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Nevran Eylem AKMAN, Duygu SAGLAM

THE EFFECT OF INDOLE-3-ACETIC ACID ON SOME BIOLOGICAL FEATURES OF
BRACON HEBETOR (SRY) (HYMENOPTERA: BRACONIDAE)

ABSTRACT

The impacts of indole-3-acetic acid (IAA) on some biological characteristics
of the parasitoid Bracon hebetor Say (Hymenoptera: Braconidae) were examined.
Different concentrations of IAA (5, 50, 100, 500 and 1000 mg L) were added to the
synthetic diet of host larvae. The developmental period, adult longevity, fecundity,
and sex ratio of parasitoids reared on these hosts were evaluated with respect to
IAA concentrations. IAA treatment shortened the developmental period of female
wasps at almost all concentrations except for 50 mg L. The developmental period
of males showed fluctuations among IA A-treated groups with a significant decline
at 5and 500 mg L' and a considerable increase at 50 mg L' with respect to the cont-
rol group. IAA showed a significant negative effect on the fecundity of B. hebetor.
However, the sex ratio of the parasitoid did not differ among the IAA-treated and
untreated groups. B. hebetor females reared on IAA-treated hosts had lower lon-
gevity at 50, 100, 500 and 1000 mg L' than the females reared on untreated hosts.
For males, a significant decrease in longevity was also determined at all concentra-
tions compared to the controls.

Keywords: Bracon hebetor, Development, Fecundity, Indole-3-Acetic Acid,
Longevity.

e

iINDOL-3-ASETIK ASITIN BRACON HEBETOR (SAY) (HYMENOPTERA:
BRACONIDAEY'UN BAZI BiYOLOJiK OZELLIKLERINE ETKISi

0z:

Indole-3-asetik asitin (IAA) parazitoit Bracon hebetor Say (Hymenoptera: Bra-
conidae)’un bazi biyolojik 6zelliklerine etkileri arastirilmistir. Farkli konsantras-
yonlarda IAA (5, 50, 100, 500 ve 1000 mg L") konukeu larvalarin yapay besinine
ilave edilmistir. Bu konukgularda yetistirilen parazitoitlerin gelisim siiresi, ergin
Oomiir uzunlugu, verim ve esey orani IAA konsantrasyonlarina gore degerlendi-
rilmistir. IAA uygulamasi, 50 mg L' disindaki tiim konsantrasyonlarda disi para-
zitoitlerin gelisim stiresinde kisalmaya neden olmustur. Erkeklerin gelisim siiresi,
kontrol grubu ile karsilastirildiginda, 5 and 500 mg L' konsantrasyonda onemli
bir azalma ve 50 mg L konsantrasyonda dikkate deger bir artis ile IAA uygulanan
gruplar arasinda dalgalanmalar gostermistir. IAA B. hebetor'un veriminde olumsuz
bir etki yapmistir. Buna karsin, parazitoidin esey orani IAA uygulanan ve uygulan-
mayan gruplar arasinda farklilik gostermemistir. IAA uygulanmis konukeular {ize-

https://doi.org/10.7161/0muanajas.975547 d
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rinde yetistirilen B. hebetor disilerinin 6miir uzunlugu 50, 100, 500 ve 1000 mg L™
konsantrasyonlarinda IAA uygulanmamis konukeular {izerindekilere oranla daha
kisadir. Erkeklerin 6miir uzunlugunda tiim konsantrasyonlarda kontrol grubu ile
karsilagtirildiginda 6nemli bir azalma belirlenmistir.

Anahtar Kelimeler: Bracon hebetor, Gelisim, Verim, Indol-3- Asetik Asit, Omiir
Uzunlugu.

EE
1. INTRODUCTION

Bracon hebetor Say (Hymenoptera: Braconidae) is a gregarious, synovigenic,
idiobiont larval parasitoid of many pyralid species. High reproductive performan-
ce and short generation time of B. hebetor make it an excellent biological control
agent for different pest species, including Galleria mellonella (Linnaeus) (Lepidop-
tera:Pyralidae).

Plant Growth Regulators (PGRs) present in the plant tissue possibly regulate
phytophagous insects’s physiology, behaviour and biochemistry. This presumption
receives support from reports in the literature by demonstrating their influence
on these characteristics when added to the diet or applied exogenously on some
insect species (Honeyborne, 1969; Abdellaoui et al., 2009; Tsagkarakis et al., 2012;
Abdellaoui et al., 2015; Giindiiz and Ozcan, 2018). For instance, Kaur and Rup
(2003) reported that PGRs like gibberellic acid (GA,), indole-3-acetic acid (IAA),
coumarin and kinetin adversely affect the growth and development of Melon Fru-
it Fly, Bactrocera cucurbitae (Coquillett) (Diptera: Tephritidae). In the same way,
Bhatnagar et al. (2012) showed that miraculan negatively affected the development
and survival of Spodoptera litura (Fabricius) (Lepidoptera: Noctuidae). Abdellaoui
et al. (2009) noted that GA, significantly reduced both fecundity and fertility of
Locusta migratoria migratoria (Linnaeus) (Orthoptera: Acrididae). Tsagkarakis et
al. (2012) demonstrated that the fecundity and survivorship of Asian Citrus Psyllid
reared on Citrus volkameriana (Tan. and Pasq.) (Sapindales: Rutaceae) trees trea-
ted with prohexadione calcium and mefluidide considerably decreased.

Several studies have reported that PGRs also have considerable effects on na-
tural enemies of pest species by changing their abundance, fitness, and efficacy.
Honeyborne (1969) reported that the use of ethylene bisnitrourethane and chloro-
mequat chloride on broad beans had a negative impact on aphid size. Host size is
one of the main parameters influencing offspring size in many parasitoid species,
and the parasitoids feeding on these smaller hosts may also be reduced in size (Se-
queira and Mackauer, 1992; Godfray, 1994). Ellers et al. (1998) showed that large
parasitoids have higher fecundity and higher fat reserves than small parasitoids.

ANAJAS, 2022, Cilt 37, Sayi 3, Sayfa 439-448
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Additionally, Jarosik et al. (2003) found that host size was also positively correla-
ted with sex ratio and survival of parasitoids. In another study, Prado and Frank
(2013) showed that incorporation of plant growth regulators into the diet of Mysuz
persicae (Sulzer) (Hemiptera: Aphididae) resulted in a decrease in the fitness and
parasitism of parasitoid Aphidius colemanii (Viereck) (Hymenoptera: Aphididae).
Similarly, Zhao et al. (2017) found that emergence rate, parasitism potential and
female ratio of parasitoid Aphidius gifuensis (Ashmead) (Hymenoptera: Braconi-
dae) were decreased when reared on Sitobion avenae (Fabricius) (Hemiptera: Aph-
ididae) feeding on PGRs-supplemented wheat plants. Kaur and Kaur (2013) also
observed that the emergence and parasitism capacity of B. hebetor decreased when
reared on S. litura larvae feeding on coumarin-treated diets. Based on these previ-
ous studies, our hypothesis is that PGR treated hosts would have indirect effects on
some biological features of parasitoid. The purpose of this study is to determine the
influence of IAA treatment on some selected biological parameters of B. hebetor.

2. MATERIALS AND METHODS

Parasitoid B. hebetor were reared on the last stage larvae of Greater Wax Moth,
G. mellonella, as described by Giindiiz and Giilel (2004). Host larvae were reared
on the diet described by Bronskill (1961) and modified by Sak et al. (2006). All ex-
periments were carried out in a laboratory with a temperature of 25+2°C, a relative
humidity of 60+ 5%, and a continuous light source.

To determine the effects of IAA on development, fecundity, sex ratio, and lon-
gevity of B. hebetor five concentrations (5, 50, 100, 500 and 1000 mg L) of IAA
were added to the artificial diet of hosts. The control group was reared on IAA-
free diet. Newly emerged females were placed in a vial along with a male and a
honey soaked cotton ball. Two days later, parasitoids were transferred into a host
containing vial. This procedure was continued until the females death. The vials
were observed daily to determine the developmental period of the parasitoid. Total
number of progeny and sex ratio of parasitoids were recorded. Three replications
for all IAA concentrations were conducted on eight pairs of adult parasitoids du-
ring the study.

For the longevity experiments, newly emerged adult parasitoids, selected from
each group, were placed into test tubes with honey solution saturated cotton balls.
Parasitoids were observed every day until the death of all parasitoids. Each expe-
riment was replicated three times with 20 females and 20 males selected randomly
from different populations at different times.

All data were statistically analyzed in SPSS (version 20). The significance
between control and TAA treated insects was compared using the Student-New-
man-Keuls (SNK) test at a 5% level.

https://doi.org/10.7161/0muanajas.975547 d
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3. RESULTS AND DISCUSSION

The impact of IAA on total developmental time (from egg to adult) of B. hebe-
tor females and males are presented in Figure la and b, respectively.
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Figure 1a. Impact of indole-3-acetic acid on development time (mean + SE) of B.
hebetor females. Different letters denote significant differences (SNK test, P < 0.05).
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Figure 1b. Impact of indole-3-acetic acid on development time (mean + SE) of
B. hebetor males. Different letters denote significant differences (SNK test, P < 0.05).

[AA-treatment led to changes in the developmental period of parasitoids. For
females, the mean values at 5, 100, 500 and 1000 mg L' IAA concentrations were
significantly shortened (P < 0.05). (Figure 1a). However, we did not determine the
same trends in males since their developmental times showed some fluctuations
among [AA-treated groups, with a significant increase at 50 mg L' and a decrease
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at 5 and 500 mg L' when compared to controls (P < 0.05) (Figure 1b). Uc¢kan et al.
(2011a) found that GA, treatment declined the immature developmental period of
G. mellonella. Sepperumal and Sukumar (2014) reported that V instar larval dura-
tion was declined by one day in Bombyx mori (Linnaeus) (Lepidoptera: Bombyci-
dae) after exposure to kinetin and GA,. In a previous study, Osborne et al. (1968)
suggested that plant growth regulators may affect insect’s neuroendocrine system.
In addition, De Man et al. (1981) reported that dietary supplementation with plant
growth regulators may alter the rate of DNA synthesis which helps in protein sy-
nthesis and/or the rate of synthesis of insect moulting hormone. These previous
studies could help to explain the reason for the faster development in IAA-treated
groups. However, Kaur and Kaur (2013) reported a significant prolongation in the
developmental period of B. hebetor when their host was reared on diet contamina-
ted with a high concentration of coumarin. Similarly, Ozcan and Giindiiz (2018)
proved that incorporation of GA, into the host diet caused a significant lengthen-
ing of the developmental time of B. hebetor. In another study, Gupta et al. (2009)
observed parallel results in Spilarctia oblique (Walker) (Lepidoptera: Arctiidae) by
using high concentrations of Siapton® and GA,. On the other hand, Celik and Sak
(2020) showed that kinetin treatment had no effect on the developmental period
of Achroia grisella (Fabricius) (Lepidoptera: Pyralidae). It may be concluded that
there could be different toxicity sensitivities between different species and PGRs.

Analysis of data for the fecundity and sex ratio of B. hebetor reared on IAA-treat-
ed and untreated hosts are illustrated in Figure 2a and b, respectively.
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Figure 2a. Impact of indole-3-acetic acid on fecundity (mean + SE) of B. hebe-
tor. Different letters denote significant differences (SNK test, P < 0.05).
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Figure 2b. Impact of indole-3-acetic acid on sex ratio (mean + SE) of B. hebetor.
Different letters denote significant differences (SNK test, P < 0.05).

Each female parasitoid reared on untreated hosts produced 137.9 offspring th-
roughout its adult life. We observed that treatment with IAA significantly reduced
the offspring production of female parasitoids (P < 0.05) (Figure 2a). A similar ad-
verse effect of IAA on the total number of both F1 and F2 progeny of Apanteles gal-
leriae (Wilkinson) (Hymenoptera: Braconidae) was also reported by Ugkan et al.
(2011b). Kaur and Kaur (2013) also observed that fecundity of B. hebetor females
declined when they were reared on hosts that fed on coumarin-treated diet. Thak-
ur and Mann (1982) showed that topical incorporation of IAA on newly-emerged
oriental fruit flies reduced the size of gonads. In another study, Thakur and Kumar
(1984) suggested that adverse effect of IAA may be associated with its interference
in endocrinal metabolic processes involved in reproduction. Moreover, Ugkan et
al. (2014) reported IA A-related changes in the biochemical composition of A. gal-
leriae. All of these findings would help us to explain the cause of the reduced fe-
cundity in the present investigation. However, different PGRs have different effects
on the reproduction capacity of parasitoids. For instance, Uckan et al. (2008) did
not record any significant effect on the offspring production of A. galleriae when
its host A. grisella was fed on artificial diets treated with GA,. Likewise, Ozcan
and Giindiiz (2018) demonstrated that exposure to different GA, concentrations
in host diet did not affect the progeny production of B. hebetor.

Sex ratio was determined as male biased in all groups and showed some weak
but insignificant fluctuations among groups (P > 0.05) (Figure 2b). This result ap-
pears to be consistent with the observations of Kaur and Kaur (2013)’s and Ozcan
and Giindiiz (2018)’s. Contrary to our findings, Zhao et al. (2017) showed that the
percentages of females of Aphidius gifuensis reduced following the application of
paclobutrazol (PBZ), naphthalene acetic acid (NAA) and IAA. Similarly, Prado
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and Frank (2013) demonstrated a significant reduction in the female ratio of A.
colemani due to exposure to paclobutrazol and uniconazole.

