Onu sirasiyla 32.9 ve 25.9 kg da™ ile ayn1 gruba giren ticlincii ve
ikinci yillar takip etmistir. Ug yillik sonuglara gore, bigim dénemlerinde elde edilen HPV'lerinin birbirine
yakin olmasi, Macar figinde gelismeye bagli olarak artan ot veriminden saglanan HPV ile, HPO
diisiisiinden ortaya ¢ikan kaybin birbirine yakin oldugunu gostermektedir. HPV’leri 2010-2011 (P<0.01),
2011-2012 (P<0.01) yetistirme sezonlarinda, bi¢cim dénemlerinde 6nemli degisim gosterirken, 2012-2013
yetistirme sezonunda bi¢gim donemlerindeki degisim Onemsiz bulunmustur. Yillar arasinda c¢ikan
farklilik bigim * yil interaksiyonunun 6nemli olmasini saglamustir. Uc yillik sonuglar icinde, en yiiksek
HPV 108.6 kg da ile birinci y1l YC doneminde yapilan bicimde kaydedilmistir (Cizelge 10). Uc yillik
sonuglara gore, en yiiksek ADF oran1 %44.8 ile ilk yil BB doneminde tespit edilmigtir (Cizelge 10).
Arastirmamizin ilk yilinda, en yiiksek HPV Bayar ve Cacan (2019) ile benzer sekilde YC doneminde,
ikinci ve tglincii yilinda Elvan (2019) ile benzer olarak BB doneminde alinirken; en yiiksek HPV'ni TC
doneminde elde eden Ova ve Uslu (2020) ile farklilik gostermistir. Bu farkliligin TC déneminde ki diisiik
yagislarin sonucu olabilir. Ug yillik ortalamaya gore, elde ettigimiz HPV bulgular1 Bayar ve Cagan (2019),
Ova ve Uslu (2020), Hashalic1 vd. (2017), Mihailovi¢ vd. (2007), Giizelogullar1 ve Albayrak (2016)’dan
diisiik olurken, Unal vd. (2011), Elvan (2019) ile uyumlu bulunmustur. HPV'nin diger arastirmalardan
diisitk bulunmasi, 6zellikle ikinci ve iigiincii yillarda bitkilerin bigim dénemlerinde iklim kosullarinin
elverigli olmamasi sebebiyle olabilir.

Cizelge 7. Farkli gelisme donemlerindeki ham protein orani (%) ve ham protein verimleri (kg da)
Table 7. Crude protein ratio (%) and crude protein yields (kg da’!) in different development periods

Ham Protein Orani Ham Protein Verimi

Bi¢im Donemi  2010-2011 2011-2012 2012-2013  Ortalama  2010-2011 2011-2012 2012-2013 Ortalama

CB 199a 19.7 a 17.8 a 192 a 100.6 a 175 ¢ 30.1 49.4
YC 17.4b 179b 175 a 17.6 b 108.6 a 25.0b 30.5 54.7
TC 15.6 ¢ 175b 174 a 16.8b 104.4 a 264b 30.1 53.7
BB 16.2 ¢ 15.4 ¢ 153 b 15.6 ¢ 65.3b 349a 40.8 47.0
Ortalama 17.3 17.6 17.0 17.3 947 a 259b 329b 51.2
Fbicim) 56.8** 69.9%* 5.4* 50.7%* 7.1 11.4%* 2.7 14
AOF picim) 0.05) 0.8 0.7 1.6 0.6 23.8 6.7 10.3 8.7
F o) 3.0 211.1%
F (bigim*yu) 6.0** 8.0%*
Degisim 3.0 24 5.8 42 15.7 16.2 19.6 20.4
Katsayisi (%)

* %5 diizeyinde onemli, **% 1 diizeyinde dnemli, CB: Cigeklenme Baslangici, YC:%50 Cigeklenme, TC:Tam Cigeklenme, BB:Bakla
Baglama
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Asit Deterjan Lif (ADF, %)

Macar figinin farkli bicim doénemlerinde tespit edilen ADF oranlari i¢in yapilan varyans analizinde
(Cizelge 8), istatistiki olarak yillar (P<0.01), bigim dénemleri (P<0.01) ve bi¢gim x y1l interaksiyonu (P<0.01)
onemli ¢ikmistir. Yillik ortalamalara gore en yiiksek ADF oram %42.4 ile ilk yil belirlenirken, onu %41.7
ve %35.3 oranlari ile {iclincii ve ikinci y1l izlemistir. Bicim donemlerine gore, en yiiksek ADF orani %40.8
ile BB doneminde belirlenmekle birlikte, TC ve YC doneminde belirlenen %40.7 ve %39.6 ADF oranlar ile
oldukg¢a yakin olup, istatistiki olarak a grubunda yer almustir. En diisiik ADF oram %38.2 ile CB
doneminde tespit edilmistir. Genel olarak gelisme doneminin ilerlemesi ile ADF oram yiikselmistir.
Istisna olarak ikinci yil BB déneminde diisiis gostermistir. Bu sonug, sonradan gelen yagislarla birlikte,
bitkilerin tekrar vejetatif gelisme gostermesinden kaynaklanmaisg olabilir. Ayni sekilde tigiincii yilda ADF
oraninin (B’da yiiksek ¢ikip sonra diismesinin de yagislara bagh olarak goriilen vejetatif gelismenin
sonucudur. Bu farkli durum bicim * yil interaksiyonunun kaynagi olarak gosterilebilir. Birinci yil BB
déneminde yapilan bigimde belirlenen %44.8 ADF orani en yiiksek deger olarak kaydedilmistir(Cizelge
10). Bi¢cim donemlerinde tespit edilen ADF oranlarinda ki degisim, 2010-2011 (P<0.01) ve 2011-2012
(P<0.01) yetistirme sezonlarinda onemli c¢ikarken, 2012-2013 yetistirme sezonunda Onemsiz ¢ikmustir.
Araghirmamizda ii¢ yil ortalamalara gore elde ettigimiz ADF degerleri, Ova ve Uslu (2020), Elvan
(2019), Glizelogullar1 ve Albayrak (2016), Hashalict vd. (2017) ile benzerlik gosterirken, Tenikecier
vd.(2020), Kugsvuran vd. (2014), Eviz (2016), Badrzadeh vd. (2008)'den yiiksek bulunmustur. ADF
oraninin yiiksek olmasi iklim kosullarinin farkli olmasindan kaynaklanmis olabilir. Bitkilerde gelismenin
ilerlemesiyle ADF oraninin yiikselmesi, tiim arastirmalarla uyumlu bulunmustur.

Notr Deterjan Lif (NDFE, %)

Macar figinin bi¢im donemleri icin tespit edilen NDF oranlari (Cizelge 8), ADF oranlari ile benzer sekilde,
yillar (P<0.01), bi¢cim donemleri (P<0.01) ve bicim x yil interaksiyonu (P<0.01) istatistiki olarak onemli
cakmustir. Yillik ortalamalara gore en yiiksek NDF orani %57.2 ile birinci yilda tespit edilirken, onu %51.7
ve %45.3 oranlari ile tigiincii ve ikinci y1l izlemigtir. Bicim donemleri gore en yiiksek NDF orani %54.0 ile
BB doneminde elde edilmis ve TC doneminde belirlenen %53.1 NDF orani ile a grubunda yer almistir.
Onlar sirasiyla %50.7 ve 47.8 oranlarn ile YC ve CB donemleri izlemis ve sirasiyla b ve ¢ grubuna
girmislerdir. Birinci ve ikinci yilda, gelisme doneminin ilerlemesi ile NDF oram yiikselirken, istisna
olarak ficiincii yilda farkhilik gostermistir. Bunun, farkli zamanlarda gelen yagislarin Macar figinin
gelismesini etkilemesinden kaynaklandig1 sonucuna varilmistir. Bu durumun tabii sonucu olarak, bi¢im *
yil interaksiyonu 6nemli gtkmustir. Birinci y1l TC déneminde tespit edilen %60.6 NDF orani en yiiksek
deger olarak ilk sirada yer almistir (Cizelge 10). Bi¢cim dénemlerinde NDF oranlarinda ki degisim 2010-
2011 (P<0.01) ve 2011-2012 (P<0.01) yetistirme sezonunda ©nemli c¢ikarken, 2012-2013 yetistirme
sezonunda 6nemsiz ¢gtkmugtir. Ug yillik ortalamalara gore elde ettigimiz NDF oranlari, Ova ve Uslu
(2020), Elvan (2019), ile benzerlik gosterirken, Tenikecier vd. (2020), Hashalici vd. (2017), Cagan ve Yilmaz
(2015)’den yiiksek bulunmustur. NDF oranin yiiksek olmas: iklim kosullarinda ki farkhiligin sonucu
olabilir. ADF oranmi diger arastirmalarla benzer bicimde bitkilerin gelismesiyle birlikte yiikselis
gostermistir.

Sindirilebilir Kuru Madde Orani1 (SKMO, %)

Macar figinin bigim donemlerinde belirlenen SKMO i¢in yapilan varyans analizine (Cizelge 9) gore, yillar
(P<0.01), bicim donemleri (P<0.01) ve bi¢im x yil interaksiyonu (P<0.01) istatistiki olarak Onemli
bulunmustur. Yillik ortalamalara gore en yiiksek SKMO %61.4 ile ikinci yilda tespit edilirken, onu %56.4
ve %55.9 oranlar ile {iglincii ve birinci yil izlemistir. Bicim donemlerine gore, CB’da belirlenen SKM
orani, %59.2 ile a grubunda yer alirken, onu %58.0, %57.2 ve %57.1 oranlari ile, sirasiyla YC, TC ve BB
donemleri takip etmis ve b grubuna girmislerdir. 2012-2013 yetistirme sezonunda bi¢cim donemlerinde
SKMO'larinin degisimi istatistiki olarak ©nemsiz ¢ikarken, 2010-2011 (P<0.01) ve 2011-2012 (P<0.01)
yetistirme sezonlarinda onemli ¢ikmustir. 2010-2011 ve 2011-2012 yetistirme sezonlarinda en ytiiksek
SKMO CB’da belirlenirken, 2012-2013 yetistirme sezonlarinda YC déneminde tespit edilmistir. Tkinci yil
BB doneminde SKM oraninda bir miktar yiikselis gozlenirken, diger yillarda herhangi bir yiikselis
goriilmemistir. Ikinci yil BB doneminde goriilen yiikselis sonradan gelen yagislarin otun kalitesini

—
Uluslararas: Tarim ve Yaban Hayat1 Bilimleri https://dergipark.org.tr/tr/pub/ijaws

233


https://dergipark.org.tr/tr/pub/ijaws

Ziya MUTLU, Sabahaddin UNAL, Berna EFE

ylikselmesiyle aciklanabilir. Bu goriilen farklilar, bicim * yil interaksiyonunun 6nemli ¢ikmasina sebep
olmustur. Birinci y1l CB déneminde %62.6 olarak belirlenen SKMO en yiiksek deger olarak 6ne ¢ikmustir
(Cizelge 10). Arastirmamizda elde ettigimiz ortalama SKM oranlari, Bayar ve Cagan (2019), Elvan (2019)
ile uyumlu bulunmustur.

Cizelge 8. Bitkilerin farkli gelisme dénemlerindeki ADF ve NDF oranlar1 (%)
Table 8. ADF and NDF rates (%) in different development periods of plants

Asit Deterjan Lif Notr Deterjan Lif
Bi¢cim Donemi 2010-2011 2011-2012  2012-2013  Ortalama  2010-2011  2011-2012 2012-2013 Ortalama
CB 38.6 C 33.7B 422 38.2B 491C 41.7B 52.6 478 C
YC 42.1B 35.6 A 41.2 39.6 A 56.1B 454 A 50.6 50.7B
TC 442 A 36.6 A 41.5 40.7 A 60.6 A 46.7 A 52.1 53.1A
BB 448 A 355 A 42.0 408 A 629 A 474 A 51.5 54.0 A
Ortalama 424 a 353b 417 a 39.8 572 a 453 c 51.7b 51.4
Fbicim) 18.7** 8.6* 0.2 8.8%* 14.4%* 11.6** 0.2 12.6**
AoF(bigim) (0.05) 2.1 1.3 3.3 1.2 5.1 24 5.6 2.2
F g 118.3** 77 .3**
F (igim*ya) 4.9%* 5.8%*
Degisim 3.1 2.3 5.0 3.6 3.1 33 6.8 5.3

Katsayist (%)

**% 1 diizeyinde 6nemli, CB: Cigeklenme Baslangici, YC:%50 Ciceklenme, TC:Tam Cigeklenme, BB:Bakla Baglama

Cizelge 9. Bitkilerin farkli gelisme donemlerindeki sindirilebilir kuru madde (SKM) oranlar1 (%) ve nisbi yem
degerleri (NYD)
Table 9. Digestible dry matter (DSM) ratios (%) and relative feed values (NYD) of plants in different development periods

Sindirilebilir Kuru Madde Orani Nisbi Yem Degeri
Bic¢im 2010-2011 2011-2012  2012-2013  Ortalama  2010-2011 2011-2012  2012- Ortalama
Doénemi 2013
CB 589 a 62.6 a 56.0 59.2 a 1119 a 139.6 a 99.4 1169 a
YC 56.1b 61.2b 56.8 58.0b 932b 125.7b 104.9 108.0b
TC 54.5 ¢ 60.4Db 56.6 572b 84.0 bc 1204 b 101.3 1019 ¢
BB 54.0 ¢ 61.2Db 56.2 57.1b 799 ¢ 1202b 101.9 100.7 ¢
Ortalama 55.9b 614a 56.4 b 57.9 922c¢ 1265 a 1019b 106.9
Figim) 18.7** 8.6** 0.2 8.8** 19.1** 12.6** 0.2 14.6**
AQF (bicim)(0.05) 1.6 1.0 2.6 0.9 10.4 8.2 15.5 5.6
F ) 118.3** 109.7**
F migim*ym 4.9** 5.5%*
Degisim 1.8 1.0 29 1.9 7.1 4.1 9.5 6.3

Katsayisi(%)

**% 1 diizeyinde 6nemli, CB: Cigeklenme Baslangici, YC:%50 Ciceklenme, TC:Tam Cigeklenme, BB:Bakla Baglama

Nispi Yem Degeri (NYD)

Arastirma sonucunda bi¢im donemlerinde hesaplanan NYD’'nin varyans analiz (Cizelge 9) sonuglarina
gore, yillar (P<0.01), bi¢cim donemleri (P<0.01) ve bi¢im x yil interaksiyonu (P<0.01) istatistiki olarak
onemli ¢ikmustir. Yillik ortalamalara gore en yiiksek NYD 126.5 ile ikinci yil bulunurken, onu 101.9 ve
92.2 degerleri ile tiglincii ve birinci yil izlemistir. Ik iki yil NYD'nin yiiksek ¢ikmasi, bu yillarda son yila
gore ortalama sicakliklarin (Cizelge, 2) daha diisiik ¢ikmasi ile iligkili olabilir. Bu durum, bir serin iklim
bitkisi olan Macar figinin disiik sicakliklarda vejetatif gelisme doneminin daha uzun siirmesiyle
agiklanabilir. Bigim donemlerine gore en yiiksek NYD 116.9 degeri ile a grubuna giren CB déneminde
belirlenirken, onu 108.0, 101.9 ve 100.7 degerleri ile sirasiyla YC, TC ve BB donemleri izlemis ve sirasiyla
b, ¢, ¢ gruplarina girmislerdir. 212-2013 yetistirme sezonunda NYD'rinin bi¢cim donemlerinde ki degisimi
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istatistiki olarak Onemsiz ¢ikarken, 2010-2011 (P<0.01) ve 2011-2012 (P<0.01) yetistirme sezonlarinda
onemli gikmustir. Otta kalitenin bir gostergesi olan NYD, birinci ve ikinci yillarinda en yiiksek CB’da elde
edilirken, ti¢lincii yil diger yillardan farkh olarak, CB’da en diisiik seviyede belirlenmistir. Goriilen bu
farkliliklar bigim * yil interaksiyonunun 6nemli bulunmasinin sebebi olarak goriilebilir. Birinci yil CB
donemi igin hesaplanan NYD 111.9 ile en yiiksek degeri almistir(Cizelge 10). Bu sonug, bu donemde
yagislarin diisiik olmasi nedeniyle bitkilerin ot Kkalitesinin diismesinden kaynaklanmis olabilir.
Araghirmamizin ii¢ yillik ortalamalarina gore elde ettigimiz NYD degerleri, Ova ve Uslu (2020), Elvan
(2019) ile uyumlu bulunmustur.

Cizelge 10. Calismada incelenen gozlemlerin bigim * y1l interaksiyonlarimnin AQF gruplandirilmasi
Table 10. The LSD grouping for cu * year interactions of the observations examined in this study

D]('sil:;:lli- ASU DBB ASK ASS YOV KOV HPO HPV ADF NDF SKMO NYD
Yil
CB-1 72.3D 65.1A 23 A 2.6 29445 B 504.5B 199 A 100.6 A 386D 49.1 CE 62.6 A 111.9CD
CB-2 384E 342F 21AB 1.8 507.5F 89.0F 197 A 175E 33.7F 41.7F 56.0DE 1396 A
CB-3 393 E 398 E 15D 24 856.7 DE 168.9 EF 178 B 30.1 CE 422 BC 52.6 BC 56.1 D 99.4 EF
YC-1 95.1C 513 B 22A 2.9 3686.3 A 624.5 A 174 B 108.6 A 421C 56.1 B 61.2 AB 932 FG
YC-2 470E  453CD 22A 18 751.7EF  1391F  179B  250DE 356EF 454EF 568D  1257B
YC-3 408 E 402 E 1.7CD 2.3 918.3 DE 175.0 EF 175B 30.5CE 412C 50.6 CD 545EF 1049 DE
TC-1 117.7B 539B 2.1 AB 2.3 3642.3 A 669.5 A 15.6 C 1044 A 442 AB 60.6 A 60.4BC  83.9GH
TC-2 476 E 499BC 1.6CD 1.9 871.5 DE 151.0 EF 17.5B 264 CE 36.6 DE 46.7 DE 56.6 D 120.4 BC
TC-3 439E 449D 19BC 2.2 10622 CE 1732 EF 174 B 30.1 CE 415C 521C 54.0F 101.3 EF
BB-1 1653 A 51.7B 23A 2.3 1148.0CD 406.0 C 162 C 65.3 B 448 A 629 A 61.2 AB 799 H
BB-2 67.5D 63.1A 1.8 BC 1.8 785.2 EF 226.8 DE 154 C 349 CD 35.5 EF 474 DE 562D 120.2 BC
BB-3 65.6 D 53.0B 22A 2.2 13122 C 269.8 D 153 C 408 C 420C 515 C 589 C 101.9 EF

Ortalama 70.0 494 2.0 2.2 1540.5 299.8 17.3 51.2 39.8 514 579 106.9
AOF 12.2 4.6 0.3 0.6 331.8 87.3 1.0 14.9 2.1 3.9 1.6 9.7

CB: Cigeklenme Baslangici, YC:%50 Ciceklenme, TC:Tam Cigeklenme, BB:Bakla Baglama 1=1.nci y1l,, 2=2.nci y1l, 3=3.ncii y1l

SONUC

Tahil nadas sisteminin yaygin olarak uygulandigi Orta Anadolu gibi kurak ve yar1 kurak bolgelerde,
nadas yilinda ekilen {iriin tarlay1 geg terk ederek, toprakta bulunan suyu daha fazla tiikettigi icin, daha
sonra ekilen tahillarin veriminde 6énemli dl¢iide diismeye yol agmaktadir. Bu aragtirmada, Macar figinde
en uygun bi¢im zamanini bulmak i¢in, farkli bi¢cim donemleri morfolojik, tarimsal ve kalite 6zellikleri
agisindan detayli bir sekilde incelenmistir. Elde edilen sonuglara gore, Macar figinde BB doneminde
bigim, CB, YC ve TC donemine gore sirasiyla 26.0, 19.3 ve 14.7 giin gecikmeye yol agmaktadir. Geg
yapilan bicimler ot veriminde 6nemli bir artis saglamazken, ot kalitesinde diismeye yol agmakta, daha
sonra ekilen tahillarin veriminde de azalmaya neden olmaktadir. Nadas yapilan yilda, toprakta
biriktirilen her 1 mm nemin verimde artis sagladig: bilinmektedir. Bu nedenle, kurak ve yar1 kurak
bolgelerde tarlanin bos birakildigi nadas yilinda ot tiretme amacl fig yetistiriciliginde, ana tiriin olarak
ekilen tahillarin verimini fazla diisiirmemek hedeflenmelidir. Bu aragtirmadan alinan sonuglar, bitkilerin
gelisme doneminde yagis ve sicakliklarda yasanan degisimin ot verimini ve kalitesini 6nemli olgiide
etkiledigini gostermektedir. Buna gore, ot verimi, otun kalitesi ve tarlay1 erken terk etmesi bakimindan
Macar figini YC doneminde bigmenin uygun olacagi sonucuna varilmistir. Bu sonuglar, tahil nadas
sistemi ve ekim ndbeti igerisinde figlerin daha fazla yer almasini saglayarak ot {iretimine destek olacaktur.
Benzer ¢alismalarin ekim nobeti igerisinde diger fig tiirleriyle de yapilmasi, bilgi zenginligi saglayacaktir.

CIKAR CATISMASI
Cikar ¢atismas yoktur.
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YAZAR KATKISI

Sorumlu yazar arazi ¢alismalari, gozlemlerin alinmasi, verilerin analizi ve makale yazilmasina katki
saglamistir. Ikinci yazar arazi caligmalari, verilerin analizi ve yorumlanmasi, makalede diizeltme
yapilmasinda katki saglanmistir. Uglincii yazar arazi calismalari, gozlem alinmasinda katki saglamustir.

KAYNAKLAR
Anonim. (2024). http://www.tuik.gov.tr/VeriBilgi.do?tb_id=45&ust_id=13 Erigim Tarihi: 12.02.2024.
Acikgoz, E. (2021). Yembitkileri. Tarim ve Orman Bakanligi.

Anlarsal, A. E. (2009). Adi fig (Vicia sativa L.), R. Avaioglu, R. Hatipoglu, Y. Karadag(Ed) Yem Bitkileri II icinde (ss.404-
408) Tarim ve Koyisleri Bakanligi.

Avcl, M., Meyveci, K., Karakurt, E., Karagam, M., Siirek, D., Bayram, 0., & Ydriirer, A. S. (2006). Macar figi (Vicia
pannonica L. cv. Tarmbeyaz1-98) le tiiylii fig (Vicia villosa L. cv. Munzur-98) gesitlerinin tohumluk iiretiminde
degisik ekim sikliklarinin etkinliginin arastirilmasi Tarla Bitkileri Merkez Arastirma Enstitiisii Dergisi 11, 14-29
Ankara.

Ava, M., Meyveci, K., Akar, T, Ozdemir, B., Yiiriirer, A., Karakurt, E., Siirek, D. & Karagcam, M. (2007). Turkish
experience on dryland agronomy: Lessons from the past and the recent experiments. Journal Agriculture Research,
45(1), 33-44.

Bakoglu, A., Kékten, K., & Karadavut, U. (2010, Eyliil, 17-19). Bazi Macar figi hat ve cesitlerinin Bingdl kuru sartlarina
adaptasyonu iizerine bir arastirma. I1I. Bingdl Sempozyumu, Tiirkiye.

Balabanli, C. (2009). Macar figi (Vicia pannonica Crantz.), R. Avcioglu, R. Hatipoglu, Y. Karadag(Ed) Yem Bitkileri 11,
icinde (ss. 417-420).Tarim ve Koyisleri Bakanlig1.

Badrzadeh, M., Zoragarzodeh, F. & Esmaielpour, B. (2008). Chemical composition of same forage Vicia spp. in Iran.
Journal of Food, Agriculture & Environment, 6(2), 178-180.

Baskan, O. & Unver, 1. (2000). Ankara kosullarinda toprak profili derinliginin nadas etkinligi iizerine etkisi.
TUBITAK, Turkish Journal of Agriculture and Forester, 24, 721-727.

Bayar, M. & Cacan, E. (2019, Mart 8-10). Farkl: zamanlarda hasat edilen macar figinde (Vicia pannonica Crantz) ot verimi ve
bazi kalite 6zelliklerinin degisimi. 1. Uluslararas1 Harran Multidisipliner Calismalar Kongresi, Tiirkiye.

Bedir, S. (2010). Karaman ili sartlarinda yetistirilecek macar figi+arpa karisinunda uygun karigim oraninin saptanmast iizerine
bir aragtirma. [Yiiksek Lisans Tezi, Cukurova Universitesi], acikbilim.yok.gov.tr

Cagan, E, & Yilmaz, H. (2015). Bingol kosullarinda degisik Macar figi (Vicia pannonica Crantz.)+tbugday (Triticum
aestivum L.) karisim oranlarinin ot verimi ve kalitesi tizerine etkileri. Tiirk Tarim ve Doga Bilimleri Dergisi, 2(3): 290—
296.

Demirbag, N. S., Ozkan, U., & Ekiz, H. (2015). Determining of some cell wall compenents on alfalfa’s cultivars in
central anatolian conditions. Journal of Applied Biological Sciences 9(2), 68-76.

Ekiz, H., Kendir, H., & Demirbag, N. $. (2009). Nadas alanlarinda yem bitkileri tarimi. R. Avcioglu, R. Hatipoglu, Y.
Karadag(Ed) Yem Bitkileri I, iginde (ss. 113-120).Tarim ve Koyisleri Bakanlig1

Elvan, H. (2019). Bazi Macar fig hatlarimin yem degerlerinin belirlenmesi. [Yiiksek Lisans Tezi, Namik Kemal
Universitesi]. acikerisim.nkd.edu.tr

Eviz, S. (2016). Siirt sartlarinda kislik ekilen bazi Macar figi (Vicia pannonica Crantz.) genotiplerinin verim ve verim
unsurlarinin belirlenmesi. [Yiiksek Lisans Tezi]. acikbilim.yok.gov.tr

Firincioglu, H. K., Erbektas, E., Dogruyol, L., Unal, S. & Mentes, O. 2009. Enhanced winter hardiness in common
vetch (Vicia sativa L.) or autumn sowing in the central highlands of Turkey. Journal of Central European Agriculture,
10(3), 271 -282.

Giizelogullary, E. & Albayrak, S. (2016). Isparta ekolojik kosullarinda farkli ekim ve hasat zamanlarinin bazi fig (Vicia
spp.) tiirlerinin ot verim ve kalitesi tizerine etkileri Tarla Bitkileri Merkez Arastirma Enstitiisii Dergisi, 25(2), 158-165.

Hashalici, S., Uzun, S., Ozaktan, H.,, & Kaplan, M. (2017). Kayseri kira¢ kosullarinda yetistirilen baz1 Macar figi
cesitlerinin ot verimleri ve kalitelerinin belirlenmesi. Erciyes Universitesi Veteriner Fakiiltesi Dergisi 14(2), 113-123.

—
Uluslararas: Tarim ve Yaban Hayati Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

236



Macar Figinde ( Vicia pannonica Crantz) Ot Verimi ve Kalite Agisindan Uygun Hasat Zamaninin Belirlenmesi

Kalayci, M. (2017). Nadaslarda tarla hazirhig. TURKTOB Dergisi, 23, 24-29.

Kaplan, O., & Gokkus, A. (2018). Kislik ara iiriin olarak yetistirilen yem bitkilerinin biberin (Capsicum annuum var.
annuum) verim ve verim unsurlarina etkileri. Canakkale Onsekiz Mart Universitesi Ziraat Fakiiltesi Dergisi 6(2), 1-6.

Kaya, H. (2009). Bugday-aycicegi nobetlese ekiminde yer alacak bazi baklagil yem bitkilerinin, ana iiriinlerin verim ve kalite
unsurlarma etkileri [Yiiksek Lisans Tezi, Namik Kemal Universitesi]. acikerisim.nkd.edu.tr

Kirkegaard, J. A., Howe, G. N., & Pitson, G. (2001). Agronomic interactions between drought and crop sequence. n
‘proceedings of the 10th Australian Agronomy Conference, Australian.

Kusvuran, A., Kaplan, M., & Nazli, R. I (2014). Effects of mixture ratio and row spacing in Hungarian vetch (Vicia
pannonica Crantz.) and annual ryegrass (Lolium multiflorum Lam.) intercropping system on yield and quality
under semi arid climate conditions. Turkish Journal of Field Crops 19(1): 118-128. https://doi.org/10.17557/tjfc.97892

Kutlu, R. H. (2008). Yem degerlendirme ve analiz yontemleri (Ders Notu). Cukurova.Universitesi Ziraat Fak. Zootekni
Bol,, s., 10, Adana.

Mihailovig, V., Mikig, A., & Cupina, B. (2007). Potential of annual legumes for utilisation in animal feeding. Institute
for Animal Husbandry, Belgrade Zemun. Biotechnology in Animal Husbandry, 23(5-6), 573-581.
https://doi.org/10.2298/BAH0701573M

Ova, M., & Usly, O. S. (2020). Akdeniz ekolojik sartlarindaki Kahramanmarag'ta farkli olgunlasma dénemlerinde
bi¢menin bazi fig (Vicia sp.) tiirlerinin 1. ot verimi ve kalitesi {izerine etkilerinin belirlenmesi. Ziraat Miihendiligi,
(371), 99-112. https://doi.org/10.33724/zm.808611

Sayar, M. S., Karahan, H., & Basbag, M. (2011, Mayis 09-12). Kiziltepe ekolojik kosullarinda baz: adi fig (Vicia sativa L,)
genotiplerinin verim ve verim unsurlari ile ozellikler arasi iliskilerin belirlenmesi, IV. GAP Tarim Kongresi, [Poster
Bildiriler Kitabi], Tiirkiye.

Sentiirk, M. (2019). Farkl: Macar figi (Vicia pannonica Crantz.) genotiplerinin Trakya kosullarinda degerlendirilmesi. [Yiiksek
Lisans Tezi, Namik Kemal Universitesi]. acikerisim.nkd.edu.tr

Tas, N. (2010). Sulu sartlarda yazlik ve kiglik ekilen fig+bugday karisimlarda en uygun karisim orani ve bigim zamani
belirlenmesi II. Ot kalitesi. Anadolu, 20(2), 59-69.

Tekin Giindiiz, E. (2010). Diyarbakir kosullarinda karisim oraninin Macar figi+bugday karisimda ot verimi ve kalitesine etkisi.
[Yiiksek Lisans Tezi, Cukurova Universitesi], acikbilim.yok.gov.tr

Tenikecier, H. S., Orak, A., Tekeli, A. S., & Giiltekin, B. (2020). Baz1 Macar figi (Vicia pannonica Crantz.) genotiplerinde
farkli bigim zamanlarmin ot verimi ve bazi kalite 6zelliklerine etkisi. Tiirk Tarum ve Doga Bilimleri Dergisi, 7(4), 833-
847. https://doi.org/10.30910/turkjans.782231

Ulker, E., & Yiiksel, O. (2021). Usak sartlarinda baz: Macar figi (Vicia pannonica Crantz.) gesitlerinin verim ve tarimsal
ozelliklerinin belirlenmesi. Isparta Uygulamali Bilimler Universitesi Ziraat Fakiiltesi Dergisi, 16, 52-58.

Unal, S, Mutly, Z., & Firincioglu, H. K. (2011). Performances of some winter hungarian vetch accessions (Vicia
pannonica Crantz.) on the highlands of turkey. Turkish Journal of Field Crops, 16(1), 1-8.

Yolcu, H., Polat, M., & Aksakal, V. (2009). Morphologic yield and quality parameters of same annual forages as sole
crops and intercropping mixtures in dry conditions for livestock. Journal of Food, Agriculture Environment, 7(3-4),
594-9.

—
Uluslararas: Tarim ve Yaban Hayat1 Bilimleri https://dergipark.org.tr/tr/pub/ijaws

237


https://dergipark.org.tr/tr/pub/ijaws

Research Article

1 BAy riom
Q) ¥ . S’Q ~ International Journal of Agriculture and Wildlife Science e e
§ N % Do
N =
% u _5 Uluslararasi Tarim ve Yaban Hayat1 Bilimleri Dergisi
Vg >
g-15 2024, 10(2): 238 — 256, doi: 10.24180/ijaws. 1436876

Effects of Doses and Different Applications of Salicylic Acid on Salinity Stress and Plant Growth in
Broad Beans (Vicia faba L.)

Salisilik Asitin Farkli Uygulama Sekli ve Dozlarinin Bakla (Vicia faba L.)’da Tuzluluk Stresi ve Bitki
Gelisimi Uzerine Etkisi
Ozge Ugar''”/,  Sipan Soysal2'~,  Murat Erman®'",  Fatih C1g¢"~, Soner Onders
Received: 14.02.2024 Accepted: 04.06.2024 Published: 25.08.2024

Abstract: This study was carried out to determine the effects of different application methods and doses of salicylic acid on the first developmental stages
of broad beans grown under salt stress. The experiment was carried out in the plant growth cabinet at Siirt University, Faculty of Agriculture, Department
of Field Crops laboratory. During the investigation, the temperature of the working environment was kept at 25+3 °C. Plants w ere grown in 16 hours of
light and 8 hours in the dark period. Three salt concentrations (0, 75 and 150 mM NaCl) and three salicylic acid (SA) concentrations (0, 0.5 and 1.0 mM
SA) were applied to the plants through soil and leaves. As a pre-application, 0.5 mM SA and hydropriming were used. According to the results,
germination percentage, germination index, mean germination time, stem height, root lenght, stem fresh weight, stem dry weight, root fresh weight,
root dry weight and total chlorophyll content varied between 63.33-86.67%, 0.97-2.51, 3.60-6.28 day, 36.11-39.47 cm, 27.50-30.57 cm, 4.404-6.623 g, 0.473-
0.555 g, 2.813-3.400 g, 2.813-3.400 g, 0.300-0.396 g and 41.0-50.6%, respectively. While salinity levels did not have a significant impact on germination
characteristics, hydropriming application improved germination characteristics, but salicylic acid application had a negative effect. However, it has been
observed that salicylic acid applications increase seedling development and dry matter accumulation and promote plant growth under salinity stress.
As a result, it has been observed that the application of 0.5 mM salicylic acid is a useful application to improve salinity stress and promote plant growth
in broad bean.

Keywords: Growth promoter, Dry matter, Broad bean, Stress management, Salinity, Grain legumes

&

Oz: Bu calisma, salisilik asidin farklh uygulama sekli ve dozlarimn tuz stresi altinda yetistirilen baklanin ilk gelisim donemlerindeki etkilerinin
belirlenmesi amaciyla yapilmigtir. Deneme Siirt Universitesi Ziraat Fakiiltesi Tarla Bitkileri Boliimii laboratuvarinda bitki yetistirme kabininde
yiiriitiilmiistiir. Deneme siiresince calisma yapilan ortamin sicakligi 25+3 °C’de tutulmustur. Bitkiler 16 saat boyunca aydinlik, 8 saat boyunca karanlk
periyotta yetistirilmistir. Bitkilere 3 farkli tuz konsantrasyonu (0, 75 ve 150 mM NaCl) ve 3 farkl salisilik asit (SA) konsantrasyonu (0, 0.5 ve 1.0 mM SA)
topraktan ve yapraktan olacak sekillerde uygulanmistir. On uygulama olarak ise 0.5 mM SA ve hidropriming yapilmistir. Cahsma sonuglarmna gére,
¢imlenme orani, ¢gimlenme indeksi, ortalama ¢imlenme siiresi, govde uzunlugu, kék uzunlugu, gévde yas agirligi, govde kuru agirhigs, kok yas agirhigs,
kok kuru agirhig: ve toplam klorofil igerigi sirasiyla %63.33-86.67, 0.97-2.51, 3.60-6.28 giin, 36.11-39.47 cm, 27.50-30.57 cm, 4.404-6.623 g, 0.473-0.555 g,
2.813-3.400 g, 2.813-3.400 g, 0.300-0.396 g ve %41.0-50.6 araliginda degisim gdstermistir. Cimlenme 6zellikleri agisindan tuzluluk seviyelerinin nemli bir
etkisinin olmadig1 gézlemlenirken hidropriming uygulamasin ¢imlenme 6zelliklerini iyilestirdigi, ancak salisilik asit uygulamasimn olumsuz etki
gosterdigi tespit edilmistir. Fakat salisilik asit uygulamalarimn fide gelisimini ve kuru madde birikimini artirdigs, tuzluluk stresi altinda bitki gelisimini
tesvik ettigi gozlemlenmistir. Sonug olarak, bakla bitkisinde tuzluluk stresinin iyilestirilmesi ve bitki gelisiminin tesvik edilmesi i¢in yapraktan 0.5 mM
salisilik asit uygulamasimin faydali bir uygulama oldugu gozlemlenmistir.
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Effects of Doses and Different Applications of Salicylic Acid on Salinity Stress and Plant Growth in Broad Beans ( Vicia faba L.)