Our results demonstrated that IAA had negative effects on the longevity of fe-
male and male parasitoids (Figure 3a and b). All the IAA concentrations signifi-
cantly reduced (P < 0.05) the longevity of female parasitoids except for the lowest
concentration (P > 0.05) (Figure 3a). Similarly, the longevity of male parasitoids
decreased in all IA A-treated-groups compared with controls (P < 0.05) (Figure 3b).
These results corresponded to those reported for A. galleriae (Ugkan et al., 2011a),
S. litura (Bhatnagar et al., 2012) and Diaphorina citri (Kuwayama) (Hemiptera:
Psyllidae)(Tsagkarakis et al., 2012).

Longevity (days)
(53
(=}

0 5 50 100 500 1000

TAA concentrations (mg/L)

Figure 3a. Impact of indole-3-acetic acid on longevity of B. hebetor females
(mean + SE). Different letters denote significant differences (SNK test, P < 0.05).

40
35
30
25

Longevity (days)
)
S
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Figure 3b. Impact of indole-3-acetic acid on longevity of B. hebetor males
(mean * SE). Different letters denote significant differences (SNK test, P < 0.05).
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4. CONCLUSION

In the current study, different concentrations of IAA were added to the host
diet and development period, adult longevity, fecundity and sex ratio of parasitoids
reared on these hosts were examined. B. hebetor females emerge with a very limited
number of mature eggs and egg production and maturation continue during their
lifetime. Since host feeding enables the females to obtain proteins associated with
egg production and maturation, host quality strongly influences their reproductive
success. Our findings showed that females were able to paralyze and subsequently
oviposit on all of IAA-treated larvae that were offered to them during experiments.
For insect parasitoids host is the unique nutrient source for the developing im-
mature. Therefore, physiological suitability of the host is crucial for the successful
development of parasitoid progeny. Host quality also influences the fitness of the
emerging parasitoid by affecting longevity, fecundity, and offspring sex ratio. We
determined that TAA application caused a noticeable decline in the development
period of female wasps. Fast development may provide the fitness benefit of avo-
iding high predation risk during immature stages; however, it may also result in a
loss of fitness in smaller individuals and lower fecundity when compared to larger
ones. We do not know whether the IAA application had a negative affect on adult
size in this study, but fecundity and longevity of emerging wasps declined consi-
derably.

Opverall, the above findings showed that IAA application via host diet has a
considerable effect on selected properties of B. hebetor. However, due to the comp-
lexity of PGRs in tritrophic interactions, detailed experiments are required in order
to understand the cause of these changes, determine the duration of efficacy, and
their long-term effects in biological control.
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AKDENIZ EKOSISTEMINDE KORUNAN VE OTLATILAN MERADA BAZI
FiZIKOKIMYASAL TOPRAK OZELLIKLERININ KARSILASTIRILMASI

0z:

Otlatma toprak bozulmasinin esas nedenlerinden birisidir. Bu arastirmanin
amac1 42 yil siireyle korunan ve otlatilan meradaki baz: fizikokimyasal toprak
ozelliklerini karsilastirmaktir. Canakkale’nin Karacadren Koyindeki korunan ve
otlatilan meranin herbirisinden merayi temsil edecek rastgele 12 parsel olugturul-
mustur. Parsellerden rastgele 6rnekleme yontemine gore toprak 6rnekleri alinmis-
tir. Toprak drneklerinde bazi fizikokimyasal analizler(hacim agirligi, penetrometre
direnci, biinye, pH, elektriksel iletkenlik ve organik madde) yapilmistir. Yapilan is-
tatistik analiz sonucunda otlatilan meraya gore korunan meradaki toprak drnekle-
rinde daha fazla kil, elektriksel iletkenlik ve organik madde saptanmasina ragmen
daha az hacim agirligy, penetrometre direnci, kum ve pH saptanmistir. Otlatmanin
olumsuz etkilerini azaltmak i¢in toprak iyilestirme yontemleri uygulanmalidir.

Anahtar Kelimeler: Mera, Hacim Agirligi, Toprak Ozellikleri.
o o %

COMPARISON OF SOME PHYSICOCHEMICAL PROPERTIES OF SOIL OF
PROTECTED AND GRAZED RANGELANDS IN THE MEDITERRANEAN
ECOSYSTEM

ABSTRACT

Livestock grazing is one of the main causes of land degradation. The aim of this
research is to compare some physicochemical properties of soil of the rangelands
have been protected and grazed for the last 42 years. A total of 12 experimental
plots were selected randomly to represent each of the protected and grazed range-
lands situated in the Karacadren Village of Canakkale Province. Soil samples were
taken from the experimental plots by using the randomly sampling method from
protected as well as the grazed rangelands. Some physicochemical properties (bulk
density, penetrometer resistance, texture, pH, electrical conductivity, and organic
matter) of soil samples have been performed. As a result of the statistical analysis,
although more clay, electrical conductivity and organic matter were detected in
the soil samples taken from the protected rangelands as compared to those soil
samples which were obtained from grazed rangelands in which less bulk density,
penetrometer resistance, sand and pH were determined. Soil improvement metho-
ds should be applied to minimize the negative effects of grazing.

Keywords: Rangeland, Bulk Density, Soil Properties.
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1. GIRIS

Meralar diinyada genis bir alana yayilmistir, 6nemli ekolojik ve ekonomik éne-
me sahiptirler. Meralar hayvancilifi devam ettirmek, biyogesitliligi ve ekosistem
istikrarini korumak i¢in bityitkk 6nem tasimaktadirlar. Meralar 6nemli miktarda
karbon depolayabilmekte ve kiiresel karbon dongiisiinde 6nemli rol oynamakta-
dirlar. Bununla birlikte, dogal ve antropojenik etkenlerden dolay, bazi bélgelerde-
ki meralar ciddi bozulmaya maruz kalmaktadir (Yuan ve ark., 2020).

Akdeniz ekosisteminde yer alan Canakkale 221 536 da ile Tiirkiyede en az
meraya sahip illerin baginda gelmektedir (Gokkus ve ark., 2011). Akdeniz ekosis-
temindeki meralar kirillgan ekosisteme sahiptir. Otlatma ve toprak degredasyonu
arasinda yakin bir iliski oldugundan, asir1 hayvan otlatmasi ¢6llesmenin en 6nemli
nedenlerinden birisi olarak kabul edilmektedir (Ebrahimi ve ark., 2016). Toprak
ve vejetasyon kogullarina bagli olarak, asir1 otlatma meralarin bozulmasina neden
olmaktadir. Meralarin bozulmas bitki 6rtiisiinde, ekosistemin biyokiitle ve bota-
nik kompozisyonu ile toprak ozelliklerinde degisime neden olmaktadir (Qasim ve
ark., 2017). Meralarin agir1 otlanmasi bitki ortiistinti azaltir, ylizey akis ve eroz-
yonla toprak kaybini artirir. Topraklarin suyu depolamasi sonucu dogal toprak-su
dengesinde olusan degisimler tohum stoklarini ve topraktaki bitki besin maddele-
rinin yarayighliklarini olumsuz etkilediginden, bitki gelisimi zayiflar ve meralarin
tiretkenligi azalir (Ibanez ve ark., 2014; Ozaslan Parlak ve ark., 2011).

Siirdiiriilebilir mera yonetimini esas alan otlatma uygulamalar1 meralar igin
¢ok 6nemlidir. Meralardaki otlatmanin diizenlenmesiyle vejetasyon ve toprak ozel-
likleri iyilestirilebilir. Son yillarda otlatmanin toprak ozelliklerine etkisini gosteren
aragtirmalar yapilmistir. Cheng ve ark., (2016) Cin'in Yunwu Daglarindaki 16s pla-
tosunda yer alan merada korumanin toprak pH’sin1 azalttigini toprak organik kar-
bonunu artirdigini saptamigtir. Ren ve ark., (2018) Cin'in kuzeybat1 Shanxi ilindeki
merada serbest otlatmanin hacim agirlig1 ve toprak pH’sini artirmasina karsilik
organik maddeyi azalttigini bildirmistir. Wang ve ark., (2018) meray1 otlatmanin
hacim agirligini azalttigini, toprak organik karbonunu artirdigini saptamistir.

Tirkiye’ de meray1 otlatmanin toprak ozelliklerine etkisiyle ilgili yayinlan-
mis arastirmalar (Kapur ve ark., 1984; Bakoglu ve Gokkus, 2002; Ozgiil ve Oztas,
2002; Firicioglu ve ark., 2010; Akar ve ark., 2015; Yal¢in ve ark., 2016) az sayida
olmasina ragmen, Akdeniz ikliminin hakim oldugu meralarda yapilan ¢aligmaya
rastlanilmamistir. Bu arastirmanin amaci Akdeniz ekosistemindeki otlatilan ve ko-
runan mera topraklariin baz fiziksel ve kimyasal 6zelliklerinin (hacim agirhig,
penetrometre direnci, biinye, pH, elektriksel iletkenlik(EC) ve organik madde) or-
taya konmasidir. Bu aragtirmanin hipotezi korunan meranin otlatilan meraya gore
toprak ozelliklerinin daha iyi oldugudur. Aragtirmanin hipotezi dogrultusunda,
mera 1slah ¢alismalarinda meralarin toprak 6zeliklerinin iyilestirilmesi yoniinde
tavsiyelerde bulunulmaya ¢alisilmigtir.
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2. MATERYAL VE YONTEM

3. CALISMA ALANI

Canakkale Ili Tiirkiye’ nin kuzeybatisinda yer almakta olup, dogu ve giineydo-
gusunda Balikesir, batisinda Ege Denizi, kuzeybatisinda Edirne ili, kuzeyinde ise
Tekirdag ili ve Marmara Denizi bulunmaktadir. Arastirma Canakkalenin merke-
zine 4 km uzaklikta olan Karacadéren Kéyi'nde yapilmustir (Sekil 1).

-

JKorunan mera

Sekil 1. Calisma alaninin konumu

Figure 1. Location of the study area

Karacadren Kéyi'niin bulundugu alanin jeolojisi miyosen-pliyosen karasal se-
dimanlardan olugsmaktadir (Okay ve ark., 1990). Canakkale meteorolojisi istasyo-
nu verilerine gore (1979-2020) Canakkalenin yillik toplam yagis miktar: ortalama-
1622 mm, yillik ortalama sicakligi 14.8 °Cdir (MGM, 2021). Aragtirma alanindaki
calili merada dogal bitki ortiisti olarak ak¢akesme (Phillyrea lotifolia L.), maz1
mesesi (Quercus infectoria), laden (Cistus creticus L.), abdestbozan (Sarcopoteri-
um spinosum L.) ve karacal1 (Paliurus spina-christi) tiirleri mevcuttur. Karacadren
Koytndeki korunan mera askeriye tarafindan 42 yildir otlatmaya kapatilmistir.
Korunan meranin bitisiginde koyun ve kegiler tarafindan otlatilan mera bulun-
maktadir. Ayrica, korunan mera ile kargilagtirilan mera alaninin se¢im nedeni,
‘bitisiginde’ olmasinin yanisira ayni mikroklima altinda benzer ekosisteme sahip
olmas1 nedeniyle test alan1 olarak kullanilmigtir (Sekil 2). Korunan mera 6.95 ha
bityiikliigiinde olup %3 egime sahipken otlatilan mera ise 4.57 ha alana ve %3.5
egime sahiptir. Korunan mera ile otlatilan merada her biri 100 m* (10 m x 10 m)
boyutunda meray1 temsil edecek rastgele parseller olusturulmustur. Korunan me-
rada 4 parsel x 3 tekerriir=12 parsel, otlatilan merada ise 4 parsel x 3 tekerriir=12
parsel olusturulmustur.
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Sekil 2. Korunan mera(A) ile otlatilan mera(B)

Figure 2. Enclosed(A) and grazed rangelands(B)

2.2. Toprak Orneklerinin Alinmasi ve Toprak Analizleri

May1s 2019” korunan meradaki her parselden rastgele 6rnekleme yontemine
gore 1 tane bozulmus ve 1 tane de bozulmamus, otlatilan meradan ise benzer 6r-
nekleme yontemi kullanilarak bozulmus ve bozulmamig 6rnekler(korunan ve otla-
tilan meranin herbirisinden 12 6rnekleme) alinmistir. Bozulmus toprak érnekleri
0-5 cm derinlikten De Gruijter’ in (2002) belirledigi esaslar dikkate alinarak pas-
lanmaz kiirek ile bozulmamig toprak 6rnekleri ise 0-5 cm derinlikten ¢elik silin-
dirler yardimiyla alinmistir. Laboratuvara getirilen toprak 6rnekleri kurutulduktan
sonra tahta tokmakla doviilerek 2 mm’lik elekten elenmis ve analizlere hazir hale
getirilmistir.

Toprak 6rneklerinin hacim agirligi bozulmamis toprak 6rneklerinin 105 °Cide-
ki sicaklikta kurutulmasiyla saptanmistir (Grossman ve Reinsch, 2002). Penetro-
metre direnci Eijkelkamp cep penetrometresi yardimiyla her bir parselde 20 defa
belirlenmistir (Birl ve Morrison, 2002). Alinmis toprak 6rneklerinde biinye analizi
50 g toprak 6rnegine %10’luk kalgon ¢ozeltisi ilave edildikten sonra hidrometre
yardimiyla Bouyoucos yontemine (Gee ve Or, 2002) gore yapilmustir. pH degerleri
saturasyon camurunda pH metre ile 6l¢iilmiis (Thomas,1996), elektriksel iletken-
lik(EC) degerleri ayni saturasyon ¢amurunda EC metre ile saptanmustir (Rhoa-
des,1996). Toprak organik maddesi, Walkley-Black yontemiyle organik maddenin
IN K,Cr,0, ve H,SO, ile oksitlenmesi ve 0.5 N demir siilfat ¢ozeltisiyle titre edil-
mesiyle belirlenmistir (Nelson ve Sommers, 1996).
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3.1. istatistik Analiz

Korunan mera ile otlatilan meradaki toprak 6zelliklerinin karsilastirilmasinda
normal dagilim gosterenlerde es yapma t testi ve normal dagilim gostermeyenlerde
ise Mann-Whitney U testinden yararlanilmistir. Shapiro-Wilk testi ve Levene testi
kullanilarak belirlenen toprak 6zelliklerinin normallik ve homojenlik ozellikleri
test edilmistir. Minitab 16 bilgisayar paket programi kullanilarak istatistik analizler
yapimigstir (Minitab, 2010).

4. BULGULAR VE TARRTISMA

Topraklarin kil yiizdesi artik¢a erozyona karsi dayaniklilik dereceleri de artar,
kil yiizdesi azaldikea ise topraklar erozyona kars1 daha dayaniksiz olurlar(Sénmez,
1994). Ayrica, hacim agirlig1 ve penetrometre direnci parametreleri toprak sikis-
masinin veya bozulmanin birer gostergesidir (Parlak ve ark., 2018; Lai ve Kumar,
2020). Otlatilan meraya gore korunan merada toprak fiziksel 6zelliklerinden ha-
cim agirhigl, penetrometre direnci, kil ve kum, kimyasal toprak 6zelliklerinden ise
pH, elektriksel iletkenlik ve organik madde istatistik olarak farklilik gostermistir(-
Cizelge 1). Korunan meraya gore otlatilan merada hacim agirligi, penetrometre di-
renci ve kum kapsami daha yiiksek, kil igerigi ise daha diisiik olarak belirlenmistir.
Korunan merada kil ytizdesindeki artis nedeniyle topraklar erozyona daha direg-
lidir. Otlatilan merada hacim agirhig1 ve penetrometre direncindeki artisin nedeni
otlatmadir. Bagka bir séylemle meray1 koruma hacim agirliginda azalmaya neden
olmustur. Hacim agirhgindaki azalmanin bir nedeni de toprak organik madde-
sinin artmasidir. Cetiner ve ark., (2012) Canakkale'nin Biga Ilgesi Hacipehlivan
Koyirndeki yapay merada agir otlatmanin hacim agirligini artirdigini belirlemistir.
Li ve ark. (2016), farkl: diizeylerde bozulmus ve korunan alpin merasinda toprak
ozelliklerini arastirmustir. Aragtirmacilar korunan merada 0-10 cm toprak derin-
liginde hacim agirliginin énemli diizeyde azaldigini, organik karbon kapsaminin
ise 6nemli diizeyde arttigini belirlemistir. Bayat ve ark., (2017) Iranda Gonbad
Havzasrndaki merada otlatma yogunlugu artik¢a hacim agirhigi ve penetrometre
direncinin arttigini saptamistir. Balikesir'in Bandirma ilgesindeki merada toprak-
lar yas iken yapilan otlatmanin hacim agirligini ve penetrometre direncini artirdigt
belirtilmistir (Parlak ve ark., 2018). Meray1 otlarken hayvanlarin ¢ignemesi toprak
fonksiyonlarinda 6nemi olan toprak striiktiiriinde bozulmaya neden olur. Toprak
stritktiiriinde bozulmanin toprak stabilitesi ve islevlerine olumsuz etkileri vardir.
Cignemeyle toprak sikismasinin artmasi, toprak degradasyonu ve erozyon riskini
artiracaktir. Korunan meraya gore otlatilan merada daha az kilin varligi;topragin
ayrigma hizinin daha yavags olmasi, erozyon ve yiizey akisla ince kil partikiillerinin
alandan taginmasiyla ilgilidir(Shirazi ve ark., 2021).

Toprak organik maddesi agregat olusumu ve stabilitesini etkiler. Organik mad-
de ile suda stabil agregatlar arasinda yakin iliski vardir. Toprak agregat stabilitesi;
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toprak tekstiirti, kil minerolojisi, organik madde, katyonlarin cinsi ve kapsami,
Fe-Al oksitler ile kiregten etkilenir (Obalum ve ark., 2017). Korunan mera topra-
gindaki yiiksek organik madde (%5.55)(Cizelge 1) kil partikiillerini erozyondan
korur ve daha ¢ok kil baglanir(Ghorbani ve ark. 2021). Mofidi ve ark., (2013) Bat1
Azerbeycanda Imam Kandi Havzasr'ndaki korunan merada daha az kil ve silt oldu-
gunu belirtmistir. Korunan merada toprak pH’sindaki azalmanin nedenleri bitki
koklerinin solunumu sonucunda CO, agiga ¢ikmasinin yanisira organik asitlerin
de olusmasidir. Ayn: zamanda mikroorganizmalarin solunumu sonucunda da
CO, agiga cikmaktadir. Agiga ¢ikan CO, toprak suyuyla birleserek karbonik asit
(H,CO,) olusturmaktadir. Karbonik asit toprak pH’sinin degismesine neden ol-
maktadir(Mofidi ve ark. 2013; Ebrahimi ve ark. 2016; Shirazi ve ark., 2021). Aras-
tirmada korunan merada belirlenen toprak pH’sinin azalmasina benzer sonuglar
Mofidi ve ark., (2013); Ebrahimi ve ark., (2016); Shirazi ve ark., (2021) tarafin-
dan da saptanmigtir. Ayni zamanda otlatilan meradaki koyun ve kegilerin idra-
r1 da toprak pH’sinin degismesine etkide bulunmus olabilir. Otlatilan meralarda
hayvan digkist ve idrarinin dekarboksilasyon ve N dontistim stirecini etkileyerek
toprak pH’sinda degisiklige neden olabildigi bildirilmistir (Laurent ve ark., 2020).
Rooney ve ark., (2006) asidik mera topragina koyun idrar1 uygulamasinin toprak
pH’sin1 artirdigini belirtmistir. Tuzsuz topraklarda EC'deki degisimler toprak teks-
tiirti, toprak nem igerigi ve katyon degisim kapasitesi (KDK) ile iligkilidir(Sud-
duth et al., 2005). Arastirma alanindaki topraklarin EC’si < 4 dS m™ oldugundan
tuzsuz sinifina girmektedir (FAO, 2006). Korunan alandaki toprak EC’sinde artis
olmugstur. Bunun nedeni KDK’nin artmasi olabilir (Mofidi ve ark., 2013). Ayrica
EC artigy, otlatilan merada parsellerdeki bitki ortiisii tiirti ve dokiintiisii/ayrismasi
ile iliskili olabilir. Ancak otlatmayla toprak EC’ sinin degismesi konusunda farkli
sonuglar elde edilmistir. Bazi aragtirmacilar meray: korumanin ECyi diisiirdaigii-
ni(Ghorbani ve ark., 2021; Shirazi ve ark., 2021), bazilar1 da EC’yi degistirmedi-
gini (Ebrahim ve ark., 2016) rapor etmistir. Yapilan gozlemler sonucunda otlatilan
meraya gore korunan mera daha yogun bitki 6rtiistine sahiptir. Korunan alandaki
yiiksek organik madde ve iyi havalanma kapasitesi arasindaki iligki bitki ve kok
yogunlugundan kaynaklanmig olabilir. Zhang ve ark., (2020) Kanada’ da Rocky
daglarindaki arastirma istasyonundaki alanda 64 yildir devam eden asir1 otlatma-
nin otlatilmayan alana gore toprak organik karbonunu azalttigini bildirmislerdir.
Ancak yapilan bir arastirmada (Yuan ve ark., 2020) Tibet permadon bolgesindeki
meray1 10-14 y1l stireyle korumanin toprak 6zelliklerini (toprak organik karbonu
ve toprak pH’s1) etkilemedigi belirlenmistir.
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A Korunan Otlatilan Es Yapma  Mann-Whitney
Toprak Ozelligi Mera Mera T Testi (p) U Testi (p)

Hacim Agirligi (g cm™) 1.19 +0.07 1.32 £0.05 0.0000*

Penetrometre Direncl 5 31 4 096 431+0.39 0.0000*

(kg cm™)

Kil (%) 44.40 + 1.34 41.24 +0.81 0.0000*

Silt (%) 28.18 +2.34 29.41 +1.32 0.0760

Kum (%) 27.42 +2.51 29.35+1.20 0.0464*
Biinye Killi Killi

pH 5.97 £0.15 6.51 £0.12 0.0000*

Elektriksel iletkenlik .

(EC) (dS m™) 0.66 = 0.06 0.44 +0.05 0.0000
Organik Madde (%) 5.55 + 0.54 5.00 + 0.29 0.0060*
*p<0.05

Cizelge 1. Korunan mera ile otlatilan meradaki bazi toprak ozelliklerinin kar-
silagtirilmas: (Ortalama+standart sapma)

Table 1. Comparison in some soil properties of enclosed and grazed rangelands
(Meanz+standard deviation)

SONUC

Bu arastirmada Canakkale Karacadren Koyi'nde uzun siireli korunan ve otla-
tilan meralarin bazi fizikokimyasal toprak ozellikleri karsilagtirilmistir. Otlatilan
mera, korunan meraya gore daha fazla hacim agirligi, penetrometre direnci, kum
ve pH’ya sahipken, daha az kil, elektriksel iletkenlik ve organik maddeye sahip
olmugtur. Elde edilen sonuglar; otlatilan mera ile karsilastirildiginda, 42 yildir ko-
runan merada fizikokimyasal toprak 6zelliklerinin daha iyi oldugunu ortaya koy-
mugtur. Halen kullanilabilir durumda olan az sayidaki mera alanlariin korunumu
ve siirdiiriilebilirligini saglamak amaciyla, mera 1slah ve yonetim programlarinda
yer alan &zellikle toprak iyilestirme yontemleri uygulanmalidir. Ornegin; hayvan
tireticilerinde farkindalik egitimleri, kontrollii/planli otlatma, es verim giiciine sa-
hip parsellere bolme, otlatma dénemlerinin yonetimi, ¢igneme zararini 6nlemek
i¢in otlatmaya baslama ve son verme zamaninin belirlenmesi, toprakta sikigmanin
onlenmesi agisindan havalandirmayi artirict hafif kiiltiivasyon islemleri veya eko-
sistem diizenini bozmayan ancak topragin havalanmasini artirici bitki tiirleri ile
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mera alaninin desteklenmesi gibi mera yonetim ve 1slah uygulamalarinin en kisa
stirede pratige dontgtiiriilmesi gereklidir. Mera yonetim ve 1slah programlarinin
en kisa zamanda pratige doniistiriilmesi sayesinde kullanilmakta olan meranin
stirdiirtilebilirligi saglanabilir.

Cikar Catismasi

Yazarlar herhangi bir ¢ikar ¢atigmasi olmadigini beyan eder.
Etik

Bu galisma etik kurul onay1 gerektirmez.

Yazar Katki Oranlari

Calismanin Tasarlanmast: Author ST (%10), AOP (%70), MP (%20)
Veri Toplanmast: ST (%30), AOP (%40), MP (%30)

Veri Analizi: ST (%20), AOP (%20), MP (%60)

Makalenin Yazimzt: ST (%15), AOP (%15), MP (%70)

Makalenin Génderimi ve Revizyonu: ST (%5), AOP (%25), MP (%70)
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YUZEYALTI DAMLA SULAMADA FASILALI SULAMA UYGULAMALARININ
SILAJLIK MISIRDA VERIM VE KALITE PARAMETRELERINE ETKISi

0z

Ankara kosullarinda yiiriitiilen ¢alismada, yiizeyalt: damla sulamada fasilah
(kesintili) sulama uygulamalarinin silajlik misirda verim ve kalite parametrelerine
etkisi incelenmistir. Toprakta yarayish suyun %30’u tiiketildiginde mevcut nemi
tarla kapasitesine getirmek icin gerekli sulama suyu FO: tek seferde, F1: bir kesin-
tiyle F2: iki kesintiyle, F3: ii¢ kesintiyle uygulanmistir. Toprakta nem dagilimi-
ni1 izlemek igin topragin 0.35 m derinligine gémiilii lateral hattindaki damlatic
noktasindan 5-20-35 c¢m yatay uzaklikta ve topragin 0-30, 30-60, 60-90 cm derin-
liklerinden nétron metre cihazi ile her sulamadan bir giin sonra nem o6l¢iimleri
yapilmugtur. Iki y1llik ortalamlara gére, su kullanim etkinligi (WUE) ve sulama suyu
kullanim etkinligi (IWUE) agisindan uygulamalar arasinda farklar istatistiksel ola-
rak 6nemli bulunmustur (p<0.05). Buna gore iki sulama arasi kesinti siiresi art-
tikca WUE ve IWUE de artmustir. Sulama uygulamalarinin silaj (yesil ot) verimi
tizerinde 6nemli bir etkisi bulunmazken, bazi kalite parametrelerinde (bitki boyu,
kogan agirhig1, govde agirligl, ham kiil) istatistiksel farkliliklar bulunmustur. En
yiitksek ve en diisiik taze silaj verimi, bitki boyu, bitki bagina kogan sayisi, govde
agirhigl, yaprak agirligi, kuru madde orani, ham kiil orani ve ham protein orani
sirastyla 8768.9-8064.9 kg da-1, 2.44-2.34 m., 1.28-1.13, 0.438-0.374 kg,
0.234-0.212 kg, 41.5%-39.0%, 7.2%-5.2% ve %7.0-6,7 olarak elde edilmistir. Aras-
tirmada en iyi su dagiliminin iki sulama arasi siiresinin en fazla oldugu F1 uygula-
masinda saglandigi belirlenmis ve bu konu 6nerilmistir.