INTRODUCTION

During their vegetation period, plants may encounter some adverse conditions in their growing
environment that will affect their growth and development. These situations they encounter can limit the
development of plants and cause stress (Karaagag et al., 2014). These stress factors that plants are exposed
to are divided into two: biotic and abiotic factors. While biotic factors are bacteria, viruses, fungi and
insects, abiotic factors are conditions such as salinity, drought, excess water, hot and cold. Some of the
inorganic fertilizers used unconsciously and in excessive amounts, especially in agricultural production,
leach from the soil and mix with the ground water, while some of them cause salinity in the soil (Baran et
al.,, 2014). Plants growing in soils that become saline over time react in various ways during the vegetation
periods. In plants grown under these conditions, developmental regression and even complete death of the
plants are observed.

Salinity stress is one of the most important abiotic stress factors that reduces the productivity of agricultural
products worldwide and is experienced by a large part of the world (Yilmaz and Ciftci, 2021; Yilmaz et al.,
2023). Approximately 20% of cultivated areas and half of irrigated areas in the world are affected by salinity
(Flowers and Yeo, 1995; Yildiz et al., 2014). Salinity stress can cause metabolic problems and poor nitrogen
uptake in plants (Yilmaz, 2023). The plant variety to be cultivated is important in terms of obtaining an
economic level of product in areas where salinity cannot be reduced below certain levels (Ekmekgi et al.,
2005). For this reason, it is of great importance to take various measures against salinity stress in agriculture.
The most common studies related to this include breeding varieties resistant to salinity stress, soil
improvement, and various practices that can increase the tolerance of plants against salinity. Accordingly,
the responses of plants to salt have started to be investigated with studies. Broad bean (Vicia faba L.) is an
edible legume plant that is moderately resistant to salinity. In Turkey, it ranks 4th among the most
cultivated edible legumes after chickpeas, lentils and dry beans. According to 2022 TURKSTAT data, 4,234
tons of production was made in 17,638 da area in Turkey and its yield is 240 kg da' (Anonymous, 2022). It
contributes to nitrogen fixation by maintaining a symbiotic relationship with Rhizobium bacteria. With this
feature, it is an extremely important plant in improving the structure of soils.

With its deep roots, it carries the nutrients in the lower layers of the soil to the upper layers of the soil,
leaving a more fertile and quality soil for the plant to be grown after it. In addition, since it can be easily
broken down in the soil, the harvest residues of the broad bean plant are also very useful in terms of
enriching the soil with organic matter. However, salinized soils as a result of excessive and intensive use
of chemical fertilizers in agricultural production show a limiting effect on plant growth in faba bean (Vicia
faba L.) cultivation. In this respect, studies against salinity stress are of great importance. Today, breeding
studies for varieties resistant to all stress factors that limit plant growth are continuing. However, it is
possible to reduce the harmful effects of salinity with cultural practices. New approaches are emerging in
this regard every day. Some of these are various hormone applications, different growing media, microbial
fertilizers and organic fertilizers. Various measures can be taken against salinity with different applications
depending on the level and type of salinity. Salicylic acid application is one of these measures.

Salicylic acid, an intrinsic plant growth regulator that affects plant growth and development, is a natural
phenol product first extracted from willow (Salix sp.) bark (Coban, 2007). Salicylic acid, whose commercial
production form is acetyl salicylic acid, is a growth regulator synthesized by higher plants and some
microorganisms (Raskin et al., 1990). It has been found to control ion uptake from roots by promoting
flowering in many plant species (Raskin, 1992). According to the results of the first study on salicylic acid,
it was found to promote flowering and shoot formation in tobacco (Eberhard et al., 1989). Salicylic acid was
reported to promote flowering at low concentrations, accelerate vegetative growth and increase nodule
formation in legume plants (Ramanujam et al., 1998).

It was reported that foliar application of salicylic acid had positive effects on root length, root and stem wet
and dry weights and nitrogen metabolism in bean (Tiirkyilmaz et al., 2005). It was reported that salicylic
acid application increased cell division in root meristem tips and promoted plant growth during the first
growth period of wheat (Shakirova et al., 2003). Foliar application of salicylic acid in soybean and maize
increased leaf area and plant dry weight, but did not affect plant height and root length (Khan et al., 2003).
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In mung bean, foliar salicylic acid application increased pod number and grain yield (Singh and Kaur,
1980).

Salicylic acid has also been reported to increase the tolerance of plants under abiotic stress conditions such
as salinity, high and low temperature, water, heavy metal, frost and drought stress (Yagmur and Kaydan,
2006). Salicylic acid is a signaling molecule that has an important role in plant defense mechanism against
pathogens (Snyman and Cronjé, 2008). It was reported that salicylic acid application to wheat plants grown
under salt stress conditions increased the activities of antioxidant enzymes and was effective in increasing
the tolerance of these plants to salt stress (Mutlu et al., 2009). Salicylic acid application was found to increase
photosynthesis rate, stomatal conductance, transpiration rate and chlorophyll-b content in corn under salt
stress (Tufail et al., 2013).

It has also been reported that salicylic acid has important roles in the regulation of plant responses to many
stresses such as salinity, drought, temperature and heavy metals (Hayat et al., 2010). Salicylic acid
application in broad bean (Vicia faba L.) plant is the subject of this study. Various studies conducted by
researchers on this subject are ongoing. In this study, it is aimed to determine the effects of salicylic acid
applied in different application methods and doses on the first developmental stages of broad bean (Vicia
faba L.) plants grown at different salt levels. With this study, it is aimed to determine the most appropriate
salicylic acid application method and dose in the first developmental stages of faba bean and to reduce the
level of faba bean affected by salt.

MATERIAL AND METHOD

The study was carried out in the laboratory of Siirt University, Faculty of Agriculture, Department of Field
Crops in a plant growth cabinet. The temperature of the environment was kept between 25+3 °C during
the experiment. During the experiment, plants were grown in the light for 16 hours and in the dark for 8
hours. Kitik-2003 variety broad bean seed registered by Aegean Agricultural Research Institute was used
as seed material in the study. Kitik-2003 faba bean variety is an upright growing, 68-91 cm tall, beige
coloured grain, 100-grain weight 110-115 g, grain yield 260 kg/ha, moderately resistant to anthracnose and
an early variety (Anonymous, 2020). Salicylic acid (SA) and salt (NaCl) were used as treatment materials.
The experiment was established with 3 replicates according to the factorial trial design in randomised plots.
Pre-treatment, salicylic acid application and salt (NaCl) application were the factors of the study. Seeds
were pretreated with hydropriming and 0.5 mM salicylic acid before sowing. Salicylic acid was dissolved
in distilled water and adjusted to pH 6.5 with NaOH and stock solution was prepared (Kaydan and
Yagmur, 2006). Salicylic acid pretreated seeds were kept in 0.5 mM SA solution for 12 hours. The soaking
time of the hydropriming seeds in water was also adjusted as 12 hours. Seeds in the control group were
not pretreated. After the pre-treatment, the seeds were dried on sterile filter paper for 24 hours and sown
in the soil at the same time with the untreated seeds. Three different concentrations of salt (0, 75 and 150
mM NaCl) were applied to the plants from the soil. Three different concentrations of salicylic acid (0, 0.5
and 1.0 mM SA) were applied as soil and foliar applications.

Peat and perlite containing nutrients were used as growing media. 10 seeds were sown in each pot of 2 It
volume filled with peat-perlite mixture at a ratio of 2:1 and after germination, 5 plants were left in each pot.
The amount of water required for field capacity was determined before sowing, and irrigation was carried
out to reach 80% field capacity to avoid water stress during the study. When the 3¢ leaves appeared on the
seedlings, salicylic acid was applied to the pots. In foliar salicylic acid application, 0.5 mM and 1 mM doses
of SA were sprayed on the aboveground parts of the plant. In soil SA applications, 0.5 mM and 1 mM doses
of SA solution were applied to the soil as irrigation water. NaCl was added to the pots 3 days after SA
application. The study was continued for 30 days. At the end of this period, the plants were harvested. The
treatments carried out within the scope of the study are given in Table 1. The germinated seeds were
counted for 10 days after the germinated seeds emerged on the soil surface. According to the data obtained,
germination rate (Akinci and Caliskan, 2010), average germination time (Ellis and Robert, 1980) and
germination index (Wang et al., 2004) parameters were determined. SPAD metre was used to determine
the total chlorophyll content in the leaves. The chlorophyll content of full-grown leaves was measured with
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a Minolta SPAD-502 portable chlorophyllmeter one day before salt application, 3 days after salt application
and just before harvest. Sample readings were taken from three parts of the full-grown leaf close to the
main vein and from 3 plants in each pot. The measured values were expressed as Soil Plant Analysis
Development (SPAD) values. According to the manufacturer of the chlorofilmmeter, the SPAD value scale
is 1=chlorotic or yellow colour, 50 = dark green colour (Uzunlu 2006).

Table 1. Application methods and doses of salicylic acid.
Cizelge 1. Salisilik asitin uygulama sekilleri ve dozlar1.

Abbreviation Treatments

T1 Salicylic acid (SA) not applied

T2 0.5 mm salicylic acid application through soil

T3 1 mm salicylic acid application from soil

T4 Foliar application of 0.5 mm salicylic acid

T5 Foliar application of 1 mm salicylic acid

T6 Soil application of 0.5 mm salicylic acid + Foliar application of 0.5 mm salicylic acid
T7 1 mm salicylic acid through soil + 1 mm salicylic acid through foliar application

After 30 days of growth, the plants were harvested, cut at the junction of the root and stem and the roots
were washed in water to remove surface water. Root and stem lengths were measured with a ruler. Root
and stem fresh weights were weighed. After the fresh weights of the roots were determined, they were
placed in paper bags and dried at 65 °C until the final weight did not change and then the root dry weight
and root wet weight were determined. The data obtained as a result of the research were subjected to
variance analysis according to the factorial experiment design in random plots, and the Least Significant
Difference (LSD) test was used for grouping the differences between the treatments (Kalayci, 2005). JMP
package programme was used for statistical calculations.

RESULTS AND DISCUSSION

Germination rate (%)

Observations on germination were taken within 10 days after sowing the seeds. Since the soil-foliar salicylic
acid and soil salt applications were made when the plants reached the 3-leaf stage, only the effect of the
pre-treatments was examined in the observations related to germination. The effect of pre-treatments on
germination rate was found to be statistically significant (p<0.01). As a result of the experiment, the
germination rate of the seeds varied between 60.00-93.33%. It was determined that hydropriming treatment
increased the germination rate compared to the control, while salicylic acid pre-treatment decreased the
germination rate compared to the control (Table 2 and Table 8). As a result of different studies related to
the role of salicylic acid in seed germination, it has been reported that it inhibits germination or increases
seed viability, and this effect varies depending on the concentration of salicylic acid applied (Xie et al., 2007;
Lee et al.,, 2010; Yildiz et al., 2014; Ceritoglu and Erman, 2020). Soliman et al. (2016) and Acikbas and
Ozyazic1 (2022) reported that pre-treatment of seeds with salicylic acid up to 0.5 mM dose promoted
germination, but after this dose, it decreased germination by toxic effect. Rajjou et al. (2006) found that
salicylic acid concentrations above 1 mM inhibited germination in Arabidopsis thaliana. Anaya et al. (2018)
reported that salicylic acid pre-treatment of seeds exposed to salt stress increased the germination rate.
These studies and our results support each other.

Germination Index

The effect of pre-treatments on germination index was statistically significant (p<0.01). According to the
results obtained, germination index was determined between 0.97-2.51. According to the control, soaking
the seeds in water increased the germination index, while salicylic acid pre-treatment decreased the
germination index (Table 2 and Table 8). Acikbas and C)zya21C1 (2022) reported that there was no statistical
difference between 0.25 mM salicylic acid pre-treatment and hydropriming pre-treatment and that salicylic
acid pre-treatment higher than 0.25 mM dose showed toxic effect and decreased the germination index.
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Anaya et al. (2018) found that pre-treatment of salicylic acid alone did not significantly affect the
germination index, but increased the germination index when applied to seeds under salt stress. Similarly,
Ceritoglu and Erman (2020) reported that 0.2 mM salicylic acid application significantly increased the
germination index in chickpea seedlings exposed to salinity stress, but negatively affected it when the level
was increased.

Average Germination Time (day)

The effects of pre-treatments on the average germination time of seeds were found to be statistically
significant (p<0.01). The average germination time varied between 3.50-6.28 days. Salicylic acid pre-
treatment delayed germination compared to control, while soaking the seeds in water accelerated
germination compared to control and salicylic acid pre-treatment (Table 2 and Table 8). Lee et al. (2010)
reported that salicylic acid pre-treatment delayed germination. Anaya et al. (2018) found that salicylic acid
pre-treatment at a dose of more than 0.25 mM delayed germination and prolonged the average germination
time. Ozkorkmaz and Oner (2022) found that germination time increased with increasing salt and SA doses.
On the other hand, Nun et al. (2003) reported that salicylic acid can inhibit the activity of catalase enzyme
in plants, and with the decrease in the activity of catalase enzyme, hydrogen peroxide increases and
improves seed germination.

Stem Length (cm)

The effects of pre-applications, pre-application x salicylic acid, pre-application x salt, pre-application x salt
x salicylic acid interactions on body length were not found to be statistically significant. The effect of salt
application on stem length was found to be statistically significant at the p<0.01 level, and the effect of
salicylic acid applications and salt x salicylic acid interaction on stem length was found to be statistically
significant at the p<0.05 level. Body length varied between 36.11-39.47 cm. Increasing the salt dose reduced
the stem length compared to the control. While the highest stem length was obtained from the control, the
lowest stem length was determined in 150 mM salt application. Salicylic acid applications increased stem
length compared to the control. The highest stem length was obtained from the application of 0.5 mM SA
from soil + 0.5 mM SA from leaves, and it is statistically in the same group with salicylic acid applications
other than the application of 1 mM SA from soil + 1 mM SA from leaves. The lowest body length in terms
of salicylic acid application was determined in the control. When the combined effect of salt and salicylic
acid was examined, it was determined that the stem length of plants to which salt was applied was
shortened, but when applied together with salicylic acid, salicylic acid alleviated the effect of salt (Table 2,
Table 4, Table 6 and Table 9). Tammam (2005) and Kaydan (2006) reported that salicylic acid application
increased the stem length of broad beans and reduced the negative effect of salt. Azooz et al. (2011) reported
that the application of salicylic acid under salt-free and salty conditions increased stem length and the
highest stem length value was obtained from the application of 1 mM salicylic acid.

Root Length (cm)

The effect of salt application on root length was found to be statistically significant at the p<0.01 level, and
the effect of salicylic acid and salt x salicylic acid interaction was found to be statistically significant at the
p<0.05 level. Pre-treatments and other interactions did not affect root length at a statistically significant
level. Considering all applications, it was determined that the root length varied between 27.12-30.57 cm.
As the salt dose increased, root length decreased. Salt applications reduced root length compared to the
control. Positive effects of salicylic acid applications on increasing root length have been observed. All
salicylic acid doses and application methods increased root length compared to the control. All salicylic
acid applications, except the application of 1 mM SA from the soil + 1 mM SA from the leaves, are
statistically in the same group, and the highest root length value was obtained from the application of 0.5
mM SA from the soil + 0.5 mM SA from the leaves. Co-administration of salt and salicylic acid; It alleviated
the effect of salt on reducing the root length of the plant. The highest root length value was obtained from
the control x 1 mM SA interaction, while the lowest root length value was obtained from the 150 mM salt
x control interaction (Table 2, Table 4, Table 6 and Table 9). Tammam (2005) reported that salicylic acid
application increased the root length of broad bean and reduced the negative effect of salt. Azooz et al.
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(2011) found that the application of salicylic acid alone and under saline conditions increased root length,
and the highest value was found in the application of 1 mM salicylic acid.

Root Fresh Weight (g)

The effect of salt, salicylic acid applications and salt x salicylic acid interaction on root fresh weight was
found to be statistically significant at p<0.01 level, while the effect of pre-applications and other interactions
was found to be insignificant. The fresh root weight was determined to be between 2.796-3.413 g. It was
determined that as the salt concentration increased, the fresh root weight decreased compared to the
control. Salicylic acid applications increased the fresh root weight compared to the control. The highest
root fresh weight value was obtained from the 1 mM SA application to the leaf, while the lowest root fresh
weight value was obtained from the control. When the salt x salicylic acid interaction was examined, the
highest root fresh weight value was determined in the Control + 1 mM SA from soil interaction, and the
lowest root fresh weight value was determined in the 150 mM salt x Control interaction. It was determined
that the effect of salt in reducing the fresh root weight was alleviated by the application of salicylic acid
(Table 2, Table 4, Table 6, and Table 9). Ozkorkmaz and Oner (2022) reported that the fresh root weight
decreased as the salicylic acid and salt concentration increased.

Root Dry Weight (g)

While the effect of priming, priming x salt, priming x salicylic acid and priming x salt x salicylic acid
interactions on root dry weight was not found to be statistically significant, the effect of salt application
was significant at the p<0.01 level, and the effect of salicylic acid application and salt x salicylic acid
interaction. was found to be statistically significant at p<0.05 level. It was determined that the root dry
weight varied between 0.299-0.396 g according to all applications. It was determined that as the applied
salt dose increased, the root dry weight of the plants decreased and remained below the root dry weight of
the control plants. It was determined that salicylic acid applications increased the root dry weight of the
plants compared to the control, but all salicylic acid applications except 1 mM SA from the soil + 1 mM SA
from the leaves were statistically in the same group. It was determined that the effect of salt in reducing
root dry weight in plants where salt and salicylic acid were applied together decreased with the application
of salicylic acid. Although root dry weight decreased as the salt dose increased, it was concluded that root
dry weight was less negatively affected in plants where salicylic acid was also applied (Table 3, Table 5,
Table 7, and Table 10). Azooz et al. (2011) reported that application of salicylic acid alone and under saline
conditions increased root dry weight; They reported that the highest root dry weight was obtained from
the application of 1 mM salicylic acid.

Stem Fresh Weight (g)

While the effect of salt and salicylic acid applications and salt x salicylic acid interaction on stem fresh
weight was found to be statistically significant at p<0.01 level, the effect of pre-applications and other
interactions was not found to be significant. It was determined that the stem fresh weight varied between
4.404-5.006 g according to all applications. It was determined that as the salt concentration increased, the
stem fresh weight decreased. While the highest stem fresh weight was obtained from the control, the lowest
stem fresh weight was determined in 150 mM salt application. It was determined that salicylic acid
applications increased stem fresh weight compared to the control. While the highest stem fresh weight
value was obtained from the application of 1 mM SA from the leaf, it is statistically in the same group with
the applications of 1 mM SA from the soil, 0.5 mM SA from the soil + 0.5 mM SA from the leaf, 0.5 mM SA
from the leaf, and 0.5 mM SA from the soil. The lowest stem fresh weight was found in the control group.
When the effect of salt x salicylic acid interaction on trunk fresh weight was examined, it was determined
that the combined application of salt and salicylic acid alleviated the effect of salt on reducing stem fresh
weight (Table 3, Table 5, Table 7, and Table 10). Anaya et al. (2018) reported that salicylic acid application
increased stem fresh weight under saline conditions.

Stem Dry Weight ()

The effect of salt and salicylic acid applications and salt x salicylic acid interaction on stem dry weight was
found to be statistically significant at the p<0.01 level. The dry body weight was determined between 0.473-
0.557 g. It has been determined that increasing doses of salt applications reduce the trunk dry weight
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compared to the control. All salicylic acid applications except 1 mM SA from the soil + 1 mM SA from the
leaves are statistically in the same group, the highest stem dry weight value was obtained from the 0.5 mM
SA application from the leaves, and the lowest stem dry weight value was obtained from the control. Salt
x salicylic acid interaction significantly affected the stem dry weight, the highest stem dry weight value
was detected in the control + 1 mM SA from soil application, and the lowest stem dry weight was detected
in the 150 mM salt + control application. It was determined that salicylic acid reduced the negative effect
of salty conditions on stem dry weight (Table 3, Table 5, Table 7, and Table 10). Anaya et al. (2018) reported
that the application of salicylic acid lower than 0.25 mM dose increased stem dry weight under saline
conditions. Azooz et al. (2011) reported that the application of salicylic acid in salt-free and salty conditions
increased stem dry weight.

Chlorophyll Content Before Salt Application

While the effect of salicylic acid application on chlorophyll content before salt application was found to be
statistically significant at the p<0.05 level, the effects of other applications and interactions were not found
to be significant. According to all treatments, the chlorophyll content of the plants before salt application
was found to be between 38.39-48.92. Salicylic acid application increased the chlorophyll content of the
plants compared to the control, and the highest chlorophyll content before salt application was obtained
from the application of 0.5 mM SA from the soil + 0.5 mM SA from the leaves (Table 3, Table 5, Table 7, and
Table 11). Tiirkyilmaz et al. (2005) found that salicylic acid application increased the chlorophyll content of
the plant compared to the control.

Chlorophyll Content After Salt Application

After salt application, the effect of salt application on the chlorophyll content of plants was found to be
statistically significant at p<0.01, and the effect of salicylic acid application was found to be statistically
significant at p<0.05. The effect of pre-applications and interactions on the chlorophyll content of plants
after salt application was not found to be statistically significant. As the salt concentration increased, the
chlorophyll content of the plants decreased and remained below the chlorophyll content of the control
plants. After salt application, the chlorophyll content of plants was positively affected by salicylic acid
application. Salicylic acid applications increased the chlorophyll content of plants compared to the control.
Salicylic applications are statistically in the same group. After salt application, the chlorophyll content of
the plants varied between 35.51-45.33 (Table 3, Table 5, Table 7, and Table 11). Baran and Dogan (2014)
reported that chlorophyll content decreases as salt concentration increases.

Chlorophyll Content Before Harvest

The effect of salt application on the chlorophyll content of plants before harvest was found to be statistically
significant at the p<0.01 level, and the effect of salicylic acid application and salt x salicylic acid interaction
was found to be statistically significant at the p<0.05 level. The effect of pre-applications and other
interactions on pre-harvest chlorophyll content was not found to be statistically significant. As the salt
concentration increased, the chlorophyll content of the plants decreased. Salt applications reduced
chlorophyll content compared to the control. It was determined that salicylic acid applications increased
the chlorophyll content of plants before harvest compared to the control, and all salicylic acid applications
except 1 mM SA from the soil + 1 mM SA from the leaves were statistically in the same group. According
to all treatments, the chlorophyll content of plants before harvest varied between 40.97-50.56 (Table 3, Table
5, Table 7, and Table 11). Tohma (2007), in a study conducted with the Camarosa strawberry variety, found
that the application of different concentrations of salt and salicylic acid reduced membrane permeability
and increased the total amount of chlorophyll. Baran and Dogan (2014) found that the chlorophyll content
increased after applying salicylic acid to soybean plants grown in saline conditions.
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Table 2. Effect of priming, saline doses, treatments (SA), and priming x treatments (SA) interaction on germination rate,
germination index, average germination time, stem length, root length, and root fresh weight of broad bean.

Cizelge 2. On uygulama, tuz dozlari, salisilik asit uygulamalart ve 6n uygulama x salisilik asit uygulamast interaksiyonunun
baklann ¢imlenme orani, ¢cimlenme indeksi, ortalama ¢imlenme siiresi, gbvde uzunlugu, kék uzunlugu ve kok yas agirliina etkisi.

Priming Germin:tion Ger.mination ge?;:l:l%ieon Stem Root length RO(.)t fresh
rate (%) index time (day) length (cm) (cm) weight (g)
Control 75.87b 1.61b 483D 37.93 28.92 3.205
Hydropriming 80.63 a 219a 383c¢ 37.89 28.88 3.197
Salicylic acid 68.25 ¢ 118 ¢ 5.89 a 37.85 28.84 3.188
. Germination Germination sz.erag.e Stem Root length Root fresh
Saline doses . germination .
rate (%) index . length (cm) (cm) weight (g)
time (day)
Control 74.76 1.58 5.06 38.47 a 29.46 a 3344 a
75 mM 73.65 1.67 4.73 37.92b 2891b 3.210b
150 mM 76.35 1.73 4.75 37.27 ¢ 28.27 ¢ 3.036 ¢
Germination Germination sz'eragfe Stem Root length Root fresh
Treatments . germination .
rate (%) index . length (cm) (cm) weight (g)
time (day)
T1 75.93 1.66 4.88 3742 c 28.42 c 3.084Db
T2 74.44 1.65 4.83 37.98 ab 28.97 ab 3.224a
T3 78.89 1.75 4.80 38.02 ab 29.01 ab 3.248 a
T4 75.93 1.65 4.91 38.12a 29.10 a 3.228 a
T5 72.96 1.60 4.86 38.04 ab 29.03 ab 3.255a
T6 72.22 1.61 4.84 38.14 a 2912 a 3.245a
T7 74.07 1.68 4.80 37.52 bc 28.52 bc 3.094Db
.. Germination Germination Av?rag.e Stem Root length Root fresh
Priming x Treatments . germination .
rate (%) index . length (cm) (cm) weight (g)
time (day)
T1 76.67 1.62 4.85 37.85 28.87 3.109
T2 76.67 1.63 4.80 38.30 29.28 3.235
T3 80.00 1.70 4.80 37.87 28.86 3.241
Control T4 75.56 1.57 4.90 37.72 28.68 3.214
T5 73.33 1.55 4.83 37.82 28.81 3.254
T6 74.44 1.59 4.83 38.07 29.06 3.262
17 74.44 1.61 4.77 37.84 28.86 3.119
T1 81.11 2.18 3.84 37.18 28.14 3.050
T2 78.89 2.15 3.82 37.75 28.74 3.218
T3 78.89 2.31 3.77 37.92 28.90 3.279
Hydropriming T4 80.00 2.18 3.89 38.12 29.14 3.275
T5 84.44 2.11 3.88 38.46 29.45 3.273
T6 82.22 2.16 3.81 38.64 29.63 3.227
17 78.89 2.23 3.78 37.17 28.13 3.060
T1 70.00 1.19 5.96 37.22 28.24 3.092
T2 67.78 1.18 5.88 37.90 28.88 3.218
T3 72.22 1.26 5.83 38.27 29.26 3.224
Salicylic acid T4 70.00 1.20 5.94 38.52 29.47 3.196
T5 66.67 1.15 5.86 37.82 28.81 3.237
T6 63.33 1.10 5.88 37.69 28.68 3.245
T7 67.78 1.19 5.84 37.54 28.56 3.103
LSDpriming 69.37** 5.61** 11.42%** ns ns ns
LSDsaline dose ns ns ns 6.710** 6.630** 1.717**
LSDtreatment ns ns ns 2.140* 2.090* 0.540**
LSDpriming x treatment ns ns ns ns ns ns
ns:non-significant, **p<0.01, *p<0.05
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Table 3. Effect of priming, saline doses, treatments (SA), and priming x treatments (SA) interaction on root dry weight, stem
fresh weight, stem dry weight, chlorophyll content before salt application, chlorophyll content after salt application, and
chlorophyll content before harvest of broad bean.

Cizelge 3. On uygulama, tuz dozlari, salisilik asit uyqulamalart ve 6n uygulama x salisilik asit uygulamast interaksiyonunun
baklanin kék kuru agirhigi, govde yas agirhgi, govde kuru agirlis, tuz uygulamas: 6ncesi klorofil icerigi, tuz uygulamasi sonrasi
klorofil icerigi ve hasat oncesi klorofil icerigine etkisi.

Chlorophyll Chlorophyll Chlorophyll

Priming Rootdry  Stem fresh  Stem dry content content after content
weight (g) weight(g) weight(g) before salt salt before
application  application harvest
Control 0.351 4.828 0.522 43.7 40.8 46.1
Hydropriming 0.351 4.829 0.522 43.6 40.6 46.1
Salicylic acid 0.349 4.811 0.520 43.8 40.5 459
Saline doses
Control 0.367 a 4970 a 0.538 a 453 a 423 a 47.7 a
75 mM 0.351b 4.838b 0.523 b 438b 40.7b 46.1b
150 mM 0.333 ¢ 4.659 c 0.504 c 42.0c 389 c 443 c
Treatments
T1 0.337 ¢ 4.701Db 0.508 b 422 c 39.3 ¢ 44.7 c
T2 0.353 ab 4848 a 0.524 a 44.0 ab 41.0b 463 b
T3 0.354 ab 4.881 a 0.527 a 44.1 ab 41.0 ab 46.4 ab
T4 0.357 a 4.865 a 0.529 a 444 ab 413 a 46.7 a
T5 0.355 ab 4.885a 0.527 a 44.1 ab 41.1ab 46.5 ab
T6 0.357 a 4.866 a 0.528 a 444 a 413 a 46.8 a
T7 0.340 bc 4.711b 0.510b 42.7 bc 39.6 bc 45.0 bc
Priming x Treatments
T1 0.349 4.706 0.516 432 40.3 459
T2 0.362 4.853 0.530 44.8 41.8 47.2
T3 0.350 4.887 0.525 439 40.8 46.0
Control T4 0.346 4.871 0.522 43.1 40.3 45.6
T5 0.348 4.890 0.523 43.5 40.6 458
T6 0.356 4.871 0.525 440 412 46.6
T7 0.349 4.716 0.516 43.6 40.5 459
T1 0.330 4.707 0.506 41.5 38.7 44.0
T2 0.346 4.854 0.520 43.1 40.2 45.6
T3 0.351 4.887 0.523 43.4 40.4 46.1
Hydropriming T4 0.357 4.872 0.525 442 411 46.7
T5 0.367 4.891 0.535 454 42.3 47.7
T6 0.372 4.872 0.541 46.2 43.0 482
T7 0.330 4.717 0.506 41.7 38.8 44.0
T1 0.331 4.689 0.501 42.0 39.0 441
T2 0.351 4.836 0.521 440 40.8 46.1
T3 0.361 4.870 0.533 452 419 47.1
Salicylic acid T4 0.368 4.853 0.538 457 425 47.8
T5 0.349 4.873 0.522 43.5 40.5 45.9
T6 0.345 4.854 0.517 43.1 39.7 455
T7 0.340 4.699 0.508 429 39.4 45.0
LSDpriming ns ns ns ns ns ns
LSDsaline dose 0.19** 1.73** 0.19** 18.58** 18.91** 19.17**
LSDtreatment 0.06* 0.59** 0.06** 6.30* 6.15* 6.11*
LSDpriming x treatment ns ns ns ns ns ns

ns:non-significant, **p<0.01, *p<0.05
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Table 4. Effect of priming x saline doses interaction on germination rate, germination index, average germination time,
stem length, root length, and root fresh length of broad bean.

Cizelge 4. On uygulama x tuz dozlari interaksiyonunun baklamin cimlenme orami, ¢imlenme indeksi, govde uzunlugu, kok
uzunlugu ve kok yas agirliina etkisi.

Priming x Saline Doses Germin(;)ition Gerfnination ge?r‘rll:l:l%ieon li:'le;;\ ltI:r:)got;l RO(,)t fresh
rate (%) index time (day) (cm) (cm) weight (g)
Control 75.71 1.53 5.06 38.44 29.43 3.352
Control 75 mM 73.81 1.61 4.69 38.03 29.01 3.220
150 mM 78.10 1.69 4.73 37.31 28.31 3.043
Control 80.95 2.08 4.02 38.54 29.51 3.344
Hydropriming 75 mM 79.05 2.20 3.74 37.89 28.88 3.209
150 mM 81.90 2.28 3.73 37.25 28.24 3.039
Control 67.62 1.12 6.11 38.46 29.45 3.336
Salicylic acid 75 mM 68.10 1.20 5.76 37.84 28.83 3.203
150 mM 69.05 1.21 5.79 37.26 28.26 3.026
LSDpriming x saline doses ns ns ns ns ns ns

ns:non-significant

Table 5. Effect of priming x saline doses interaction on root dry weight, stem fresh weight, chlorophyll content before salt
application, chlorophyll content after salt application, and chlorophyll content before harvest of broad bean.

Cizelge 5. On uygulama x tuz dozlar: interaksiyonunun baklanin kok kuru agirlig, govde yas agirhg, govde kuru agirligi, tuz
uygulamasi 6ncesi klorofil icerigi, tuz uygulamas: sonrasi klorofil icerigi ve hasat dncesi klorofil icerigine etkisi.

Chlorophyll Chlorophyll Chlorophyll

Priming x Saline Doses R().ot dry Stefn fresh Ste'm dry content content content
weight (g) weight (g) weight(g) before salt after salt before
application application harvest
Control 0.366 4.975 0.537 45.2 42.3 47.6
Control 75 mM 0.354 4.843 0.525 44.1 41.1 46.4
150 mM 0.334 4.665 0.505 41.9 39 44.4
Control 0.369 4.976 0.540 45.3 42.4 47.9
Hydropriming 75 mM 0.350 4.844 0.523 43.6 40.7 46.0
150 mM 0.332 4.666 0.504 42.0 38.8 442
Control 0.367 4.958 0.537 45.5 42.2 47.7
Salicylic acid 75 mM 0.349 4.826 0.521 43.7 40.5 45.9
150 mM 0.332 4.648 0.503 42.1 38.9 44.2
LSDpriming x saline doses ns ns ns ns ns ns
ns:non-significant
"
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Table 6. Effect of saline doses x treatments (SA) interaction on germination rate, germination index, average germination
time, stem length, root length, and root fresh weight of broad bean.

Cizelge 6. Tuz dozlart x salisilik asit uygulamast interaksiyonunun baklanin ¢cimlenme orani, cimlenme indeksi, ortalama cimlenme
stiresi, govde uzunlugu, kok uzunlugu ve kok yas agirligina etkisi.

A
Saline Doses x Germination Germination err‘xll::l%ieon Stem Root length Root fresh
Treatment rate (%) index gtime (day) length (cm) (cm) weight (g)
T1 76.67 1.61 5.09 38.63 a 29.59 ab 3.383 a
T2 71.11 1.47 5.18 38.51 ab 29.48 a-c 3.367 ab
T3 84.44 1.74 5.18 38.71a 29.77 a 3.397 a
Control T4 78.89 1.59 5.20 38.50 ab 29.43 a-d 3.359 ab
T5 73.33 1.59 4.90 38.43 a-c 29.40 a-e 3.331 a-c
T6 70.00 1.54 4.95 38.55a 29.59 ab 3.380 a
T7 68.89 1.50 4.92 38.02 a-e 28.99 a-f 3.193 de
T1 74.44 1.57 5.03 37.04 f-h 28.01 gh 3.055 fg
T2 68.89 1.62 4.55 38.68 a 29.75a 3.320 a-c
T3 72.22 1.71 4.54 37.81 a-f 28.74 b-g 3.284 bc
75 mM T4 72.22 1.67 4.69 38.51 ab 29.48 a-c 3.256 cd
T5 75.56 1.68 4.78 38.05 a-e 29.08 a-f 3.312 a-c
T6 70.00 1.55 4.87 38.30 a-d 29.27 a-f 3.253 cd
T7 82.22 1.92 4.66 37.05 f-h 28.02 gh 2991 ¢g
T1 76.67 1.79 4.53 36.59 h 27.66 h 2.813h
T2 83.33 1.88 4.77 36.74 gh 27.67 h 2985¢g
T3 80.00 1.82 4.69 37.55 c-g 28.52 e-h 3063 fg
150 mM T4 76.67 1.69 4.84 37.35 e-h 28.39 f-h 3.070 fg
T5 70.00 1.55 4.90 37.63 b-g 28.60 c-g 3.121 ef
T6 76.67 1.75 4.70 37.55c-g 28.52 e-h 3.101 £
T7 71.11 1.61 4.81 37.48 d-h 28.55d-h 3.098 f
i];::;‘te doses x ns ns ns 1.90* 2.01* 0.389*
ns:non-significant, **p<0.01, *p<0.05
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Table 7. Effect of saline doses x treatments (SA) interaction on root dry weight, stem fresh weight, stem dry weight,

chlorophyll content before salt application, chlorophyll content after salt application, and chlorophyll content before harvest

of broad bean.

Cizelge 7. Tuz dozlar x salisilik asit uygulamas: interaksiyonunun baklamn kék kuru agirlig, gévde yas agirlig, govde kuru
agirhig, tuz uygulamas: oncesi klorofil icerigi, tuz uygulamas: sonrasi klorofil icerigi ve hasat ncesi klorofil icerigine etkisi.

Chlorophyll Chlorophyll Chlorophyll
Saline Doses x Rootdry  Stem fresh  Stem dry content content after content
Treatment weight (g)  weight(g) weight (g) before salt salt before
application  application harvest
T1 0371 a 5.000 a 0541 a 45.5 42.8 48.1a
T2 0.368 ab 4.998 a 0.540 a 45.7 42.5 47.8 ab
T3 0374 a 4.999 a 0.542 a 46.1 43.0 484 a
Control T4 0.368 ab 4997 a 0.540 a 453 423 47.8 ab
T5 0.366 a-c 4.990 ab 0.540 a 45.3 42.4 47.6 a-c
T6 0.369 a 4.993 a 0.539 a 45.4 423 479 a
T7 0.354 a-e 4.810d 0.523 a-d 44.0 41.0 46.4 a-e
T1 0.326 f-h 4.686 ef 0.500 e-g 41.2 38.3 43.6 f-h
T2 0.373 a 4923 ¢ 0.539 a 45.8 429 483 a
T3 0.348 a-f 4922 c 0.524 a-d 43.5 40.5 45.8 a-f
75 mM T4 0.368 ab 4915 ¢ 0.540 a 45.6 42.4 47.8 ab
T5 0.355 a-e 4.926 bc 0.527 a-c 441 411 46.5 a-e
T6 0.362 a-d 4.870 cd 0.531 ab 45.0 42.0 47.2 a-d
17 0.326 f-h 6.623 a 0.499 e-g 413 38.0 43.6 f-h
T1 0.313h 4415¢g 0481 g 39.9 36.9 423 h
T2 0.318 gh 4.623 f 0.493 fg 40.4 37.5 42.8 gh
T3 0.341 c-g 4723 e 0.514 b-e 429 39.7 45.1 c-g
150 mM T4 0.335 e-h 4.683 ef 0.506 d-f 421 39.2 445e-h
T5 0.343 b-g 4.738 e 0.513 b-e 429 39.9 453 b-g
T6 0.341 c-g 4733 e 0.512 b-e 429 39.6 45.1c-g
17 0.339 d-h 4.700 e 0.508 c-f 429 39.7 449d-h
tﬁ‘;ﬁ:ﬁf doses x 0.054* 0.364* 0.048* ns ns 5.42¢
ns:non-significant, **p<0.01, *p<0.05
"
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Table 8. Effect of priming x treatments (SA) x saline doses interaction on germination rate, germination index, and
average germination time of broad bean.

Cizelge 8. On uygulama x salisilik asit uygulamas: x tuz interaksiyonunun baklanin cimlenme orani, cimlenme indeksi ve ortalama
cimlenme siiresine etkisi.

Average germination time

(day)

Germination rate (%) Germination index

Saline doses Saline doses Saline doses

Priming x Treatments x

. Control 75mM 150 mM Control 75mM 150 mM Control 75mM 150 mM
Saline Doses

T1 76.67 73.33 80.00 1.56 1.5 1.79 5.06 4.98 4.50
T2 76.67 66.67 86.67 1.52 1.5 1.88 5.14 4.54 4.73
T3 86.67 73.33 80.00 1.69 1.67 1.74 5.19 4.50 4.70

Control T4 80.00 73.33 73.33 1.55 1.62 1.55 521 4.63 4.85
T5 76.67 73.33 70.00 1.59 1.58 1.48 4.90 4.72 4.87
T6 66.67 73.33 83.33 1.38 1.57 1.81 4.95 4.82 4.71
17 66.67 83.33 73.33 1.38 1.86 1.59 4.95 4.64 4.73
T1 83.33 80.00 80.00 2.13 2.07 2.33 4.05 3.98 3.50
T2 76.67 73.33 86.67 191 2.12 242 4.14 3.60 3.73
T3 93.33 76.67 83.33 2.33 224 2.36 4.11 3.57 3.65

Hydropriming T4 83.33 80.00 83.33 2.04 2.25 2.26 4.16 3.71 3.81
T5 76.67 83.33 76.67 2.03 222 2.07 3.90 3.87 3.88
T6 80.00 73.33 83.33 2.15 2.01 2.32 3.89 3.82 3.71
T7 73.33 86.67 80.00 1.98 2.51 2.19 3.87 3.65 3.83
T1 70.00 70.00 70.00 1.16 1.15 1.26 6.16 6.14 5.59
T2 60.00 66.67 76.67 0.97 1.23 1.34 6.28 5.52 5.83
T3 73.33 66.67 76.67 1.19 1.22 1.36 6.23 5.56 5.71

Salicylicacid T4 73.33 63.33 73.33 1.19 1.12 1.28 6.23 5.74 5.85
T5 66.67 70.00 63.33 1.15 1.23 1.09 5.89 5.74 5.95
T6 63.33 63.33 63.33 1.07 1.09 1.13 6.00 5.95 5.68
T7 66.67 76.67 60.00 1.14 1.38 1.04 5.95 5.70 5.89

LSDpriming x

treatments x saline ns ns ns

doses

ns:non-significant

—
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Table 9. Effect of priming x treatments (SA) x saline doses interaction on stem length, root length, and root fresh weight
of broad bean.

Cizelge 9. On uygulama x salisilik asit uygulamalar x tuz dozlari interaksiyonunun baklamin gévde uzunlugu, kok uzunlugu ve
kék yas agirligina etkisi.

Stem length (cm) Root length (cm) Root fresh weight (g)

Saline doses Saline doses Saline doses

Priming x Treatments x

. Control 75mM 150 mM Control 75mM 150 mM Control 75mM 150 mM
Saline Doses

T1 38.30 38.15 37.10 29.31 29.12 28.20 3.409 3.088 2.830
T2 39.38 38.90 36.61 30.34 30.00 27.50 3.400 3.337 2.969
T3 39.24 37.38 37.01 30.33 28.27 27.98 3413 3.269 3.041
Control T4 37.72 38.33 37.12 28.62 29.30 28.12 3.344 3.234 3.064
T5 38.26 37.36 37.84 29.23 28.36 28.84 3.308 3.306 3.147
T6 38.51 38.43 37.28 29.51 29.43 28.24 3.374 3.279 3.134
T7 37.67 37.65 38.20 28.67 28.61 29.29 3.219 3.024 3.114
T1 38.98 36.45 36.11 29.88 27.42 27.12 3.347 3.007 2.796
T2 37.63 38.60 37.01 28.60 29.61 28.01 3.318 3.303 3.033
T3 38.54 37.45 37.75 29.54 28.46 28.72 3.380 3.333 3.125
Hydropriming T4 38.64 38.56 37.16 29.64 29.52 28.26 3.408 3.317 3.099
T5 38.32 38.98 38.10 29.28 30.07 28.99 3.392 3.342 3.085
T6 39.47 38.62 37.83 30.57 29.52 28.81 3410 3.217 3.053
17 38.19 36.56 36.77 29.08 27.54 27.77 3.157 2.942 3.080
T1 38.59 36.52 36.56 29.59 27.48 27.65 3.393 3.070 2.814
T2 38.54 38.54 36.61 29.50 29.64 27.50 3.382 3.321 2.951
T3 38.34 38.60 37.88 29.43 29.49 28.85 3.397 3.251 3.025
Salicylic acid T4 39.13 38.65 37.77 30.02 29.63 28.78 3.326 3.218 3.046
T5 38.70 37.81 36.95 29.68 28.81 27.96 3.292 3.288 3.131
T6 37.69 37.85 37.54 28.69 28.85 28.50 3.356 3.263 3.116
T7 38.21 36.93 37.48 29.21 27.90 28.57 3.203 3.006 3.098

LSDpriming x treatments

x saline doses ns ns ns
ns:non-significant
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Table 10. Effect of priming x treatments (SA) x saline doses interaction on root dry weight, stem fresh weight, and stem
dry weight of broad bean.
Cizelge 10. On uygulama x salisilik uygulamalart x tuz dozlar interaksiyonunun baklamn kok kuru agirhig, goode yas agirhigi ve
govde kuru agirlidina etkisi.

Root dry weight (g) Stem fresh weight (g) Stem dry weight (g)

Saline doses Saline doses Saline doses

Priming x Treatments x

) Control 75mM 150 mM Control 75mM 150 mM Control 75mM 150 mM
Saline Doses

T1 0.362 0.358 0.328 5.005 4.692 4.420 0.533 0.522 0.492
T2 0.393 0.379 0.314 5.004 4.928 4.628 0.556 0.543 0.492
T3 0.389 0.336 0.325 5.004 4.928 4.728 0.552 0.516 0.505
Control T4 0.346 0.363 0.328 5.003 4.920 4.689 0.525 0.539 0.502
T5 0.361 0.335 0.349 4.995 4.932 4.743 0.539 0.513 0.516
T6 0.368 0.366 0.333 4.999 4.875 4.738 0.539 0.532 0.505
T7 0.344 0.344 0.359 4.815 4.628 4.705 0.514 0.510 0.523
T1 0.382 0.309 0.300 5.006 4.693 4421 0.553 0.491 0.473
T2 0.343 0.371 0.325 5.005 4.929 4.629 0.526 0.540 0.495
T3 0.369 0.338 0.347 5.005 4.929 4.729 0.540 0.513 0.515
Hydropriming T4 0.372 0.369 0.330 5.004 4921 4.690 0.540 0.536 0.499
T5 0.363 0.382 0.356 4.996 4.933 4.744 0.534 0.544 0.527
T6 0.396 0.371 0.349 5.000 4.876 4.740 0.557 0.542 0.523
17 0.359 0.313 0.318 4.816 4.629 4.706 0.531 0.492 0.494
T1 0.370 0.311 0.312 4.989 4.674 4.404 0.539 0.486 0.479
T2 0.369 0.369 0.314 4.986 4912 4.610 0.538 0.535 0.491
T3 0.363 0.371 0.350 4.988 4910 4.712 0.533 0.542 0.524
Salicylicacid T4 0.386 0.372 0.347 4.985 4.904 4.671 0.555 0.545 0.516
T5 0.374 0.348 0.324 4.979 4914 4.727 0.549 0.522 0.497
T6 0.345 0.349 0.340 4.981 4.859 4.720 0.522 0.519 0.510
17 0.360 0.323 0.339 4.799 4.610 4.689 0.525 0.493 0.506
LSDpriming x ns ns ns

treatments x saline doses

ns:non-significant

—
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Table 11. Effect of priming x treatments (SA) x saline doses interaction on chlorophyll content before salt application,
chlorophyll content after salt application, and chlorophyll content before harvest in broad bean.

Cizelge 11. On uygulama x salisilik asit uygulamalar1 x tuz dozlari interaksiyonunun tuz uygulamas: éncesi klorofil igerigi, tuz
uygulamast sonrasi klorofil igerigi ve hasat oncesi klorofil icerigi iizerine etkisi.

Chlorophyll content before ~ Chlorophyll content after =~ Chlorophyll content before
salt application salt application harvest

Saline doses Saline doses Saline doses

Priming x Treatments x

. Control 75mM 150 mM Control 75mM 150 mM Control 75mM 150 mM
Saline Doses

T1 44.7 43.7 411 42.0 40.8 38.2 47.2 46.8 43.8
T2 48.9 46.5 39.1 45.3 43.7 36.4 50.3 48.9 42.4
T3 47.6 42.8 41.3 44.6 39.6 38.3 49.9 44.6 43.5
Control T4 43.1 44.8 41.4 40.1 42.0 38.9 45.6 47.3 43.8
T5 449 42.0 43.4 42.2 39.1 40.6 47.1 44.5 459
T6 449 454 41.8 422 42.7 38.8 47.8 47.6 443
17 425 43.3 45.0 39.8 39.7 42.0 45.4 45.4 46.9
T1 46.3 39.8 38.4 43.5 37.0 35.5 49.2 419 41.0
T2 42.4 45.4 41.5 39.7 42.5 38.6 45.3 48.1 43.5
T3 449 421 43.2 419 39.2 40.0 47.9 44.8 45.7
Hydropriming T4 46.0 44.8 41.8 429 419 38.3 48.2 47.9 44.0
T5 45.2 46.9 44.0 42.3 43.9 40.6 47.3 49.2 46.6
T6 48.1 459 44 .4 45.3 43.2 40.6 50.6 48.1 459
17 44.3 40.0 40.9 41.4 37.0 37.9 46.9 42.3 42.8
T1 45.6 40.1 40.3 42.8 37.2 37.0 48.0 421 42.2
T2 45.9 45.6 40.5 42.4 42.6 37.4 47.9 47.9 42.4
T3 45.9 45.5 44.1 424 42.6 40.7 47.3 48.1 46.0
Salicylicacid T4 47.0 47.0 43.2 43.9 43.3 40.2 49.6 48.2 45.7
T5 45.8 43.5 41.3 42.7 40.2 38.4 48.4 45.8 43.4
T6 43.1 43.7 42.5 39.4 40.3 39.4 45.5 459 45.0
T7 45.3 40.6 429 41.7 37.3 39.2 47.0 43.3 449

LSDpriming x treatments

x saline doses ns ns ns
ns:non-significant
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CONCLUSION

In this study, which was conducted to determine the effects of different application methods and doses of
salicylic acid on the early development stages of broad beans grown under salt stress, germination rate,
germination index, average germination time, stem length, root length, stem fresh weight, stem dry weight,
root fresh weight, root dry weight, chlorophyll content before salt application, chlorophyll content after
salt application and chlorophyll content before harvest were examined. While hydropriming had a positive
effect on germination-related properties, salicylic acid pre-application was found to have negative effects.
On the other hand, it has been determined that foliar and soil application of salicylic acid has positive
effects on plant development. Increasing effects of salicylic acid compared to the control were detected in
all parameters except germination parameters. Regardless of whether salicylic acid is applied foliar or soil,
stem length, root length, stem fresh weight, root fresh weight, stem dry weight, root dry weight,
chlorophyll content before salt application, chlorophyll content after salt application and chlorophyll
content before harvest. While increasing the values compared to the control; Increasing salt concentration
decreased these values compared to the control. It was determined that the salt x salicylic acid interaction
had significant effects on the parameters examined. It has been determined that in plants where salt and
salicylic acid are applied together, salicylic acid has a reducing effect on the negative effects of salt on the
plant. It was concluded that 0.5 mM SA application is an effective method in terms of improving salinity
tolerance and promoting plant development in broad bean.
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Abstract: This study was conducted under laboratory conditions to determine the effects of priming pretreatments (GAs, KNOs and H20) on germination
and seedling development of sweet sorghum exposed to different levels (0, 75, 150 and 300 mg 1) of lead, cadmium and nickel stress. The results of the
research revealed that, in general, heavy metals negatively affected both germination and seedling growth properties. However, the severity of the
negative effect showed significant differences depending on the kind and dose of the heavy metal. It has been determined that the negative effects of
cadmium and nickel were higher than lead. Among the priming pre-treatments, it was determined that in general, pre-application with H.O was
sufficient, and there was no need for other priming agents. However, it has been determined that heavy metals significantly reduce root and seedling
growth even at low doses. This situation showed that even if germination occurred, healthy plant growth would not occur at heavy metal doses above
150 mg 1.
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Oz: Bu galisma, laboratuvar kosullarinda farkli diizeylerinde (0, 75, 150 ve 300 mg 1) kursun, kadmiyum ve nikel stresine maruz birakilan tatli sorgumun
¢imlenmesi ve erken fide gelisimi tizerine tohum priming 6n uygulamalarinin (GAs, KNOs ve H:0) etkilerini belirlemek amaciyla ytiriitilmistiir.
Arastirma sonuglari genel olarak agir metallerin hem ¢imlenme hem de fide 6zelliklerini olumsuz yonde etkiledigini ortaya koymustur. Bununla birlikte
ag1ir metalin tiiriine ve dozuna bagli olarak olumsuz etkinin siddeti 6nemli farkliliklar géstermistir. Kadmiyum ve nikelin olumsuz etkisinin kursundan
daha yiiksek oldugu belirlenmistir. Priming 6n muamelelerinden genel olarak H:O ile 6n uygulamanin yeterli oldugu, ayrica bir uyarici 6n
uygulamasina ihtiya¢ olmadig: belirlenmistir. Ayrica, agir metallerin diisitk dozlardan itibaren kok ve fide gelisimini ¢ok ciddi derecede azalttig: tespit
edilmistir. Bu durum ¢imlenme gergeklesse bile 150 mg 1! iizerinde agir metal diizeylerinde saglikli bitki gelisiminin olmayacagini gostermistir.
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INTRODUCTION

Sweet sorghum is a member of the Poaceae family and is an annual energy crop that uses Cs photosynthesis.
Sorghum species have a great potential in terms of being an alternative to corn and other cultivated plants
both in the utilization of dry lands and in seasons when water is limited in irrigated agricultural areas
(Akinseye et al., 2020). Sorghum is a multi-purpose plant that can be used as a bioenergy source, sugar and
paper, as well as human and animal nutrition (Almodares et al. 2008). Since its potential for non-food use
is high and monocotyledonous plants are generally more tolerant to heavy metal stress (Jadia and Fulekar,
2008), sweet sorghum is a potential plant in the evaluation and reclamation of areas contaminated with
heavy metals.

Among the heavy metals, approximately 20 elements attract ecological attention (Fe, Mn, Zn, Cu, V, Mo,
Co, Ni, Cr, Pb, Be, Cd, T1, Sb, Se, Sn, Ag, As, Hg, Al) and some of them can be micronutrients (Fe, Cu, Zn,
Mn, Mo, Ni) for plants and animals and are not toxic as long as they do not exceed a certain limit (Okcu et
al., 2009). Human activities have caused high levels of heavy metal accumulation in rural soils (Wierzbicka
and Obidzinska, 1998). Heavy metals are important abiotic stress factors that can cause stress in plants.
Stress affects the physiology of plants, changes their genetic potential, restricts their productivity and
causes large amounts of product losses by causing their death (Saharan et al., 2022).

Lead (Pb), which is among the heavy metals, is one of the most dangerous heavy metals due to its high
level in the environment in certain areas. While lead accumulated in the soil enters plants through their
root systems, lead released into the air from dust and automotive exhaust accumulates directly in the
above-ground parts of the plant (Wierzbicka and Obidzinska, 1998). The results of research conducted on
different plant species have shown that lead negatively affects the germination and seedling characteristics
of plants (Heidari and Sarani, 2011; Shafiq et al., 2008). In their study investigating the responses of different
plant species to lead toxicity, Wierzbicka and Obidzinska (1998) reported that the response of the species
was different, and lead uptake was delayed in species with an impermeable seed coat layer.

Cadmium (Cd) is a highly toxic metal that has come to the fore today with its various uses and its important
role in environmental pollution. The main reason why cadmium has been on the agenda as a pollutant
recently is that it is toxic even at very low doses and has a long biological half-life (Okcu et al., 2009). Cd
enters agricultural soils mostly through anthropogenic activities such as the use of phosphate fertilizers,
industrial activities and the application of sewage sludge (Abbas et al., 2018). Many researchers have
emphasized the toxic effect of cadmium on plants (Haider et al., 2021; Rizwan et al., 2016). The results of
research conducted with different plant species to determine the effects of cadmium on plant germination
and seedling development have revealed that plants are negatively affected by increasing cadmium doses,
but the tolerance thresholds of species to cadmium differed (Aydinalp and Marinova, 2009; Houshmandfar
and Moragebi, 2011; Kabir et al., 2008; Shafiq et al., 2008; Smiri, 2011).

While low doses of nickel (Ni) are necessary for the plant, it is known that its amount increases in the
ecological environment with increasing human activities, chemical fertilizers, chemical pesticides and
residential and industrial wastes (Ceritoglu et al., 2023) and as a result, excessive concentrations have
negative effects on plants. (Ahmad et al., 2023; Sethy and Ghosh, 2013). High doses of nickel have a toxic
effect on the growth and development of plants, starting from the germination stage (Razaq and Kadhim,
2018). Indeed, Akinct and Akinci (2011), and Aydinalp and Marinova (2009) observed the effects of nickel
on germination and early seedling stages in different plant species.

Seed germination is one of the most delicate stages of the plant life cycle. Both the seed during the
germination phase and the seedling formed after germination are extremely sensitive to abiotic stress
factors such as heavy metals, and if damaged, the life cycle of the plant may end before it begins. In the
presence of stress conditions, pre-planting seed priming treatments can provide successful results in
ensuring germination occurs without any problems. Priming is the general name for commercially
accepted seed practices that promote uniform germination, emergence and growth. Agents such as KNOs3,
PEG (Mavi et al. 2010) and GAs (Kaur et al., 2023) are used in seed priming applications.
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In the light of this information, one of the targets of this study is to determine the effect of some priming
pre-treatments on germination and seedling development of sweet sorghum under certain heavy metal
stress with different doses.

MATERIAL AND METHOD

The study was carried out as a laboratory study at Hatay Mustafa Kemal University, Faculty of Agriculture.
Erdusmus cultivar of sweet sorghum (Sorghum bicolor var. saccharatum (L.) Mohlenbr.) was used as plant
material in the study. In the research, three different concentrations (75, 150, 300 mg 1) of three heavy
metals (Lead (Pb), Cadmium (Cd) and Nickel (Ni)) and distilled water as control application were taken
into consideration. In addition, H20, 2% KNOs and 500 ppm GAswere used as priming agents to determine
the effect of priming applications on germination of seeds exposed to heavy metals.

Priming was applied by keeping the seeds of the species that underwent surface sterilization (10 minutes
with 1% sodium hypochlorite solution) before planting the seeds, in KNOs and GAs solutions prepared in
the specified doses at 25 °C for 12 hours. In addition, a group without a priming agent was prepared for
planting being kept in distilled water (Hydropriming) under the same conditions as priming treatments
for 12 hours after sterilization as control treatment.

The seeds, to which the necessary pre-treatments were applied, were placed on filter paper placed in two
layers in petri dishes with a diameter of 9 cm, with 25 seeds in each petri dish. The 10 ml of the stock
solution of all heavy metals prepared at doses of 75, 150, 300 mg 1! (previously prepared as a 11 stock
solution) and distilled water as control treatment were added to the petri dishes. The petri dishes, the edges
of which were covered with parafilm to prevent water loss, were placed in a climate cabinet set at a
temperature of 25+ 1 °C and 16/8 h light/dark condition. In the experiment, the germination-related
characteristics examined were recorded every day until the 10" day. On the tenth day, seedling
measurements were made on 10 plants that germinated in each petri dish.

Germination rate (GR) (1) (Akinc1 and Caliskan, 2010), germination index (GI) (2) (Korkmaz et al., 2023),
and mean germination time (MGT) (3) (Fedeli et al., 2023) values were calculated according to the following
formulas to interpret germination characteristics:

GR = number of seeds germinated % 100 )
= ( total number of seeds sown )

GI = Z(% ()

Where Gt is the number of seeds germinated on the day, and Tt is the number of days up to th day.

MGT = Z(n x d)/N 3)

Where n is the number of newly germinated seeds on each day, d is the day of counting and and N is the
total number of seeds germinated at the end of the experiment.

The research was established and carried out according to the factorial arrangement of a completely
randomized design with four replications. The first factor was the kind of heavy metal (Pb, Cd and Ni), the
second was the doses of heavy metal (0, 75, 150, and 300 mg 1), and the third was the priming treatment
(KNOs, GAs and hydropriming). All data obtained from the present experiments were subjected to an
analysis of variance with the use of MSTAT-C statistical software. Duncan multiple range test was used to
determine statistical differences among mean values (p<0.05).
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RESULTS AND DISCUSSION

Germination Rate

The results of the analysis of variance applied to the germination rate values determined under different
metal types, metal doses and priming treatments in sweet sorghum were given in Table 1. As shown in
Table 1, the effects of the experimental factors individually and their double and triple interactions were
found to be statistically significant at a 1% significance level.

Table 1. Mean squares of the combined analysis of variance for investigated characters.
Cizelge 1. Incelenen ézelliklerin varyans analizi sonucu belirlenen kareler ortalamalar:.

Mean Squares

Source of variation d.f GR MGT GI Root Length Shoot Length

Heavy Metal Type (A) 2 8420.111** 0.114 319.475** 289.418** 15720.924**
Heavy Metal Level (B) 3 11964.852** 11.338** 983.784** 40792.096** 32581.233**
AXB 6 1192.852** 0.137 50.901** 144.513** 2617.114**
Priming (C) 2 4364.111** 0.706* 222.213** 359.609** 3787.45**
AXC 4 409.444** 2.357%* 50.209** 31.045 420.583**
BXC 6 363.519%* 0.721** 29.953** 390.423** 820.529**
AXBXC 12 185.519** 0.427* 2.267 43.179 174.508**
Residual 108 41.926 0.218 4.605 40.859 42.528

* Significant at the 0.05 probability level, ** Significant at the 0.01 probability level.

According to the results of the research, it was determined that germination rates differed significantly
depending on the heavy metal type, and the germination rate of sweet sorghum under cadmium stress
(54.3%) was significantly lower than the germination rates determined in plants under nickel (74.4%) and
lead (79.3%) treatments (Table 2). Especially the presence of cadmium in the germination medium had a
more negative effect on the germination of sweet sorghum seeds. Similarly, Shafiq et al. (2008) reported
that the negative effects of cadmium on seed germination of Leucaena leucocephala were greater than for
lead. Caliskan (2009) reported that the negative effects of cadmium are higher than nickel in line with our
findings, while some researchers have expressed opposite results (Akar and Atis, 2018; Akar and Atis, 2019;
Houshmandfar and Moraghebi, 2011). This can be explained by the different response of different plants
to heavy metal species. Heidari and Sarani (2011) reported that the germination rate of mustard decreased
significantly with increasing lead and cadmium levels.

Germination rates showed a significant difference depending on the increase in heavy metal levels. The
germination rates were 90.6%, 75.0%, 64.8% and 47.1% for increasing heavy metal levels (0, 75, 150 and 300
mg 17, respectively) (Table 2). A continuous decrease was observed with increasing levels and each heavy
metal level was in a separate statistical group. It can be said that germination was suppressed due to
increasing heavy metal levels. At the highest dose of 300 mg 1, the average germination rate decreased by
48% compared to the control. Heidari and Sarani (2011) reported that the germination rate of mustard
decreased significantly with increasing lead and cadmium levels. It has also been reported by other
researchers that the presence of heavy metals in the environment and increasing doses increase the negative
effect on seed germination (Akar and Atis, 2018; Ertekin and Bilgen, 2021; Kabir et al., 2008). Furthermore,
Wierzbicka and Obidzinska (1998), who studied the effects of lead on the germination of different plant
species, reported that germination results were not dependent on concentration but on the absolute amount
of lead per unit of seed mass. In hydropriming pre-treatments, the germination rate was higher than the
seeds pretreated with GAs and KNOs. While the average germination rate of the seeds kept in distilled
water was 77.4%, the mean germination rates of GAs and KNOs pre-treatments were 71.8% and 58.8%,
respectively (Table 2). This indicates that seed priming agents present in the environment together with
heavy metals may also have a negative effect (Akar and Atis, 2018; Akar and Atis, 2019).
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Table 2. Sweet sorghum germination rate values determined in different heavy metal types, heavy metal levels and
priming treatments (%).
Cizelge 2. Farkli agir metal tipi, agir metal diizeyi ve priming uygulamalar: altinda tatl sorqumun ¢imlenme orani degerleri (%).

Heavy Metal Types MEAN
Heavy Metal  Lead Cadmium Nickel (Priming)
Levels
0mgl! 94.0 abc* 95.0 ab 96.0 ab
75 mg 11 94.0 abc 72.0 gh1 98.0 a .
B0 o mg 17 80.0 f-1 440n 86.0 b-f 774 A
300 mg 1 73.0 ght 27.0 op 70.0 1
. 0 mgl? 94.0 abc 92.0 a-d 91.0 a-e
R 75 mg 1! 82.0d-g 50.0 Imn 81.0 e-h
§ GA somg 82.0 d-g 60.0 k 81.0 e-h 718 B
300 mg 11 59.0 kI 43.0n 47.0 mn
0 mg 1! 81.0 e-h 88.0 a-f 84.0 c-f
75 mg 1! 80.0 f-1 47.0 mn 71.0 1
KNG —somg1n 72.0 ghi 230 p 55.0 kIm 588 C
300 mg 11 61.0 jk 11.0q 33.00
MEAN 79.3 A+ 543 C 744 B
(Heavy Metal Types)
MEAN (Heavy Metal 0 mg 1! 75 mg 1! 150 mg 1! 300 mg 1
Levels)
90.6 A+ 75.0 B 64.8 C 471D

") Means with different capital letters in the same column are statistically different from each other.

*) Means with different capital letters in the same line are statistically different from each other.

*) Means with different lowercase letters in the same row and column are statistically different from each other.
) Means with different capital letters in the same line are statistically different from each other.

(
(
(
(
The results of variance analysis revealed that the heavy metal type x heavy metal level interaction was
statistically significant (Table 1). This was due to the different effects of different heavy metal types on
germination at different heavy metal levels. While the highest germination rate value was determined in
the control treatment, increasing doses generally caused a decrease in germination. While 75 mg 11 lead
application did not cause a statistically significant decrease compared to the control, the same dose of the
other two heavy metal types caused a statistically significant decrease in germination rate (Figure 1a). As
seen in the figure, the increase in cadmium level caused more serious decreases in germination rate. As a
matter of fact, the lowest germination rate value was obtained in 300 mg I cadmium treatment with 27.0%
and the second lowest value was obtained in 150 mg 1! cadmium treatment with 42.3%. The germination
rates determined for all heavy metal levels, except 300 mg 1 level, in lead and cadmium treatments were
statistically similar. However, a lower germination rate was determined in nickel application at 300 mg 1!
dose compared to lead application at the same level. The effect of each heavy metal on different plant
species varies. Indeed, Akar and Atis (2018) examined the effect of heavy metals on the germination of
perennial ryegrass seeds and found that contrary to our findings, the negative effects of nickel started at
lower doses than cadmium.

The effect of heavy metal type x priming interaction on germination rate was found significant (Table 1).
In general, H20 pre-treatment was more effective in lead and nickel polluted germination environments.
In cadmium contaminated mediums, a higher germination rate was obtained in H20 and GAs pre-
treatments compared to KNOs. The highest germination rate (87.5%) was determined in nickel pretreated
with H2O, followed by lead pretreated with H20 and both treatments were statistically similar. The lowest
value (42.3%) was determined in cadmium pretreated with KNOs (Figure 1b).
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Figure 1. Effect of (a) heavy metal type x heavy metal level interaction, (b) heavy metal type x priming interaction, (c)
heavy metal level x priming interaction on germination rate

Sekil 1. Cimlenme oram iizerine (a) agir metal tipi x agwr metal diizeyi, (b) agir metal tipi x priming, (c) agwr metal diizeyi x
priming interaksiyonlarinin etkisi

Germination rate values were significantly affected by the metal dose x priming interaction (Table 1). At
all heavy metal levels, the KNOs priming application lagged behind the other two applications in
preventing the decline of germination rate. While no significant change occurred between 75 and 150 mg 1-
1]evels in GAs priming treatment, the germination rate decreased significantly with increasing heavy metal
dose in other priming treatments. At 300 mg ! heavy metal level, the highest germination rate was found
in H2O pre-treatment (Figure 1c).

Analysis of variance results (Table 1) showed that the effect of metal type x metal level x priming triple
interaction on germination rate was statistically significant. Germination rate values ranged between 11.0%
and 98% among all treatments (Table 2). In seeds exposed to cadmium, the germination rate generally
showed a more significant decrease with increasing levels. However, at the highest dose of 300 mg I
cadmium, the germination rate of the GAs priming treatment was 43%, which was better than the other
two priming treatments. For other heavy metal types, it can be said that H-O and GAs priming applications
had similar effects against increasing heavy metal levels. As a result, the germination rate decreased
significantly with increasing heavy metal levels. However, the response of sweet sorghum to heavy metal
types was different. Especially cadmium had a more severe negative effect on the germination of sweet
sorghum. In priming treatments, H-O and GAs gave more favorable results, while KNOs did not contribute
to the maintenance of germination against heavy metals.

Mean Germination Time

The effects of metal level, metal type x priming and metal level x priming binary interactions on the mean
germination time of sweet sorghum were significant at a 1% level, while the effects of priming and triple
interaction were significant at a 5% level. The effects of metal type and metal type x metal level binary
interactions on mean germination time were statistically insignificant (Table 1). The mean germination
times for control, 75, 150 and 300 mg 1! treatments were 1.56, 1.89, 2.52 and 2.79 days, respectively (Table
3). Each heavy metal level was in a statistically different group from each other. The mean germination
time of sweet sorghum was prolonged in parallel with the increasing heavy metal content depending on
the heavy metal level. It was also reported by other researchers that germination time was prolonged due
to increasing heavy metal concentration (Akinci and Akinci, 2011; Cokkizgin and Cokkizgin, 2010;
Caligkan, 2009). In contrast to this finding, Aygiin et al. (2022) reported that the germination time of quinoa
was shortened with increasing heavy metal concentration and the response of genotypes was different in
terms of germination time. This showed that the responses of plant species were variable in terms of
germination time under heavy metal stress.
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Table 3. Sweet sorghum mean germination time values determined in different heavy metal types, metal levels and
priming treatments (day).

Cizelge 3. Farkli agir metal tipi, agir metal diizeyi ve priming uygulamalar: altinda tath sorgumun ortalama cimlenme siiresi
degerleri (%).

Heavy Metal Types MEAN
Heavy Metal Lead Cadmium Nickel (Priming)
Levels
0 mgl? 1.91 g-o* 1.61 j-o 1.25 no
75 mg 1! 2.00 f-n 1.72 h-o 1.16 o .
B0 o omg 336a 2.90 a-d 2.24 -k 226 A
300 mg 11 3.22 ab 3.35a 2.43 c-i
. 0 mgl? 14310 1.30 mno 1.49 k-o
g 75 mg 11 1.72 h-o 1.70 h-o 2.36 ¢
é CA Hsomg 7 1.71 h-o 247 b-h 2.25 c-k 2058
300 mg 1! 1.94 g-o 3.21 ab 3.01 abc
0 mgl? 1.65 i-o 1.69 h-o 1.76 g-o
75 mg 11 1.86 g-o 2.32 ¢ 2.14 d-1
KNG o mg 17 2.78 a-f 242 c-i 253b-g 225 A
300 mg 1 2.84 a-e 2.08 e-m 3.00 abc
MEAN 2.20 2.23 2.13
(Heavy Metal Types)
MEAN (Heavy Metal 0 mg 1! 75 mg 1! 150 mg 1! 300 mg 1!
Levels)
1.56 D* 1.89 C 2.52 B 2.79 A

(") Means with different capital letters in the same column are statistically different from each other.
(*) Means with different capital letters in the same line are statistically different from each other.
(*) Means with different lowercase letters in the same row and column are statistically different from each other.

The mean germination time of sweet sorghum showed significant differences depending on the priming
treatments. The mean germination times for H20, GAs and KNOs were calculated as 2.26, 2.05 and 2.25
days, respectively (Table 3). GAs pre-treatment provided statistically faster germination than the other two
priming treatments. Akar and Atis (2019) determined that GAs provided faster germination in red fescue,
while Akar and Atis (2018) reported that priming treatments did not significantly affect the germination
time of tall fescue under heavy metal stress.

The mean germination time varied between 1.70 days and 2.62 days depending on the heavy metal type x
priming interaction (Figure 2a). The fact that the seeds reacted differently to different heavy metal types in
different priming treatments in terms of mean germination time caused the interaction to be significant. It
can be said that GAs pre-treatment can provide faster germination in fields contaminated with lead, while
H20 pre-treatment can provide faster germination in fields contaminated with nickel. KNOs pre-treatment
did not cause earlier germination regardless of heavy metal type. Galhaut et al. (2014) reported that
germination time in heavy metal contaminated fields varied depending on the priming agent used and
priming duration.