Anahtar Kelimeler: Aralikli Sulama, Su Kullanim Etkinligi, Basin¢li Sulama,
Maisir.

ek

EFFECT OF PULSE SUBSURFACE DRIP IRRIGATON ON YIELD AND QUALITY
PARAMETERS OF SILLAGE MAIZE (ZER MAYS L.)

ABSTRACT

In the study carried out in Ankara conditions, the effect of pulse (intermittent)
irrigation applications in subsurface drip irrigation on yield and quality parame-
ters of silage maize was investigated. When 30% of the available water in the soil
was consumed, the irrigation water required to bring the available moisture to the
tield capacity was applied with FO: one irrigation, F1: one cut F2: two cuts, F3: th-
ree cuts. Irrigation time was kept equal to the interruption period in intermittent
irrigation. According to the two-year average findings, the differences between the
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applications in terms of water use efficiency (WUE) and irrigation water use ef-
ficiency (IWUE) were found to be statistically significant (p<0.05). Accordingly,
WUE and IWUE increased as the cut off time between two irrigations increased.
While irrigation practices did not have a significant effect on fresh silage yield,
statistical differences were found in some quality parameters (plant height, cob
weight, stem weight, crude ash). Highest and lowest fresh silage yield, plant hei-
ght, number of cob per plant, stem weight, leaf weight, dry mater ratio, crude ash
ratio and crude protein ratio were obtained as 8768.9-8064.9 kg da-1, 2.44-2.34
m., 1.28-1.13, 0.438-0.374 kg., 0.234-0.212 kg, 41.5%-39.0%, 7.2%-5.2% and 7.0%-
6.7%, respectively. In the study, it was determined that the best water distribution
was achieved in the F1 treatment, where the interval between irrigations was the
longest, and this treatment was suggested.

Keywords: Intermittent Irrigation, Water Use Efficiency, Pressurized Irrigation
Corn.

EE
INTRODUCTION

Irrigation water is one of the most important needs for sustainable, high and
quality production in agriculture. The decrease in irrigation water potential as a re-
sult of agricultural drought and the increase in water demand due to the increasing
population necessitates the efficient use of water resources. Approximately 77% of
the water resources used in agriculture in Tiirkiye. However, with the population
growth and the increase in irrigated areas in agriculture, water demand is incre-
asing among sectors. This situation makes water saving important in agriculture
(Gakmak and Gokalp, 2011)

Various irrigation methods have been tried from past to present for optimum
water use in agriculture. The main purpose of irrigation is to provide the highest
efficiency with optimum irrigation without creating water stress in the plant root
area. For this reason, ways to reduce water losses such as deep infiltration, runoff,
evaporation are sought in irrigation studies. Subsurface drip irrigation is one of
the methods developed for the most efficient use of water. Determining the water
behaves in vertical and horizontal direction in the soil profile are issues that need
to be known in order to meet the optimum plant water requirements.

Subsurface drip irrigation provides a better efficiency in irrigation compared to
surface drip irrigation as it reduces evaporation from the soil surface. In addition,
since the laterals are located in the plant root zone, the plants benefit better from
water and fertilizers. On the other hand, some studies have reported that subsur-
face drip irrigation has a lower wetting area than surface drip irrigation (Camp et
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al., 2000; Lamm, 2002). This situation may lead to limited development especially
on the root system of frequently planted plants and decrease in yield and quality.
In order to eliminate this problem, it was thought that the water should be cut and
given intermittently (Mohammed and Abed, 2020; Vyrlas and Sakellariou-Mak-
rantonaki, 2005; Bakeer et al., 2009). In the pulse irrigation method, the irrigation
water is not given at once, but by dividing into certain amounts and time inter-
vals. Vyrlas and Sakellariou-Makrantonaki (2005), reported that intermittent drip
irrigation increases sugar beet yield and sugar content and Bakeer et al. (2009),
reported that intermittent drip irrigation increases yield and water use efficiency
of potato.

Corn, which is used as fresh for human and animal nutrition, has had a very
wide usage area with the developing industry. It is used primarily in canned food,
snacks, oil, fuel, flour and derivatives (Ozata et al., 2016). 75% of producted corn in
Tiirkiye used for forage industry, 20% for food industry and 5% for oil production
and for seed (Anonymous, 2020a).

In the study, the possibility of providing a better water use efficiency in the soil
by continuous and intermittent irrigation was investigated. Accordingly, the effect
on yield and quality parameters of silage maize was investigated by providing a
better water distribution in the soil without the plant experiencing water stress.

2. MATERIAL AND METHODS

2.1. Site Description

This study was carried out between 2019-2020 years in General Directorate of
Agricultural Research and Policies, Soil Fertilizer and Water Resources Research
Center Institute Saraykoy Research and Application Station in the Kahramankazan
district of Ankara Province of Tiirkiye (Figure 1). The experimental area is located
between +40°04°30.7” N latitude and +32°36'24.0” E longitude.

o T G

o P
¥ O CANKIRY
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In the province of Ankara, precipitation usually occurs during the winter
months, falling as snow and slush. The most rainfall occurs in May and December.
The period when it is covered with snow varies between 20-30 days. The average
annual precipitation amount is 387 mm, the months of July and August are the hot-
test and driest months. The highest temperature measured in the region is 41 °C,
the lowest temperature is -24.9 °C and the annual average temperature is 11.9 °C.

Soil samples were taken at depths of 0-0.3 m, 0.3-0.6 m and 0.6-0.9 m before the
experiment to determine the properties of the soil.

2.2. Experimental Design and Cultural Practices

The field experiment was conducted using a random blocks design with four
irrigation treatments and three replications. The plot size was determined as 3.5 m
x 6 m (WxL). Silage corn variety ADA 9516 developed by Sakarya Corn Research
Institute was used in the study. In order to prevent side effects that may occur th-
rough infiltration after irrigation, 2.0 m of non-irrigated area was left between the
parcels and 3.0 m between the blocks.

The experimental area was prepared for planting in spring by plowing with a
plow and a rake, after deep plowing in autumn. Silage maize seeds were sown with
the seed drill at 0.70 m between row and 0.15 m above row. In the first year of the
trial, the silage corn was planted on May 2, 2019 and the harvest was on September
11, 2019. In the second year of the experiment, the sowing was done on April 30,
2020, while the harvest was done on September 7, 2020.

Fertilization was done according to soil analysis in both years of the research.
In the first year of the experiment, 25 kg da' Diammonium Phosphate (DAP) ferti-
lizer was applied with the planting. On 1 July 2019, 25 kg da* Ammonium Sulphate
(AS) fertilizer was applied by fertigation method. In the second year of the study,
25 kg da-1 DAP fertilizer was applied with planting, while 10 kg da-1 AS fertilizer
was applied with the irrigation system on 20 July 2020.

In both years of the study, hoeing was done when the corn plants had 2-3 lea-
ves. In the second year of the study, weed spraying was carried out in May.

2.3. Irrigation

Subsurface drip irrigation system was used in the experiment. Irrigation water
was provided from the well in the research area. Irrigation system consisted of
pump, hydrocyclone, injection pump, screen filter, manometers, pressure regula-
tor, main valve, control valves of each parcel, water meters, manifold pipelines,
lateral pipelines with in-line drippers.
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In the irrigation system, lateral pipes with 20 mm diameter and a dripper spa-
cing of 0.33 m were used. The laterals were placed at a depth of 0.35 m from the
soil surface (Bilgen and Kodal 2019) and placed one lateral per plant row (Lamm,
1997; Lamm, 2003).

Irrigation subjects in the research were formed as follows.

FO- giving the irrigation water at one time (without interruption),
F1- giving the irrigation water in two stages (one cut),

F2- giving the irrigation water in three stages (two cuts),

F3- giving the irrigation water in four stages (three cuts)

In the study carried out, when 30 + 5% of the extent water capacity at 0-0.6 m
soil depth was consumed (Ry), the available soil water was completed to the field
capacity (Bilgen and Kodal 2019). Irrigation was started when the plants had 5-6
leaves and ended when the corn kernels were observed to mature (Demir et al.,
2018).

In determining the soil moisture content, 0-30 cm of the soil was measured by
gravimetric method and 30-60, 60-90 cm was measured by neutron meters. Before
starting irrigation, the calibration equation was obtained by plotting the neutron
meter values read from the same depths with the values obtained by gravimet-
ric method. Calibration equations obtained for each depth are used in converting
neutronmeter readings into true moisture values. The principles stated in (Tiiziin,
2006) were taken into consideration for the neutronmeter calibration performed
in the experimental area.

Equation 1 has been used in calculating the amount of irrigation water (volu-
metric) applied to the parcels.

8, = a+ b(S0) (1)
S0 = )

Where, 0h, soil volumetric water content (%); a, calibration curve constant; b,
slope of the calibration line; SO, count rate; S, neutron meter count-reading value;
SS is the standard count value.
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Conversion of the obtained volumetric water content to mm for each soil depth
(0-3,0.3-0.6,0.6-0.9) m;

AM = 0, yt. (3)

In equality; AM: available moisture (mm); yt: volume weight of soil (g cm-3);
D: depth of soil to be wetted (mm).

The amount of irrigation water to be applied:

FC-AM

I=——.ytD (4)

Where, I: net amount of irrigation water (mm); FC: field capacity (%); AM:
available moisture (%); yt: soil bulk density (g cm-3); D: depth of soil to be wetted
(mm).

Equations suggested by Howell et al. (1990) were used in determining water use
efficiency (WUE) and irrigation water use efficiency IWUE).

¥
WUE = — (5)

IWUE (6)

Where, Y: yield (kg da-1); ETc: crop water consumption (mm)
The daily actual evapotranspiration amounts for the silage maize plant during

the growing season were calculated with the following equation according to the
water budget method. (Jensen vd., 1990).

ETe=[+P+ Cr—Du—Re= AS (N

where;

ETc: Crop water consumption (mm),

I: The amount of water given by irrigation (mm),
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P: amount of precipitation (mm),
C_ Capillary amount (mm),

Dw: Amount of penetration (mm)
R: Runoff amount (mm),

AS: Moisture change amount in the soil (mm).

Since there is no ground water problem in the experimental area, capillary rise
(Cr) was not taken into account.

2.4. Plant observations and measurements

In the study, in order to determine the effects of intermittent irrigation appli-
cations on the silage maize, the parameters of fresh silage yield, dry matter ratio,
plant height, number of cob, first cob height, cob weight, stem weight, leaf weight,
crude ash ratio and crude protein ratio were measured. Plant observations in the
research were made according to the Technical Instruction for Measuring Corn
Agricultural Values (MAV) Trials of the Seed Registration and Certification Cen-
ter (Anonymous, 2020b). Crude ash and Crude protein analyzes were carried out
according to the standards specified in the AOAC (1995). Accordingly, in order to
eliminate the edge effect in the plots, a row of plants on all sides has been omitted.
Measurements were made by randomly sampling 20 plants from the remaining
plants..

2.5. Statistical analysis

Data obtained from the study were analyzed for variance using SPSS v25 com-
puter package program. The significance levels were determined by performing
the Duncan test for the treatments in which the differences were found to be statis-
tically significant (P < 0.05) (Biswas et al., 2015).

3. RESULTS AND DISCUSSION
3.1. Climate and Soil Data

The climate data were obtained from the climate station located in the experi-
mental area. Climate data for the year and months in which the research was con-
ducted are given in Table 1. The long-term climate data of the experimental area
were obtained from the General Directorate of Meteorology (Anonymous, 2020c).
In the first year of the experiment, the rains were observed in May-June-July, while
in the second year of the study, only in May and June.
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Table 1. Meteorological data for the field of the trial

Temperature Values Total Average Relative
Year Months (°C) Precipitation Humidity
Avr. Max.  Min. (mm) (%)
May 16.1 24.4 8.2 23.2 68.5
June 20.6 29.8 13.2 52.6 68.3
July 21.8 30.2 13.0 18.8 52.7
2019 August 23.2 31.8 14.9 2.0 46.8
September (115, > 301 134 0.4 45.7
days)
Seasonal 20.7 29.3 12.5 97.0 56.4
May 15.1 23.9 6.5 34.6 60.6
June 19.4 27.7 11.3 24.4 61.1
July 24.7 33.7 15.1 0.8 46.3
2020 August 237 331 140 0.0 40.0
September (7,0 303 122 0.0 39.1
days)
Seasonal 214 315 118 59.8 49.4
May 16.0 224 9.7 52.0 50.0
June 20.0 26.7 12.9 35.3 46.0
Long years 1,1, 234 303 158 14.2 38.0
average
(1927-2020) August 234 30.4 16.0 12.5 38.0
September 189 261 11.8 18.1 41.0
Seasonal 20.3 27.2 13.2 132.1 42.6

(Anonymous, 2020c)

According to long-term average climate data, there was 26% less rainfall in the
first year of the study and about 55% less rainfall in the second year. While 97.0
mm of precipitation occurred in the first year of the trial, 58.4 mm of precipitation
occurred in 2020. There was no rainfall above the effective rain in either year of the
study. On the other hand, the temperature and relative humidity values were above

the long-term averages.

Soil analysis were carried out to determine the available water capacity in the
soil and to arrange the appropriate drip irrigation system. According to the analy-
sis results, some properties of the soil in the trial area are given in Table 2.
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Table 2. Some physical properties of the trial field soil
Soil Bulk Field - . Available Water
) Wilting Point
Depth  Sand  Loam  Clay Texture Densty Capacity 8 Content
(m) (%) %) (%) 3
(gem?) o mm % mm mm
0.0-0.3 16.90 31.20  51.90 C 1.18 40.0 142 22.3 79 63
0.3-0.6 12.80 32.00 55.20 C 1.15 40.3 138 23.7 81 57
0.6-0.9 11.70 3430 54.00 C 1.19 42.2 150 24.0 87 63

The soil texture is clay (C). As seen in Table 2, the bulk density of the soil at a
depth of 0-0.6 m varies between 1.15-1.19 g cm™ the moisture content of the soil
at field capacity varies between 40.0-42.2% and the wilting point between 22.3-
24.0%. The available water capacity of the soil is 120 mm / 0.6 m.