The mean germination times varied between 1.41 days and 3.00 days depending on the heavy metal level
x priming interaction (Figure 2b). The fastest germination was obtained in the control treatment pre-treated
with GAs. However, this value was not statistically different from the other priming pre-treatments. GAs
priming pre-treatment resulted in faster germination than other priming pre-treatments at a heavy metal
dose of 150 mg I''. When the heavy metal dose increased to 300 mg 1, there were no significant differences
among the pre-treatments.
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Figure 2. Effect of (a) heavy metal type x priming interaction, (b) heavy metal level x priming interaction, on mean
germination time.
Sekil 2. Ortalama ¢imlenme siiresi fizerine (a) agir metal tipi x priming, (b) agir metal diizeyi x primingi interaksiyonlarimin etkisi.

According to the averages of heavy metal level x heavy metal type x priming interaction, the mean
germination time varied between 1.16 days and 3.36 days (Table 3). The germination speed of lead treated
seeds was generally maintained with GAs pretreatment despite the increasing heavy metal level. In
cadmium and nickel treatments, mean germination time was prolonged with increasing level for all
priming treatments. GAs and H:0 treatments generally prevented the mean germination time of seeds
exposed to 75 mg 1" nickel and cadmium from prolonging compared to the control, except for the nickel
GAs treatment.

Germination Index

The effect of experimental factors and their binary interactions on germination index was found to be
statistically significant at a 1% level of significance, while the effect of triple interactions was found to be
insignificant (Table 1). According to the results of the research, germination index values differed
significantly depending on the heavy metal type, and the germination indices of sweet sorghum under lead
(15.4) and nickel (14.9) stress were significantly higher than the germination index determined in plants
under cadmium stress (10.7) (Table 4). This indicates that the presence of cadmium in the germination
medium has a more negative effect on germination. It was also reported by other researchers that the
germination index decreased under heavy metal stress and the effect level of each heavy metal was
different (Akar and Atis, 2018; Ertekin and Bilgen, 2021; Ertekin et al., 2020). As a matter of fact, Caliskan
(2009) reported that this negative effect varies according to different ionic properties of heavy metals and
tolerance characteristics of plant species. In addition, the researcher emphasized that it is possible to rank
the degree of impact of the heavy metals used as Cd>Cr>Ni>Pb starting from toxic. Germination index
values of sweet sorghum showed significant differences depending on heavy metal levels. Germination
index values varied between 7.7 and 19.9 depending on heavy metal doses (Table 4). Seeds exposed to
heavy metals germinated significantly slower and less than the control. The germination index values of
heavy metal treated seeds decreased significantly for each increasing level. Our findings that increasing
heavy metal dose decreased the germination index support the results of some other researchers (Akar and
Atis, 2018; Akar and Atis, 2018; Akinct and Akinci, 2011).

Priming treatments caused significant differences in germination index. While the germination index was
15.3 and 14.5 in H20 and GAs treatments, respectively, these two values were statistically similar. KNOs
treatment had a lower germination index value (11.2) compared to other pretreatments (Table 4). This
indicates that H2O and GAs treatments gave better results in terms of promoting germination of sweet
sorghum. Similarly, Espanany et al (2016) reported that the effect of different priming treatments varied in
the presence of heavy metals and salicylic acid pretreatment improved germination characteristics in black
cumin under cadmium stress. In similar studies carried out in different plants under heavy metal stress, it
was reported that priming applications generally positively affected germination (Kumar et al., 2016;
Moulick et al., 2016). In parallel with our findings, Sneideris et al. (2015) found that priming with hormones
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improved germination characteristics, but the values obtained in these treatments were not statistically
different from hydropriming (H20). Akar and Atis (2018) found that the germination index of tall fescue
under heavy metal stress was negatively affected by GAs and KNOs priming treatments. This indicates that
plant species under heavy metal stress react differently to priming agents.

Table 4. Sweet sorghum germination index values determined in different heavy metal types, metal levels and priming
treatments.
Cizelge 4. Farkli agir metal tipi, agir metal diizeyi ve priming uygulamalar: altinda tatl sorqumun cimlenme indeksi degerleri.

Heavy Metal Types MEAN
Heavy Metal Lead Cadmium Nickel (Priming)
Levels
0 mgl! 194 20.8 22.8
75 mg 11 18.9 15.2 23.6
H 153 A”
0 somgh 12.0 7.0 16.3 >3
300 mg 1! 11.1 3.9 12.2
%D 0 mgl? 21.2 21.4 20.5
R 75 mg 11 17.6 10.6 14.9
GA 145 A
: * 150mgH 172 10.5 15.2
2 300 mg 11 11.7 6.2 76
0 mgl? 17.3 18.5 174
75 mg 11 16.5 8.6 13.6
KN 112 B
O somgl 122 4.0 9.6
300 mg 1 10.2 1.9 4.9
MEAN 15.4 A~ 10.7 B 149 A
(Heavy Metal Types)
MEAN (Heavy Metal 0 mg]l! 75 mg 1! 150 mg 1 300 mg 1
Levels)
19.9 A+ 15.5B 11.6 C 7.7D

(") Means with different capital letters in the same column are statistically different from each other.
(*) Means with different capital letters in the same line are statistically different from each other.
(*) Means with different capital letters in the same line are statistically different from each other.

Sweet sorghum germination index values determined as a results of heavy metal type x heavy metal level
interaction were given in Figure 3a. As seen in the figure, germination index values varied between 4.0 and
20.2. Seeds exposed to cadmium had lower germination index values than seeds exposed to other heavy
metals. Also, the germination index value was not different from the control treatment in 75 mg 1 lead
treatment.

(a) 0 =75 m 150 m 300 (b) = H20 = GA3 mKNO3 ) H20 = GA3 mKNO3
| 2(;.2 2(;.2 18.7 mo
5 abl7.7 17.4 16.9 a s 192
.i be c > 14.6 177
13.8 13.7 c
S q m 3 N B 11'7112 B [ -
:,E: - . 86 %lgs
O f e | epgg
l :
LEAD CADMIUM NICKEL LEAD CADMIUM NICKEL 0 75 150 300

Figure 3. Effect of (a) heavy metal type x heavy metal level interaction, (b) heavy metal type x priming interaction, (c)
heavy metal level x priming interaction on germination index.

Sekil 3. Cimlenme indeksi iizerine (a) agr metal tipi x agwr metal diizeyi, (b) agir metal tipi x priming, (c) agir metal diizeyi x
priming interaksiyonlarimin etkisi.
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Germination index values varied between 8.2 and 18.7 according to the heavy metal type x priming
interaction. While H20 was the best priming treatment for sweet sorghum under nickel stress, the highest
value for lead and cadmium was obtained in the GAs priming treatment. KNOs was the pretreatment with
the lowest germination index value for all heavy metal types (Figure 3b).

Germination index values varied between 5.7 and 21.0 depending on the heavy metal dose x priming
interaction (Figure 3c). It can be said that the germination index value decreased with increasing heavy
metal levels. However, the fact that the control and 75 mg 1" heavy metal level treatments subjected to H-O
pretreatment and 75 and 150 mg 1! heavy metal level treatments subjected to GAs pretreatment were
statistically in the same group may have caused the interaction to be significant. At 75 mg 1! heavy metal
level, H20 pretreatment gave better results, while at 150 mg 1! level GAs pretreatment gave better results.

Root Length

The results of the analysis of variance applied to the root length values of sweet sorghum showed that the
effects of heavy metal type, metal levels and priming treatments on root length were significant at a 1%
level of significance. In addition, heavy metal type x metal level and heavy metal level x priming
interactions were also significant at a 1% level (Table 1). The average root lengths determined for lead,
cadmium and nickel were 22.01, 18.43 and 17.31 mm respectively, while the values determined for
cadmium and nickel were statistically similar. The mean value determined for lead was statistically higher
than the others (Table 5).

Table 5. Sweet sorghum root length values determined in different heavy metal types, metal levels and priming
treatments (mm).
Cizelge 5. Farkli agir metal tipi, agir metal diizeyi ve priming uygulamalari altinda tatl sorqumun kék uzunlugu degerleri (mmy).

Heavy Metal Types MEAN
Heavy Metal Lead Cadmium Nickel (Priming)
Levels
0 mg 1! 90.75 83.20 72.55
75 mg I 13.70 1.00 1.00 .
H:0 150 mg 1 1.00 1.00 1.00 22.29 A
300 mg 11 1.00 0.25 1.00
o 0 mg I 63.15 67.55 68.73
o 75 mg 11 11.75 1.00 1.00
s CA somgl 478 1.00 1.00 1848 B
2 300 mg I 1.00 0.25 0.50
0 mg 11 60.08 62.98 57.93
75 mg 11 14.90 1.00 1.00
KNO: o mg 1.00 1.88 1.00 1698 B
300 mg 11 1.00 0.00 1.00
MEAN 22,01 A* 18.43 B 17.31B
(Heavy Metal Types)
MEAN (Heavy Metal 0 mg 1! 75 mg 1! 150 mg 1! 300 mg I
Levels)
69.66 A~ 5.15B 1.52C 0.67 C

(") Means with different capital letters in the same column are statistically different from each other.
(*) Means with different capital letters in the same line are statistically different from each other.
(*) Means with different capital letters in the same line are statistically different from each other.

Ertekin et al. (2020) reported similar results for sorghum. The degree of effect of heavy metals on the root
length of plants varies. Indeed, Aydinalp and Marinova (2009) reported that low doses (5 and 10 ppm) of
chromium, copper, nickel, and zinc increased the root length of alfalfa compared to the control. They
reported that the doses of heavy metals, except nickel, above 20 ppm significantly reduced root length and
the degree of effect varied according to the metal type. Akar and Atis (2018) reported that the negative
effect of nickel on the root length of perennial ryegrass was higher than cadmium, while Akar and Atis
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(2018) reported that the root lengths of tall fescue under nickel and cadmium stress were similar. This
shows that the effect of heavy metals varies according to plant species.

Increasing heavy metal levels caused a significant decrease in root length. Increasing the heavy metal level
to 75 mg 1" caused a 13.5-fold decrease in root length compared to the control and increasing the heavy
metal level to 150 mg 1! caused a 45.8-fold decrease (Table 5). Some researchers reported previously that
root length decreased with increasing cadmium, nickel, and lead doses in different plants (Ertekin et al.,
2020; Mami et al., 2011; Shafiq et al., 2008; Shao et al., 2011). The 300 mg 1! level caused root growth to
decrease below 1 mm on average. This shows that even if germination starts and takes place, heavy metal
stress even at low doses can severely inhibit root growth.

Root length values were 22.29, 18.48 and 16.98 mm for H0, GAs and KNOs3, respectively, depending on
priming treatments. Priming with H2O generally resulted in higher root length (Table 5). In contrast to our
findings, Akar and Atis (2018) reported that KNOs promoted root elongation in perennial ryegrass under
heavy metal stress. Akar and Atis (2019) reported that the mean root length values of red fescue under
heavy metal stress were similar for KNOs, GAs and hydropriming pretreatments. This indicates that the
effect of priming agents under abiotic stress conditions varies according to plant species.

The mean root length values varied between 1.00 mm and 71.33 mm depending on the heavy metal type x
heavy metal level interaction (Figure 4a). While higher root lengths were generally found in control
treatments, heavy metal treatments even at low levels caused a significant decrease in root length.
However, 75 mg 1" lead treatment showed higher root length than cadmium and nickel treatments at the
same level. Increasing the heavy metal dose to 150 and 300 mg I caused similar and lower root lengths
regardless of the heavy metal type. This showed that cadmium and nickel had a higher toxic effect on root
development than lead (Ertekin et al., 2020).

As shown in Figure 4b, root lengths varied between 0.58 mm and 82.17 mm depending on the heavy metal
level x priming interaction. Control treatments generally gave higher root length values. Root lengths did
not show a significant difference among heavy metal treatments, but the values measured in all heavy
metal treatments were significantly lower than the control treatments. However, the significant difference
in root lengths within the control treatments depending on the pre-treatment treatments caused the
interaction to be significant. Indeed, higher root length was measured in H20 pretreatment compared to
GAs and KNOs pre-treatments. This indicates that the use of seed priming agents is not necessary in terms
of root length in sugar sorghum. However, Galhaut et al (2014) found that the effect of priming agents on
seedling growth in heavy metal contaminated areas depends on soil properties.
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Figure 4. Effect of (a) heavy metal type x heavy metal level interaction, (b) heavy metal level x priming interaction on
root length.
Sekil 4. Kok uzunlugu iizerine (a) agir metal tipi x agir metal diizeyi, (b) agir metal diizeyi x priming interaksiyonlarinin etkisi.
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Shoot Length

As shown in Table 1, the effect of the experimental factors individually and the effects of double and triple
interactions on shoot length were found statistically significant at a 1% level. According to the results of
the research, it was determined that shoot lengths differed significantly depending on the heavy metal
type, and the shoot length of sweet sorghum under lead stress (56.38 mm) was significantly higher than
the shoot length values determined in seedlings under cadmium (24.46 mm) and nickel (25.65 mm)
treatments (Table 6). Especially the presence of cadmium and nickel in the germination medium had a
more negative effect on shoot length. Ertekin et al. (2020) reported similar results for cadmium, nickel and
lead in terms of shoot length of sorghum.

Table 6. Sweet sorghum shoot length values determined in different heavy metal types, metal levels and priming
treatments (mm).

Cizelge 6. Farkli agir metal tipi, agir metal diizeyi ve priming uygulamalar: altinda tath sorgumun siirgiin uzunlugu degerleri
(mm).

Heavy Metal Types MEAN
Heavy Metal Lead Cadmium Nickel (Priming)
Levels
0 mg 11 67.68 ¢t 64.75 ¢ 63.38 ¢
0O 75 mg 11 60.95 ¢ 13.58e—.h 17.30 ef. 3011 B*
150 mg 1! 42.58d 6.40ghi 6.28 ghi
300 mg 1 15.18 efg 1.251 1.96 i
0 0 mgl?! 96.38 a 105.68 a 105.55 a
5 75 mg 11 78.30b 13.20 e-h 13.63 e-h
£ GA somgl 79.13b 6.62 ghi 8.27 f-i B75A
2 300 mg I 3954d 1131 1581
0 mgl? 67.80 c 70.38 bc 65.15 c
75 mg 11 60.25 ¢ 7.64 f-i 19.47e
KNG 5o mg 1t 45.66 d 2.88hi 3.62 hi 3063 B
300 mg 1 23.15e 0.00 i 1.631
MEAN 56.38 A* 2446 B 25.65B
(Heavy Metal Types)
MEAN (Heavy 0 mg 1! 75 mg 1! 150 mg 1 300 mg 11
Metal Levels)
78.53 A+ 3159 B 22.38 C 9.49 D

") Means with different capital letters in the same column are statistically different from each other.

*) Means with different capital letters in the same line are statistically different from each other.

*) Means with different lowercase letters in the same row and column are statistically different from each other.
) Means with different capital letters in the same line are statistically different from each other.

(
(
(
(
Shoot lengths differed significantly with increasing heavy metal levels. Shoot lengths were 78.53, 31.59,
22.38 and 9.49 mm for increasing levels, respectively (Table 6). A continuous decrease was observed with
increasing heavy metal levels and each level was in a separate statistical group. It can be said that seedling
development was suppressed due to increasing heavy metal levels. The results of some previous studies
supported our findings (Akar and Atis, 2018; Kabir et al., 2008; Shao et al., 2011). The mean shoot length of
sweet sorghum was significantly different depending on the priming treatments. The mean shoot lengths
for H2O, GAs and KNOs were 30.11, 45.75 and 30.63 mm, respectively. GAs treatment had statistically
higher shoot length than the other two treatments (Table 6). In general, it can be said that GAs promotes
shoot growth. Similarly, some previous research results showed that GAs promoted shoot growth under
heavy metal stress. (Akar and Atis, 2019; Akar and Atis, 2018). In another study conducted on cumin, it
was reported that different priming agents had positive effects on stem length in the presence of high doses
of cadmium (Espanany et al., 2016).

The mean seedling length values varied between 80.27 mm and 0.79 mm depending on the heavy metal
type x metal level interaction (Figure 5a). The seeds exposed to nickel had higher shoot length values than
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the seeds exposed to lead and cadmium, although it decreased with increasing heavy metal levels. The 75
mg ' cadmium treatment had lower shoot length values than the same level of nickel and lead treatments.
At 150 and 300 mg 1" levels, the shoot length values determined in cadmium and nickel treatments were
statistically indistinguishable. Aydinalp and Marinova (2009) determined that the negative effects of
different heavy metals on shoot growth differed depending on the concentration of the heavy metal. They
reported that some heavy metals increased shoot length at low doses, while some heavy metals had serious
negative effects even at low doses.
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Figure 5. Effect of (a) heavy metal type x heavy metal level interaction, (b) heavy metal type x priming interaction, (c)
heavy metal level x priming interaction on shoot length.

Sekil 5. Siirgiin uzunlugu iizerine (a) agir metal tipi x agir metal diizeyi, (b) agwr metal tipi x priming, (c) agwr metal diizeyi x
priming interaksiyonlarimin etkisi.

The results of the analysis of variance showed that the heavy metal type x priming interaction had a
significant effect on mean shoot length (Table 1). Seeds responded differently to different priming
treatments in terms of mean shoot length, which caused the interaction to be significant. The mean shoot
length varied between 20.22 mm and 73.34 mm depending on the heavy metal type x priming interaction
(Figure 5b). It can be said that a better shoot growth can be achieved with GAs pretreatment in areas
contaminated with heavy metals used.

The mean shoot lengths varied between 102.53 and 6.13 mm depending on the heavy metal level x priming
interaction (Figure 5c). The highest shoot length was obtained in the control treatment pretreated with GAs,
while this value was statistically higher in the other priming treatments than in the control treatment. The
shoot length values decreased with increasing heavy metal levels. In general, higher shoot length values
were determined in GAs pretreatment. Similarly, Akar and Atis (2018) found that GAs positively affected
shoot growth in the presence of heavy metals in their study on perennial ryegrass.

Analysis of variance results (Table 1) showed that the effect of heavy metal type x heavy metal dose x
priming triple interaction on shoot length was statistically significant. Shoot length values ranged from
105.68 mm to 0.00 mm among all treatments (Table 6). In seeds exposed to cadmium and nickel, shoot
length generally decreased more severely with increasing heavy metal levels. At 150 and 300 mg 1 levels
of cadmium and nickel, shoot growth almost completely stopped.

CONCLUSION

The results of the study showed that heavy metals in the germination medium of sweet sorghum were a
significant suppressor of germination and seedling growth. However, it was determined that the negative
effect varied depending on the type of heavy metal present in the germination medium. In general, it can
be said that the limiting effect of lead on both germination and seedling growth characteristics is less than
cadmium and nickel. In terms of priming applications, it can be said that pre-treatment with H2O was
generally sufficient, while the other two priming agents did not provide the expected benefit in terms of
both germination and seedling growth. Although it is possible to mention a partial benefit of GAs
pretreatment in terms of root development and KNO:s pretreatment in terms of seedling development, no
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significant benefit was determined for both traits compared to H2O pretreatment. As a result, it was
determined that even at low levels of the heavy metals used, germination and seedling growth were
limited, especially in areas contaminated with cadmium, sweet sorghum could not grow even at low doses.
In areas contaminated with lead, it was observed that germination and seedling growth of sweet sorghum
could be realized up to a dose of 150 mg 1. It was determined that pre-treatment with H.O would be
sufficient in terms of germination and seedling growth, and we can say that the priming agents of GAs and
KNO:s used are not necessary. However, it was evaluated that it may be useful to try other priming agents
that may provide more effective benefits.
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Bolu Ekolojik Kosullarina Uygun Soya (Glycine max L.) Cesitlerinin Belirlenmesi
Determination of Soybean (Glycine max L.) Varieties Suitable for Bolu Ecological Conditions
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Oz: Protein igerigi bakimindan zengin bir yag bitkisi olan soya, insan ve hayvan beslenmesinde 6nemli bir yere sahiptir. Ham olarak
tiiketilebilmekle birlikte islenerek protein ve yag iiriinleri olarak da degerlendirilebilen bu bitkiden giiniimiizde analitik kimyasallar, bakim yag;,
baski maddesi, dezenfektan, dolgu yagi, farmasotik, ilag, insektisit, insaat malzemesi, kauguk, mayonez, margarin, macun bileseni, miirekkep,
pisirme yagi, yapistiric1 gibi farkli alanlarda degerlerilen {iriinler elde edilebilmektedir. Bu calismada baz1 soya gesitlerinin 2021 y1li Bolu ekolojik
kosullarinda ana iiriin olarak degerlendirilmesi ile verim ve kalite 6zellikleri belirlenmistir. Tesadiif bloklar: deneme desenine gore ii¢ tekrarlamali
olarak ytriitiilen bu denemede; Asya, Sonya, 3616, Agrova, Linda, Ceysoy, Lider, Arisoy, 3546, Planet ve Adel gesitleri kullamilmigtir. Aragtirma
sonuglarma gore, tohum verimi en yiiksek cesitler 3546 (449.2 kg da) ve Lider (420.8 kg da); yag verimi en yiiksek gesitler Linda (58.84 kg da') ve
Lider (57.62 kg da'); protein verimi en yiiksek cesitler ise 3546 (177.35 kg da™') ve Arisoy (153.31 kg da) olarak belirlenmistir. Bu degerlere gére hem
verim ve hem de kalite parametreleri bakimindan 3546 ve Lider soya cesitlerinin Bolu ekolojik kosullarinda diger cesitlere gore daha yiiksek
degerlere sahip oldugu goriilmiistiir.

Anahtar Kelimeler: Soya, Yag, Protein, Bolu, Cesit

&

Abstract: Soybean, an oil plant rich in protein content, has an important place in human and animal nutrition. Although it can be consumed raw, it
can also be processed and evaluated as protein and fat products, and today products of various fields such as analytical chemicals, maintenance oil,
printing agent, disinfectant, filler oil, pharmaceutical, insecticide, construction material, rubber, mayonnaise, margarine, paste component, ink,
cooking oil, adhesive can be obtained from this plant. In this study, yield and quality characteristics were determined by evaluating some soybean
varieties as the main product in Bolu ecological conditions in 2021. Asya, Sonya, 3616, Agrova, Linda, Ceysoy, Leader, Arisoy, 3546, Planet and Adel
varieties were used in this experiment, which was conducted with three repetitions according to the coincidence blocks trial pattern. According to
the research results, the varieties with the highest seed yield were 3546 (449.2 kg da') and Lider (420.8 kg da™), the varieties with the highest oil yield
were Linda (58.84 kg da') and Lider (57.62 kg da™), the varieties with the highest protein yield were 3546 (177.35 kg da™) and Arisoy (153.31 kg da™'.
According to these values, it was seen that 3546 and Lider soybean varieties had higher values compared to other varieties in Bolu ecological
conditions in terms of both yield and quality parameters.
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Modern tarim, diinya niifusunun hizla artmasindan kaynaklanan bir¢ok cevresel zorluk karsisinda sert
degisimlerle sekillenmektedir. Bu degisimler insanlar1 kiiresel siirdiiriilebilirligin saglanmasinda
karsilagilan problemlerin {istesinden gelmeye sevk etmektedir (Yilmaz vd., 2023). Dogas1 geregi iklim
kosullarina baglh olan tarim, iklim degisikligi risklerine karsi en savunmasiz sektorlerden biridir
(Aguilera vd., 2020). Degisen iklim kosullar: ile diinyada bitkilerin verimliligi azalarak gida gtivenligi
saglanamamaktadir (Yilmaz ve Ciftci, 2021). Standartlara uygun ve kaliteli tarim {rtinlerinin elde
edilmesi i¢in uygun iklim kosullarinda, dogru yetistirme teknikleriyle, uygun cesitlerin yetistirilmesi
gerekmektedir (Yilmaz vd., 2022a). Son yillarda Onemi gittikge artan yagh tohumlu bitkiler boya
endiistrisi, kozmetik, biyodizel, tip, gida gibi alanlarda kullanilmaktadir. Tiirkiye sahip oldugu iklim ve
toprak cesitliligi sayesinde yagli tohumlu bitkilerin tiretimi adina oldukga iyi bir potansiyele sahiptir
(Yurtvermez ve Gidik, 2021). Yagh tohumlu bitkilerin kullanimu ve talebi, yiiksek niifus baskisi, beslenme
tercihlerindeki degiskenlikler, kiimiilatif kiiresel refah ve daha fazla yenilenebilir biyo-iiriin ihtiyaci
nedeniyle stirekli artmaktadir (Ahmad vd., 2021). Birincil ve ikincil metabolitler (mineraller, vitaminler,
karbonhidratlar, protein, yaglar, antioksidanlar ve fenolikler) agisindan zengin olan yagh tohumlu
bitkiler, hayvan ve insan beslenmesi ile endiistriyel sektor igin Onemli bir hammadde kaynag:
olusturmaktadir (Yilmaz, 2023). Tropikal bolgelerden iliman bolgelere kadar yagh tohumlu bitkiler
diinyanin farkl: ekolojik kosullarina uyum saglayabilen vazgegilmez tirtinlerdir (Yilmaz vd., 2021a).

Soya, yiiksek yag ve protein oranmiyla oldukca degerli bir yag bitkisi olup iilkemizde yag acgigimin
kapatilmasinda dnemli bir potansiyele sahiptir (Yilmaz vd., 2022b). Soya bitkisi bugday, piring, pamuk ve
muisirla birlikte kiiresel tarima hakim bes tarla bitkisinden biridir (Karges vd., 2022). Ayrica diinya bitkisel
yagl tohum iiretiminin %50’si ve bitkisel ham yag iiretiminin ise %27'si soya bitkisi ile karsilanmaktadir
(Dumanoglu vd., 2021). Ticari olarak bitkisel proteinler igerisinde en ¢ok {iretim ve tiiketime sahip olan
protein grubu soya proteinleridir. Soya tohumunun %40 gibi yiiksek oranlarda protein icerigine sahip
olmasi, doku olusturma ve emiilsiyon gibi fonksiyonel oOzelliklerinin yiiksek olmasi, ekonomik ve
ulasilabilir olmast bunu baslica sebeplerindendir (Cetiner ve Bilek, 2018). Soya'min yag
ekstraksiyonundan kalan kiispesi daha ¢ok havyan yemi endiistrisinde degerlendirilmektedir. Bir kismi
ise soya siitii, soya unu, tofu, soya protein izolat1 ve konsantresi elde etmek tizere islenmektedir (Day,
2013). En 6nemli mahsullerden biri olarak énemli konumu nedeniyle soya yonetimine iliskin daha fazla
aragtirma, iiretiminin daha iyi anlasilmasina katkida bulunabilir. Soya iiretiminin diinya capindaki énemi
gbz Onine alindiginda, tretiminin farkli agilardan degerlendirilmesi gerekmektedir (Pagano ve
Miransari, 2016). Bu calismada bazi soya gesitlerinin Bolu ili ekolojik kosullarinda verim ve kalite
parametreleri arastirilmistir.

MATERYAL VE METOT

Deneme Materyali

Arastirmada bitki materyali olarak Bolu il Miidiirliigiinden, Adana il Midiirliigiinden ve diger
firmalardan temin edilen; Asya, Sonya, 3616, Agrova, Linda, Ceysoy, Lider, Arisoy, 3546, Planet ve Adel
soya gesitleri kullanilmustir.

Deneme Yeri ve Zamam
Deneme Bolu iline bagli Sultan Koyii'nde kurulmustur. Ekimler 14 May1s 2021'de makine ile yapilmistir.
17 Haziran 2021'de tiim parsellerde cikis gerceklestigi gozlenmistir.

Deneme Metodu

Bu calisma tesadiif bloklar1 deneme desenine gore 3 tekerriirlii olarak ytiriitiilmiistiir. Parseller 5 m
uzunlugunda ve 2.8 m genigli§inde olusturulmustur. Tohumlar 18 cm sira {izeri ve 70 cm sira arasi
mesafe ile 4 siradan olusacak sekilde ekilmistir. Hasat donemi igin tiim parsellerin fizyolojik olgunlugunu
tamamlamasi gozlenmis ve 6 Kasim 2021'de tiim hasatlar tamamlanmustir.

Bakteri Uygulamast
Torunoglu Tohumculuk® firmasindan temin edilen (https://www.torunogluonline.com/urun/signum-
premax-soya-bakterisi) 15 ml Signum Bio-inductor ile 5 ml Premax Protector iiriinleri homojen olarak
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karistirilmistir. 20 ml karisim 5 kg’'lik tohuma esit bir sekilde kaplanana kadar karistirilmistir. Uygulama
sonrasi tohumlar havalandirilmig ve 25 °C'nin altinda, karanlik ve iyi havalandirilan bir ortamda
muhafaza edilerek ekim i¢in hazir hale getirilmistir.

Giibre Uygulamast ve Sulama

Ekimle birlikte 20 kg da' DAP giibresi topraga karigtinlmigtir. Cikislarin gerceklesmesinden 10 giin sonra
kontroller yapilmis ve tiim gesitlerin koklerinde nodozite olustugu tespit edilmis, bu nedenle ilave olarak
azotlu giibre uygulanmamuistir. Tarlada goriilen yabanci otlar icin elle yolunarak miicadele yontemi
ylriitilmiistiir.

Soya yetistiriciliginde en onemli etken sulamadir. Yagisin yeterli diizeyde oldugu bolgelerde sulama
suyu daha ekonomik olarak saglanabildiginden bu bolgelerde soya tarimi daha ¢ok yapilabilmektedir
(Yilmaz vd., 2021b). Bolu ilinde de genellikle soyanin su ihtiyact mevcut iklim kosullar1 sayesinde yagis
rejimi ile saglanabilmektedir. Yillara gore degisim gostermekle birlikte 2-5 adet sulama soya bitkisi i¢in
yeterli olmaktadir. Bu calismada bitkilerin gelisimi ve su ihtiyac1 gézlemlenerek 3 kere sulama faaliyeti
yuriitiilmemistir.

Deneme Alani Toprak Ozellikleri ve Iklim Verileri

Soya bitkisine en uygun toprak kumlu tinli ve organik maddece zengin olan topraklardir. Soya notr
topraklar1 tercih eder, toprak fazla kiregli ise ekim igin Snerilmemektedir. Denemenin yiiriitiildiigii
Sultan Koyiinde deneme alanina ait 0-30 cm derinlikteki topragin analizi yapilmistir. Analize gore;
toprak Hafif Alkali, Tuzsuz, Orta Kiregli ve Potasyumu ytiiksek degerli olarak tespit edilmistir (Cizelge 1).
Bolu Meteoroloji Genel Miidiirliigii'nden temin edilen Bolu ilinin 2021 yilina ait iklim kosullar1 Cizelge
2'de verilmistir.

Cizelge 1. Deneme alanina ait toprak 6zellikleri.
Table 1. Soil properties of the experimental area.

Analiz Sonug Degerlendirme

Satiirasyon (%) 67.46 Kili- Tinli

PH 7.64 Notr

Toplam Tuz (%) 0.01 Tuzsuz

Kireg (%) 8.82 Orta Kiregli

Organik Madde% 223 Orta

Fosfor - P20s (kg da) 0.57 Olsen, BRAY ve KURTZ'a Gore ¢ok az
Potasyum- KoO (kg da) 76.65 Yiiksek

Cizelge 2. Bolu iline ait 2021 y1li ve uzun yillar ortalamasi iklim verileri.
Table 2. Long-term average and 2021climate data for Bolu province.

Aylar Sicaklik (°C) Nispi nem (%) Toplam yagis (mm)
2021 UYO 2021 UYO 2021 UYO
Ocak 32 0.8 77 4 78.6 67.7 56.5
Subat 3.1 2.2 71.0 75.2 441 44.7
Mart 33 51 77.1 72.0 61.4 50.1
Nisan 9.1 9.8 74.2 69.5 79.6 51.8
Mayis 14.8 14.1 65.5 71.4 60.8 64.0
Haziran 15.8 17 .4 77.7 71.8 112.3 63.5
Temmuz 20.6 19.9 67.7 69.6 30.5 29.3
Agustos 20.6 19.9 66.7 69.3 22.1 27.5
Eyliil 14.6 16.2 78.0 71.0 53.6 26.7
Ekim 10.2 11.8 78.3 75.3 34.6 46.2
Kasim 8.2 6.5 76.1 76.1 29.7 43.5
Aralik 4.5 2.6 77 4 79.4 64.5 59.2
Ort./Top. 10.7 10.5 73.9 73.3 660.9 563.0
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Verim Parametreleri

Bitki Boyu (cm)

Hasat déneminde bitkiler dogal durus halinde iken toprak seviyesi ile en {iist nokta arasindaki dikey
mesafe "cm" cinsinden 6lciilerek hesaplanmistir (Demirel, 2020).

Tohum Verimi (kg da')

Parsellerin kenar tesiri haricindeki bitkilerden taneler ayiklanarak tartilmistir. Tartim isleminin degeri
parselin kenar tesiri haricindeki alan ile 1000 m?*lik alan oranlanarak "kg da" cinsinden hesaplanmistir
(Soydemir, 2021).

Bitki Basina Bakla Sayis1 (adet)
Hasat sonrasi her parsel icin 10 adet bitkiden alinan bakla sayilari hesaplanarak bitki basina diisen
ortalama bakla say1s1 "adet" olarak belirlenmistir (Demirel, 2020).

Bakla Tohum Sayist (adet)
Her parselden alinan 10 adet bitkiden bakladaki tohum sayilar1 hesaplanarak ortalama degerleri "adet"
olarak belirlenmistir

Hasat Indeksi
Parsellerden hasat edilen 10 adet bitkinin agirlig: tartilmis, ayru bitkilerin tohumlar1 da tartilarak tohum
agirliginin sapl agirliga oranindan hasat indeksi hesaplanmistir.

Kalite Parametreleri

Yag Oran1 (%)

Her parselden alinan tohum 6rneklerinin yag oranlari Bolu Abant izzet Baysal Universitesi Tarla Bitkileri
Boliimii'niin Endiistri Bitkileri Laboratuvari’'nda "VELP® Scientifica SER 148 Solvent Extractor” cihaziyla
belirlenmistir.

Yag Verimi (kg da™)
Parsellere ait yag oranlari ile verim degerleri ¢arpilarak kg da olarak hesaplanmustir.

Protein Orani (%)

Her parselden alinan tohumlarin 6gitiilmiis olarak 1’er gramlik numunelerinin ‘Kjeldahl’ yontemi
kullanilarak azot tayinleri yapilmistir. Sonuglar 6.25 katsayis: ile carpilarak parsellerden elde edilen
tohumlarin protein oranlari belirlemistir

Protein Verimi (kg da™)
Parsellere ait protein oranlar ile verim degerleri carpilarak kg da olarak hesaplanmustir.

Istatistik Analizleri

Tim parametrelerin sonuglari icin gesitler arasi farkliigin olup olmadig tek yonlii varyans analizi
(Oneway-ANOVA) kullanilarak tespit edilmistir. Analizde dnemli ¢tkan parametreler LSD testi yapilarak
uygulamalar arasindaki asgari 6nemli farkliliklar belirlenmistir.

BULGULAR VE TARTISMA

Verim Parametreleri

Arastirmadan elde edilen verim parametrelerinin sonuglarina ait grafik Sekil 1’de verilmistir. Bitki
boylarinda cesitler arasi istatistiki fark olusmus, Arisoy ve Planet diger cesitlere gore istatistiki olarak
iistiin sonuglar vermistir. Bitki boylarina gore gesitler sirasiyla Planet (121.6 cm), Arisoy (120.8 cm), Adel
(91.1 cm), Ceysoy (83.9 cm), Lider (82.8 cm), Linda (79.3 cm), 3546 (76.7 cm), Agrova (74.5 cm), Asya (73.7
cm), 3616 (72.7 cm) ve Sonya (69.7 cm) olarak belirlenmistir. Soya gesit denemeleri iilkemizde bir¢ok
bolgede yiiriitiilmiis olsa da ¢alismamizda kullanilan gesitlerin beraber yer aldig1 deneme sayis1 oldukca
az sayidadir. Calismamizda kullanilan gesitlerin yer aldigr ve ayni yilda (2021) Osmaniye ekolojik
kosullarinda yiiriitiilen bir denemede sirasiyla Asya 90.6 cm, Adel 90.6 cm, Lider 88.1 cm, Planet 86.6 cm,
3616 82.1 cm, Sonya 71.5 cm ve Arisoy 69.7 cm boylanmuistir (Yilmaz, 2024). Calismamizda bazi gesitlerin
bitki boyu degerleri bu calisma ile uyumlu ¢iksa da Asya, Planet ve Arisoy cesitlerinin oldukga farkh bir
sekilde uzun boylandig1, 3616 cesidinin ise kisa boyladig1 goriilmektedir. Aydin’da yapilan bir cesit
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denemesinde Lider ve Asya gesitlerinin sirastyla 66.3 cm ve 73.6 cm boylandig gériilmiistiir (Oziistiin,
2022). Calismamizda Asya gesidinin boyu bu ¢alisma ile kiyaslandiginda uyumlu sonug vermis, Lider
cesidinin boyu ise yiiksek sonug vermistir. Ulkemizde yiiriitiilen gesit denemelerini ¢ogunda Arisoy
cesidinin genellikle daha ¢ok kullamildig1 goriilmiistiir. Arastirmamizda Arisoy cesidinin bitki boyu
Gaffaroglu Yetgin (2009) (108.5 cm), Giingdr ve Ustiin (2015) (116.4 cm), Mert ve Ilker (2016) (44.5 cm),
Kulan vd. (2017) 94.0 ve Okcu (2020)'nun (91.2 cm) degerlerinden yiiksek, Ay (2012)'m (139.6 cm) bitki
boyu degerinden ise diisitk ¢ikmustir. Bitki boylarimin bitkinin ait oldugu kalitsal 6zellikler ve gevre
faktorlerinden kaynakli olarak degisim gosterebilecegi bildirilmistir (Yeken vd., 2019). Bu baglamda
calismadan elde edilen bitki boylarinin diger ¢alismalara gore varyasyon gostermesi, degisken cevre
faktorlerinin yaru sira yillara gore iklim ve toprak 6zelliklerinin de farklili§indan kaynaklanabilir.

1204

Bitki boyu (cm)
Bitki bakla sayisi (adet)

Tohum verimi (kg da’)
Baklada tohum sayisi (adet)

100

- Planet

B 3546
I 3616
B Adel
I Agrova
B Anisoy
B Asya
B Ceysoy
B Lider
- Linda
I Sonya

Hasat indeksi (%)

Sekil 1. Calismadan elde edilen soya gesitlerine ait verim parametrelerinin sonuglart. (6d: énemli degil)
Figure 1. Results of yield parameters of soybean varieties obtained from the study. (3d: non-significant)

Soya cesitlerinde hasat indeksi %50.2-56.3 arasinda degisim gostermis olup en yiiksek hasat indeksi
Sonya ¢esidinde, en diisiik hasat indeksi ise Planet ¢esidinde goriilmiistiir. Ancak gesitler aras: istatistiki
fark olusmamistir. Literatiirde soya bitkisine ait Ozellikle calismamizdaki cesitlere ait hasat indeksi
calismasi yeterince bulunmamaktadir. Altinytiziik (2017) ve Ay (2012) Arisoy gesidinin hasat indekslerini
sirastyla %56.9 ve %73.26; Caliskan ve Arioglu (2004) ve Sogiit (2005) baz1 yabanci gesitleri kullandiklar:

v
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calismalarinda hasat indekslerini sirasiyla %25.4-55.5 ve %25.0-34.0 arasinda tespit etmislerdir. Hasat
indeksi degerlerimiz Arisoy gesidi i¢in Altinytiziik (2017) ve Ay (2012)'in degerlerinden diisiik ¢ikmaistir.

Baklada tohum sayisinda da gesitler arasi istatistiki fark olusmamistir. Cesitler arasi 2.97-3.07 adet arast
baklada tohum sayisi tespit edilmis, en yiiksek baklada tohum sayisi Linda cesidinde, en diisiik baklada
tohum sayisi ise Asya gesidinde goriilmustiir. Calismamizda kullanilan gesitlerden Arisoy’un baklada
tohum sayisin1 Ay (2012) 2.73 adet olarak, Altinyiiziik ise 2.83 adet olarak tespit etmislerdir. Arisoy ¢esidi
icin baklada tohum sayis1 degerlerimiz literatiire gore yiiksek ¢ikmustir.

Calismamizin tohum verimlerinde cesitler arasi istatistiki farkliliklar olusmus, Lider ve 3546 gesitlerinden
en yiiksek tohum verim degerleri alinmistir. Tohum verimlerine gore gesitler sirasiyla 3546 (449.2 kg da-
1), Lider (420.8 kg da'), Linda (398.9 kg da!), Arisoy (391.1 kg da), Ceysoy (386.1 kg da?), Adel (371.6 kg
da'), 3616 (360.4 kg da), Planet (354.4 kg da'), Sonya (337.4 kg da), Asya (334.3 kg da') ve Agrova
(292.8 kg da) olarak tespit edilmistir. Yilmaz (2024)’{in sonuglarina gore sirasiyla Lider’den 580.7 kg da™,
Adel’den 559.9 kg da!, Asya’dan 550.3 kg da‘!, Planet’den 501.2 kg da"!, Sonya’dan 473.1 kg da, 3616’dan
464.0 kg da' ve Arisoy’dan 379.7 kg da’ tohum verimi alinmistir. Bu ¢alismaya gore aragtirmamizdaki
tohum verimi degerleri Arisoy hari¢ tiim gesitlerde daha diisiik ¢ikmistir. Diger taraftan Adana’da
ylriitiilen bir calismada Lider ve Asya gesitlerinden sirasiyla 331.3 ve 308.8 kg da' verim alinmistir
(Oziistiin, 2022). Calismamizdaki tohum verimi degerlerinde Lider daha yiiksek Asya ise daha diisiik
¢ikmistir. Arisoy gesidi i¢in tohum verimi sonucumuz Mert ve Ilker (2016)'in (392.4 kg da™) degeri ile
uyumluy, Kulan vd. (2017) (311.0 kg da!), Gaffaroglu Yetgin (2009) (284.2 kg da™'), Giingér ve Ustiin (2015)
(275.1 kg da?) ve Okcu (2020)'nun (123.8 kg da) degerlerinden yiiksek, Ay (2012)'1n (440.4 kg da™)
degerinden ise diisiik ¢ikmaistir.

Bitki bakla sayilarina gore cesitler sirasiyla Planet (81.9 adet), Lider (78.6 adet), Ceysoy (71.8 adet), Adel
(68.6 adet), 3546 (65.9 adet), Asya (63.9 adet), 3616 (63.1 adet), Linda (62.7 adet), Agrova (59.7 adet), Sonya
(56.6 adet) ve Arisoy (56.5 adet) olarak belirlenmistir. Planet ve Lider gesitleri ayni istatistiki grupta yer
almis ve en yiiksek bitki bakla sayilarini vermistir. Yilmaz (2024) en ytiiksek bitki bakla sayilarini sirasiyla
Asya (92.4 adet), 3616 (91.6 adet), Sonya (91.1 adet), Planet (87.4 adet), Lider (85.7 adet), Adel (74.7 adet)
ve Arisoy (72.2 adet) cesitlerinden almistir. Bu calismaya gore bitki bakla sayisi degerlerimiz tiim
gesitlerde daha diisiik ¢ikmistir. Bitkilerde verimlilik pek ¢ok gen tarafindan kontrol edilmekte olan gevre
faktorlerinin etkisindedir (Yeken vd., 2019). Diger taraftan literatiirde yer alan cesit calismalarinda
ylriitiilen tohum agilama, sulama, bogaz doldurma, capalama, giibreleme ve yabanca ot miicadelesi gibi
faaliyetlerin uygulama sekilleri ve dozlar1 degisim gostermektedir. Bu baglamda cesitlerin verim
performanslarinin  hem bu faaliyetlerin farkliligina hem de farkli iklim ve ¢evre sartlarinda
yetistirmelerine bagh olarak degisim gosterdigi sdylenebilir.

Kalite Parametreleri

Arastirmadan elde edilen kalite parametrelerinin sonuglarina ait grafik Sekil 2’de verilmistir. T{im kalite
parametrelerinde gesitler arasi istatistiki farkliliklar tespit edilmistir. En yiiksek yag orani degerlerini
Sonya, Linda ve 3616 cesitleri vermistir. Yag oranlarina gore gesitler sirasiyla Sonya (%15.99), Linda
(%14.75), 3616 (%14.70), Adel (%14.21), Agrova (%13.90), Lider (%13.72), Asya (%13.13), Planet (%12.90),
3546 (%12.53), Ceysoy (%12.52) ve Arisoy (%12.28) olarak belirlenmistir. Yag verimlerinde ise cesitler
sirastyla Linda (58.84 kg da), Lider (57.62 kg da™), 3546 (56.33 kg da'), Sonya (53.94 kg da™), 3616 (53.00
kg da), Adel (52.77 kg da'), Ceysoy (48.29 kg da'), Arisoy (48.19 kg da'), Planet (45.63 kg da), Asya
(43.77 kg da') ve Agrova (40.72 kg da) olarak tespit edilmistir. Arisoy ¢esidi i¢in Giingdr ve Ustiin (2015)
%23.20, Gaffaroglu Yetgin (2009) %21.80, Kulan vd. (2017) %21.20 ve Ay (2012) %18.26 yag oranlari elde
etmistir. Oziistiin (2022) ise Adana ekolojik kosullarinda Asya ve Lider cesitleri igin sirasiyla %18.55 ve
%18.37 yag oranlar tespit etmistir. Ayrica Oziistiin (2022) Asya ve Lider cesitleri igin 60.8 kg da! ve 57.7
kg da’ yag verimleri elde etmistir. Genel olarak yag orani ve verimi degerlerimizin literatiire gore diisiik
seviyelerde ¢iktig1 goriilmektedir. Yag oranlar: gevresel faktorlere, lokasyonlara ve kiiltiirel uygulamalara
gore farklhilik gostermekle birlikte genetik farklhiliklarin etkisi altinda da degisim gostermektedir (Gore ve
Kurt, 2021).
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Protein oranlarina gore gesitler sirasiyla Asya (%42.21), Sonya (%40.14), Planet (%39.55), 3546 (%39.45),
Arisoy (%39.17), Agrova (%35.61), Lider (%35.58), 3616 (%21.59), Linda (%21.05), Adel (%19.67) ve
Ceysoy (%18.08) olarak tespit edilmistir. Sonya, Planet, Asya, Arisoy ve 3546 cesitleri en yiiksek degerler
alarak birbirlerine yakin degerlerde ¢ikmis ve ayni istatistiki grupta yer almistir. Protein verimlerinde ise
3546 cesidi tek basma en {iistlin istatistiki grupta yer almistir. Protein verimlerine gore soya cesitleri
sirastyla 3546 (177.35 kg da), Arisoy (153.31 kg da?), Lider (149.42 kg da), Asya (141.20 kg da™), Planet
(140.32 kg da'), Sonya (135.46 kg da'), Agrova (103.82 kg da), Linda (83.96 kg da), 3616 (77.75 kg da™),
Adel (73.12 kg da?) ve Ceysoy (69.80 kg da?) olarak belirlenmistir. Yilmaz (2024) protein oranlarini
sirastyla en yiiksek Sonya (%39.10), Planet (%38.99), Arisoy (%38.58), Lider (%37.65), Adel (%37.17), 3616
(%35.94) ve Asya (%33.97) cesitlerinden almustir. Buna ¢alismaya gore bazi gesit degerlerimiz uyumlu
ciksa da Asya, Adel ve 3616 cesitleri daha diisiik ve yiiksek protein oranlari vererek dnemli yiizdesel
farkliliklar olusturmuslardir. Arisoy cesidinde ise yag orani degerimiz Ay (2012)'in (%40.93) degerinden
diisiik, Gaffaroglu Yetgin (2009) (%37.66) ve Giingdr ve Ustiin (2015)iin (%35.90) degerlerinden ise
yiiksek ¢ikmugtir. Diger taraftan Oziistiin (2022) Lider ve Asya gesitleri igin sirasiyla %37.36 ve %35.07
protein oranlari tespit etmistir. Bulgularimizin bu degerler icin Asya cesidinde daha yiiksek Lider
cesidinde ise daha diisiik oldugu goriilmektedir. Ayrica Oziistiin (2022) Lider ve Asya cesitleri icin 123.5
kg da ve 108.0 kg da protein verimleri elde etmistir. Her iki gesit igin de protein verimi degerlerimiz
daha yiiksek ¢gkmistir. Bu degiskenlikler farkli iklim kosullari, cevre faktorleri ve Ozellikle hasat
doneminde yagis rejiminin devamlilik durumu ile agiklanabilir.
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Sekil 2. Calismadan elde edilen soya gesitlerine ait kalite parametrelerinin sonuglari.
Figure 2. Results of quality parameters of soybean varieties obtained from the study.
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SONUC

Soya bitkisinin verim ve kalite 6zelliklerinde cesitlere gore 6nemli seviyelerde degisiklikler gdzlenmistir.
Ozellikle tohum verimi bakimindan Bolu ekolojik kosullar1 icin 3546, Lider ve Linda gesitlerinin {iistiin
performans gosterdigi soylenebilir. Yag oranlar1 bakimindan Sonya cesidinin, protein oranlari
bakimindan ise Asya ve Sonya gesitlerinin en yiiksek degerlere sahip oldugu goriilmektedir. Ancak
verim degerlerinin de hesaba katilmasi ile yag verimlerinde Lider ve Linda, protein verimlerinde ise 3546
cesitlerinin iistiin oldugu tespit edilmisgtir.

Ulkemizde yag agigimn giderilmesinde soya bitkisine olan ilgi giin gegtikge artmaktadir. Ancak
ylriitiilen calismalar incelendiginde son gelistirilen cesitlerin akademik calismalarda yeterli diizeyde
degerlendirilmedigi  goriilmektedir. =~ Ayrica  calismalarda  genellikle verim  parametreleri
degerlendirilmektedir. Kalite parametreleri degerlendirildiginde de protein ve yag igeriklerinden
genellikle bir tanesinin arastirildigl goriilmektedir. Bu baglamda oOzellikle cesitlerin degerlendirildigi
calismalarda tiim parametrelerin kombine bir sekilde arastirilmasina olan ihtiyag ortaya ¢ikmaktadir.

Calisma sonuglarinin soya bitkisinin verim ve kalite parametrelerinin degerlendirilmesinde hangi
ekolojide hangi o0zelligin {iistiin oldugunun Ogrenilmesi agisindan arastirma yapan miitesebbisleri
aydinlatacag diisiiniilmektedir.
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Horoz ibigi (Amaranthus albus L.) Bitkisinde Riboflavin ve PEG 6000 uygulamalarinin Baz1 Biiyiime
Parametreleri ve Biyokimyasal Ozellikler Uzerine Etkisi

Effect of Riboflavin and PEG 6000 Applications on Some Growth Parameters and Biochemical
Properties in (Amaranthus albus L.)

Erol Oral ™~, Murat Tunctiirk 2*~, Riiveyde Tunctiirk’ ", Tiilay Toprak*
Gelis Tarihi (Received): 22.03.2024 Kabul Tarihi (Accepted): 27.05.2024  Yayin Tarihi (Published): 25.08.2024

Oz: Bu cahismada horoz ibigi (Amaranthus albus L.) bitkisinde PEG 6000 ile olusturulan farkli ozmotik basingta (kontrol, -0.5 MPa, -1.0 MPa ve -1.5
MPa) kuraklik stresi ile Riboflavin (B2) (kontrol, 0.1, 0.5, 1.0 ve 2.0 mM) uygulamalarinin biiyiime parametreleri ile biyokimyasal degisiklikler {izerine
etkilerini belirlemek amaciyla yiiriitiilmiistiir. Arastirmada horoz ibigi bitkisinin yaprak sayisi (12.33-21.04 adet bitki?), yaprak uzunlugu (5.44-8.22
cm), yaprak alan indeksi (4.23-25.04 cm?), yaprak taze agirligi (0.22-0.64 g), yaprak kuru agirlig: (0.06-0.08 g), antosiyaninler (23.69-64.47 dx), fenolikler
(94.46-177.79 mg g"), flavanoid(47.04-99.58 mg g), klorofil A (16.35-24.14 mg g™'), klorofil B (10.22-18.54 mg g, toplam klorofil (27.20-42.37 mg g") ve
karetonoidler (3.90-5.36 mg g*) gibi 6zellikler incelenmistir. Calisma sonucunda; PEG 6000 ile olusturulan kuraklik stresi sonucunda yaprak sayisi,
yaprak uzunlugu, yaprak alan indeksi, yaprak taze agirligi klorofil a ve b ile toplam klorofil miktar1 kismen ya da tamamen azaldig1 goriilmiistiir.
Arastirmada antosiyanin, flavonoid ve fenolik madde igeriklerinde ise artislara neden oldugu belirlenmistir. Kuraklik stresinin yaprak kuru agirlig:
ve karetonoid miktarlar: etkisi ise istatistiksel olarak dnemsiz bulunmustur. Bu ¢alismada kuraklik stresine karsi riboflavin (B2) dozu uygulamalarinin
incelenen fizyolojik ve biyokimyasal dzelliklerden yaprak sayisi, yaprak tazeligi, yaprak alan indeksi, yaprak turgoru, fenolik ve flavonoid igerikleri
tizerine olumlu, stresin etkilerini azaltic1 ve diizenleyici etkiye sahip oldugu tespit edilmistir.

Anahtar Kelimeler: B2 vitamini, Horoz ibigi, Abiyotik stres, Tolerans

&

Abstract: In this study, drought stress and Riboflavin (B2) (control, 0.1, 0.5, 1.0 and 2.0 mM) in amaranth (Amaranthus albus L.) plant at different osmotic
pressures (control, -0.5 MPa, -1.0 MPa and -1.5 MPa) created with PEG 6 000. mM) applications on growth parameters and biochemical changes. In the
research, the number of leaves of the amaranth plant (12.33-21.04 number plant-1), leaf length (5.44-8.22 cm), leaf area index (4.23-25.04 cm?), leaf fresh
weight (0.22-0.64 g), leaf dry weight (0.06-0.08 g), anthocyanin (23.69-64.47 dx), phenolic (94.46-177.79 mg g"), flavonoid (47.04-99.58 mg g),
chlorophyll A (16.35-24.14 mg g), chlorophyll B (10.22-18.54 mg g™), total chlorophyll (27.20-42.37 mg g!) and carotenoid (3.90-5.36 mg g"). As a result
of drought stress caused by PEG 6000, it was observed that the number of leaves, leaf length, leaf area index, leaf freshness weight, chlorophyll a and
b and total chlorophyll decreased partially or completely. In the research, it was determined that it caused increases in anthocyanin, flavonoid and
phenolic substance contents. The effect of drought stress on leaf dry weight and carotenoid amounts was found to be statistically insignificant. In this
study, it was determined that riboflavin (B2) dose applications against drought stress had a positive, reducing and regulating effect on the effects of
stress on the number of leaves, leaf freshness, leaf area index, leaf turgor, phenolic and flavonoid contents, which are among the physiological and
biochemical characteristics examined.

Keywords: Vitamin B2, Amaranth, Abiotic stress, Tolerance
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Horoz ibigi (Amaranthus albus 1..) Bitkisinde Riboflavin ve PEG 6000 uygulamalarinin Baz1 Biiytime Parametreleri ve Biyokimyasal
Ozellikler Uzerine Etkisi

GIRIS

Amaranthaceae familyasi igerisinde yer alan horoz ibigi bitkisi Amaranthus cinsine ait 60-70 kadar tiirden
olusan tek ve ¢ok yillik kozmopolit bir cinsidir (Anonim, 2015). Ozellikle Amerika kitasinda genis bir
yayilim gosteren bitki Aztek ve Inka uygarhiginda yaprak ve tohumlar1 besin maddesi olarak kullamlmistir.
Ayrica glinliik yasamlarinda dini ve sosyal ritiiellerde kullanildig1 bilinmektedir. Bitki ¢ok zengin bir biyo
gesitlilige sahip olmasinin yaninda sebze, yalanci tahil ve siis bitkisi olarak genis bir kullanim alani vardar.
Bitki taneleri insan ve hayvan beslenmesinde, yapraklar sebze olarak tiiketildigi gibi siis bitkisi olarak
peyzaj calismalarinda kullanilmaktadir (Yarnia vd., 2011; Ergun vd., 2014; Ozaslan ve Kendal, 2014; Keskin
vd., 2021). Amerika kitasinin kesfi sonrasinda Avrupa kitasina 16. ylizyilda bir tahil olarak getirilmistir.
Diinyada en fazla Hindistan, Cin, Giineydogu Asya, Meksika, ABD ve Rusya. Avrupa'da, Cek
Cumhuriyeti'nde tiiketimi ve ticareti yapilmaktadir (Belton ve Taylor, 2002). Ulkemizde ise resmi
kayitlarda ekilis ve iiretimine dair herhangi bir kayit bulunmamaktadir (Ulker vd., 2022). Bitkinin ¢ig
tohumlar1 arpa, yulaf gibi tahillar ile kiyaslandiginda protein, yag, lif ve mineral madde igeriklerinin daha
yliksek karbonhidrat miktarmin ise diisiik oldugu goriilmiigtiir. (Alegbejo, 2013; Arendt ve Zannini, 2013).
Bitki tohumlarinda ortalama olarak %12 su, %65'i karbonhidrat (%7'si diyet lifi dahil), %12.5 protein, %7
yag ve %3.5 kiil igermektedir. (Berghofer ve Schoenlechner, 2002). Tohumlardan elde edilen undan yapilan
ekmek, biskiivi ve eriste gibi gidalar gluten icermediginden ¢Olyak hastalarinca tercih edilmektedir
(Rastogi ve Shukla, 2013). Bitki su tiiketimi {izerine yiiriitiilen ¢alismalarda suyu olduk¢a ekonomik
kullandig1 ve stres sartlarina dayanikli oldugu goriilmiistiir. Kurak dénemlerde yavaslayan biiyiime ve
gelisme yeterli suyun karsilandig sartlarda yeniden aktif hale gelerek normal biiyiime ve gelisme seyrine
donebilmektedir. Biiyiime ve gelismenin ilk donemlerinde goriilen kuraklik stresi bitkilerde generatif
doénemin erken baglamasina neden olabilir. Bu nedenle bitki fizyolojisi agisindan benzer mekanizmalarin
anlasilmasi hayvancalik agisindan kaba yem veya insan beslenmesinde tane {iretiminde faydal olacaktir
(Ergun vd., 2014). Bitkisel iiretim, gida tedarigi ve giivenligi kiiresel iklim degisikliginin ¢ok biiyiik tehdidi
altindadir. Bu degisimler kuraklik sikligi, kuraklik siddeti, yagislarin diizensizligi, sicaklik degisimleri ve
tuzluluk gibi abiyotik stres faktorleri olarak bilinmektedir. Bitkisel iiretimde siirdiiriilebilir bir iiretim
modelinin saglanmasinda vejetatif ve generatif yolla ¢ogaltim ¢ok Onemlidir. Materyal {iretiminde
basarinin 6niindeki faktorlerden bazilari; baglangi¢ materyali, besi yeri ve bitki biiyiime diizenleyicileridir.

Glintimiizde yiiriitiilen bir ¢ok ¢alismada doku kiiltiirii teknikleri arasinda yer alan ve abiyotik streslere
kars: bitkilerin dayamklik mekanizmalarinin belirlenmesinde in vitro teknikleri 6énemli rol oynadigi
goriilmiistiir. Tarimsal {iretim tizerinde en 6ltimctil etkilere neden olan abiyotik stres faktorii hig stiphesiz
kurakliktir (Sevindik, 2021). Bitkilerin kuraklik stresi karsisinda gosterdikleri tepkiler cins ve tiirlere gore
degismekle birlikte genetik x gevresel faktorlerin etkisi altindadir. Bitkilerin kuraklik stresine karst en
hassas olduklar1 dénemler ¢cimlenme ve fide olusum dénemleridir. Bu donemde fotosentez, solunum, besin
maddelerinin alinimi, terleme gibi bir¢ok fizyolojik ve biyokimyasal olaylarda degisim meydana geldigi
tespit edilmistir (Farooq vd., 2008). Benzer calismalarda kuraklik stresinin etkilerinin daha iyi anlasilmasi
adina benzer etkiye sahip degisik kimyasal maddeler kullamilmaya baslanilmistir. Bu maddelerden biri
olan polietilen glikol (PEG), ortamdaki su potansiyelinin diismesine ve dolayisiyla kuraklik stresinin
olusumuna yardima olur. Bu madde kimyas1 geregi toksik olmayan ancak kuraklik stresinin meydana
gelmesine yardima olan bir 6zellige sahiptir (Bressan, 1989). Kuraklik stresine bagh olarak bitki tiir ve
gesitlerinde degisen cevre ve genetik Ozelliklerin en basta ¢cimlenme, biiyiime ve gelismeyi etkilemeden
optimum diizeyde tutacak 6n uygulamalar giderek énem kazanmaktadir. Bitkilerde stres sartlarinda
biiytime ve gelismeyi diizenleyiciler (BGD) olarak etilen, giberellinler, sitokininler ve bunlara ilave olarak
engelleyiciler olarak gruplandirilir. Glintimiizde bu maddelere ilave olarak polifenolik bilesikler ve B2
vitamini olarak bilinen riboflavin eklenmistir. Ancak bu maddeler ile yiiriitiilen arastirma sayis1 yetersiz
diizeyde oldugu goriilmiistiir. Ozellikle stres sartlarinda B2 vitamini olarak bilinen riboflavinin kontrol
gruplarina gore ¢cimlenme oranlarini artirdig: goriilmiistiir (Ercisli vd., 1999). Bu ¢alismada polietilen glikol
(PEG) ile olusturulan kuraklik stresine karsi B2 (riboflavin) vitaminin amarant bitkisinde meydana
getirdigi fizyolojik ve biyokimyasal degisikliklerin incelenmesi amaglanmagtir.
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MATERYAL VE METOT

Bu calisma 2020 yilinda Van Yiiziinci Yil Universitesi Ziraat Fakiiltesi Tarla Bitkileri Boliimii’ ne ait tam
kontrollii iklim kabininde tesadiif parselleri deneme deseni 'ne gore faktoriyel diizende 4 tekerriirlii olarak
yiriitiilmiistiir. Van YYU Tibbi ve Aromatik Bitkiler Bahgesinden elde edilen horoz ibigi (Amaranthus albus
L.) tohumlari, turba + perlit + toprak karisimu (1: 1: 2) igerisine ekimler yapilmistir. Bu toprak karisimin
hafif alkali reaksiyona sahip organik maddesi orta seviyede ve tuzsuz oldugu tespit edilmistir. Denemede
PEG 6000 ile olusturulan farkli ozmotik basingta (kontrol, -0.5 MPa, -1.0 MPa ve -1.5 MPa) kuraklik stresine
kars1 4 farkli riboflavin dozlar (0, 0.1 mM, 0.5 mM, 1 mM ve 2 mM) uygulanan 64 saksilik bir ¢calismadir.
Van YYU Tibbi ve Aromatik Bitkiler Bahcesinden elde edilen Amaranthus albus L. tohumlari, turba + perlit
+ toprak karisimu (1: 1: 2) icerisinde 500 cc'lik saksilara ekilerek %65 nem; 8/16 saat aydinlik/karanlik
periyot; 25 °C sicaklik ortaminda yetistirilmistir. Tohumlar 02.03.2022 tarihinde viyollere ekilmistir. Ger¢ek
yapraklar ¢ikis yaptiktan sonra (3-4 yaprakli donem) saksilara 25.05.2022 tarihinde aktarilmistir.
Saksilardaki bitkilere 15.06.2022 tarihinde standart giibreleme (NPK) yapilmistir. Bitkilerin 8-10 yaprakl
oldugu donemde yapraktan piiskiirtme seklinde riboflavin uygulamasina baslanmistir. Riboflavin dozlar1
kontrol (0), 0.1 mM, 0.5 mM, 1 mM ve 2 mM olarak belirlenmistir. Ik uygulama 31.05.2022 tarihinde
yapilmis olup toplamda 4 uygulama yapilmustir. Stres faktorii olarak kontrol, 0.5 MPa, 1 MPa ve 1.5 MPa
PEG 6000 uygulanmustir. ilk uygulama 19.06.2022 tarihinde yapilmis olup toplamda 4 uygulama yapilnus
ve deneme 26.06.2022’de sonlandirilmigtir.

Incelenen Parametreler

Bitkinin morfolojik gelisim parametrelerinden yaprak sayisi ve yaprak uzunlugu gibi fenolojik 6zellikleri
hasat ile birlikte belirlenmistir. Yaprak kuru ve yas agirlig1 hassas terazide g cinsinden tespit edilmistir.
Yaprak alam Easy Leaf Area programi kullanilarak olgiilmiistiir. Klorofil, Flavonoid, Antosiyanin igerigi,
Cerovic vd. (2015)ne gore Dualex bilimsel + (FORCE-A, Fransa) cihazimi kullanarak ol¢iilmiistiir.
Orneklerdeki toplam fenolik madde miktar1 Obanda vd. (1997) tarafindan belirtilen Folin Ciocalteu
spektrofotometrik yonteminin modifiye edilmesiyle gelistirilmis yontem kullanilarak hesaplanmistir.
Toplam flavonoid madde tayini Quettier-Deleu vd. (2000)'nin gelistirmis olduklar1 yontem baz alinarak
belirlenmistir. 2 ml ekstrakt tizerine 2 ml %2’lik AlCls eklenerek oda sicakliginda ve karanlikta 60 dakika
bekletilmistir. Hazirlanan ornekler 415 nm dalga boyunda spektrofotometre ile Ol¢iilmiis ve standart
kuersetin (QE) kullanilarak hazirlanmis olan kalibrasyon egrisinden faydalanilarak mg g* cinsinden
hesaplanmistir. Klorofil ve karotenoid pigmentlerinin belirlenmesi amaciyla yapraklar aseton icerisinde
ekstrakte edilmis ve ekstraktlar 470 nm, 645 nm ve 662 nm dalga boylarinda spektrofotometre ile
Ol¢lilmiistiir. Daha sonra klorofil a, klorofil b ve toplam karotenoidlerin konsantrasyonlar: (mg g') taze
yaprak kiitlesi) Lichtenthaler ve Wellburn (1983)'nun denklemleri kullanilarak hesaplanmgtir. Elde edilen
verilerin istatistiki analizleri tesadiif parselleri deneme desenine gore, Costat 6.303 istatistik Analiz
Programi'nda yapilmustir. Ortalama veriler ayrica Duncan Coklu Aralik Testi ile P<0.05 ve P<0.01 gore
gruplandirilarak karsilastirilmistir.

BULGULAR VE TARTISMA

Bitki Yaprak Sayis1

Bitkide yaprak sayisi {izerine Riboflavin (R) ve PEG uygulamalarimin etkisi énemli, R x PEG 6000
uygulamalarimin etkisi ise istatistiksel olarak onemsiz bulunmustur (p<0.01). Bitkide kuraklik stresi
sonucunda elde edilen en yiiksek yaprak sayisi kontrol grubunda 18.90 adet iken en diisiik 16.33 adet ile -
1.5 MPa dozunda tespit edilmistir. Fotosentez aktivitesinin meydana geldigi organelleri tasiyan yapraklar
stres esnasinda en belirgin semptomlarin izlendigi kisimdir. Bu ¢calismada yaprak sayisi, yaprak alaninda
azalma, sararma ve kahverengi lezyonlar seklinde belirtiler gostermistir. Benzer arastirmacilarin
calismalarinda kuraklik stresi sonucunda kavun cesitlerinde yaprak sayisi, yaprak alani gibi
parametrelerde azalmanin oldugu bildirilmektedir (Kusvuran, 2010). Diger bir calismada 9 adet domates
¢esidinde yaprak sayisinin kontrol gruplarina gore % 13.33-30.26 arasinda azalma tespit edilmistir (Alp ve
Kabay, 2017). Bu g¢ahsmada riboflavin uygulamalarmin yaprak sayisi {izerine etkiside pozitif yonde
olmustur. En diisiik yaprak sayisi kontrol dozunda en yiiksek ise 18.09 adet ile 2.0 mM dozunda tespit
edilmistir (Cizelge 1). Riboflavin bitki yapraklarinda fotosentez ve solunum olaylarinda rol oynayan
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enzimleri aktive ederek stres kaynakl zarar diizeyini azaltif1 bildirilmistir (Deng vd., 2014). Bu calismalar
ile bulgularimiz biiyiik oranda benzerlik gostermektedir.

Yaprak Uzunlugu

Horoz ibigi bitkisinde yaprak uzunlugu {izerine Riboflavin (B2) ve R x PEG 6000 dozu uygulamalarimn
etkisi istatistiksel olarak 6nemsiz, PEG 6000 dozu ile olusturulan kuraklik stresinin ise etkisi istatistiksel
olarak o6nemli bulunmustur (P<0.01). En yiiksek yaprak uzunlugu 7.56 cm ile kontrol dozu
uygulamasindan, en diisiik deger ise 5.86 cm olarak -1.5 MPa dozunda 0l¢iilmiistiir (Cizelge 1). Bitkilerde
kuraklik stresinin etkilerini belirlemede yapraklarda solma ve kiigiilme gibi morfolojik 6zellikler 6nemli
bir gostergedir (Deng vd., 2014). Kuraklik stresine kars1 bitkilerin yaprak ayasinda kiigiilme, titylenme veya
mumsu bir tabaka ile kaplanarak su bilangosunu ayarlama egiliminde olduklar1 bildirilmistir (Grzesiak
vd., 2003).

Yaprak Alan Indeksi

Yaprak alan indeksi tizerine R, PEG ve R x PEG dozu uygulamalar istatistiksel olarak 6nemli bulunmusgtur
(P<0.01). PEG 6000 dozu uygulamas: sonucu elde edilen en diisiik yaprak alan indeksi 8.14 cm?ile -1.5 MPa
dozundan, en yiiksek deger ise 23.32 cm? olarak kontrol doz uygulamasinda olgiilmiistiir (Cizelge 1).
Benzer calismalarda degisen ekolojik kosullara kars bitkilerin adaptasyon kabiliyetlerini ortaya koymada
tuzluluk, kuraklik gibi stres sartlarina tepkiyi 6l¢mede yaprak alan indeksi 6nemli bir 6zellik olarak kabul
edilmektedir (Hajibabaee vd., 2012). Elde edilen bulgular kuraklik stresi sonrasinda yaprak alan
indeksinde ©6nemli kayiplar oldugunu rapor etmislerdir (Mohammadian vd., 2005). Arastirmada
uygulanan Riboflavin dozlarina karsilik en diisiik yaprak alan indeksi 11.98 cm? ile kontrol dozu
uygulamasindan, en yiiksek deger ise 18.21 cm? ile 2.0 mM dozunda 6lgiilmiistiir. R x PEG interaksyonu
bakimindan en yiiksek yaprak alan indeksi 25.04 cm? ile PO x R20 dozundan, en diisiik deger ise 4.23 cm?
olarak P15 x RO uygulamasindan elde edilmistir. Benzer bir ¢calismada kuraklik stresine maruz birakilan
sorgum ¢esitlerine piiskiirtme ile uygulanan riboflavin dozlarinin (0, 100, 200 ve 300 mg L) yaprak alan
indeksini (2.37-3.11 cm?) kontrol dozuna gore artirdig: bildirilmistir (Mohammadian vd., 2005). Sorgum
tizerine ytritiilen diger bir ¢calismada bulgularimiz ile benzerlik gostermektedir (Abood ve Abdulhameed,
2017).

Yaprak Taze Agirligi

Yaprak taze agirligi tizerine Riboflavin ve PEG uygulamalarinin etkisi énemli, R x PEG 6000
uygulamalarinin etkisi ise istatistiksel olarak 6nemsiz bulunmustur. Bitkide kuraklik stresi sonucunda elde
edilen en yiiksek yaprak taze agirlig1 sayis1 kontrol dozu uygulamas: sonucunda 0.58 g iken, en diisiik
0.31 g ile -1.5 MPa dozunda tespit edilmigtir. Kuraklik stresinin siddetine bagh olarak yaprak taze
agirliginda azalma goriilmiistiir. Kuraklik stresinin fasulyede bitki gelisimi itizerine etkisini inceleyen bir
arastirmada yaprak taze agirhiginin % 60 sulama seviyesinden %100 sulama seviyesine gore %17 oraninda
azaldig tespit edilmistir (Kiligaslan vd., 2020). Bu calismada riboflavin uygulamalarinin yaprak taze
agirhg: tizerine etkisine bakildiginda en diisiik yaprak taze agirhi$1 0.36 g ile kontrol dozundan, en yiiksek
deger ise 0.46 g 2.0 mM uygulamasinda tespit edilmistir (Cizelge 1). Riboflavin stresin siddetini azaltarak
bitkide fotosentez aktivitesinin meydana geldigi yaprak agirligina olumlu etki yaptig1 goriilmiistiir. Benzer
calismalarda kuraklik stresi karsisinda bitkide kok, govde ve yaprak gelisiminin gerilmesini yavaslatarak
antioksidatif bilesenlerin {iretimini uyardig1 goriilmektedir (Mori ve Sakurai, 1995). Benzer bir ¢alismada
kuraklik stresi karsisinda piiskiirtme yolu ile uygulanan riboflavinin yaprak agirlig: ve gelisimine etki eden
oksidatif strese kars1 direnci artirdig: belirtilmistir (Wang ve Tzeng, 1998). Elde ettigimiz sonuglar bir ¢ok
arastirmacinin sonuglari ile benzerlik gostermistir.