3.2. Irrigation, Yield and Water Use Efficiencies

The graph of water change in the soil for both years of the study according to
irrigation treatments is given in Figure 2 and Figure 3
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Figure 2. Water change in the soil according to irrigation issues in 2019
Where; FC is field capacity, WP is wilting point; Ry is amount of water allowed to
be consumed
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Figure 3. Water change in the soil according to irrigation issues in 2020
Where; FC s field capacity, WP is wilting point; Ry is amount of water allowed to
be consumed
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In the study carried out, when 30+5% of available soil water content in 0-60
cm soil depth is consumed, irrigation water was applied until it was brought to
field capacity (Bilgen and Kodal 2019). Irrigation was started when the plants had
5-6 leaves and when it was seen that the grains passed from the milk stage to the
cheese stage, the irrigation was terminated (Demir et al., 2018). In both years of
the study, 16 irrigations were carried out. In the first year of the study, 436.4 mm
irrigation water was applied for F  where irrigation water was applied at once, 399.5
mm for F, where water was applied in one interval, 415.7 mm for F, where water
was applied in two intervals, and 425.5 mm for F, where water was applied in three
intervals. Plant water consumption (ET) amounts were also obtained as 546 mm,
540 mm, 536 mm and 541 mm for F, F, F, and F, treatments, respectively. In
the second year of the study, 456.5, 390, 396.0 and 403.7 mm irrigation water was
applied on FO, F1, F2 and F3, respectively. Plant water consumption amounts were
obtained as 546 mm, 459 mm, 462 mm and 481 mm for F, F, F, and F, treatments,
respectively. When the soil moisture graphs in Figure 2 and Figure 3 are examined,
it is seen that the available water content in the soil does not fall below the Ry level
during the irrigation period. Accordingly, water stress on the plant was not allowed
in all irrigation treatments.

Irrigation water amount in corn, which is a plant with high water demand,
may vary from region to region depending on irrigation method and climate con-
ditions. In similar studies, it is seen that regional differences affect the amount of
irrigation water applied. Karagahin (2014) compared different irrigation methods
and plant density in the corn plant in his study. Accordingly, irrigation water was
applied between 402-498 mm in the first year and 480-590 mm in the second year
in subsurface drip irrigation. In the study conducted in Eskisehir conditions, the
irrigation amount was found between 333-618 mm (Uygan, 2017). In a study con-
ducted in China, the amount of irrigation water was reported to be between 224
and 346 mm (Zhou et al., 2018). Couto et al. (2013) reported that they applied
irrigation water between 497-570 mm in their study. When the research findings
were compared, the results were similar to Karasahin (2014) and Uygan (2017), but
differed from other studies. It can be said that climatic conditions, differences in
irrigation method and plant variety affect the amount of irrigation water applied.

Table 3. WUE and IWUE values

L. 2019 2020 2019-2020
Irrigation Treatments . - - . -
WUE ™ IWUEM WUE IWUE WUE IWUE
E, 14.9 18.7 14.6 ¢ 17.3 ¢ 14.8 ¢ 18.5¢
F 16.8 21.5 19.5a 22.9a 18.2a 21.9a
F, 16.1 20.8 19.0 a 22.2a 17.5 ab 20.9 ab
F, 15.6 19.8 17.3b 20.6b 16.4b 19.6 bc
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When Table 3 is examined, the differences in the level of treatments in the
two-year average WUE and IWUE values were found to be statistically significant.
Accordingly, F| and F, treatments came to the fore in the two-year average WUE
and IWUE values. While the highest average WUE value was obtained in F  with
18.2 kg m~, the lowest WUE value was obtained in FO with 14. kg m?. In irrigation
water use efficiency, the highest IWUE was obtained with 21.9 kg m~ in F1 and the
lowest IWUE with 18.5 kg m™ in FO.

In similar studies, WUE values were determined by Gezer (2012), Dagdelen
et al. (2010) and Kiziloglu et al. (2009) as 14.52 kg m?~, 11.97-10.22 kg m~ and
14.76-15.04 kg m™ respectively. Gezer (2012), Simsek et al., (2011), Dagdelen et al.,
(2010), Aritiirk (2008) reported the IWUE value as 17.93-23.0 kg m*, 6.49-8.44 kg
m?, 10.57-12.24 kg m~ and 19.56-21.92 kg m?, respectively. The WUE and IWUE
values obtained in the study were similar to Dagdelen et al. (2010), Ar1tiirk, (2008)
and Kiziloglu et al. (2009) while the values were higher than other studies. The
plant variety used in the research, the differences in the irrigation method and the
climate difference can be the reason for the differences in the findings.

3.3. Plant Measurements

The yield and variance values of some plant parameters obtained in the study
are given in Table 4.

Table 4. Some measurement values of corn plant

Fresh Silage Dry Plant Number  First Cob Stem Leaf Crude Crude
Year Treatments Yield Matter  Height of Cob Cob Weight Weight Weight  Ash Protein
(kg da™) Ratio (m) (per Height  (kg) (kg) (kg) Ratio  Ratio
(%) plant)  (m) (%) (%)

8151.5 40.5 2.34b 1.10 1.13 0.256b 0.387b 0213 51b 6.7

o

8589.7 40.8 242ab 137 1.17 0266ab 0.446a 0224 72a 7.0

2019

8631.0 369 2.72a 1.27 1.05 0.273a  0.457a 0.218 7.6a 6.6
8415.0 41.1 239ab 133 1.12 0.260b 0431ab 0237 7.2a 6.5

o

w

79783 b 419 234D 1.17 1.07 0.267ab 0.360b 0211 54c 6.7

°

89482 a 415  245a 1.20 1.06 0.274a 0.429a 0236 73a 6.5

2020

8776.4 a 411 239ab 113 1.05 0.269a 0418a 0235 6.5ab 7.1

I

8314.9ab 419 231D 1.13 0.95 0.259b 0.384ab 0230 57bc 7.5

w

8064.9 412 234b 1.13 1.10 0.261b 0374c 0212 52c¢ 6.7

o

2019-
2020
Average

8768.9 412 243a 1.28 1.11 0.270a  0.437a 0.231 7.2a 6.8

8703.7 39.0 244a 1.20 1.05 0.271a  0.438a 0227 7.0ab 6.8
8365.0 415 235b 1.23 1.03 0.259b  0.407b 0234 6.4b 7.0

I

(| | | | | |

w

In the variance analysis of the two-year average fresh silage yield values, the
yield differences compared to the subjects were found to be statistically insignifi-
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cant. The highest two-year average yield value was obtained in F, with 8768.9 kg
da’’. Silage corn is a plant with high yield loss when water is restricted (Camoglu
vd., 2011; Moussa vd., 2008; Song vd., 2019). In similar studies conducted, Akdeniz
etal. (2004), Yildiz et al. (2017), Karagahin (2014) and Demir et al. (2020) reported
the highest yield values as 7608.5 kg/da, 13477 kg da-1, 900 kg da’', 10420 kg da™,
respectively. The findings obtained in the study were generally similar to the other
results except Yildiz et al. (2017).

The plant dry matter ratio may vary depending on the plant variety, stress con-
ditions and growing conditions. When the analysis of variance on dry matter ratios
were examined, no statistically significant difference was found between irrigation
subjects. The highest and lowest dry matter yield values of 41.5% and 39.0% were
obtained from F, and F, subjects, respectively. While the findings of the study were
similar to Mok et al. (2014), Marsalis et al. (2010) and Eralp (2007), were found to
higher than Akdeniz et al (2004), Giiney et al. (2010) Carpici et al. (2017).

Average plant height values were found significant at 1% error level among sub-
jects. Accordingly, the highest and lowest plant height values were obtained from
F2 and FO subjects with 2.44 and 2.34 m, respectively. While the plant height values
obtained in the study show similarities with Bouazzama et al. (2012), Kiziloglu et
al. (2009), Giiney et al. (2010), Demir et al. (2020), Akdeniz et al. (2004) and $im-
sek et al. (2011), found higher than Mok et al. (2014).

In the analysis of variance regarding the number of cobs, no statistically sig-
nificant difference was found between irrigation subjects. In terms of quality, the
number of cobs in maize is usually desired to be one per plant. In the study, the
values of the number of cobs per plant were similar to the values reported by Bulut
etal. (2008), Oztiirk et al. (2008), Yozgatli et al. (2019) and Yilmaz et al. (2020), but
lower than Bulut (2016) and Olgun (2011).

First cob height in silage maize may vary depending on the type of corn used,
stress conditions during vegetation period and climatic characteristics. In the
analysis of variance related to the first cob height, the difference between irrigati-
on subjects was not found to be statistically significant. While the first cob height
values obtained in the study were within the range of values found by Afzal et
al. (2009), Yozgatli et al. (2019 and Giines (2017), found lower than Demir et al.
(2020), Yilmaz et al. (2020), Yildiz et al. (2017).

Differences between subjects were found to be significant at 1% error level in
the variance analysis related to the cob weight. According to the two-year average
values, the highest and lowest cob weight values were obtained from subjects F,
and F, as 0.271 and 0.260 kg, respectively. Obtained cob weight values in the study
were higher than the findings of Mok et al. (2014) and Sampathkumar et al. (2013),
while lower than Yilmaz et al. (2020), Olgun (2011) and Ergiil (2008).

ANAJAS, 2022, Cilt 37, Sayi 3, Sayfa 459-478



Rohat GULTEKIN, Ahmet ERTEK V]

According to the two-year averages, the highest stem weight was obtained with
0.437 and 0.438 kg from F, and F, subjects, respectively. The stem weight values
obtained were found higher than the values reported by Moralar (2011) but lower
than Yilmaz et al. (2020), Yildiz et al. (2017) and Han (2016).

In the first year of the study, the highest and lowest leaf weight was obtained
with 0.237 and 0213 kg, respectively, in F, and F subjects, while in the second year
of the study, the highest and lowest leaf weight values were obtained from F, and F,
subjects with 0.237 and 0.211 kg, respectively. In the analysis of variance regarding
leaf weight, the difference between irrigation subjects was not found to be statis-
tically significant. The leaf weight values obtained were higher than the findings
of Sade et al. (2002), Saryerli (2017) and Moralar (2011), lower than Han (2016),
Yildiz et al. (2017) and Giines (2004) and leaf weight values were similar to Ergiil
(2008), Yilmaz et al. (2020), Giines, (2004).

According to the two-year averages, the highest crude ash ratio was obtained in
F1 with 7.2% and the lowest crude ash ratio was obtained in F, with 5.2%. Two-ye-
ar average crude ash ratios were found significant at 1% error level among subjects.
While the crude ash ratio values obtained in the study were higher than Demir et
al. (2020) and Hasan et al. (2018), the crude ash ratio was found similar to Erdal et
al. (2009), Carpic1 (2009) and Korkmaz (2019).

The highest average crude protein ratio was obtained in F, with 7.0% in the first
year of the study, while the highest crude protein was obtained in F3 with 7.0% in
the second year. There was no statistical difference between subjects and years in
variance analysis. While the crude protein values obtained in the study were lower
than the findings of Yozgatl et al. (2019, Erdal et al. (2009) and Sade et al. (2002),
similar values were obtained with the findings of Griffiths et al. (2004), Mok et al
(2014), Demir et al (2020).

4. CONCLUSION

In the study carried out, irrigation issues were brought to the field capacity
when the available moisture in the soil is consumed by 30 + 5%. Controlled inter-
mittent and non-intermittent irrigation practices, in which soil moisture was mo-
nitored, did not create water stress in the silage corn plant. Therefore, intermittent
and continuous irrigation practices did not make a statistical difference on yield
values of maize silage plants. On the other hand, statistical differences were found
in some quality parameters such as crude ash, stem weight, cob weight, and plant
height. In the parameters with statistical differences, it is seen that F, and E, issues
are mostly in the foreground. This situation showed that pulse irrigation practices
provide better moisture distribution in the soil and positively affect some quality
parameters in the plant. Giving water at once in agricultural irrigation limits the
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time required for the best distribution of water in the soil. This can be seen among
the causes of deep infiltration or surface runoff, especially in long-term farmer
irrigations. In intermittent subsurface drip irrigation, the treatments where the wa-
ter cut-off time is relatively long (F, and F,) came to the fore. It is considered useful
to study different soil structures and water deficiency to determine the effect of
pulse subsurface drip irrigation on plant yield and quality parameters.
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DETERMINATION OF EFFECT OF PLACENTAL CHARACTERISTICS ON LAMB
BIRTH WEIGHT IN BAFRA SHEEP BY PATH ANALYSIS

ABSTRACT

Path analysis is applied to identify directed dependencies between a set of va-
riables and used in animal breeding to improve breeding practices. Therefore, the
aim of this study was to examine the direct and indirect effect of some placental
traits on lamb birth weight born to Bafra sheep breed using path analysis. For this
aim, the relationship between lamb birth weight and seven placental traits (placen-
tal weight; PW, total cotyledon numbers; TCN, total cotyledon surface area; TCSA,
cotyledon efficiency; CE, total cotyledon volume; TCV, volumetric cotyledon efti-
ciency; VCE, placenta efficiency; PE) were studied in 40 singleton - bearing Bafra
ewe with same live weight and parity. Birth weight (BW), lamb sex, and placental
measurements were recorded within 12 h after parturition. The direct effects of
PE on birth weight were found statistically significant (p<0.05). Additionally, the
indirect effects of PW on birth weight were found statistically significant (p<0.05).
While the PE variable was found with the highest direct effect (0.602) on BW, the
highest total indirect effect (-0,468) on BW was found in the PW variable. The di-
rect effect (-0.046) of the TCN variable was lowest on BW. Also, the indirect effect
(0.093) of the PE variable was lowest on BW. The results showed that PW and PE
were the most explanatory variable for the birth weight of Bafra lambs.