Yaprak Kuru Agirlig1

Yaprak kuru agirhign bakimindan R, PEG, R x PEG 6000 interaksiyonu istatistiksel olarak onemsiz
bulunmustur. Yaprak kuru agirlik degerleri 0.06-0.08 g arasinda degisim gostermistir (Cizelge 1). Benzer
calismalarda stres sartlarinda yapraklarda gozlenen oksidatif reaksiyonlarin siddetinin gevre ve genotip
etkisi altinda oldugu ve riboflavinin iylestirici etkiye sahip oldugu bildirilmistir (Dong ve Beer, 2000).
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Cizelge 1. Kuraklik stresi ve riboflavin uygulamalarmin bitkide fizyolojik ve biyokimyasal 6zellikler tizerine etkisi.
Table 1.Effects of drought stress and riboflavin applications on physiological and biochemical properties of the plant.

PEG 6000 Riboflavin Yap. Sayis1  Yap. Uz YAI YTA YKA Antosiyanin
Dozlarn (B2) (adet) (cm) (cm?) (g) (g) (dx)
RO (kontrol)  17.33 7.11 2342 a 0.55 0.06 23.69
RO1 18.33 7.55 22,61 a 0.56 0.07 25.09
Kontrol (P0)  R05 18.86 7.89 23.20 a 0.60 0.07 29.63
R10 19.00 8.22 2323 a 0.60 0.07 35.56
R20 21.04 7.04 25.04 a 0.64 0.07 44.63
PO Ort. 18.90 A 7.56 A 2332 A 059 A 0.07 31.72C
RO (kontrol)  14.58 5.16 12.21 d 0.32 0.06 24.31
RO1 14.67 5.77 13.14 ¢«d 0.33 0.06 24.63
-0.5 MPa(P05) RO05 15.33 6.22 19.01 b 0.33 0.07 33.69
R10 16.33 6.61 2146 a 0.40 0.05 37.28
R20 17.32 6.72 23.13 a 0.45 0.06 46.19
P05 Ort. 15.65 B 6.09B 16.99 B 0.37B 0.06 33.22B
RO (kontrol)  14.00 5.39 8.08 f 0.26 0.05 29.47
RO1 14.33 5.59 9.08 e 0.27 0.08 30.41
-1.0 MPa(P10) RO05 14.65 5.77 924 ef 032 0.08 34.94
R10 16.33 6.22 1341cd 033 0.08 46.97
R20 17.33 6.27 14.46 ¢ 0.42 0.06 64.47
P10 Ort. 16.33 B 5.85B 10.85 C 032C 0.07 41.25 AB
RO (kontrol)  12.33 5.44 423 g 0.24 0.06 31.66
RO1 12.67 5.55 732 f 0.26 0.06 34.78
-1.5 MPa (P15) R05 15.00 5.77 898 ef 028 0.07 41.40
R10 15.00 6.22 998 e 0.32 0.07 41.52
R20 16.67 6.33 10.21 d 0.33 0.06 66.19
P15 Ort. 14.33 C 5.86 B 814 D 034C 0.06 4311 A
RO (kontrol)  14.56 BC 5.77 11.98 E 0.36 C 0.06 27.28 C
RO1 15.00 B 6.11 13.03 D 0.39B 0.07 28.72C
R Ortalama RO5 15.96 B 6.41 15.10 C 0.41B 0.07 34.91 BC
R10 17.08 A 6.81 16.40 B 0.41B 0.07 40.33 B
R20 18.09 A 6.59 1821 A 046 A 0.06 55.37 A
VK (%) 11.31 13.52 15.05 18.52 21.06 21.08
Riboflavin ** od ** ** od *
PEG 6000 *% *% *% 3% Od *
R x PEG 6000 od od ** od od od

*:p<0.05 diizeyinde 6nemlilik, **: p<0.01 diizeyinde 6nemlilik, 6d: 6nemli degil.
YALI Yaprak alan indeksi; YTA: Yaprak taze agirhik; YKA: Yaprak kuru agirlig.

Antosiyanin Icerigi

Bu calisma sonunda antosiyanin igerigi iizerine Riboflavin ve PEG uygulamalarinin etkisi istatistiki olarak
onemli (p<0.01), R x PEG 6000 interaksiyonu ise istatistiksel olarak énemsiz bulunmustur. PEG 6000
uygulamalar1 sonucunda elde edilen en yiiksek antosiyanin igerigi 43.11 dx ile -1.5 MPa dozu
uygulamasindan, en diisiik deger ise 31.72 dx olarak kontrol dozunda tespit edilmistir. Kuraklik stresinin

siddetine bagli olarak antosiyanin i¢reginde strese reaksiyon olarak bir artis meydana gelmistir. Misir
iizerine yiiriitiilen bir ¢alismada kuraklik ve sicaklik artigina paralel olarak enzimatik olan veya olmayan
antioksidant (SOD, APX) seviyesinin yiikselerek antosiyanin ve karetonoid igeriginin artmasina ancak
klorofil igeriginde azalmaya neden olmustur (Yiizbasioglu vd. 2017). Bu c¢alismada riboflavin
uygulamalarinin antosiyanin igerigi iizerine etkisine bakildiginda en yiiksek degerin 55.37 dx ile R20

dozundan, en diisitk deger ise 27.28 dx ile kontrol doz uygulamasindan elde edilmistir (Cizelge 2).
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Riboflavin oksidatif stres sartlarinda flavin mononiikleotid (FMN) ve flavin adenindiniikleotid (FAD); her
ikisi de redoks (indirgeyici) kofaktor ozellige sahip olup, bitkide meydana gelebilecek zarar1 énlemede
onemli bir role sahiptir (Sandoval vd., 2008). Ayrica bir elektron alicisi olarak bu yetenegi onu ayni
zamanda faydali bir antioksidan maddeye doniistiirdiigii bildirilmistir (Ashoori ve Saedisomeolia, 2014).
Elde ettigimiz bulgular bu sonuglar1 destekleyici yonde oldugu goriilmiistiir.

Fenolik Igerigi

Bitkide fenolik madde igerigi tizerine Riboflavin ve PEG dozu uygulamalarimin etkisi ve R x PEG
interaksiyonu istatistiksel olarak dnemli bulunmustur (P<0.01). PEG 6000 ile olusturulan kuraklik stresi
sonucunda en yiiksek fenolik igerigi 147.04 mg g olarak-1.5 MPa dozundan, en diisiik deger ise 122.27 mg
g ile kontrol doz uygulamasindan tespit edilmistir. Artan stres sartlarinda fenolik madde igerigindeki
artiglar tolerans mekanizmasini giiclendiren antioksidantlar iizerinde pozitif yonde etkili oldugu
goriilmiistiir (Dixon vd., 1992). Elde ettigimiz bulgulara benzer diger aragtirmacilarin ¢alismalarina konu
olan domates ve armut meyvelerinde fenolik madde, ¢oziilebilen seker ile antosiyanin igeriklerinin artig1
goriilmistiir (Rodriguez vd.,2010; Kipgak vd., 2019). Arastirmada uygulanan Riboflavin dozlarina karsilik
en diisiik fenolik igerigi 99.93 mg g ile kontrol dozundan, en yiiksek fenolik igerigi ise 154.15 mg g degeri
ile 2.0 mM dozunda Olgiilmdistiir. R x PEG interaksyonu bakimindan en yiiksek fenolik igerigi P05 x R10
uygulamasindan 177.79 mg g olarak, en diisiik deger ise 94.46 mg g (P10 x R0) olarak elde edilmistir.
Riboflavin uygulamalarinin stres sartlarinda fenolik igeriginde kismen bir artisa neden oldugu
goriilmiistiir. Bu degisimin ortaya ¢ikmasinda bitkilerin genetik yapilarinin yani sira gevresel faktorler ile
farkli uygulamlarin etkili oldugu diisiiniilmektedir. Nitekim bu konuda yiiriitiilen bir calismada hiicre
kiiltiiriinde riboflavin uygulanan havug bitkisi UV 1s1g1na maruz kaldiktan sonra antosiyanin miktarimin
artarken fenilpropanoid ile flavanoid igeriklerinde gegici bir artisa neden oldugu ifade edilmistir (Glafigen
vd., 1998). Benzer bir diger calismada iiziim cesitlerinde fenolikler basta olmak {izere diger sekonder
metabolitlerin tiretiminin artig1 goriilmiistiir (Cetin vd., 2011).

Flavonoid Icerigi

Arastirma sonunda Riboflavin ve PEG uygulamalarimin flavonoid igerigi {izerine etkisi ve R x PEG
interaksiyonu istatistiksel olarak ¢nemli bulunmustur (P<0.01). Horoz ibigi bitkisinde kuraklik stresi
karsisinda flavoid igeriklerinde bir artma meydana gelmistir. En diisiik deger 53.75 mg g ile kontrol
dozundan, en yiiksek deger ise 70.51 mg g' 2.0 mM doz uygulamasindan elde edilmistir. Elde edilen
sonuglara gore artan strese bagh olarak bitki dokularinda flavonoid igerigini artifn gortilmiistiir.
Bulgularimiz1 destekleyen bir diger calismada kuraklik stresinin artigina paralel olarak fasulyede fenolik
ve flavonoid igeriklerinde artis oldugunu bildirmislerdir (Kusvuran ve Dasgan, 2017). Bu uygulamay1
takip eden P05 ve P10 doz uygulamalarinda elde edilen sonuglar (69.81 mg g7, 70.21 mg g) itibari ile aym
grupta yer almislardir. Kuraklik stresi altinda yetistirilen domateslerde kontrol grubuna gore flavonoid
igeriginin % 33 artig1 bildirilmistir (Temur vd., 2023). Calismada kademeli olarak artan riboflavin dozlarina
karsilik en yiiksek flavonoid igerigi 84.83 mg g-'ile 2.0 mM dozundan, en diisiik deger ise 53.52 mM kontrol
uygulamasinda ol¢iilmiistiir (Cizelge 2). R x PEG interaksyonu bakimindan en yiiksek flavonoid igerigi
P15 x R20 uygulamasindan 99.58 mg g olarak, en diisiik deger ise 47.04 mg g (PO x RO) olarak elde
edilmistir. Cigeklenme ve tozlanma iizerine etkili olan flavonoidlerin stresle birlikte miktarinin artigi
goriilmistiir. Bu artista dnemli bir koenzim olan riboflavinin etkili oldugu diistiniilmektedir. Bu konuda
yiliriitiilen calismalarda stress kaynakli bir ¢ok fizyolojik siirecin aktivasyonunda tiamin gibi riboflavininde
onemli bir islevininin oldugu bildirilmistir (Jordan vd., 1999).

Klorofil a

Horoz ibigi bitkisinde Klorofil a igerigi {izerine Riboflavin (B2) dozu uygulamalarmin etkisi ve R x PEG
6000 interaksiyonu istatistiksel olarak dnemsiz, PEG 6000 dozu ile olusturulan kuraklik stresinin ise etkisi
istatistiksel olarak onemli bulunmustur (P<0.05). Calisma sonunda en yiiksek klorofil a igerigi sirasiyla
22.86, 23.61 ve 23.66 mg g degerleri ile PO, P05 ile P10 doz uygulamalarinda elde edilmistir. Denemede
farkli 3 doz uygulamasindan elde edilen sonuglar istatistiksel olarak ayni grupta yer almiglardir. En diisiik
deger ise 18.71 mg g olarak -1.5 MPa dozunda ol¢iilmiistiir (Cizelge 2). Artan kuraklik dozlarina paralel
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olarak bitkilerde yaprak ayalarinda sararma ve kloroz sonucunda kloroifl degerlerinin azaldig: tespit
edilmistir. Benzer bir ¢alismada kuraklik stresine maruz kalan biber bitkisinde klorofil oram %18.79-37.17
arasinda degisim gostererek kontrol grubuna gore azalma gosterdigi bildirilmistir (Yaban ve Kabay, 2019).
Bir diger ¢alismada klorofil miktarindaki azalmanin fotosentez aktivitesini diisiirdiigii tespit edilmistir
(Haider vd., 2018).

Cizelge 2. Kuraklik stresi ve riboflavin uygulamlar: bitkide fizyolojik ve biyokimyasal 6zellikler tizerine etkisi.
Table 2.Effects of drought stress and riboflavin applications on physiological and biochemical properties of the plant.

PEG 6000 Riboflavin Fenolik Flavonoid Klorofila Klorofil Top. klor. Karetenoid
Dozlan (B2) (mg g?') (mg g) (mg g) b(mgg-1) (mgg? (mg g
RO (kontrol) 97.38 de 47.04 1 18.40 10.83 29.23 4.99
RO1 109.67 de 50.74 gh 23.71 11.81 35.52 4.14
Kontrol (P0) RO5 119.04 cd 51.20 gh 23.78 14.42 38.20 4.39
R10 124.25 c¢d 55.60 ef 24.14 15.78 39.92 5.33
R20 140.92 be 64.17 de 24.28 16.24 40.52 5.36
PO Ort. 12227 C 53.75 B 22.86 A 13.82 A 36.67 AB 4.84
RO (kontrol) 95.92 e 49.81 h 23.83 14.54 35.96 5.21
RO1 98.42 de 5259 g 23.79 14.34 36.74 5.10
-0.5 MPa (P05)  RO05 117.17 cde  55.37 efg 23.71 14.97 38.68 4.77
R10 177.79 a 92.64 ab 23.53 13.21 41.13 4.33
R20 143.00 bc 98.66 ab 23.21 12.75 42.37 347
P05 Ort. 12646 C 69.81 A 23.61 A 13.96 A 38.97 A 4.57
RO (kontrol) 94.46 e 64.40 de 23.93 16.42 34.46 447
RO1 13592 ¢ 68.33 d 23.92 15.15 35.44 445
-1.0 MPa (P10)  RO5 140.50 ¢ 69.72 cd 23.83 13.29 35.79 4.10
R10 146.33 bc 71.11 bed 23.73 13.14 37.00 4.89
R20 16842 ab 76.90 bc 2291 10.22 37.06 4.19
P10 Ort. 13713 AB 7021 A 23.66 A 13.64 A 35.95B 442
RO (kontrol)  111.96 de 5282 g 22.10 13.33 27.20 4.59
RO1 146.13 bc 61.16 e 18.98 12.98 28.87 440
-1.5MPa (P15)  R05 151.96 bc 65.32 d 18.94 12.91 30.85 4.96
R10 160.92 ab 73.66 b 17.22 11.65 30.96 4.88
R20 164.25 ab 99.58 a 16.35 10.85 38.43 3.90
P15 Ort. 147.04 A 70.51 A 18.71 B 12.34 B 31.26 C 454
RO (kontrol) 9993 C 5352 D 22.06 13.78 31.71D 481
RO1 12253 BC  58.20 CD 22.60 13.57 34.14 C 452
R Ortalama RO5 132.16 B 60.40 C 22.56 13.91 35.88 C 441
R10 15233 AB 7325 B 22.15 13.44 37.25B 4.96
R20 154.15 A 84.83 A 21.68 12.51 39.59 A 423
VK (%) 14.58 18.25 4.34 21.49 9.32 11.67
Riboflavin ** ** od od * od
PEG 6000 *% 3% * %% *% Od
R x PEG 6000 ** * od od od od

*: p<0.05 diizeyinde 6nemlilik, **: p<0.01 diizeyinde 6nemlilik, 6d: 6nemli degil.

Klorofil b

Bitkide klorofil b {izerine PEG 6000 uygulamalarmin etkisi 6nemli, Riboflavin (B2) dozu uygulamalarinin
etkisi ve R x PEG 6000 interaksiyonu ise istatistiksel olarak 6nemsiz bulunmustur (p<0.01, P<0.05). Bitkide
kuraklik stresi sonucunda elde edilen en yiiksek klorofil b kontrol doz uygulamasindan 13.82 mg g7, en
diisiik ise 12.34 mg g degeri ile -1.5 MPa dozunda tespit edilmistir. Kuraklik stresinin siddetine bagh
olarak klorofil b igerigi azalmistir (Cizelge 2). Bitkide yaprak sayisi, yaprak uzunlugu, yaprak alan indeksi,
yaprak taze agirlig1 gibi yesil aksamdaki azalmaya paralel olarak klorofil b degerlerinde diisme meydana
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gelmistir. Benzer bir ¢alismada 9 adet domates cesidinde kuraklik stresi sonucunda klorofil b degerleri %
3.97-63.18 oraninda kontrole gore azalma gostermistir (Alp ve Kabay, 2017). Kuraklik stresine kars:
dayanuiklik bitkilerin genetik yapilarinin yani sira stresin siiresi ve siddetine bagh olarak degistigi
bildirilmistir (Tunctiirk vd., 2021).

Toplam Klorofil

Bu calisma sonunda toplam klorofil igerigi tizerine Riboflavin ve PEG uygulamalarinin etkisi 6nemli
(p<0.01), R x PEG 6000 interaksiyonu ise istatistiksel olarak dnemsiz bulunmustur. PEG 6000 uygulamalar:
sonucunda elde edilen en yiiksek klorofil igerigi 38.97 13.82 mg g ile -0.5 MPa dozundan, en diisiik deger
ise 31.26 13.82 mg g olarak -1.5MPa dozu uygulamasinda tespit edilmistir. Kuraklik stresinin siddetine
bagli olarak toplam klorofil miktarinda azalma meydana gelmistir. Bitkilerde yesil rengi veren klorofil
maddesidir. Bu madde stres sartlarinda miktar1 azalarak solar radyasyon miktarini ve tabiki fotosentetik
aktiviteyi azalmasina neden olmaktadir (Gitelson vd., 2003). Bu galismada riboflavin uygulamalarinin
toplam klorofil igerigini artirdig1 goriilmiistiir. En yiiksek degerin 39.59 mg g-! ile R20 dozundan, en diisiik
deger ise 31.71 mg g ile kontrol doz uygulmasindan elde edilmistir (Cizelge 2). Riboflavin bitki
yapraklarinda fotosentez ve solunum olaylarinda rol oynayan enzimleri aktivite ederek stres kaynakl
zarar diizeyini azaltig1 bildirilmistir (Deng vd., 2014). Bu sonuglar elde ettigimiz bulgular ile benzerlik
gOstermistir.

Karotenoid Icerigi

Karotenoid igerigi tizerine Riboflavin ve PEG uygulamalarinin etkisi, ayrica R x PEG 6000 interaksiyonu
istatistiksel olarak dnemsiz bulunmustur (P<0.05, P<0.01). Karotenoid icerigi 3.47- 5.36 mg g* arasinda
degisim gostermistir (Cizelge 2). Bitkisel pigment olmanin disinda abiyotik streslere kars: agresif bir
antioksidant pigment olarak bilinmektedir (Kalefetoglu ve Ekmekgi, 2005). Ozellikle fotosentez sirasinda
fotosenteze yardimc pigmentlerden biri olarak bilinmektedir. Stres ve toksik sartlar altinda absorbe
edilen enerjinin %15-90 verimlilikle klorofile aktarilmasinda énemli roller iistlendikleri belirtilmistir.
Ayrica asir1 151k ve sicaklik sartlarinda klorofili koruyucu etkiye sahiptirler. Stres karsisinda bir ¢ok
bitkide karotenoid miktarinin arti1 rapor edilmistir (Keles ve Oncel, 2002; Kaya ve Inan, 2017) Bu
calismada strese bagh olarak karotenoid igeriginin degismemesi bitkiler aras: genetik farkliliga veya
degisik uygulamalardan kaynaklandig1 diisiiniilmektedir.

SONUC
Bu ¢alismada horoz ibigi (Amaranthus albus L.) bitkisinde PEG 6000 ile olusturulan kuraklik stresine kars1
Riboflavin (B2) uygulamalarinin fizyolojik ve biyokimyasal 6zellikler iizerine etkisi incelenmistir.

Horoz ibigi bitkisinde kontrol uygulamasma gore -1.5 MPa dozla olusturulan kuraklik stresi sonucunda
yaprak sayisinda, yaprak uzunlugunda, yaprak alan indeksinde, yaprak taze agirligi, klorofil a ve b ile
toplam klorofil miktarlarinda sirastyla %13.50, %22.48, %65.06, %45.76, %18.15, %10.70 ve %19.78 oraninda
azalma olmustur. Kuraklik stresi sonucunda antosiyanin, flavonoid ve fenolik degerlerinde sirasiyla
%26.42, %23.76 ile %16.84 oraninda artislara neden olmustur. Yaprak kuru agirhi1 ve karotenoid igeriginde
ise istatistiksel olarak onemli bir degisiklik goriilmemistir. Bitkide kontrol uygulamasina gore 2 mM
riboflavin uygulamalarinin kuraklik stresi karsisinda yaprak sayisi, yaprak alan indeksi, yaprak taze
agirligi, antosiyanin, fenolik madde, flavonoid ve toplam klorofil degerlerinde (sirasiyla %19.51, %34.21,
%21.73, %50.73, %35.17, %36.63 ve %19.90) artis ile meydana gelen zarar iyilestirici ve diizenleyici etkisi
oldugu goriilmiistiir.

Bu sonuglar PEG 6000 ile olusturulan kuraklik stresine karsi riboflavin (B2) uygulamalarinin hasar
diizeyini azalttig1l sOylenebilir. Ancak daha gercekci sonuglara ulasabilmek icin bu g¢alismanin tarla

sartlarinda test edilmesi gerekmektedir. Bu amacgla kuraklik stresine karsi benzer c¢alismalarin
yliriitiilmesinin literatiire ve problemin ¢oziimiine katki saglayacagi kanaati hasil olmustur.

CIKAR CATISMASI
Yazarlar arasinda herhangi bir ¢ikar ¢atismas: yoktur.
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Baz1 Misir Cesitlerinin Yem Kalite Parametrelerinin incelenmesi
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Oz: 2014- 2015 yetistirme sezonunda Erciyes Universitesi Tarimsal Arastirma ve Uygulama Merkezine ait deneme alaninda kurulmustur. Materyal olarak
24 musir gesidi kullanilmigtir. Iki yil siiresince Kayseri kosullarinda ana iiriin olarak ekimi yapilan gesitlerin yem kalitesine ait parametrelerden; ham
protein orani (%), ADF (%), NDF (%), ham kiil (%) ve ham seliiloz (%), sindirilebilir kuru madde (SKM), sindirilebilir enerji (SE), metabolik enerji (ME),
kuru madde tiiketimi (KMT) ve nispi yem degerleri sonuglar ile yag kalite parametre degerleri de incelenmistir. Yapilan kalite analiz sonuglarina gore,
ham protein oram bakimindan en yiiksek gesit Hido olmus ve ilk grupta yer almistir. Pr 31D24 ve Prestige gesitleri ise istatistiksel olarak en son grupta
yer almuglardir. Y1l x gesit interaksiyonu ham protein orani, ADF, NDF ve ham kiil oranlar1 6nemli ¢tkmistir. Yillara gore cesitlerin kalite performansi
degiskenlik gostermistir. Yillar arasinda istatistiksel olarak sonuglarda anlamli farkliliklar bulunmustur. {lk yil ham protein oraru ikinci yildan yiiksek
cikarken diger tiim parametreler agisindan ikinci yil sonuglar ilk y1l sonuglarindan istatistiksel olarak daha yiiksek bulunmus ve ilk grupta yer almigtir.
Yetistiricilikte en 6nemli unsurlarin basinda dogru gesit se¢imi gelmektedir. Bolge kosullarinda 24 farkli gesit ile sulamali olarak yapilan denemede yem
kalitesi ve yag asitleri bakimindan en iyi performans gosterebilen gesit ya da gesitlerin tespiti ve benzer ekolojilerde yapilmasi planlanan ¢alismalara veri
olusturabilmesi amaglanmstir.

Anahtar Kelimeler: Cesit, Kalite, Silajlik Misir, Yem

Abstract: This research was established in the research area of The Erciyes University Agricultural Research and Application Area during the 2014-2015
growing season. 24 corn varieties were used as material. Among the parameters regarding the feed quality of the varieties cultivated as the main crop
under Kayseri conditions for two years; crude protein ratio (%), ADF (%), NDF (%), crude ash (%) and crude fiber (%), digestible dry matter (SKM),
digestible energy (SE), metabolic energy (ME), dry matter Consumption (BMT) and relative feed values results and oil quality parameter values were also
examined. According to the quality analysis results, Hido was the variety with the highest crude protein content and was in the first group at the
statistically. Pr 31D24 and Prestige varieties were statistically in the last group. Year x variety interaction, crude protein ratio, ADF, NDF and crude ash
ratios were found to be significant. The quality performance of varieties has varied over the years. Statistically significant differences were found in the
results between years. While the crude protein ratio in the first year was higher than the second year, the second year results were found to be statistically
higher than the first year results in terms of all other parameters and were included in the first group. Select the right variety is one of the most important
elements in cultivation. In this study conducted under irrigated conditions with 24 different varieties, it was aimed to determine the variety or varieties
that showed the best performance in terms of feed quality and fat acids and to provide data for studies planned to be carried out in similar ecologies.
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GIRIS

Tahillar Diinyada tarimsal iiretim igerisinde olduk¢a 6nemli bir yere sahiptir. Misir tahil grubunun iginde
yer almakta, digerlerine gore farkli kullanim alanlarina da sahiptir. igerdigi zengin besin maddeleri ile
misir hem insan hem de hayvan beslenmesinde kullanilabilmektedir. Misir hayvanlarin beslenmesinde
kullanilmasinin yarusira dogrudan kullanilmakta ve birgok gida maddesinin {iretiminde hammadde olarak
kullanilmaktadir. Yeryliziinde diretilen musirin %27’si insan beslenmesinde, %73’ii ise hayvan
beslenmesinde kullanilmaktadir. Gelismemis {ilkelerde misir bitkisi hayvanlarda %46, %54 insan
beslenmesinde ve sanayi kullanulmaktadir. Ekonomik olarak gelismis, iiretim miktar1 yiiksek olan
iilkelerde bu oran hayvan beslenmesinde %90 ‘dir (Oz vd., 2017). Hayvanciligin en énemli sorunlarindan
birisi beslemedir. Hayvancilikta besleme igin gerekli yemin maliyeti karlilig1 etkilemektedir. O nedenle
kaliteli ve ucuz yem hayvancilikta 6nemlidir. Meralarin yetersiz oldugu hayvancilik yapilan bolgelerde
yem bitkileri yetistiriciligine ihtiya¢ olmaktadir. Kaba yem kaynaklarinin artirilmasi {iretimde verim icin
onemlidir. Meralar kaba yem kaynaklarinin en énemli alanlaridir. 2022 yilinda iilkemizde 13 147.701 ha
mera alani mevcuttur. Ege ve Marmara Bolgesi igin ortalama kuru ot verimleri 600 kg ha!, Karadeniz
Bolgesi igin 1000 kg ha'!, Giineydogu Anadolu Bélgesi ve I¢ Anadolu icin 450 kg ha!, Dogu Anadolu Bolgesi
i¢in 900 kg ha' ve Akdeniz Bolgesi icin 500 kg ha? olarak tespit edilmistir (Anonim, 2024a). Elde edilen
kuru ot miktar1 meralar igin yaklasik yilda 8.926 milyon tondur. Tiirkiye'nin kaliteli kaba yem ihtiyacimin
yaklasik olarak %10’luk kismi meralardan elde edilebilmektedir (Oz vd., 2017). Nitekim Tiirkiye’de son
yapilan sayimlarda yaklasik 17 milyon biiyiikbas hayvan birimi (BBHB) bulunmaktadir (Anonim, 2024b).
Hayvanlara gerekli olan kaliteli kaba yem ihtiyacinin yem bitkileri tarimu ile karsilanmasi gereken kaba
yem ihtiyaci yaklasik 7 milyon tondur. Ulkemizde kaba yem ihtiyacimin karsilanmas igin silajlik misir,
korunga, yonca, Italyan ¢imi, fig, yem bezelyesi ve yem salgami gibi yem bitkileri ile bugday, yulaf gibi
yesil ota yonelik tahillar yetistirilmektedir. 2023 yilinda tilke genelinde 18.296.282 ton yonca, 3.717.866 ton
fig, 1.579.972 ton korunga, 3.155.197 ton yulaf ve 616.709 ton Italyan ¢imi iiretimi olmustur. Silajlik misir
tretimi 28.653.531 ton olmustur. Toplam kaba yem iiretiminin biiylik kismini olusturan silajlik misir
tiretimi 528.617 2 ha alanda gergeklestirilmistir (Ttirkiye Istatistik Kurumu, [TUIK], 2024). Bu veriler silajlik
musir iiretimin Tiirkiye'nin hayvansal tiretimi ac¢isindan ne kadar énemli oldugunu ortaya koymaktadir.
Misir, ekimden hasada kadar makineli tarima uygun olmasi, kayip oraninin az olmasi, yiiksek enerji
verimi, saklama ve kullanim kolaylig1, yiiksek kuru madde verimi, sindirilme oraninin yiiksekligi, kaliteli
ve lezzetli bir silaj yemi olmasi ve birim alandan yiiksek verim alinabilmesi, tohumlugunun kolay
bulunmasi, silolama kolaylig1 nedeniyle diinyada ve iilkemizde silajlik olarak en fazla ekimi yapilan
bitkilerin baginda yer almaktadir (A¢ikgoz vd., 2002). Silolanabilme kolaylig1 nedeniyle kisin hayvanlarin
taze sulu tiiketebildikleri bir bitkidir. Bolgeye uygun ¢esit se¢imi yiiksek verim elde etmede en Snemli
kriterdir. Her ekolojiye uygun cesitler farklidir, ayn1 gesit farkli ekolojilerde farkli performansa sahiptir.
Fazla sayida misir gesidi lilkemizde bulunmaktadir. Cesitlerin verim ve kalite 6zellikleri bakimindan
gosterdikleri performanslar birbirinden farklidir. Bu farklilik genotipik farkliliktan, ekolojik kosullardan,
kiiltiirel islem farkliliklarindan ortaya ¢ikabilmektedir (Cesurer vd., 1999; Cusicanqu ve Lauer, 1999).
Ekolojilere uygun cesit ya da gesitlerin belirlenmesi bu nedenle biiyiik 6nem arz etmektedir. Hibrit 6zelligi
bulunmasi nedeniyle Misir bitkisi ile yapilan ¢alismalarin her yil yapilmasi onem arz etmektedir. Bu
calismada Kayseri ekolojik kosullarinda ana iiriin olarak ekilen 24 farkli misir ¢esidinin kalite 6zelliklerinin
tespit edilerek, bolge sartlarinda kalitesi yiiksek silajlik muisir gesit veya gesitlerinin belirlenmesi
amagclanmistir.

MATERYAL VE METOT

Calisma 2014 ve 2015 yillarinda sulamali olarak Erciyes Universitesi Tarimsal Arastirma ve Uygulama
Merkezine ait deneme alanminda yapilmistir. Arastirmada, 24 misir ¢esidi kullanilmistir. Giibre olarak
amonyum siilfat (%21 N) ile TSP (%46 P20s) kullanilmistir. Calisma, Tesadiif Bloklar1 Deneme Desenine
gore 3 tekrarh olarak yiiriitiilmiistiir. Deneme parsel uzunlugu 5 m, parsel genisligi ise 3 m olacak sekilde,
bloklarda 24 ve toplam denemede bulunan parsel sayis1 72 olacak sekilde kurulmustur. Parseller arasinda
1 m, bloklar arasinda ise 2 m mesafe birakilmigtir. Deneme alan1 (15 m2 x 24 gesit x 3 tekerriir) 1.080 m? dir.

—_——
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Parsel aralarinda 1 m ve blok aralarinda 2 m mesafe olacak sekilde yol birakilmistir. Bu alana blok aralar1
da eklendiginde toplam alan 1.191 m? olmustur. Kayseri ekolojik kosullarinda yiiriitiilen ¢alisma, ilk yil
29 Nisan 2014 ve ikinci yil 20 Nisan 2015 tarihlerinde gerceklestirilmistir. Ekim diizeni, sira aralar1 70 cm
ve sira lizeri 20 cm olacak bicimde tasarlanmistir; bu da yaklasik olarak dekara 10.000 bitki yogunlugu
anlamina gelmektedir. Her bir sira boyunca 20 cm araliklarla ve 5 - 6 cm derinlige hazirlanan {iger tohum
yerlestirilmis ve tohumlar toprakla ortiilmiistiir. Fidelerin ¢ikisindan sonra, boyutlar1 10 - 15 cm’ye
ulastiginda, ekilen ii¢ tohumdan ¢ikan fidelerde sadece bir fide birakilacak sekilde seyreltme islemi
uygulanmistir. Ayrica, tiim tarla parsellerine 18 kg da? azot (N) ile 7 kg fosfat (P20s) igeren giibre
uygulanmistir (Ergin, 1974). Ekim esnasinda fosforlu giibrelerin tamami ve azotlu giibrelerin yarisi topraga
eklenmistir. Bitkilerin boyu 20 - 25 cm’ye ulastiginda kalan azotlu giibre de siralar boyunca serpilmis ve
toprakla karistirilarak bitkilerin kok bdlgesine ulasmasi saglanmistir. Yabanci otlarin kontrolii igin
mekanik yontem olan ¢apa kullanilmistir. Sulama, bitkilerin dis goriiniislerine gore belirlenmis ve karik
sulama metoduyla gergeklestirilmistir; bu yontemde su, bitki siralarinin arasina verilmis ve toprak
tamamen 1slanana kadar bu islem ii¢ defa tekrarlanmistir. Hasat zaman geldiginde, koganlarin yarist siit
olum evresinin sonlarina dogru sar1 olum evresine gegis yapmisken, her parselin kenarlarindan bir sira ve
uclarindan ikiser ocak birakilmis, kalan 2 m x 2.1 m = 4.2 m?lik alan hasat i¢in kullamilmistir. Kayseri
bolgesinde gergeklestirilen arastirmanin iklim verileri, Meteoroloji Genel Miidiirliigii kayitlarindan elde
edilmistir. Uzun yillarin ortalama sicakhigr 16.8°C iken, 2014'te 16.6°C, 2015te ise 18.6°C olarak
kaydedilmistir. Ayni dénemde toplam yagis miktarlar sirasiyla 213.7 mm, 288.5 mm ve 113.1 mm olarak
Olciilmiistiir (Cizelge.1). Arastirma sahasinin topragi ilk yil, kumlu tinli bir yapida olup, hafif alkali bir pH
degerine (7.8), diisiik kireg (%1.95) oranlarina sahiptir. Topragin fosfor (4.90 kg da!) ve potasyum (229.9 kg
da?) igerigi yiiksek, organik madde orani ise diisiik (%1.10) tespit edilmistir. Tkinci yil, kumlu tinli bir
yapida olup, hafif alkali bir pH degerine (7.7), diisiik kireg (%1.56) oranlarina sahiptir. Topragin fosfor (5.07
kg da™) ve potasyum (231.4 kg da™) igerigi yiiksek, organik madde orani ise diisiik (%1.56) tespit edilmistir
(Cizelge.2.).

Cizelge 1. Kayseri ili deneme yillarina ait bazi meteorolojik veriler.
Table 1. Meteorological datas from the trial years in Kayseri province.