Keywords: Path Analysis, Lamb Birth Weight, Placental Traits, Direct Effect,
Indirect Effect, Bafra Breed.

e %

BAFRA KOYUNLARINDA KUZU DOGUM AGIRLIGI UZERINE PLASENTAL
OZELLIKLERIN ETKISININ PATH ANALIZI ILE BELIRLENMESI

0z:

Path analizi, bir dizi degisken arasindaki yonlendirilmis bagimliliklar: tanim-
lamak ve 1slah uygulamalarini iyilestirmek i¢in hayvan yetistiriciliginde uygu-
lanmaktadir. Dolayisiyla bu ¢alismanin amaci, Bafra koyun irkinda bazi plasen-
tal 6zelliklerin, kuzu dogum agirhigina dogrudan ve dolayl etkisini path analizi
kullanarak incelemektir. Bu amagla kuzu dogum agirlig: ile yedi plasental 6zellik
(plasenta agirlig1; PA, toplam kotiledon sayisi; TKS, toplam kotiledon yiizey alan;
TKYA, kotiledon verimliligi; KV, toplam kotiledon hacmi; TKH, hacimsel kotile-
don verimliligi; HKV, plasenta etkinligi; PE) arasindaki iliski 40 bas tekiz dogum
yapmis, benzer canli agirliga ve dogum sayisina sahip Bafra irki koyunda incelen-
mistir. Kuzu dogum agirligi (DA), kuzu cinsiyeti ve plasental l¢limler dogumdan
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sonraki 12 saat i¢inde kaydedilmistir. Calismada PE'nin dogum agirligina direkt
etkisi istatistiksel olarak anlamli bulundu (p<0.05). Ayrica PA'nin dogum agir-
lig1 tizerindeki dolayl: etkileri istatistiksel olarak 6nemli oldugu tespit edilmistir
(p<0.05). DA tizerinde en yitksek dogrudan etki (0,602) PE degiskeninde bulunur-
ken, DA tizerinde en yiiksek toplam dolayl: etki (-0,468) PA degiskeninde tespit
edilmistir. DA tizerine dogrudan en diistik etki TKS (-0.046) degiskeninde, dolayli
en diigiik etki ise PE (0.093) degiskeninde tespit edilmistir. Calismanin sonuglarr,
Bafra kuzularinin dogum agirligi icin en agiklayici degiskenin PA ve PE oldugunu
gostermistir.

Anahtar Kelimeler: Path Analizi, Kuzu Dogum Agirligi, Plasental Ozellikler,
Dogrudan Etki, Dolayl Etki, Bafra Irk.

EE
1. INTRODUCTION

Placental traits are one of the main causes of the postnatal death of offspring
in goats and sheep (Dwyer et al., 2005). A past study reported that postnatal via-
bility of newborns was highly correlated with placental growth and development
during pregnancy (Mellor and Stafford, 2004). The exchange capacity of the pla-
centa between the maternal and fetal tracts in small ruminants depends on the
size of the placenta and the number of cotyledons. (Ocak et al., 2013; Sen and
Onder, 2016). Therefore, placental size has a crucial role in determining the pre-
natal growth trend of the offspring, and consequently birth weight and postnatal
survival (Sen et al., 2013). In sheep, the placenta completes most of its growth and
development until mid-pregnancy (about the 90th day), and after this period it
begins to effectively support fetal growth and development until birth. (Redmer
et al., 2004; Igwebuike, 2010; Sen et al., 2013). Previous studies have shown a high
level of correlation between placental weight and the birth weight of the offspring
(Osgerby et al., 2003; Dwyer et al., 2005; Sen et al., 2013; Sen and Onder, 2016).

One of the main goals of animal breeding is to genetically improve livestock
populations so that they can produce higher yields under expected future pro-
duction conditions (Onder and Abaci, 2015). Genetic improvement in terms of
economic characteristics is achieved by selecting the highest performing animals
on farms and using them as sires or dams for the generation next (Dekkers et al.,
2004). In many cases, the offspring with higher birth weight are selected as future
breeding material or these criteria are used to valorize the animals. Placental traits
have important effect on birth weight of the newborn (Osgerby et al., 2003; Dwyer
etal., 2005; Sen et al., 2013; Sen and Onder, 2016). Generally, to evaluate relations-
hip between placental characteristics and birth-related traits data relational statis-
tics such as regression and correlation are used (Ocak et al., 2013; Sen et al., 2013;
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Sen and Onder, 2016). Birth weight of the newborn is selected as response variable
and placental characteristics are selected as explanatory variables. Therefore, it is
aimed to explain the desired response variable by using explanatory variables. Ne-
vertheless, besides the direct effects, the indirect effects of explanatory variables on
the response variable should not be ignored (Ar1 and Onder, 2013).

The Path analysis is applied to detect directed dependencies between a set of
variables (Onder and Abaci, 2015). For this reason, the use of path analysis has
begun to increase in animal husbandry to determine the related traits (Onder and
Abaci, 2015). In addition, there is lack of studies that examined the direct and in-
direct effects of placental characteristics on birth weight of the newborn. The aim
of the current study was therefore to investigate direct, indirect and total effects of
placental characteristics ((placental weight; PW, total cotyledon numbers; TCN,
total cotyledon surface area; TCSA, cotyledon efficiency; CE, total cotyledon volu-
me; TCV, volumetric cotyledon efficiency; VCE, placenta efficiency; PE) on lamb
birth weight in Bafra ewes.

2. MATERIAL AND METHODS

The experimental procedures were approved by the Local Animal Care and
Ethics Committee of Ondokuz Mayis University, Samsun, Turkey, ensuring comp-
liance with EC Directive 86/609/EEC for animal experiments. Experimental ani-
mals were of the Bafra sheep breed, 3-5 years of age, and maintained at the Sheep
Farm of Ondokuz Mayis University, Samsun, Turkey. The study was conducted on
40 singleton-bearing Bafra ewes with same live weight (46.93 + 0.68 kg) and parity
(at least second) in the normal breeding season. All ewes were housed and cared
for under the same conditions in the stockyard and were allowed to graze for 5 h
daily during gestation. Birth weight (BW) and the sex of lambs were recorded wit-
hin 12 h after parturition. Each Bafra ewe was left to deliver the placenta naturally
and placentas were collected immediately after delivery. Placental weight (PW)
was measured and recorded after removing placental fluid. The total cotyledon
numbers (TCN) and total cotyledon weights (TCW) of placental cotyledons disse-
cted from the chorioallantois were also counted and determined. Cotyledon length
(CL), depth (CDe), and width (CWi) were measured with a digital compass and
30 cotyledons of the same size were selected (small, <10 mm diameter; medium,
10-30 mm diameter; large, >30 mm diameter). Placental efficiency (PE) was calcu-
lated for each Bafra ewe, as the ratio of lamb birth weight to placental weight (PW).
Cotyledon density (CD) was calculated as the number of cotyledons per gram PW.
Cotyledon efficiency (CE) was defined as the ratio of kid BW in grams to the total
cotyledon surface area (TCSA). TCSA was calculated after the measurements of
all the cotyledons in individual placenta as cm? with the following formula: radius
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squared of cotyledon [((CWi + CL) / 4)*] x 3.14 (r) x TCN. PE was calculated as
the ratio of kid BW to PW for each Bafra ewe.

SPSS (2004) statistical software was used to analyze the data with the license
of Ondokuz Mayis University. Every linear model has a direct effect and amount
of indirect effect which is number of explanatory variables minus one”. The gene-
ral expression of multiple regression model formed for the measurements (one
response and p explanatory variables) is given in Equation 1.

B P 1
= fxp x xk wXyle i=1,2,..n (1)

The multiple linear regression model adopted was as follows (equation 2);

Yi = by +bX, +bX +DiX 4 ()
where:

= response variable (BW),

Y
b, = intercept,
b; = standardized regression coefficients,

= explanatory variables (CG, BL, HS)

A path coefficient (P) is a standardized regression coefficient (b) showing the
direct effect of an independent variable on a dependent variable in the path model
(Garson, 2008; Onder and Abaci, 2015). Path coefficient, which indicates the effect
of one standard deviation change of any explanatory variable X versus on response
variable Y, can be calculated as (Mendes et al., 2005) (equation 3).

Sx,
8

Pyx, =b (3)
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Here; P__is the path coefficient which indicates the direct effect of X explana-
tory variable on response variable Y, S_indicates the standard deviation of X, §
indicates the standard deviation of Y and b indicates the partial regression coefti-
cient. Path coefficients can be shown with path diagrams. One way and two way ar-
rows are used in path diagrams. One way arrows which named as direct effects are
drawn from explanatory variable to response variable and two way arrows which
showed correlations are drawn between explanatory variables (Tahtali et al., 2011).

To obtain the path coefficients should be replaced in linear equation system as
given in Equation 4.

Py, l Fxx, Txx, Fx,
o= . #| 4
P, | = Mo, 1 Fy,x, Fyx, @
B, Fyx, Trox, I Fyy,

In the Equation 4, coefficients given by P, were path coefficients (direct ef-
fects) between explanatory variable and response variable and r P, . represented
indirect effects of explanatory variable ith on response variable via explanatory
variable j, r,,; Fepresented pearson correlation coefficients between i an j* traits
(Topal et al., 2008).

3. RESULTS AND DISCUSSION

Direct and indirect effects of explanatory variables on birth weight in Bafra
ewes are present Table 1. The direct effects of PE on birth weight were found sta-
tistically significant (p<0.05). Additionally, direct effects of PW, TCN, TCSA, CE,
TCV and VCE on birth weight were not found statistically significant. The indirect
effects of PW on birth weight were found statistically significant (p<0.05). More-
over, direct effects of TCN, TCSA, CE, TCV, VCE and PE on birth weight were
not found statistically significant in the present study. While PE was found with
highest direct effect (0.602) on BW, the highest total indirect effect (-0,468) on BW
was found PW variable. The direct effect (0.046) of TCN was lowest on BW. Also,
the indirect effect (0.093) of PE was lowest on BW.
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Table 1. Direct and indirect effects of explanatory variables on birth weight in
Bafra ewes

Tablo 1. Bafra koyunlarinda agiklayici degiskenlerin dogum agirligina dogrudan
ve dolayli etkileri

Trait Direct effects Indirect Effect Correlation Coefficient
PW 0.371 -0.468* -0.097
TCN 0.046 0.303 0.349
TCSA 0.115 0.178 0.293
CE 0.068 0.197 0.265
TCV -0.088 0.188 0.100
VCE -0.089 0.428 0.339
PE 0.602* 0.093 0.695

PW= placental weight, TCN= total cotyledon numbers, TCSA= total cotyledon surface
area, CE= cotyledon efficiency, TCV= total cotyledon volume, VCE= volumetric cotyledon
efficiency, PE= plancenta efficiency. * p<0.05

The highest Pearson correlation coefficient (CC) between BW was observed
with PE which was as expected because calculation of PE includes BW. The other
correlation coefficients were too small to interpret that was there is no relation
with BW. While PW was found with positive direct effect (0.371), it was statistical-
ly significant indirect negative effect (-0.468) on BW. Only correlation coefficient
between PW and BW was found negative but it was statistically meaningless. This
finding should be considered carefully that the Pearson correlation was nominal
near zero but direct effect was positive about four times of CC and indirect effect
of PW was negative about four times of CC. It means that CC between PW and
BW is not a reliable statistics to evaluate. For TCN, the indirect effect was found
6.5 times higher than its direct effect. It may be caused by the relation of TCN with
TCSA and VCE. Another interesting finding recognized that indirect effect of VCE
on BW was 5.8 times higher than its direct effect and when the direct effect was
negative the indirect effect was obtained positive. The CC between VCE and BW
was close to indirect effect. It can be interpreted that the effect behavior of VCE
came from many of the placental characteristics include cotyledonal traits. Direct
effect value of PE on BW was found so close to correlation coefficient between PE
and BW. It means that the most reliable explanatory variable was PE for BW.

Placental traits, such as placental weight, cotyledon numbers, cotyledon effi-
ciency, plancenta efficiency etc., are important indicators of the postnatal survive
of lambs in sheep (Dwyer et al., 2005; Sen et al., 2013). Therefore, some factors af-
fecting lambs birth weight should be determined. Owing to this, the path analysis
is very important for determining factors affecting lamb birth weight (Onder and
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Abaci, 2015). In this study, this aimed to investigate the direct, indirect and total ef-
fects of placental characteristics on birth weight in Bafra lambs. Mostly, evaluation
of relationship between placental characteristics and birth-related traits data relati-
onal statistics such as regression and correlation are used (Ocak et al., 2013; Sen et
al., 2013; Sen and Onder, 2016). Birth weight of the lambs was selected as response
variable and placental characteristics were selected as explanatory variables in the
present study. Therefore, path analysis was used to describe the directed depen-
dencies among a set of variables in the present study. Onder et al. (2017) direct and
total effects on lamb birth weight were supported by studies in Akkaraman lambs.
Some direct and total effects of placental traits on lamb birth weight were similar
with results of Onder et al. (2017).

4. CONCLUSIONS

As a result, it has been concluded that PW and VCE can be used as indirect
selection criteria in the flock for management and breeding decisions according
to lamb birth weight since PW has the highest direct effect and PE has the lowest
indirect effect of lamb birth weight in Bafra sheep breed.
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NEMLI-MEZOTERMAL iKLiM KUSAGINDA YER ALAN VE AGIR OTLANILAN
HASANLAR KOYU MERASININ BAZI OZELLIKLERI

0z:

Bu ¢alismanin amaci, 2013 yilinda vejetasyonu tamamen yenilenen dogal bir
meranin, 2021 yil itibariyla hélihazirdaki durumunu belirlemektir. Islah ¢alis-
masindan sonraki 7-8 yillik siirede, bitkilerin toprag: kaplama degerinde dnemli
bir degisim olmasa da vejetasyondaki tiirlerin oranlar: 6nemli dl¢iide degismistir.
Mera vejetasyonunun topragi kaplama orani % 98.60 olup; azalici, ¢ogalici ve is-
tilac1 tiirlerin oranlar1 sirasiyla % 13.14, % 5.38 ve % 81.47dir. Merada otlanma
sonrasinda kalan aniz yiiksekligi ortalama vejetasyon yiiksekliginin % 50’sinden
daha az oldugu, meranin erisilebilir biitiin her yerinin otlanildig, azalic1 ve gogali-
c1 bitki tiirlerinin iireme ile ilgili bitki aksamlarinin ¢ok az oldugu, onlarin da genel
olarak hayvanlarin ulasamadig: dikenli bitkilerin koruyuculugunda gelisebildigi
ve dikenli bitkiler haricindeki tiim diger otsu tiirlerin degisen oranlarda otlanildi-
&1 tespitinden hareketle meranin agir otlatildig1 sonucuna varilmistir. Bitki ortiisii
icerisinde en yiiksek oranda ve en yaygin bulunan azalic tiir % 3.97 oran ve % 80
frekans degeriyle ¢ok yillik ¢im (Lolium perenne), istilaci tiir ise % 46.54 oran ve
% 90 frekans degeri ile yabani bogiirtlen (Rubus sp.)dir. Vejetasyondaki oran ve
dagilimlarina gore, bu ve benzeri ekolojilerdeki meralarda yapilacak her tiirlii to-
humlama islemlerinde tercih edilebilecek yem bitkisi tiirleri Lolium perenne, Da-
ctylis glomerata, Poa pratensis, Lotus corniculatus, Trifolium fragiferum ve Trifoli-
um repens; en oncelikli kontrol edilmesi gereken gali tiirii ise yabani bégiirtlendir.
Bogiirtlen ve diger ¢alilar1 ve hatta sigirlarin tercih etmedigi diger otsu bitkileri
tercihen otlayan kegilerin bu ve benzeri meralarda istihdami en ekonomik ve doga
dostu yabanci ot kontrol yontemi olarak onerilebilir. Aksi taktirde istilaci tiirlerden
meray1 korumak igin belirli araliklarla vejetasyon yenilenmelidir.

Anahtar Kelimeler: Bitki Ortii Derecesi, Bogiirtlen Kontrolii, Kegi, Mera Du-
rumu, Mera Islahi, Yapay Mera.

e

SOME CHARACTERISTICS OF HASANLAR VILLAGE RANGELAND, WHICH IS
LOCATED IN THE HUMID-MESOTHERMAL CLIMATE ZONE AND
IS HEAVILY GRAZED

ABSTRACT
The aim of this study is to determine the current status of the rangeland, whose

vegetation was completely renewed in 2013, as of 2021. During the 7-8 years after
the rehabilitation study, the proportions of the species in the vegetation changed
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significantly, although there was no significant change in the soil cover value of the
plants. Soil coverage rate of pasture vegetation is 98.20%; the ratios of decreaser,
increaser and invasive species are 13.14%, 5.39% and 81.77%, respectively. It has
been determined that the stubble height remaining after grazing in the pasture is
less than 50% of the average vegetation height, all accessible parts of the pasture are
grazed, the reproductive plant parts of the decreasing and increasing plant species
are very few, and they can develop under the protection of thorny plants that ani-
mals cannot reach. It has been also determined that all herbaceous plants except
thorny plants are grazing at varying rates in the pasture. According to all these data,
it was concluded that the pasture was intensively grazed. Perennial grass (Lolium
perenne) with the highest rate and the most common decreaser in vegetation with
a frequency of 3.97% and a frequency of 80%, while the invasive species is a wild
blackberry (Rubus sp.) with a rate of 46.54% and a frequency of 90%. According to
their rate and distribution in vegetation, forage plant species that can be preferred
in all kinds of seeding operations in pastures in this and similar ecologies; Lolium
perenne, Dactylis glomerata, Poa pratensis, Lotus corniculatus, Trifolium fragi-
ferum and Trifolium repens, the most important shrub species to be controlled
is wild blackberry. The employment of goats, which preferably graze blackberries
and other shrubs and even other herbaceous plants that cattle do not prefer, can be
recommended as the most economical and environmentally friendly weed control
method. Otherwise, vegetation should be renewed at regular intervals to protect
the pasture from invasive species.

Keywords: Blackberry Control Goat, Pasture, Plant Cover, Rangeland Conditi-
on Rangeland Rehabilitation.

k%
1. GIRIS

Meralarda yapilacak her tiirli amenajman ve 1slah ¢aligmalarindan beklenilen
faydanin maksimum derecede elde edilmesi i¢in, mera vejetasyonunu olusturan
bitki tiirlerinin ve bu tiirlerin toprag: kaplama derecelerinin takibi ¢ok 6nemlidir.
Meralarda otlayan hayvanlarin sayisi ve tiirleri, mera otlama takviminin uygulani-
s1, yagis ve sicaklik gibi iklim kriterlerinin yillara gore dagilimlarindaki farkliliklar,
bu alanlarin tiretkenliginde degisimlere neden olabilmektedir. Mera tiretkenligin-
deki bu degisimin izlenmesi ve buna gore 1slah ve amenajman planlamalarinin ya-
pilmas1 mera siirekliligi i¢in elzemdir. Meralardan istenilen yiiksek tiretkenlik ya-
ninda, bitki tiir kompozisyonunda meydana gelebilecek degisimler, iiretilen kaba
yem kalitesini ve dolayisiyla bitkisel tiretimin hayvansal triinlere doniigiim per-
formansini da etkilemektedir. Bitkisel iretkenlikten hayvansal iiretkenlige uzanan
bu iliski dongtisii yaninda mera bitki ortiisiiniin, topragi erozyon unsurlarindan
korumak ve yagis sularinin infiltrasyonunu kolaylagtirarak yeralt: su kaynaklari-
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nin zenginlesmesine de katki saglamaktadir. Mera vejetasyonun bu hayati islevi
i¢in toprag: kaplama oraninin yiiksek olmasi ¢cok 6nemlidir.

Yapilan mera etiidii aligmalari neticesinde elde edilen veriler; mera vejetasyo-
nunu olusturan bitkilerin azalici, gogalici ve istilaci tiirlerinin oransal yapisinin or-
taya konularak mera vejetasyonunun iiretim potansiyeli, bu tiretimin yil igerisinde-
ki degisim seyri ve kalitesi ve hatta bu meradan en iyi faydalanabilecek hayvan tiiri
ve sayisinin belirlenmesi noktasinda en temel gostergedir (Beskow, 2001). Azalict
ve gogalici bitkilerin vejetasyondaki oranlarindan hareketle hesaplanan “mera du-
rumu” degeri ile meranin aldig1 yagis miktar: dikkate alinarak hayvanlarin mera
gereksinimleri, 6rnegin kafes yontemine gore ¢ok hizli ve kolayca belirlenerek
amenajman planlamalarinin dogru bir sekilde yapilmasina ve gerektiginde hizlica
revize edilmesine imkan saglamaktadir (Bakir, 1999; Holechek ve ark., 2010; Uzun
ve ark., 2016). Bu anlamda amenajman uygulamalarmin yanls planlamalar: neti-
cesinde meralarin bozulmasina sebep olabilecegi ve 1slahi i¢in oldukea ytiksek eko-
nomik bedeller 6denebilecegi akildan ¢ikarilmamalidir. Islah iglemleri ile meranin
ne oranda eski tiretkenligine kavusabilecegi de ayrica degerlendirilmesi gereken
bir unsurdur. Bu bakimdan meralarin, duragan olmayan bilakis dinamik bir yapiya
sahip oldugu ve zaman zaman bilimsel metotlarla gézlemlenmesi (Tiirk ve ark.,
2015; Palta ve Lermi, 2019), gerek duyuldugunda gecikmeden miidahale edilmesi
gerekmektedir. Unutulmamalidir ki zamaninda yapilan miidahaleler, gecikenlere
gore daima daha bagarili ve ekonomiktir.

Yukarida anlatilan sebeplere binaen bu ¢alisma, 7 yil 6nce birtakim 1slah ve
amenajman ¢aligmalar1 yiriitillen Hasanlar koyti merasinin halihazirdaki duru-
munu belirlemek amaciyla yiiriitilmiistir.

2. MATERYAL VE YONTEM

Caligma, Bartin ili Merkez ilge sinirlar1 icerinde taginmaz numarasi =
102478457, pafta kodu = E28-C-15-D-4-D, E28-C-15-D-4-C olan ve 74.8 da alana
sahip 106, 139 ve 179 numarali mera parsellerinde ytritilmustir (Sekil 1).

Mera alaninda yapilan ¢alismalarda koordinat ve rakim olgiimleri “South S82
Plus” GPS ile yapilmis ve ardindan veriler QGis 3.16.8 programina islenmis ve ha-
rita ¢iktilar1 olusturulmustur (Sekil 1). Egim, yitkseklik ve mesafe dl¢timleri ise
“Leica DISTO D810 lazer metresi ile gerceklestirilmistir.
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Sekil 1. Hasanlar kéyii merasinin lokasyon haritasi

Figure 1. Location map of Hasanlar village pasture

Calisma yapilan merada, Tarim ve Koyisleri Bakanlig1 2012-2016 yillar1 arasin-
da 2012/74/001 numarali proje ile 1slah ¢alismasi yiirtitmistiir. Calisma 6ncesin-
de yapilan vejetasyon etiidii sonuglarina gore bitki ortiisiinii olusturan tiirlerin; %
20’si azalicy, % 2.5%i gogalici, % 77.5 (% 55.5 ¢ali-agag ve % 22 otsu istilac1)’i ise isti-
lac1 grupta yer aldiklar: belirlenmigstir. Bu tarih itibariyla kéyde tamami sigir olmak
tizere 121.45 HB, 2021 yilinda ise 137.35 HB hayvan varlig1 mevcuttur (Anon.,
2012, 2021a). Hayvanlar 2012 yili ve 2021 yilindaki gézlemlerimize gore —ame-
najman planlamasi yapilmis olmasina ragmen- tel ile ihatasi yapilmis olan merada
goban olmaksizin otlatma takvimine ve siiresine uymaksizin serbestge otlatilmak-
tadir. Koytin 2012 yili itibariyla yonca ve fig ekilisinden tiretilen kaba yem miktar:
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15 ton, musir silaji iiretimi ise 52 tondur (Anon., 2012). Proje kapsaminda 2012
yilinda mekanik yontemlerle agag ve ¢alilarin toprak iistii ve alt1 aksamlar1 mera-
dan uzaklagtirildiktan sonra, toprak hazirlig: yapilarak bir yil siireyle tritikale+fig
karisimindan olugan 6n bitki ekimi gereklestirilmistir. On bitki tarim1 sonrasinda
2013 yil1 sonbaharinda; Poa pratensis (%18), Festuca pratensis (%18), Dactylis glo-
merata (%18), Lolium perenne (%18), Lotus corniculatus (%14) ve Trifolium repens
(%14) tiirlerinden olusan yem bitkisi karisimiyla alanda suni mera tesis edilmistir.
Suni mera tesisine de saf madde hesabiyla 4 yil boyunca her yil ilkbaharda dekara
5 kg hesabiyla azot ve 2013 ve 2016 yillarinda ise 5er kg fosforlu giibre uygulamasi
yapilmigtir. Her otlatma sezonu sonunda da hayvanlarin otlamadig istilaci bitkiler,
tamburlu bigme makinast ile temizlik bigimine tabi tutulmasi planlanmis olsa da
bu islem ¢esitli sebeplerle miimkiin olmamustir.

Aragtirma alanina ait uzun yillar (1950-2021) iklim verileri Sekil 2'de sunul-
mustur (Anon., 2021b). Thornthwaite (1948)’a gore nemli-mezotermal iklim sini-
fina giren Bartin ilinin; uzun yillara ait ortalama yillik yagis toplam1 1040.5 mm,
ortalama sicaklik degeri ise 12.8 °Cdir. Iklim diyagramindan da anlagilacag: tizere,
yagis rejimi diger bir¢ok ilimize gére daha diizenlidir. En kurak aylarda bile yagis
miktar1 oldukga fazladir. Ancak, sicaklik degerlerinin daha yiiksek gerceklestigi
yaz donemine ait aylarda gerceklesen yagis miktarlar1 yilin en diisiik degerleri-
dir. Bu nedenle bolgedeki meralarin ana kaba yem kaynagi olan serin iklim yem
bitkilerinin bu déonemde dormant hale ge¢meleri nedeniyle meralarin kaba yem
tiretiminde diistisler meydana gelmektedir.