Toplam -
iklim AYLAR ortalama
faktorleri Yillar Nisan Mayis Haziran Temmuz Agustos Eyliil Ekim

2014 61.6 79.8 106.2 9.7 0.0 3.0 28.2 288.5
2015 49 50.6 31.9 0.2 0.0 5.2 20.4 113.1
Aylik toplam
yags (mm) 1970-2015 57.4 54.4 39.4 11.8 6.1 11.5 33.1 2137
2014 9.7 14.1 18.6 24.1 224 17.5 10.0 16.6
Aylik 2015 14.4 15.4 21.4 23.4 21.9 20.1 13.9 18.6
ortalama
sicaklik (°C) 19702015 106 14.9 19.1 22.6 21.9 17.1 11.5 16.8
2014 65.5 61.4 55.5 43.5 42.0 45.6 60.1 53.4
Aylik 2015 39.7 62.8 44.8 42.6 45.5 39.1 63.3 48.3
ortalama
63.0 61.1 55.8 50.4 51.0 55.0 64.1 57.2

nispinem (%)  1970-2015

—
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Cizelge 2. Deneme alani topragina ait baz1 kimyasal ve fiziksel 6zellikler.
Table 2. Some chemical and physical properties of trial area.

Organik

Yillar ;iliiltur fi/zl) i;:)t :E/:l)m pH madde :E/:’I;eg P20s K20

(%) (kg da?) (kg da™)
2014 Kumlu-Tm 1310 1810 6880 78 110 1.95 4.90 2299
2015 Kumlu-Tm 1311 3057 5632 7.7 146 1.56 5.07 2314

*Toprak analizleri Erciyes Universitesi Ziraat Fakiiltesi Toprak Boliimii laboratuvarlarinda yapilmistir.

Misir tanelerinin besin igerigi analizi, NIRS cihaz1 kullanilarak yapilmistir. Bu analizde ham kiil, ham
protein, asit deterjanda ¢oziinmeyen lif (ADF) ve notr deterjanda ¢oziinmeyen lif (NDF) miktarlari
belirlenmistir. ADF ve NDF oranlarina dayanarak, sindirilebilir kuru madde miktar1 (1), kuru madde
tiiketimi (2) ve nispi yem degeri (3) hesaplanmustir. Ayrica, SKM degerleri kullanilarak sindirilebilir enerji
(4) ve bu enerji iizerinden metabolik enerji (5) tespit edilmistir. Gaz Kromatografi yontemiyle, misir
tanelerindeki yag asitleri oranlar 6l¢iilmiis ve palmitik, stearik, oleik, linoleik, linolenik asitlerin ytizdeleri
kaydedilmistir. Yag asidi analiz siireci, Baydarin 2005 yilinda yayimladig1 yonteme dayanarak
gerceklestirilmistir. Tohumlar dikkatlice temizlendikten sonra 6giitme islemine tabi tutulmustur. C)gﬁﬁilen
numunelerden yaklasik 1.5 - 2 gram alinarak seffaf cam tiiplere yerlestirilmistir. Her bir tiipe 3 ml
Petroleum eteri ilave edilerek ¢ozelti homojen hale getirilmistir. Tiiplerin agizlar1 kapatilarak yarim saat
boyunca oda sicakliginda bekletilmis ve ¢ozeltinin berraklasmasi saglanmistir. Daha sonra, ¢ozeltinin
berrak kismindan, tortu ile karistirmadan, 0.8 ila 1 ml aras1 bir miktar alinip yeni bir tiipe aktarilmistir. Bu
tiipler gece boyunca agik bir sekilde desikatorde kurutulmustur. Ertesi giin solvent buharlastirildiktan
sonra, tiiplerin dibinde kalan yag, 2 ml Namethylat ile esterlestirilmistir. Esterleme igleminden sonra tiipler
iyice calkalanmus, kapatilmis ve yarim saat daha oda sicakliginda bekletilmistir. Ardindan 1.5 ml Iso-oktan
eklenerek yagin Iso-oktan fazina gegisi saglanmistir. Hazirlanan 6rnekler, aliiminyum folyo ile ortiilerek
yaklasik 30 dakika sogukta dinlendirilmistir. Sogutma isleminden sonra, tiiplerin iist kismindaki temiz
fazdan, alt kisima temas etmeyecek sekilde, yarim vial dolacak miktarda numune alinarak viallere transfer
edilmistir. Vialler sogukta muhafaza edilmis ve gaz kromatografi analizi i¢in hazir hale getirilmistir. Analiz
sirasinda, viallerden alinan numuneler gaz kromatografi cihazina yerlestirilmis ve yag asitleri profili
detayli bir sekilde incelenmistir. Arastirmadan elde edilen veriler, 1999 yilinda gelistirilen istatistiksel
analiz yazilimi kullanilarak degerlendirilmistir (Sas, 1999). Elde edilen sonuglar varyans analizi ile
incelenmis, ortalama degerler arasindaki farkliliklar ise Duncan’in ¢oklu Kkarsilastirma testi ile
belirlenmistir.

SKM = 88.9-(0.779x%ADF @)
KMT = %NDFx120 )
NYD = 1.29SKM x KMT 3)
SE = 0.27 + 0.0428 X %SKM 4)
ME = 0.821 x SE Mcal kg'! (%)
—~
Uluslararas: Tarim ve Yaban Hayati Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

296



Bazi Misir Gegitlerinin Yem Kalite Parametrelerinin Incelenmesi

BULGULAR VE TARTISMA

Misir tohumlarinin besin degerleri tizerine yapilan bu calismada, gesitli misir gesitlerinin tohumlarindaki
ham protein, ham kiil, ADF (asit deterjanda ¢6ziinmeyen lif) ve NDF (notr deterjanda ¢oziinmeyen lif)
oranlari, yani sira ham seliiloz yiizdeleri incelenmistir. Arastirma sonuglarina gore, bu 6zellikler agisindan
cesitler arasinda anlamli farklar bulunmustur. iki yillik ortalama degerlere gore, misir tanelerindeki ham
protein orani %6.2 ile %9.7 arasinda degiskenlik gostermis, ortalama %7.39 olarak hesaplanmistir. En
yiiksek protein degeri %9.7 ile Hido ¢esidinde tespit edilmistir. Bu bulgular, Cesurer vd. (1999)'nin
Kahramanmaras'ta %8.5, Bagaran vd. (2017)'mn Yozgat'ta %8.16 olarak kaydettikleri degerlerle paralellik
gosterirken, Sanliurfa’da (Tas, 2020) kaydedilen %12.85'lik orandan daha diisiik bulunmustur. Protein
iceriginin, gesit secimine ve yetistirme kosullarina bagh olarak degiskenlik gosterdigi belirtilmistir. Ay
calismada, misir tanelerinin ham kiil oranlar1 da %4.16 ile %5.83 arasinda degismis, ortalama %4.98 olarak
kaydedilmistir. En ytiiksek kiil oram1 %5.83 ile Prestige ¢esidinde saptanmistir. Bu oranlar, daha onceki
calismalarda elde edilen %2.85 ve %1.8'lik degerlerden yiiksek bulunmustur.

Cizelge 3. Cesitlere ait ham protein (HP), asit deterjanda ¢dziinmeyen lif (ADF) ve nétral deterjanda ¢oziinmeyen lif
(NDF), ham kiil (HK), seliiloz oranlari.

Table 3. Crude protein (HP), acid detergent insoluble fiber (ADF), neutral detergent insoluble fiber (NDF), crude ash (HK),
cellulose ratios of the varieties.

HAM
HP (%) ADF (%) NDF (%) HK (%) SELULOZ(%)

Yillar

Lyl 725 A 30.87 B 4727 B 4.86 B 23.63 B

2.yl 753 B 3182 A 4828 A 5.09 A 24.14 A

Ortalama 7.39 31.35 47.78 498 23.89

Cesitler
1 Almagro 75 ef 31.7 e-h 456 1 451 k 22.82 1
2 BC 5610 78 d 31.1 ght 477 thg 493 hg 23.86 fe
3 BC 8605 71 1h 31.0 ght 474 hi 4.79 hi 23.68 fg
4 Carella 73 gh 326 b-e 485 bcd 4.16 k 24.23 bdc
5 DK-585 75 ef 323 b-f 484 bed 5.13 f 24.19 b-e
6 DKC-5783 69 j 31.8 f-g 474 hi 5.20 fe 23.72 fg
7 Donana 86 b 299 jk 47.8 e-h 532 de 23.90 fed
8 Gadiz 66 k 30.1 jk 48.0 d-g 556 bc 23.97 c-f
9 Hacibey 77 ed 298 k473 i 459 ik 23.67 fg
10 Hido 9.7 a 31.5 fgh  46.7 kj 4.96 g 23.34 h
11 Korimbos 73 gh 316 fgh 483 b-e 444 k 24.12 b-e
12 Kuadro 75 ef 33.2 ba  48.0 cf 451 k 24.10 b-e
13 KWS 6565 72 gh 31.2 gh 467 kj 571 ba 23.33 h
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Cizelge 3. Cesitlere ait ham protein (HP), asit deterjanda ¢dziinmeyen lif (ADF) ve nétral deterjanda ¢oziinmeyen lif
(NDF), ham kiil (HK), seliiloz oranlar1 (devama).

Table 3. Crude protein (HP), acid detergent insoluble fiber (ADF), neutral detergent insoluble fiber (NDF), crude ash (HK),
cellulose ratios of the varieties (more).

HAI\./-I
HP (%) ADF (%) NDF (%) HK (%) SELULOZ(%)

14 Maxima 524 7.5 e 31.7 e-h 48.2 b-f 4.70 jt 2412 b-e
15 Oran 6.7 kj 29.2 1k 47.0 j1 5.46 dc 23.48 hg
16 Pr31 A34 6.8 kj 32.8 bc 48.4 bed 4.47 k 24.18 b-e
17 Pr31D 24 6.2 1 33.4 a 48.3 b-e 3.76 m 24.15 b-e
18 Pr31 G98 7.6 e 31.0 ghi 47.7 thg 5.18 fe 23.86 fe
19 Pr31P41 7.2 gh 311 ghi 48.2 b-f 4.94 hg 24.12 b-e
20 Prestige 6.1 1 32.7 bed 48.6 bc 5.83 a 24.29 bac
21 Samada07 8.7 b 32.0 f-d 48.7 ba 5.16 fe 24.36 ba
22 SF 101L 001 7.1 gh 28.9 1 48.2 b-f 5.21 fe 24.08 b-e
23 Shemal 6.6 k 30.3 j1 49.1 a 5.51 c 24.55 a
24 Tauste 8.4 c 30.8 jhi 46.4 k 5.44 dc 23.22 h

Var.kaynaklar F degerleri

Yil (Y) 88.85** 58.87** 211.56** 106.00** 150.41**

Cesit (C) 126.06** 16.76** 23.71** 83.12** 16.64**

YxC 18.43** 11.10* 0.03 77.01%* 0.07

ACOF 0.06 0.25 0.14 0.05 0.08

DK (%) 243 2.37 0.87 2.76 1.04

Yem kalitesi degerlendirmesinde, ADF (asit deterjanda ¢oziinmeyen lif) ve NDF (nétr deterjanda
¢oziinmeyen lif) oranlar: kritik 6neme sahiptir. ADF, yemin sindirilebilirligini; NDF ise hayvanlarin yem
titketim kapasitesini gosterir (Basbag vd., 2021). Genel olarak, ADF oram %31’in, NDF orani ise %40
altinda olan yemler yiiksek kaliteli olarak kabul edilir (Budak ve Budak, 2014) Incelenen 24 misir gesidinin
ADF degerleri %28.9 ile %33.4, NDF degerleri ise %45.6 ile %49.1 arasinda degiskenlik gostermistir.
Ortalama ADF ve NDF degerleri sirasiyla %31.35 ve % 47.78 olarak hesaplanmustir. En diisiik ADF degerine
sahip ¢esit SF101L001 (%28.9), en diisiik NDF degerine sahip gesit ise Almagro (%45.6) olmustur. Bu
sonuglar, daha onceki ¢alismalarda elde edilen %26.8 ile %37.8 arasindaki degerlerle karsilastirildiginda
yiiksek bulunmustur (Basaran vd., 2017). Tiirkiye genelinde yapilan bir baska c¢alismada, muisir
orneklerinin NDF oranlarinin %8.07 ile %19.83 arasinda degisti§i ve ortalamanin %13.16 oldugu
belirlenmistir. Mevcut ¢alismamizda kullamulan Hido cesidi, baska bir arastirmada %8.37 HP orani, %38.2
ADF ve %52.67 NDF degerleriyle kaydedilmistir, bu degerler mevcut calismamizin sonuglarina yakin
gikmistir (Alagoz ve Tiirk, 2020). Ayrica, calismamizda ADF degeri %31’den diisiik olan dort misir gesidi
yliksek kaliteli yemler kategorisine girmistir.

Misir gesitlerinin tohumlarindaki besin degerleri de incelenmis, sindirilebilir kuru madde (SKM),
sindirilebilir enerji (SE), metabolik enerji (ME), kuru madde tiiketimi (KMT) ve nispi yem degeri gibi
parametreler degerlendirilmistir. Bakilan yem degerleri {izerinde herhangi bir istatistiki analiz
yapilmamugtir. Bu yontemlerin 6zellii yem bitkisinin kimyasal degerleri kullanilarak yem kalitesi ile ilgili
rakamsal bir deger elde edilmek suretiyle yem kalitesinin olgiilmesidir. Nispi yem degeri, kaba yemin
pazarlanmasi ve kalitesinin belirlenmesinde onemli bir dlgiittiir. Kaba yem fiireticileri ve alicilar1 kaba
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yemin fiyatlandirilmasinda NYD indeksini kullanmaktadirlar (Giirsoy ve Macit, 2017). Kaba yem kalite
standartlarina gore kuru madde sindirilebilirligi %65.53 ve metabolik enerji igerigi 2.52'nin {izerinde olan
yemelerin en iyi kalite sinifinda oldugu rapor edilmistir (Rivera ve Parish, 2010). Tohumlarin SKM oranlar1
%63.3 ile %66.3, SE miktarlar1 2.96 ile 3.1 Mcal kg?', ME miktarlar1 2.43 ile 2.54 Mcal kg, KMT oranlar1
%2.44 ile %2.63 ve nispi yem degerleri 121 ile 131 arasinda degiskenlik gdstermistir. Incelenen 24 misir
gesidinin ortalama SKM oran1 %64.5, SE miktar1 3.03 Mcal kg!, ME miktar1 2.48 Mcal kg1, KMT orani %2.51
ve nispi yem degeri 125.63 olarak belirlenmistir. En yiiksek nispi yem degerine sahip cesit, 131 ile Almagro
olarak kaydedilmistir (Cizelge.4).

Cizelge 4. Misir cesitlerine ait sindirilebilir kuru madde (SKM), sindirilebilir enerji (SE), metabolik enerji (ME), kuru
madde tiiketimi (KMT) ve nispi yem degerleri.

Table 4. Digestible dry matter (DSM), digestible energy (SE), metabolic energy (ME), dry matter consumption (DMT) and relative
feed values of corn varieties.

SKM (%) KMT (%) NYD SE(Mcalkg) ME(Mcalkg")

1 Almagro 64.6731 2.631579 131.9321 3.038009 2.494205
2BC 5610 64.2057 2.515723 125.2122 3.018004 2.477781
3 BC 8605 64.751 2.531646 127.0749 3.041343 2.496942
4 Carella 63.5046 2.474227 121.8022 2.987997 2.453145
5 DK-585 63.7383 2.479339 122.503 2.997999 2.461357
6 DKC-5783 64.1278 2.531646 125.8518 3.01467 2.475044
7 Donana 65.6079 2.51046 127.6791 3.078018 2.527053
8 Gadiz 65.4521 2.5 126.8452 3.07135 2.521578
9 Hacibey 65.6858 2.536998 129.182 3.081352 2.52979
10 Hido 64.3615 2.569593 128.2038 3.024672 2.483256
11Korimbos 64.2836 2.484472 123.8068 3.021338 2.480519
12 Kuadro 63.0372 2.5 122.1651 2.967992 2.436722
13KWS6565 64.5952 2.569593 128.6693 3.034675 2.491468
14Maxima524 64.2057 2.489627 123.9133 3.018004 2.477781
15 Oran 66.1532 2.553191 130.9316 3.101357 2.546214
16 Pr31 A 34 63.3488 2.479339 121.7544 2.981329 2.447671
17Pr31 D24 62.8814 2.484472 121.1063 2.961324 2.431247
18 Pr31 G98 64.751 2.515723 126.2757 3.041343 2.496942
19 Pr31 P41 64.6731 2.489627 124.8154 3.038009 2.494205
20 Prestige 63.4267 2.469136 121.4024 2.984663 2.450408
21 Samada07 63.972 2.464066 122.1947 3.008002 2.469569
22 SF101L001 66.3869 2.489627 128.1229 3.111359 2.554426
23 Shemal 65.2963 2.443992 123.7082 3.064682 2.516104
24 Tauste 64.9068 2.586207 130.1259 3.048011 2.502417
Ortalama 64.5 251 125.64 3.0306 2.48

2022 yilinda 4 gesitle yapilan bir ¢calismada KMT oranlar1 2.05-2.45 bulunmustur. Bizim elde ettigimiz
sonuglar bu ¢alismayla benzerlik gostermektedir (Simsek Soysal vd., 2022). Bingdl kosullarinda Kokten vd.
(2023)'nin 25 adet gesitle yaptiklar1 deneme sonuglarina gore bizim degerlerimiz SKM oranlari, SE, ME
miktarlari, KMT oranlari ve nispi yem degerlerinden daha diisiik bulunmustur.

—
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Cizelge 5. Misir ¢esitlerine ait yag asit degerleri.
Table 5. Fatty acid values of corn varieties.

Palmitik  Stearik
asit (%) asit (%)  Oleik asit (%) Linoleik asit (%) Linolenik asit (%)
Yillar 1.yl 16.54 4.46 3068 B 4716 A 1.16
2.y1l 16.74 4.45 3246 A 4523 B 1.12
Ortalama 16.64 4.46 31.57 46.20 1.14
Cesitler
1 Almagro 1668 e-g 590 a 3169 d-g 4417 gih 1.57 ba
2 BC 5610 1692 edf 474 cbd 3150 d-h 46.08 gfe 077 m
3 BC 8605 1643 ghf 520 b 2986 gk 4735 dce 1.16 fa
4 Carella 1621 ghf 529 b 2997 gk 4735 dce 119 e
5 DK-585 1516 133 520 b 3690 a 4132 j 142 bc
6 DKC-5783 1433 kj 341 gh 2982 gk 5105 b 1.39 bcd
7 Donana 17.57 bdc 5.02 cb 2886 kj 4772 dce 0.82 Im
8 Gadiz 1841 ba 4.07 d-g 2842 k 48.28 dc 0.82 Im
9 Hacibey 1856 a  4.08 d-g 3118 d1 4484 gth 134 cof
10 Hido 17.09 edf 397 fge 2947 Kkj1 48.14 dc 135 ecd
11 Korimbos 1829 ba 439 ced 3298 cbd 4274 jj 160 a
12 Kuadro 16.86 edf 3.12 h 3094 ex 4836 dc 072 m
13 KWS 6565 1590 1gh 3.89 fge 3037 f1 49.00 ¢ 0.84 Kklm
14 Maxima 524 1571 1h 437 ced 3284 b-e 4583 gfe 126 c-g
15 Oran 16.83 edf 3.61 fgh 3393 Db 4462  fa 1.01 jki
16 Pr31 A34 18.14 bac 3.86 fge 30.17 fk 4643 dfe 1.39 bcd
17 Pr31D 24 17.10 edf 450 ced 3281 b-e 4419 gih 140 bcd
18 Pr31 G98 1464 kj 523 b 3451 b 4451 fa 1.10 gh
19 Pr31 P41 1741 edc 595 a 3271 b-e 43.05 ih 0.89 j-m
20 Prestige 1517 13 356 fgh 2675 1 5345 a 1.07 g5
21 Samada07 1862 a 499 cb 3196 cf 4336 1h 1.07 g4
22 SF 101L 001 1399 k 319 h 3680 a 4482  gfh 121 d-h
23 Shemal 1647 eh 521 b 2960 h-k 4770 dce 1.02 h-k
24 Tauste 1691 edf 418 fed 3361 cb 4431 gih 0.99 11
Yil (Y) 2.89 0.00 55.24** 61.11* 1.96
Cesit (Q) 21.32% 15.26**  18.07** 21.16** 17.99**
YxC 27.10** 18.21**  37.23* 42.82** 24.49**
AOF 023 0.17 0.47 0.49 0.05
DK (%) 4.22 11.46 4.54 3.21 12.94
—
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Yag asitleri degerleri i¢in Cizelge.5 incelendiginde; Cesitler arasinda palmitik asit bakimindan farklilik
onemli bulunmustur. En diistik palmitik asit %13.99 ile SF 101L 001 gesidinden, en yiiksek ise Hacibey ve
Samada07 cesitlerinden elde edilmistir. Bu iki ¢esit sirasiyla %18.56-18.62 degerleri ile istatistiki olarak ayn1
grupta yer almislardir. Stearik asite degerleri ise %5.05 (PR31P41) - 3.19 (SF 101L 001) arasinda degisiklik
gostermistir. Oleik asit yag asitleri kompozisyonunda doymamuis yag asidi olmasi sebebiyle yiiksek olmasi
istenen bir parametredir.

Calismamizda en diisiik oleik asit %26.75 ile Prestige cesidinden, en yiiksek deger ise 36.90 ile DK585
cesidinden elde edilmistir. Linoleik asit degerleri %41.32 (DK585) - 53.45 (Prestige) araliginda tespit
edilirken linolenik asit degerleri %0.77-1.60 ile BC5610 ve Karimbos gesitlerinden elde edilmistir. Idikut vd.
(2020) 17 farkli misir gesidi ile yaptiklari ¢alismada yag oranlarinin %2.4 (Sancia) - 3.5 (Macha) arasinda
degistigi, cesitlerin ortalamasi ise %3 olarak bulundugunu bildirmislerdir.

SONUC

Kayseri ekolojik kosullarinda 2014 ve 2015 yillarinda iki yil stireyle, Almagro, BC 5610, BC 8605, Carella,
DK-585, DKC-5783, Donana, Gadiz, Hacibey, Hido, Korimbos, Kuadro, KWS6565, Maxima524, Oran, Pr 31
A 34, Pr 31 D 24, Pr 31 G 98, Pr 31 P 41, Prestige, Samada07, SF101L001, Shemal ve Tauste cesitleri ile
ylriitiilen bu arastirma sonuglarina gore; gesitler arasinda 6zellikler bakimindan istatistiksel olarak 6nemli
bulunmustur. 24 gesit ile yapilan bu arastirma sonucuna gore ham protein orani (%), ADF(%), NDF(%),
ham kiil (%) ve ham seliiloz(%), Palmitik asit (%), Stearik asit (%), Oleik asit (%), Linoleik ve Linolenik asit
(%) degerleri bakimindan cesitler arasinda istatistiki olarak Onemli fark bulunmustur. Ayrica YxC
interaksiyonu da NDF degeri hari¢ diger tiim parametreler i¢in énemli bulunmustur. Diger bir deyisle
gesitler yillara gore degisiklik gostermistir. Bu degisiklik sebebi gesit 6zelligi olmasinin yani sira farkh
yillardaki meteorolojik ve ekolojik farkliliklar olabilecegi diigtiniilmektedir. Yem degerinin yiiksek olmasi
icin Ham protein oraninin da yiiksek olmasi istenmektedir. HP yoniinden Hido ¢esidi 6ne ¢ikarken, ADF
degeri %31’den diisiik olan cesitler SF101L001, Oran, Hacibey ve Donana olarak kaydedilmistir. Yem
degerinin yiiksek olmasi i¢in bir diger parametre olan ham seliiloz oraninin da diisiik olmas1 istenmektedir.
En diisiik orana sahip cesit Almagro olmustur. SF101L001 ¢esidi SKM(%) orani bakimindan en yiiksek
degere sahip olmustur. Almagro ¢esidi Nispi yem degeri bakimindan ilk sirada yer almistir. Yag asitleri
kompozisyonu incelendiginde ise Palmitik asit degeri en yiiksek Samada07, Stearik asit degeri en yiiksek
Almagro, oleik asit degeri yoniinden SF101L001 ¢esidi 6ne ¢ikmustir. Farkli parametreler agisindan ¢alisma
sonuglar1 degerlendirildiginde Almagro ve SF101L001 gesitlerinin 6ne ¢ikan gesitler oldugu soylenebilir.
Istenen 6zellikler bakimindan farkli cesitler tercih edilebilir.

CIKAR CATISMASI
Yazarlar arasinda herhangi bir ¢ikar ¢atismasi bulunmamaktadr.

YAZAR KATKISI
Sancar Bulut: Calismanin planlanmasi, yiiriitiilmesi ve sonuglarin elde edilmesi,

Fatih Oner: Verilerin degerlendirilmesi ve yazilmasinda gérev almuslardir.
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Effects of The Use of Dried Purslane (Portulaca oleracea L.) in Japanese Quail Rations on Growth

Performance and Some Carcass Parameters
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Abstract: This study was carried out to determine the effects of dried purslane (Portulaca oleracea L.) added to quail rations in different proportions on growth
performance, some blood and carcass parameters and some meat quality characteristics. In the study, a total of 256 one-day-old quails were used, distributed to
four treatment groups in four replications. The treatment groups consisted of: (1) Control (C, no purslane), (2) 2% dried purslane added to control feed, (3) 4%
dried purslane added to control feed, and (4) 6% dried purslane added to control feed. It was determined that none of the concentrations of purslane used in
the study had a significant effect on growth performance, meat quality parameters or slaughter parameters except for small intestine weight and warm carcass
yield. The addition of 4 and 6% dried purslane to the ration significantly improved the warm carcass yield compared to the control group. However, it was
observed that the addition of dried purslane caused lower proportional small intestine weight compared to the control. In conclusion, it was seen that up to 6%
dried purslane can be used as an alternative feed ingredient in quail rations

Keywords: Quail nutrition, meat quality, growth performance, purslane.

&

Oz: Bu calisma, bildircin rasyonlarina farkli oranlarda katilmis kurutulmus semizotu (Portulaca oleracea L.) ilavesinin biiyiime performansi, bazi kan ve karkas
parametreleri ve bazi et kalite 6zellikleri {izerine etkilerinin belirlenmesi amaciyla yapilmigtir. Calismada, bir giinliik yasta toplam 256 adet bildircin
kullarlmig ve bildircinlar 4 muamele grubuna 4 tekerriirlii olarak dagitilmislardir. Muamele gruplari: (1) Kontrol (K, semizotu yok), (2) kontrol yemine % 2
kurutulmus semizotu ilavesi, (3) kontrol yemine % 4 kurutulmus semizotu ilavesi ve (4) kontrol yemine % 6 kurutulmus semizotu ilave edilen gruplardan
olusturulmustur. Muameleler gruplarin biiyiime performansi, bazi et kalite parametreleri ve sicak karkas randimani ve ince bagirsak oransal agirligi haricinde
bazi kesim parametreleri iizerine 6nemli bir etkisi gozlenmemistir. Rasyona %4 ve 6 oranlarinda kurutulmus semizotu ilavesi kontrol grubuna gore sicak
karkas randimanini 6nemli derecede iyilestirmistir. Ancak ince bagirsak oransal agirhigi bakimindan kurutulmus semizotu ilavesinin kontrole gére daha diisiik
ince bagirsak oransal agirhigina neden oldugu gozlenmistir. Sonug olarak, bildircin rasyonlarna %6’ya kadar kurutulmus semizotunun alternatif bir yem
maddesi olarak kullanilabilecegi goriilmiistiir.

Anahtar Kelimeler: Bildircin besleme, et kalitesi, biiylime performansi, semizotu.
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INTRODUCTION

Since antibiotic residues in foods of animal origin create resistance against various pathogenic micro-
organisms, the European Union has completely banned the use of antibiotic growth stimulators in animal
feed as of January 1, 2006. The prohibition of the use of antibiotics in feed rations in Tiirkiye is within the
framework of EU harmonization laws, and so there has been a trend towards alternative natural growth
factors in animal nutrition rations. For this purpose, research on probiotics, prebiotics, organic acids and
enzymes, as well as some medicinal and aromatic plants and their extracts, has recently intensified. There
are important components in the structure of medicinal and aromatic plants which are also considered as
feed additives (Levic et al., 2008). There are studies on the addition to poultry rations of thyme, rosemary
(Naderiboroojerdi et al., 2022), garlic (Sukaryana and Syahpura 2022), nettle (Abdul-Majeed et al., 2021),
mint (M Aly et al., 2023), artichoke (Dhiab and Ali 2023), cress (Rashnou et al., 2023) and dill (Hamodi et
al.,2021) which are thought to be effective on performance as growth factors. In these studies, positive
results for performance were found. It is thought that similar results can be achieved with many
biologically active compounds (a-tocopherol, ascorbic acid, glutathione (Simopoulos et al., 1992) and the
purslane plant contains high levels of Omega-3 fatty acids. Dogan (2008) conducted a postgraduate
study in order to determine the effect of purslane added at different rates to laying hen rations on
performance, egg cholesterol and the amount of omega-3 fatty acids. They concluded that it has effects on
the skin and in addition increases the amount of omega-3 fatty acids. In another study, it was observed
that the eggs were enriched with omega-3 fatty acids after the use of purslane in chicken rations (Van
Elswyk,1997). Konca et al,, (2015), adding purslane (Portulaca oleracea L.) seed to quail rations, serum
triglyceride, cholesterol, high-density lipoprotein (HDL) and low-density lipoprotein (LDL)
concentrations were not affected by the treatments, and 10% purslane seed addition to the ration was
found to produce blood malondialdehyde. It was stated that the group with 10% purslane seed increased
the blood malondialdehyde (MDA) level significantly compared to the control group and the groups with
2.5% purslane seed. In addition, the addition of 10% purslane seeds to quail diets significantly increased
superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-Px) and nitric oxide (NO)
values compared to other groups. It was also shown that the addition of 10% purslane seed could affect
serum antioxidant levels without changing carcass characteristics or the serum lipid profile. Jian et al.
(2013), showed that adding 2, 20 and 40 mg mL-! purslane-derived polysaccharide to the drinking water
of broilers improved growth performance. Zhao et al. (2013) reported that the addition of 0.2% and 0.4%
purslane extract to the diet decreased the body weight gain and feed conversion rate and positively
affected the intestinal microflora. This study aimed to determine the effects of dried purslane added to
quail rations at different rates on growth performance, some blood and carcass parameters and meat
quality, and as a result, to bring an alternative natural growth factor to the sector.

MATERIAL AND METHOD

The research was conducted at Bolu Abant {zzet Baysal University Experimental Animals Application
and Research Center with permission dated 12 December 2018 and numbered HADYEK-2018/31 of the
Animal Experiments Local Ethics Committee. Before starting the research, necessary disinfection
procedures were carried out to ensure hygienic conditions. The mixed feeds used in the research were
prepared by providing the necessary raw materials and feed additives containing the nutrients to meet
the physiological and yield share needs of the quails and containing 24% CP and 2900 kcal kg! ME from
the beginning to the end of the experiment (NRC, 1994). As a result of the analysis of the feed used in the
ration, the following values were determined: 8% CP and 3350 kcal kg' ME in maize, 47% CP and 2450
kcal kg' ME in soybean meal and 26% CP and 1463 kcal kg-1 ME in dried purslane. In addition, it was
determined that dried purslane contained 2.42% crude fat and 11.34% crude fiber. The rations used in the
experiment are given in Table 1. In the research, 256 day-old mixed-sex Japanese quail (Coturnix japonica)
chicks obtained from a private hatchery were used as live animal material. The room for the chicks in the
research unit was heated to 33°C the day before, and suitable physical conditions of heat, light, humidity
and ventilation and needed feed and water were prepared. While creating the study plan, the purchased
chicks were weighed one by one and homogeneity in terms of body weight was ensured. Four mixed-sex
groups (one control, three experimental) were formed, with four replications in each group and 16
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animals in each replication. The purslane used in the research was obtained from the market (market or
vegetable market) and dried in an oven at 105°C for 48 hours and turned into powder. Then, the ground
purslane plant was mixed into the rations in certain proportions. The groups in the five-week trial were
formed as follows: Group 1: Control group,Group 2: group with 2% dried purslane,Group 3: group with
4% dried purslane,Group 4: group with 6% dried purslane

In preparing the experimental group mixes, these additives were mixed into the feed homogeneously by
using a mixer. Feeds were prepared weekly and stored under controlled conditions. Feeds were given ad
libitum. Automatic drinkers were used to ensure that there was constant water in front of the animals.

The animal experiment part of the study was continued for 35 days. Lighting was applied as 23 hours of
light and one hour of darkness. At the beginning of the experiment, the chicks were weighed
individually. Then, live weight, live weight gains, feed consumption, feed conversion and survival rates
were determined in weekly individual measurements from the beginning of the experiment. At the end
of the experiment, a total of 32 quails, two from each replication, were slaughtered and their carcass
weights, carcass yields, small intestine, gizzard, heart and liver yields were determined to a precision of
0.01 g determined by weighing on a precision balance. In addition, pH values and color measurements
were made in the quail thigh and breast meat separately, and the water holding capacity (WHC, %), dry
matter (DM, %), ash (%) in meat was determined.

The birds' necks were cut off after they were killed and were not used for any subsequent measurements.
Once the blood had stopped flowing, the hot carcass weights were calculated. Following a 15-minute
duration, the weights of the giblet (heart weight, liver weight and gizzard weight) were determined using
a standard (+1mg) scale (TEM TNT 015D, Tiirkiye). The yields of giblets (heart yield , liver yield, small
intestine yield and gizzard yield ) and hot carcass yield were computed using this data.

Analyses of dry matter (DM), ash content, pH, water-holding capacity (WHC), and color were also
carried out to look at how various treatments affected the quality of the meat. The DM plates were dried
at 105°C, and the tares of these plates were measured in order to get DM data. The samples weighed 5 g
using a Radwag AS220R2, Poland, laboratory scale with an accuracy of + 0.01 g. After that, the samples
were put on DM plates, dried at 105°C until a stable weight was reached, and then reweighed to find the
meat's water content prior to the treatment. About 1.5 g of the samples were weighed into the tared ash
capsules, which were then dried at 105°C in a drying chamber. The temperature of the muffle furnace
was then gradually raised to 250-400-550°C in order to ascertain the samples' total ash content. The
percentage of ash content in the sample was determined by calculating the difference between the
weighings of the ash capsules that had cooled in the desiccator after the burning procedure was
completed and the sample had taken on a gray-white hue. The procedure was followed as described by
Jensen et al. (2004) and the Association of Official Analytical Chemists (1990).

Using a glass pH probe (Mettler Toledo A 209, USA) and an automated pH meter (Mettler Toledo A 209,
USA), the pH level of the thigh and breast meat was determined. The equipment was calibrated using
ready-to-use pH 4 and pH 7 solutions prior to performing the readings. Separate measurements were
made from the same spots on the breast and thigh four hours after slaughter, and the samples were
cooled for twenty-four hours at +4°C (Eratalar et al., 2022).

The WHC values were extracted from the same sections of the thigh and breast meat as the DM samples
using the filter paper press technique, as suggested by Grau et al. (1953). Samples weighing a total of 300
mg were sandwiched between filter paper and millimeter paper, numbered one at a time, and
compressed for three minutes between two unique plexiglass plates. The measurements were obtained
both 24 and 48 hours following the killing. After removing the samples from the press, the two pieces of
paper were stapled together in the corner. A digital SLR camera (Canon T1i, Japan) with a lens of 18-55 f
was mounted to a tripod that was put up inverted on the laboratory table in order to take macro pictures
of the table's surface using a light box under normal illumination circumstances. The prepared samples
were set up beneath the platform so that pictures could be taken. After transferring these images to the
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computer, the area of meat and the area of water distribution were calculated using JI (Jimage Imaging
program — National Institutes of Health 2022, USA) area computation program. To get the free water
space, the spread meat area was separated from the spread water area. By dividing the free water area by
the total area, the WHC values were computed as a percentage based on the data.

Table 1. The Structure and Nutrient Content of the Mixed Feeds Used in the Research (%)
Cizelge 1. Arastirmada Kullamilan Karma Yemlerin Yapisi ve Besin Maddeleri fgerigi (%)

Feed Materials Control 2% purslane 4% purslane 6% purslane
Maize 54.5 52.63 50.95 49.31
Soybean Meal 41.7 40.98 40.15 39.26
Dried purslane 0 2 4 6
Vegetable oil 0.6 1.19 1.7 2.23
Salt 0.3 0.3 0.3 0.3
Limestone 1.2 1.2 1.2 1.2
Dicalcium phosphate (DCP) 1.1 1.1 11 1.1
Vitmix 0.25 0.25 0.25 0.25
Minmix 0.10 0.10 0.10 0.10
DL-Methionine 0.10 0.10 0.10 0.10
L-Lysine 0.15 0.15 0.15 0.15
Calculated Compositions

Dry Matter (%) 89 88.75 88.84 89.01
Crude Protein (%) 23.96 23.99 23.99 23.96
Metabolizable Energy (kcal kg™) 2899 2898 2895 2893
Crude fat (%) 8.10 8.40 8.45 8.51
Crude fibre (%) 4.45 521 5.32 5.53
Calcium (%) 0.85 0.88 0.87 0.90
Available phosphorus (%) 0.30 0.33 0.32 0.34
Lysine (%) 1.22 1.27 1.29 1.25
Methione (%) 0.50 0.51 0.49 0.53
Methionine+Systine (%) 0.75 0.77 0.71 0.70

* Vitamin mineral mix: each kilogram of vitamin and mineral mix; 12 000 000 IU A, 2 640 000 IU vitamin D3, 60 g vitamin E, 40g
vitamin K3, 2 g vitamin B1, 6 g vitamin B2, 40 g niacin, 12 g pantothenic acid, 3 g vitamin B6, 0, Contains 0.3 g B12 vitamin, 2 g folic
acid, 0.20 g biotin, 1500 mg choline, 50 g C, 150 g Mn, 120 g Fe, 150 g Zn, 25 g Cu, 0.4 g Co, 8 g Se .

Using a portable digital colorimeter (PCE_CSM5, PCE Instruments, USA), the color measurements were
obtained from the thigh meat without skin and the breast without skin. A given plate with black and
white on it was used to precalibrate the colorimeter. By evaluating ten samples simultaneously, a second
colorimeter (a Minolta CR-400, Osaka, Japan) verified that the colorimeter was providing accurate
readings. To determine the L, a* b* values were taken as color parameters from the automated
colorimeter. The CIELab system examined the color parameters, with a value indicating green to red (-60
to +60), a value indicating dark to bright (0-100), and a value indicating blue to yellow (-60 to +60)
(Eratalar et al., 2022).

The experiment was carried out according to the randomized plots experimental plan; the data obtained
at the end of the experiment were subjected to analysis of variance and the differences between the group
averages were determined by the Tukey multiple comparison test. Statistical analyzes in the study were
performed with the help of SPSS 20.0 statistical package program.

RESULTS AND DISCUSSION

As seen in Table 2, no statistically significant difference was found in terms of performance data (body
weight, body weight gain (BWG), feed consumption (FI), feed conversion ratio (FCR) or survival rate) as
a result of using 2%, 4% and 6% dried purslane in the rations of Japanese quails.
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Table 2: Performance data
Cizelge 2. Performans verileri

Dried purslane levels, %

Performance data 0 2 4 6 SEM? P valueP

Body weight, g

Beginning 7.89 7.82 7.82 7.85 0.062 0.712

Week 1 1791 18.90 18.48 18.82 0.543 0.601

Week 3 91.80 97.86 98.80 100.52 4.383 0.712

Week 5 166.60 169.58 169.69 169.64 3.888 0.930

Body weight gain, g

Days 0-7 10.01 11.11 10.66 11.00 0.550 0.544

Days 0-21 83.9 90.07 90.97 92.70 4.333 0.703

Days 0-35 158.71 161.80 161.86 161.82 3.868 0.924
Feed Intake, g

Days 0-7 21.69 21.08 20.68 20.52 0.477 0.364

Days 0-21 221.64 231.21 229.80 238.10 7.460 0.553

Days 0-35 510.75 540.80 529.10 548.10 14.365 0.386

Feed convention ratio

Days 0-7 221 1.91 1.95 1.87 0.108 0.245
Days 0-21 2.80 2.56 2.53 2.57 0.159 0.825
Days 0-35 3.22 3.35 3.27 3.39 0.073 0.445

Survival rate, %

Week 1 89.06 82.81 93.75 85.94 3.733 0.324
Week 3 81.25 78.13 85.42 82.81 4.138 0.689
Week 5 82.81 75.94 85.42 82.81 4.268 0.489

a Standard error means

Similar to these findings, Kartikasari et al. (2018) added purslane in five different concentrations to broiler
rations and stated that it had no effect on body weight. In addition, Akbari et al. (2014) stated that the
addition of purslane at 20, 40, 60 and 80 mg kg-1 levels to quail rations did not show a statistical
difference in BWG, FI and FCR. However, unlike these findings, Wang et al. (2021) reported that 2 and
3% purslane supplementation to broiler rations increased growth performance and decreased feed
conversion rate, and they attributed this to purslane supplementation increasing growth performance by
modulating intestinal microbiota and supporting carbohydrate metabolism. Similarly, Elhussein et al.
(2015) investigated the effects of adding purslane flour at rates of 2,4,6 and 8% to broiler rations. They
reported that the use of 4% purslane flour in the ration adversely affected FI and BWG but not FCR, and
they attributed this to the fact that excessive calcium can reduce the palatability of the ration. As a result,
it has been reported that the 4% level in the rations is not appropriate. Researchers Alamoudi and
Aljarari, (2020) also added purslane leaves at the levels of 5, 10, 15 and 20% to broiler rations and stated
that the highest live weight value was reached with the addition of 20% purslane leaf. Unlike the findings
in this study, it has been reported that the addition of purslane extracts to broiler rations improves feed
consumption and body weight gain (Zhao et al., 2013; Ghorbani et al., 2014). It is stated that the addition
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of purslane increases the utilization of nutrients by increasing the production of digestive enzymes (Lee
et al., 2003). Ghorbani et al. (2013) determined that the addition of purslane used at 1% and 2% levels
caused an increase in feed consumption and live weight gain, and they attributed this to the palatability
of purslane.

Similar to the study conducted by Konca et al. (2015), it was stated that there was no change or difference
between the groups. They attributed this result to the fact that quails were used as animal material in the
experiment. The reason why there was no difference in this study can be attributed to the low
concentration of the dried powder form of purslane used as a feed additive, as well as the use of quails as
animal material in the study.The use of dried purslane in quail rations did not have any effect on gizzard,
liver and heart proportional weights(gr/ body weight) and the pH value of thigh meat (Table 3).
Similarly, Faryadi et al. (2020) reported that the 1.5% addition of purslane and zinc to quail rations did
not affect the proportional weight of the heart and gizzard, but they stated, unlike the findings in this
study, that the proportional weight of the liver was significantly affected, and this was due to the
presence of lead in the ration rather than to purslane. In a study examining the effect of adding purslane
at four different levels in the range of 2.5-20 mg kg to broiler rations on various slaughter parameters,
the addition of purslane at 20 mg kg increased the proportional weight of the heart, but it did not affect
the proportional weight of the liver. However, it was determined that the proportional weight of the
heart decreased with the addition of 2.5 mg kg-! purslane (Tabatabie and Shahbaz Boroujeni, 2015).

Table 3: Some carcass and viscera parameters

Cizelge 3. Bazi karkas ve i¢ organ parametreleri

Dried purslane levels, %

Carcass, Internal Organs 0 2 4 6 SEM? P value
Hot carcass yield (%) 69.39° 69.68" 72.37% 73.152 0.844 0.007
Gizzard yield (%) 217 2.24 2.21 2.17 0.120 0.969
Liver yield (%) 2.28 2.40 2.64 222 0.190 0.500
Heart yield (%) 1.18 1.12 1.09 1.14 0.044 0.546
Small intestine yield (%) 5.302 4522 3.70°bc 3.08¢ 0.234 0.001

a Standard error means

The use of purslane at the level of 6% in the diet significantly increased the warm carcass yield, while the
use of purslane at the level of 2% significantly decreased the warm carcass yield compared to the control
group. (p<0.05). In contrast, Kartikasari et al. (2018) stated that the use of purslane at levels of 1.5, 3, 4.5
and 6% in the ration did not have a significant effect on carcass yield. Likewise, Konca et al. (2015)
reported that the addition of 10% purslane did not affect the carcass yield. There was a significant
difference between the groups in terms of the proportional weights of the small intestine with the use of
purslane at 4 and 6% in the diet, and the proportional weights of the small intestine were found to be
significantly lower. (p<0.05). Konca et al. (2015) reported that the addition of 2.5% purslane seed to quail
rations reduced intestinal weight. Sadeghi et al. (2016) reported that the addition of dried purslane to the
ration at levels of 0.25, 0.50, 0.75 and 1% did not affect carcass yield or small intestine weight. In this
study, it is thought that the levels used may have had an effect on the difference in carcass yield and
small intestine weights.

As seen in Table 4, the use of dried purslane in the ration did not affect the L*, a* and b* values in breast
and thigh meat, dry matter and ash levels and WHC in meat. However, although there was no significant
effect on the pH level of thigh meat, the use of 6% dried purslane increased the pH level of breast meat
significantly compared to other groups (p<0.05). No study was found in the reviewed literature on the
meat quality parameters of purslane in quails. However, in studies comparing herbal extracts, it was
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stated that the use of pennyroyal at 0.1 and 0.2% levels in Japanese quail rations did not affect breast meat
color values (L*, a*, b*) or pH values (Olmez et al., 2021).

Table 4: Some meat quality parameters

Cizelge 4. Bazi et kalite parametreleri

Parameter Dried purslane levels, %
0 2 4 6 SEM? P value

Breast L* 54.97 53.59 55.06 53.75 0.950 0.607
Breast a* 12.54 10.62 10.38 11.20 1.145 0.612
Breast b* 5.08 4.07 4.64 457 0.764 0.867
Thigh L* 52.95 53.53 51.58 50.18 0.945 0.125
Thigh a* 8.47 7.67 7.68 8.55 0.506 0.514
Thigh b* 1.39 1.53 1.27 1.75 0.386 0.855
Breast WHC (%) 61.15 58.65 65.74 50.93 2.360 0.128
Breast DM (%) 26.38 25.85 26.43 26.73 0.511 0.706
Breast ash (%) 1.27 1.23 1.20 1.45 0.120 0.622
Breast pH 5.81° 5.82° 5.81° 6.23% 0.045 0.001
Thigh pH 6.71 6.73 6.85 6.82 0.042 0.074

a Standard error means

Similarly, it has been reported that the meat color and pH of quail meat are not affected by the addition of
mint at the levels of 0.1, 0.2 and 0.3% (Das et al., 2020). On the other hand, it is reported that the addition
of herbal extract significantly affects the L* value of the meat and does not affect the a* and b* values
(Aydin, 2023). In a study evaluating the effect of different levels of green tea leaf powder (GTLP) on the
physiological and meat quality parameters of Jumbo quails, it was stated that it had no effect on meat
quality parameters, but improved overall feed intake and carcass performance (Mahlake et al. 2021). In
addition, in a study conducted, as a result of evaluating the effects of sex and age of Japanese quails on
performance, blood biochemical parameters, carcass characteristics and meat quality, male quails
recorded the highest meat quality and composition values compared to females (Abou-Kassem et al.,
2019). According to this study, it is thought that gender may also have an effect on the results obtained. In
a different study evaluating the effect of red grape pomace powder on the physiological and meat quality
responses of Japanese quails in 2002, it was concluded that the effect on meat quality characteristics was
not statistically significant (Mnisi et al., 2021). In a different study using Moringa oleifera essential oil, quail
meat parameters were examined and it was stated that no effect was observed in meat quality analyses
compared to controls at the end of the study (Tekce et al., 2020). As a result, when the present study is
compared with the studies in the literature, it can be said that there is harmony in terms of parameters
such as meat quality and live weight gain.

No positive or negative effects were observed as a result of the research with the addition of dried
purslane up to 6%, and studies can be conducted on the use of higher doses of dried purslane. In
addition, it is recommended that the selection of male quails in future studies is important for the
healthier conduct of the experiment, and this should be taken into account in the experimental plans to be
established. Apart from these considerations, it is recommended that studies be carried out that include
more blood parameters and more parameters evaluating meat quality (cooking loss, microbial studies,
etc.) in future studies. In addition, it is expected that further studies will be supported by digestion trials
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and will be carried out in studies on the fattening performance of quails by adding dried purslane to the
feed in different concentrations.

In addition, purslane, which is especially important for children's brain development and is thought to
contain the most omega-3 fatty acids among green leafy plants, may be used as feed raw material in the
production of quail meat and eggs. However, it is thought that the omega 3 contained in purslane can
provide functional contributions by passing into animal foods, and it would be beneficial to conduct
more scientific studies to determine this.
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Abstract: Commercial farms provide most of the egg production in Turkey, and artificial lighting in commercial poultry houses is widespread. Lighting
is an essential part of the physical environmental conditions that control and regulate the health and behaviour of poultry production. It is necessary to
have a proper lighting plan to provide adequate lighting in the poultry house to facilitate the daily work and to create favourable conditions for the
welfare of the animals, productivity and sustainability of the production and the workers. This study aims to measure the current lighting level in a
conventional cage system laying hen house in Bursa and to compare it with the calculation of the amount of lighting required in theory. The calculated
lighting power per unit area is 1.6 W m? practical and 2.2 W m? theoretical. It was found that the illuminance measured with a lux meter on the cage
floors was close to the theoretically calculated values. It was considered that 16 reflectors of 40 W would be sufficient according to the luminous flux
method. In practice, however, it was found that 24 fluorescent lamps of 36 watts provided a lighting level close to the theoretical level. Furthermore, the
significance of the differences between the measured illuminance levels between the areas (corridor and floor) and the times (seasons and months) were
assessed using analysis of variance. A statistically significant difference was observed between season and day.

Keywords: Artifical lighting, conventional cage, Bursa, lux, laying hen

&

Oz: Tiirkiye’de yumurta {iretiminin biiyitk cogunlugu ticari isletmeler tarafindan gerceklestirilmektedir ve ticari kiimeslerde genel olarak yapay
aydinlatma kullanilmaktadir. Kanatl yetistiriciliinde hayvanlarin saglik ve davraniglarinin kontrolii ve diizenlenmesinde, fiziksel ¢evre kosullarindan
aydinlatma 6nemli rol oynamaktadir. Kiimes igerisine yeterli aydinlatma saglanmasiyla giinliik islerin yapilmasinda kolaylik saglanmasi, hayvanlarin
refahi, verimliligi, iiretimin siirdiir{ilebilirligi ve calisanlar i¢in uygun kosullar yaratmak igin dogru bir aydinlatma planinin olmasi gerekmektedir.
Yapilan calismada, Bursa’da faaliyet gosteren geleneksel kafes sistemli bir yumurta tavugu kiimesinde uygulanan mevcut aydinlatma diizeyinin
Olgiilmesi ve teoride gerekli olan aydinlatma miktarinin hesaplanmasiyla karsilastirilmas: amaglanmaktadir. Birim alan bagina hesaplanan aydinlatma
glicii uygulamada 1.6 W m?, teoride ise 2.2 W m?dir. Kafes katlarina gore litksmetre ile 6l¢iilen aydinlik siddetlerinin ise teoride hesaplanan degerlere
yakin oldugu belirlenmistir. Aydinlatma diizeyinin 1s1k akis1 yontemine gore 40 Watt giiciindeki 16 adet lambanin yeterli oldugu hesaplanmistir. Ancak
uygulamada 24 adet 36 Watt giiciindeki floresan lambanin kullanilmasi, teoride hesaplanan degerlere yaklasik olarak aydinlatma ihtiyacinin karsilandig:
belirlenmistir. Ayrica 6lciilen aydinlik siddeti degerlerinde konumlar arasindaki (koridor ve kat) ve zamana gore (mevsim ve ay) farkliliklarin 6nemliligi
varyans analizi ile degerlendirilmistir. Kafes siralar1 koridorlarinda ve katlarinda olgiilen aydinlik degerleri ve mevsimler arasindaki farkliliklar
istatistiksel agidan 6nemli bulunmustur.
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INTRODUCTION

Livestock activities are critical in supplying animal-based food and by-products in agriculture. Especially
in poultry production, advantages such as having a shorter production period and obtaining more product
than production input are the most critical reasons breeders prefer poultry products. In addition, the
demand for poultry products such as white meat and eggs is higher in terms of being more economical and
versatile for consumers. Considering the increase in population and demand, it is essential to have
continuity and efficiency in poultry production.

Genetic ability is 30% effective in livestock production, while environmental and physical factors are 70%.
Achieving sustainable production requires proper planning of indoor housing conditions. Poultry, in
particular, is a physiologically sensitive animal. Thus, lighting in poultry houses should be managed with
great sensitivity (Olgun, 2016; Yayh and Kilig, 2021).

Adequate lighting is essential for maintaining productivity, ensuring energy efficiency, promoting good
animal performance and reducing energy costs in poultry houses (Demir et al., 2020). Using natural and
artificial lighting should be preferred first while lighting is provided as natural and artificial lighting.
However, artificial lighting is recommended since creating a uniform and orderly environment day and
night is important for production and welfare (Olgun, 2016). If artificial lighting is used during the day
when natural light cannot be used, there should be a 100 watt light source for a floor area of 40-50 m?
(Yildiz, 2013).

As laying hens require different lighting intensities according to their growing period, it is recommended
to apply various lighting programmes throughout the period. In particular, intermittent lighting should be
used in closed houses during the early stages of chick growth. Increasing the light duration during the
rearing period may cause egg production to start earlier than expected, so the light duration should not be
increased. During the production period, a minimum of 14 hours and a maximum of 16 hours of light
should be provided to ensure adequate feed consumption by laying hens.

Light is an important environmental stimulus that affects the behaviour, immunity, physiological status
and productivity of poultry. In commercial layers, the light intensity required by hens for egg production
is 5-20 lux. Lighting duration, intensity and the wavelength of light used are very important. More than
adequate lighting can reveal the cannibalistic instinct in chickens (Appleby et al., 2004).

This study aims to compare and evaluate the caged laying hen house in the Bursa region with the current
lighting and using the light flux method theoretical lighting level.

MATERIAL AND METHOD

The study was conducted in a commercial laying hen house in the Niliifer region of Bursa province. The
area has a warm and temperate climate. The average annual temperature is 14.9°C, and the average
sunshine duration is 5.6 hours. There are approximately 110 rainy days per year in the region. The average
rainfall is 719.1 mm (MGM, 2024).

This study examined a farm with 3300 laying hens in conventional cage systems. The farm comprises three
lines of cages, and there are four corridors. Cages are three floors, approximately one and a half metres
height (see Figure 1). The chickens are of the Leghorn breed; they are brought in at 20 weeks old and start
producing eggs after a few weeks.
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Figure 1. Location and pictures of the laying hen farm where the study was carried out.
Sekil 1. Calismamn yiiriitiildiigi yumurta tavugu ¢iftliginin konumu ve resimleri.

The ratio of window area to floor area of the henhouse is 4.5%. Lighting in the henhouse, is supplied by
natural light during part of the day and by artificial fluorescent lighting when daylight is inadequate.
Lighting is provided between 05.00-08.00 in the morning and between 20.00-22.00 in the evening. In winter,
when natural lighting is insufficient or on cloudy days, artificial lighting is set manually and no special
program is used. In total, 24 fluorescent lamps of 36 W each are used to provide lighting. On average, they
are used 5 to 6 hours per day, while natural light from windows and roof vents provides daylight
throughout. Jacome et al. (2014) stated that it is not appropriate for hens to be in darkness for more than 10
hours in the layer house, and that there should be at least 14 hours of lighting to ensure good egg
production.

The present study used a luxmeter (Testo 540, Testo GmbH, Germany) to measure the illumination in the
cage lines for one year (Figure 2). Measurements were taken between 13:00 and 17:00 with the lux meter
held perpendicular to the cages. The adequacy of the lighting was assessed by comparing the
measurements of the artificial lighting used and the level of illumination of the cages with the luminous
flux method.
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Figure 2. Testo 540 Luxmeter.
Sekil 2. Testo 540 Liiksmetre.

Calculation of Cage Lighting Level by the Luminous Flux Method

In the study, Equation (1) was used to calculate the lighting level using the luminous flux method. In this
method, different coefficients for a number of influencing factors are used. The Em value is based on the
lowest intensity of lighting used in cage-reared laying hens. For the V value, the relevant coefficient was
taken considering the degree of dustiness of the farm, considering that the cleaning interval of the farm is
infrequent and working conditions are dirty (Yildiz et al., 2010).

_EmMm x4

= —(r}t) ) x 100 (1)

®t: total luminous flux (Im)

Em: required light intensity in the plane of illumination (lux)
A: Area of area to be illuminated (m?)

nt: Lighting efficiency

V: Correction factor according to the degree of dust

nt, calculated by Equation (2). The lighting efficiency (nt) is influenced by the type of lighting, the colour of
the ceiling and the walls, and the room index. The values of the room index (a h?, b h-) refer to the long
side and the short side of the house, and h refers to the vertical distance between the lamp and the lighting
plane. na and nb were calculated considering these values (Yildiz et al., 2010).

nt=na+ 1/3 (b —na) 2)

RESULTS AND DISCUSSION

Measurement of Current Light Levels in the Henhouse

During the year 2021, the average lighting values of the weekly measurements taken from each cage floor
with a lux meter according to the months are given in Table 1. Windows throughout the henhouse help
provide light during the day. However, during the periods in which the measurements were taken, it was
observed that the level of effect of the lighting was reduced when the weather was overcast. There are two
large fans at the end of the hen house, but they were not included in this study because the areas where the
fans are located do not affect natural lighting While the cage line specified as the 1+t corridor in the table is
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located on the side of the air inlet opening, the 3 is located on the ventilation exit side of the henhouse. In
the lines of cages, the 1st floor represents the lower floor, while the 3 floor represents the upper floor. It
has been observed that the illuminance measured on the first floor and on the second floor is at the lower
levels. Weak light sources cause inadequate lighting on the lower and middle floors. On the top floor,
especially in the cages on the upper floors of the second line, the sunlight from the windows in the ridge
gap of the henhouse provided higher lighting. In addition, high values were obtained in measurements
made close to the reflectors, especially in cloudy and overcast weather due to the illumination.

Table 1. Intensity of lighting on floors and corridors (lux).
Cizelge 1. Kafes kat ve koridorlarda gerceklesen aydinlatma siddetleri.

Light intensity in the corridor of the cage

Month Cage Floor

1. Corridor 2. Corridor 3. Corridor
1st Floor 28.3 3.3 14.3
January 2ndFloor 23.3 57 18.7
3th Floor 42.0 148.7 93.7
1st Floor 33.5 35 16
February 2ndFloor 41.5 45 16
3th Floor 52 176 416.5
1st Floor 424 6 314
March 2ndFloor 40 6.2 35.2
3th Floor 82.6 70 95.2
1st Floor 21.5 5 19.5
April 2ndF]oor 27.8 9 25.5
3th Floor 54.3 100 86.75
1st Floor 26.0 6.3 35.0
May 2ndFloor 19.3 9.7 23.7
3th Floor 443 109.7 83.3
1st Floor 40.3 8.3 26.7
June 2ndFloor 26.7 11.0 23.0
3th Floor 58.7 116.3 100.3
1st Floor 41.0 23.7 223
July 2ndFloor 33.0 17.3 26.3
3th Floor 49.7 147.7 149.3
1st Floor 35.5 8.3 233
August 2ndFloor 29.0 9.5 19.8
3th Floor 58.3 156.3 103.0
1st Floor 28.3 9.0 26.3
September 2ndFloor 35.8 13.3 17.3
3th Floor 52.8 245.0 170.8
1st Floor 48.8 7.0 17.0
October 2ndFloor 323 13.0 15.0
3th Floor 53.3 296.8 214.3
1st Floor 425 7.3 20.0
November 2ndFloor 26.5 11.8 16.8
3th Floor 71.0 250.0 283.3
1st Floor 55.4 6.4 17.2
December 2ndFloor 38.2 8.0 20.4
3th Floor 60.4 208.4 153

1+t floor: top floor, 274 floor: middle floor, 3 floor: bottom floor, 1t line: east side of the henhouse, 34 line: west side of the henhouse

Based on the observations made in the hen house during the study, it can be said that uniform lighting
could not be achieved in the hen house and on the floor. While the average lighting level was lowest in the
winter (27.9 lux), it was highest in the summer (35.7 lux). In autumn, the average illuminance is 33.5 lux; in
spring, it is 28.8 lux. Yildiz et al. (2006) found in their study that a light intensity between 35 and 55 lux in
laying hens improved the production and quality of the eggs. Demir et al. (2020) compared lighting
conditions in cattle farms with international standards. The study on two farms found an average
illuminance of 31 lux and reported that according to ASAE (American Society of Agricultural and
Biological Engineers) standards illuminance were insufficient.
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Calculating the Required Lighting Level in the Henhouse Using the Luminous Flux Method

The theoretically applicable illuminance was calculated using the luminous flux method, and the use factor
in the hen house was studied. Luminous flux, also known as the efficiency method, estimates the area of
the barn, ceiling and wall colour, structural features that may affect reflectance, dust, moisture, daily
lighting conditions, etc., characteristics that should be identified. Lighting levels and methods, reflective
surfaces and types, and correction coefficients depending on the company's dust levels are then selected
from existing coefficients. Finally, the room index determines the total luminous flux and number of lamps
theoretically required.

As aresult of the calculations made using this method, we see that an average of 16 lamps with a power of
40 watts will be sufficient (Table 2). The illumination provided by 16 lamps in the henhouse is calculated
to be 19.27 lux on the 1st and 2" floor and 20.7 lux on the 3 floor, depending on the floor. It is calculated
as 29.5 lux on the 1+t floor, 29.6 lux on the 27 floor and 31.1 lux on the 3 floor, assuming that the 24 lamps
in the henhouse have a power of 40 watts. In a study, the available lighting power in the henhouse was
reported to be 2.4 W m, and the efficiency by floor was calculated to be 49.3% for the lower floor, 52.5%
for the middle floor and 53% for the upper floor (Yayh and Kilig, 2021).

Table 2. Values calculated according to the luminous flux method.
Cizelge 2. Isik akis1 yontemine gore hesaplanan degerler.

Cage Floor Number of lamp Total luminous intensity Cur.rent il}umination Current lighting power
(lux) intensity (lux) (W)
1st Floor 16 19.7 29.5 48
2ndFloor 16 19.7 29.6 47
3th Floor 15 20.7 31.1 45

Comparison of the Real Measurements and the Theoretical Calculation
The study compared the current lighting level in the henhouse with the theoretical lighting level (Table 3).

Theoretically, 16 lamps with a power of 40 watts would be sufficient, whereas 24 lamps with 36 watts
operate in the henhouse. Table 3 shows that the measured and calculated illuminances were relatively
close. It should be 8 W m for incandescent lamps and 1.6 W m? for fluorescent lamps for the required
number of luminaires to provide a sufficient illumination intensity (Ozaydinli, 2018). It is seen that the
theoretically measured light intensity per unit area is higher than the practical light intensity, but the

applied lighting program also provides a sufficient limit value.

Table 3. Comparing luminous fluxes and measurements values.
Cizelge 3. Isik akis1 ve 6l¢iim sonuclarmin karsilastirilmas.

Measurements values Luminous fluxes values

Number of lamp 24 16

Lighting power (watt) 36 40
Illuminance (lux)

1stFloor 29.5 30.5

2nd Floor 29.6 31.8

3th Floor 31.1 32.1
Luminous power per unit (W m2) 1.60 2.2

Figure 3 shows a monthly comparison of the data measured in the chicken house with the theoretical values
determined by the luminous flux method. It was observed that the henhouse was lit with more electricity
than the theoretical lighting requirement. It is also seen that the illumination in practice shows a more
fluctuating course, whereas in theoretical lighting, the illumination should be monitored more steadily.
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Figure 3. Comparison of theoretical and measured illumination values.
Sekil 3. Teorik ve dl¢giilen aydinlatma degerlerinin karsilastirilmas.

Statistical Analysis of Light Intensity Data Measured in the Henhouse

Differences between light intensities measured indoors were evaluated by analysis of variance using JMP
7.0 (SAS Institute Inc.). Seasonal, monthly, corridor and floor differences were analysed using one-way
(Table 4) and multiway (Table 5) ANOVAs to determine whether they were statistically significant.
Statistically significant differences (P<0.05) were found between the means indicated by different letters.
The highest light intensity was measured in the autumn and winter seasons in February and November.
Artificial lighting was used because natural light is not sufficient during the cold seasons when the day
length is short. In addition, higher values were measured on the top floor. Windows closer to the roof

provide daylight to the upstairs cage lines more effectively.

Table 4. One-way ANOVA test Statistical analysis of light intensity according to different factors.
Cizelge 4. Aydinlik siddetinin cesitli faktorlere gore tek yonlii Anova testi istatistiksel analizi.

95% Confidence

Factor Degree Mean Stea:li:rt Lower Upper Bound Minimum Maximum
Bound
January 42.0abe 15.2 12.1 71.8 0.00 244.0
February 84 42> 18.6 47.8 120.6 1.0 761.0
March 45.4bc 11.8 22.3 68.6 2.0 163.0
April 38.8¢ 13.1 12.9 64.7 0.0 150.0
May 39.7b¢ 15.2 9.8 69.7 1.0 140.0
Month June 45.7abc 15.2 15.8 75.6 7.0 140.0
July 56.72bc 15.2 26.8 86.6 9.0 268.0
August 49 .2abe 13.1 23.3 75.1 5.0 171.0
September 66.52b¢ 13.1 40.6 92.33 6.0 317.0
October 77.5% 13.1 51.6 103.3 4.0 401.0
November 81.02 13.1 55.1 106.8 4.0 465.0
December 63.0abe 11.8 39.9 86.2 4.0 352.0
Winter 61.0% 8.3 44.7 773 0 761
Season Spring 41.8v 7.6 26.9 56.6 0 163
Summer 50.42b 8.3 34.1 66.7 5 268
Autumn 75.00 7.6 60.1 89.8 4 465
Floor 1 22.75b 53 12.18 33.32 0 126
2 21.1° 53 10.53 31.67 1 96
3 127.72 5.3 117.08 138.22 21 761
Corridor Entrance 42.5b 6.8 29.06 56.03 2 160
Middle 62.72 6.8 49.24 76.21 0 352
Exit 66.22 6.8 52.74 79.71 3 761

*Differences between the means indicated with different letters are statistically significant at the P<0.05 level.
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The illuminance was evaluated by multiple analyses of variance by location (floor and corridor) and time
(season and month). Table 5 shows that the effects of floor-season, corridor-floor and season-month-
corridor-floor interactions on illuminance were statistically significant (p<0.05). As the distance of the cages
from the light source varies, the illuminance varies between cage floors and blocks. It was found that there
was no significant relationship between the combination effect of other sources and illuminance.

Table 5. Variation in illuminance by source.
Cizelge 5. Aydmlatma siddetinin varyasyon kaynaklarina gore degisimi.

Source of variation Nparm Degress of freedom Sum of squares f-value Prob>F
corridor‘season 6 6 35233.03 0.9815 0.4374
tier'season 6 6 156670.11 4.3642 0.0003*
corridor'month 22 22 70974.74 0.5144 0.9677
tier * month 22 22 211070.56 1.5297 0.0613
corridor” tier 4 4 311360.53 14.0122 <.0001*
season‘corridor'tier 12 12 91300.340 1.2182 0.2680
month’corridor tier 44 44 180731.18 0.6261 0.9704
season'month’corridor'tier 132 48 485778.18 1.7579 0.0023*

*indicates that it is significant at the P<0.05 level.

Energy Consumption

The theoretically calculated energy consumption is an average of 0.64 kW h-. The energy consumption
caused by the lighting program applied in the hen house was 35% higher, 0.86 kW h-'. As lighting consumes
more energy, an additional cost of TL 450 per month is charged to the bills.

Excessive electricity consumption not only creates a financial burden for the producer but also has negative
consequences in terms of environmental sustainability. Increasing production to ensure greater
consumption increases resource consumption and pressures natural resources. In addition to comparing
lighting levels for production adequacy in the hen house, this study shows that lighting above adequate
levels puts pressure on resource inputs and can harm environmental health. Concerning sustainable
resource use, sustainable environment and sustainable agriculture, it is recommended that optimal
conditions are provided and implemented where necessary to support truly sustainable development.

CONCLUSION

Factors such as the productivity and physiological movements of chickens (access to food and water,
growth rates, daily rhythmic movements, etc.), production periods, and the welfare of animals and
employees are affected by the lighting in the henhouse. This study was designed to calculate and compare
the theoretical illumination level in a henhouse illuminated with fluorescent lamps and to evaluate the
factors affecting the illumination intensity in the henhouse environment.

It has been found that the number of lamps required for the current lighting used in the hen house is higher
than the number of lights that should theoretically be used. The fact that the actual lamp wattages on the
farm are lower than the theory calculations will reduce the lighting level per unit of area. However, from a
general point of view, it can be said that the lighting level applied in the hen house is sufficient compared
to the adequacy calculated in theory.

Differences in lighting intensity according to corridors and floors are essential. Uniform lighting should be
provided on the cage floors and in the corridors of the establishment. Using the correct, sufficient wattage
and number of lamps is also essential. This will reduce seasonal variations and provide uniform artificial
lighting. It is also necessary to clean the lights regularly, as soiling and cleaning frequency will reduce the
brightness of the lamps.

CONFLICT OF INTEREST
Authors declared no conflict interest.

——
Uluslararasi: Tarim ve Yaban Hayat: Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

320



Theoretical and Practical Comparison of Lighting Efficiency in Caged Laying Hen House

DECLARATION OF AUTHOR CONTRIBUTION
The authors contributed equally to the article.

REFERENCES

Appleby, M. C., Mench, ]J. A., & Hughes, B. O. (2004). Environmental influences, Light: Poultry Behaviour And Welfare.
CABI Publishing.

Demir, C., Aydin, A., Kocabey, S., & Tuna, M. (2020). Kirklareli ili biiyiikbas hayvan ciftliklerinde aydinlatma
kosullarinin degerlendirilmesi. Lapseki Meslek Yiiksekokulu Uygulamali Arastirmalar Dergisi, 1(2), 16-29.

Jacome, I. M. T. D., Rossi, L. A., & Borille, R. (2014). Influence of artificial lighting on the performance and egg quality
of commercial layers: a review. Brazilian Journal of Poultry Science, 16, 337-344. https://doi.org/10.1590/1516-
635X1604337-344

MGM, (2024). Meteoroloji Genel Miidiirliigii, Resmi Istatistikler. https://www.mgm.gov.tr/veridegerlendirme/il-ve-
ilceler-istatistik.aspx?k=Hé&amp;m=BURSA (Erisim Tarihi: 10 Nisan 2024)

Olgun, M. (2016). Tartmsal Yapilar. Ankara Universitesi Yaymlari.

Ozaydlnll, Y. (2018). Karacabey siit sigir1 isletmelerinde hayvan barmaklarinin hayvan refahi yoniiyle
degerlendirilmesi [Yiiksek Lisans tezi, Bursa Uludag University]. https://www.proquest.com/dissertations-
theses/karacabey-siit-sigiri-isletmelerinde-hayvan/docview/2627208349/se-2

Yayli, B, & Kilig, 1. (2021). Kafes sistemli yumurta tavugu kiimesinde aydinlatma yeterliliginin standartlara gore
belirlenmesi ve degerlendirilmesi: Bursa oOrnegi. Avrupa Bilim wve Teknoloji Dergisi, 31, 475-480.
https://doi.org/10.31590/ejosat.1008508

Yildiz, A, Langin, E., Hayirli, A., & Macit, M. (2006). Effects of cage location and tier level with respect to light intensity
in semiconfined housing on egg production and quality during the late laying period. Journal Applied Poultry
Research, 15(3), 355-361. https://doi.org/10.1093/japr/15.3.355

Yildiz, Y., Cengiz, K., & Dagtekin, M. (2010). Hayvan barmnaklarinda cevre denetimi: (havalandirma, 1sitma, serinletme, ve
aydinlatma). Hasad Yaymcilik.

Yildiz, B. (2013). Cankir ili siit sigir1 barmaklarmin yapisal 6zellikleri ve yeni barinak modellerinin gelistirilmesi
[Yiiksek Lisans Tezi, Selguk Universitesi]. https://tez.yok.gov.tr/Ulusal TezMerkezi/tezSorguSonucYeni.jsp

——
Uluslararas: Tarim ve Yaban Hayat: Bilimleri https://dergipark.org.tr/tr/pub/ijaws

321


https://dergipark.org.tr/tr/pub/ijaws