Ortalama y1llik sicaklik / Average annual temperature 12.8 °C
Toplamyillik yagis / Annual total precipitation1040.5 mm
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Sekil 2. Bartin ilinin uzun yillara ait sicaklik (—) ve yags ( I ) diyagrami
(Anon., 2021b)

Figure 2. Diagram of long-term temperature (—) and precipitation (|| ) of Bartin
province (Anon., 2021b)
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Yukarida ayrintilar: verilen ve 2016 yili itibariyla sona eren proje ¢aligmalar:
sonrasinda, 2021 yili itibariyla Hasanlar koyti merasinin hélihazirdaki durumu-
nu belirlemeyi amaglayan bu ¢aligmada meralarin vejetasyon ol¢iimleri; modifiye
edilmis tekerlekli lup (halka) metodu kullanilarak meralardaki hakim bitkilerin
ciceklenme evresinde “yaprak alani” esas alinarak Kog ve Cakal (2004)’1n ifade et-
tigi sekilde belirlenmistir. Olgiim hatlar1 meranin egimine paralel olarak segilerek
meranin her egim derecesindeki vejetasyonu temsil edecek sekilde 10 lup hattinda
1000 noktada yapilmigtir. Bitki teshisinde Davis (1970) ve Serin (2008)den fayda-
lanilmigtir. Okuma neticesinde tespit edilen bitki tiirleri azalicilar, cogalicilar ve
istilacilar olmak tzere 3 sinifa ayrilmislardir. Tespit edilen bitkilerden azalicila-
rin tamami ve ¢ogalicilarin ise % 20’si dikkate alinarak caligilan meralarda “mera
durumu” belirlenmistir. Bitki ortiisiiniin topragi kaplama orani, vejetasyon etiidii
sirasinda bitkiye rastlanan nokta sayisinin 6lciilen toplam nokta sayisina oran-
lanmasi ile belirlenmistir (Gokkus ve ark., 2000). Okunan her bir bitki tiiriine
ait degerler, toplam bitki sayisina oranlanarak tiirlerin botanik kompozisyondaki
oranlari tespit edilmistir. Meralarin durum ve saglik siniflamalari, Holechek ve ark.
(2010), Kog ve ark. (2003) ile Anon. (2012) tarafindan ifade edilen kriterlere gére
yapimistir (Cizelge 1). Bir hayvan birimi (HB)nin ihtiya¢ duydugu mera alan:
Bakir (1999) ve Holechek ve ark. (2010)’na gore hesaplanmuistir.

Cizelge 1. Mera durumu ve bitki 6rtiistiniin toprag: kaplama derecesi

Table 1. Pasture condition and soil coverage degree of vegetation

Azalict + Cogalic1 Bitki Bitki Ortiisiiniin Mera Saghk
I Mera Durumu Sinift .
Tiirlerinin Orani o Toprag Kaplama Sinift
. Pasture Condition
Ratios Of Decreaser + Class Orani Coverage Rate Pasture
Increaser Plant Species (%) Of Vegetation (%) Health Class
76-100 Gok Iyi >70 Saglikly
51-75 Iyi 55-70 Riskli
26-50 Orta <55 Sorunlu
0-25 Zayif

Bitkilerin vejetasyondaki dagilimini gosteren tiirlerin frekans degerleri asag1-
daki formiil ile belirlenmistir;

Thartn bulundugu lup hathi sayist x 100
Frekans (U4) = s a4

Toplam lup hath sayist

Meralarin egimleri, diiz (% 0-2), hafif egimli (% 3-6), orta egimli (% 7-12),
dik egimli (% 13- 20), ¢ok dik egimli (% 21-30), sarp egimli (%30-45) ve ¢cok sarp
egimli (46+) cetveline gore olarak simiflandirilmistir (Anon., 2005).
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Otlatma siddeti ile mera topraginda meydana gelen sikigma ise mera vejetas-
yonlarinda yer alan bitkiler ve mera toprag: iizerinde yapilan gozlemlere dayana-
rak her iki 6zellik i¢in de sirasiyla; yok (0), ¢cok hafif (1), hafif (2), orta (3), yogun
(4) ve ¢ok yogun (5) olarak siniflandirilmigtir (Holechek ve Galth, 2000).

3. BULGULAR VE TARTISMA

Hasanlar koyii mera parselinin, 41°36’02” - 41°36’15” kuzey paralelleri ile
32°27°12” - 32° 27°28” dogu boylamlar arasinda yer aldig1 ve rakiminin 31 ile 77
m arasinda degistigi belirlenmistir. Calisilan mera alani, kdy yerlesim yerine bitisik
olup, meskiin alanin giiney yoniinde, kuzey bakili ve 2° ile 20° arasinda degisen
egim derecelerine sahip oldugu tespit edilmistir (Sekil 1).

Mera vejetasyonunda yapilan etiit galismasi verilerine gore alanda 76 farkl bit-
ki tiirti tespit edilmistir (Cizelge 2, 3 ve 4). Tespit edilen tiirler icerisinde baklagil,
bugdaygil ve diger familyalara ait bitki tiirlerinin oranlar1 sirasiyla 17 (% 11.58), 11
(% 10.66) ve 48 (%77.76) adet olarak belirlenmistir. Genel olarak meralarin bota-
nik kompozisyonundaki en yiiksek orani, Comakl ve ark. (2012)’nin da ifade ettigi
gibi, daha fazla sayida familyalara ait tiirler ihtiva eden ve diger familyalar olarak ta
tanimlanan grup olusturmustur.

Cizelge 2. Azalic1 ve gogalici bitki tiirlerinin topragi kaplama (TKO, %) ve bo-
tanik kompozisyondaki oranlar1 (BKO, %) ile Frekans (F) Degerleri

Table 2. The ratios of decreaser and increaser plant species in soil coverage (SCR,
%) and botanical composition (BCR, %) and Frequency (F, %) Values

Turler TKO BKO Tirler TKO BKO

Species SCR  BCR Species SCR  BCR F
Azalicilar / Decreasers
Lolium Perenne 390 397 80 Poa Pratensis 0.40 041 30
Paspalum Distichum 330 336 70 Trifolium Pratense 040 041 30
Trifolium Fragiferum 270 275 70 Lotus Tenuis 040 041 40
Dactylis Glomerata 070 071 50 Trifolium Repens 030 031 20
Lotus Corniculatus 070 071 60 Bromus Inermis 0.10 0.10 10
Toplam / Total 12.90 13.14
Cogalicilar / Increasers
Plantago Lanceolata 350 356 80 Festuca Arundinacea 020 020 20
Cynodon Dactylon 1.00 1.02 50  Lathyrus Czeczottianus ~ 0.10  0.10 10
Brachypodium Pinnatum ~ 0.50  0.51 30
Toplam / Total 530 538
Genel Toplam / Grand Total 1820 18.52
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Belirlenen tiirlerin kalite derecelerine gore dagilimina gore bitkilerin 10 ade-
dinin (% 13.14) azalici, 5 adedinin (% 5.38) ¢ogalici, 11 adedinin ¢ali-agags1 (%
48.47) ve 50 adedinin otsu (% 13.14) olmak tizere 61 adedinin istilac1 tiirlerden
olustugu gorilmuistiir.

Caligilan meralarm ortalamas: olarak bitki ortiisiiniin toprag: kaplama orani
% 98.60, ¢1plak alan orani ise % 1.40 olarak hesaplanmustir. Toprag: kaplama orani
bakimindan en yiiksek degeri % 80.40’lik oranla istilaci bitkiler gostermis, isti-
lact bitkileri % 12.90 ve % 5.30’luk oranlarla azalic1 ve gogalic1 bitki tiirleri takip
etmistir (Cizelge 2, 3 ve 4). Bu verilere gore 2013 yili sonbaharinda yem bitkisi
karigimiyla bitki ortiisii tamamen yenilenen mera vejetasyonu, aradan gecen 7-8
yillik stirecte cogunlugunu yabani bogiirtlen ¢alis1 agirlikli istilact tirler tarafin-
dan yeniden istila edilerek yeniden zayif karakterli bir mera haline déntismiistir.
Hatta 1slah 6ncesi mera durum sinifi puani % 22.5 iken, 2021 yili itibariyla % 18.20
puan olarak belirlenmistir. Bunun anlamy, 1slah ¢aligmalarinin olumlu etkisi mev-
cut iklim ve faydalanma tarzina bagl olarak beklenenden daha kisa stirmiistiir.
Ulkemizin degisik yorelerinde yapilan ¢aligmalarda da istilaci tiirlerin mera veje-
tasyonlarinin ¢ogunlugunu olusturduklar: bildirilmistir. Bu ve diger bir ¢ok mera
caligmasindan elde edilen veriler, otlatma siire ve kapasitesine dikkat edilmeden
yapilan otlatma yaninda, sadece sigirlardan olusan tek tip hayvan agirlikli otlatma
bunun en bagta gelen sebeplerinden oldugu ifade edilmistir (Aydin ve Uzun, 2000;
Uzun ve ark., 2010; Unal ve ark., 2011; Kog ve Kadioglu, 2012; Unal ve ark., 2012;
Yavuz ve ark., 2012; Seydosoglu ve ark., 2015; Uzun ve ark., 2015; Alay ve ark.,
2016; Ispirli ve ark., 2016; Sahinoglu ve Uzun, 2016; Yildiz ve Ozya21c1, 2017; De-
mirhan ve Ozyazici, 2019; Uzun ve Ocak, 2019).

Cizelge 3. Cali ve agag tiirdi istilac1 bitkilerin toprag: kaplama (TKO, %) ve
botanik kompozisyondaki oranlari (BKO, %) ile frekans (F, %) degerleri

Table 3. The ratio of bush and tree type invasive plants in soil coverage (SCR, %)
and botanical composition (BCR, %) and frequency (E %) values

Tiirler TKO BKO F Tiirler TKO BKO F
Species SCR  BCR Species SCR  BCR
Rubus Discolor 43.00 43.79 90  Carpinus Betulus 0.10  0.10 10
Crataegus Monogyna  0.30  0.31 30 Ruscus Aculeatus 0.10  0.10 10
Smilax Aspera 0.30  0.31 10 Ulmus Minor 0.10  0.10 10
Ononis Spinosa 0.20  0.20 20  Berberis Integerrima  0.10  0.10 10
Prunus Spinosa 020  0.20 20 Sambucus Ebulus 0.10  0.10 10
Rosa Canina 0.20  0.20 10

Toplam / Total 47.60 48.47
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Cizelge 4. Otsu istilaci bitkilerin topragi kaplama (TKO, %) ve botanik kompo-
zisyondaki oranlar1 (BKO, %) ile frekans (F, %) degerleri

Table 4. The ratio of herbaceous invasive plants in soil coverage (SCR, %) and
botanical composition (BCR, %) and frequency (F, %) values

Tirler TKO BKO F Tirler TKO BKO F
Species SCR  BCR Species SCR  BCR

Carex Flacca 510 519 80 Alopecurus Myosuroides 0.20  0.20 10
Potentilla Humifusa 230 234 80 Convolvulus Arvensis 020 020 20
Ranunculus Repens 1.90 194 70  Sonchus Oleraceus 020  0.20 10
Medicago Polymorpha 130 132 50  Trifolium Subterraneum 020 020 20
Crepis Vesicaria 1.20 122 60  Dryopteris Filix-Mas 020  0.20 10
Oenanthe Pimpinelloides ~ 1.20 122 70  Euphorbia Amygdaloides 0.20  0.20 20
Bellardia Trixago 1.10 1.12 40  Trifolium Lappaceum 0.20  0.20 20
Euphorbia Helioscopia 1.10 1.12 60  Geranium Sanguineum 0.20  0.20 20
Taraxacum Aleppicum 1.10 1.12 60  Brassica Nigra 0.10  0.10 10
Medicago Arabica 1.00 1.02 30  Bupleurum Rotundifolium ~ 0.10  0.10 10
Bellis Perennis 090 092 60  Centaurea Depressa 0.10  0.10 10
Centaurea Iberica 0.80 082 30  Centaurea Sessilis 0.10  0.10 10
Lotus Ornithopodioides 0.80 082 50  Cerinthe Minor 0.10  0.10 10
Trifolium Dubium 0.80  0.82 40  Dactylorhiza Urvilleana 0.10  0.10 10
Mentha Pulegium 0.70 071 50  Daucus Carota 0.10  0.10 10
Medicago Lupulina 0.60 061 30  Erodium Absinthoides 0.10  0.10 10
Anagallis Arvensis 0.50 051 50  Galega Officinalis 0.10  0.10 10
Carum Carvi 050 051 20  Galium Album 0.10  0.10 10
Plantago Lagopus 0.50 051 40  Geranium Asphodeloides 0.10  0.10 10
Scorpiurus Muricatus 0.40 041 30 Hordeum Marinum 0.10 0.10 10
Trifolium Resupinatum 0.40 041 40  Lactuca Serriola 0.10  0.10 10
Blymus Compressus 0.40 041 20  Mentha Longifolia 0.10  0.10 10
Bellardia Viscosa 0.40 041 20  Polygala Supina 0.10  0.10 10
Prunella Vulgaris 030 031 20  Cicerbita Racemosa 0.10  0.10 10
Acanthus Hirsutus 020 020 20 Veronica Gentianoides 0.10  0.10 10

Toplam / Total 32.80 33.40

Calisilan mera vejetasyonunda en fazla oranlarda yer alan baklagiller, Trifolium
[fragiferum (% 2.75), Medicago polymorpha (% 1.32), Medicago arabica (% 1.02) ve
Medicago lupulina (% 0.61) olurken; Lolium perenne (% 3.97), Paspalum distichum
(% 3.36), Cynodon dactylon (% 1.02) ve Dactylis glomerata (% 0.71) ise en fazla
rastlanilan bugdaygiller olmustur. Diger familyalardan ise otsu tiirler dikkate alin-
diginda Carex flacca (% 5.19), Plantago lanceolata (% 3.56), Potentilla humifusa (%
2.34) ve Ranunculus repens (% 1.94) en fazla rastlanilan tiirler olmustur (Cizelge
2,3 ve4).

Botanik kompozisyondaki oranlari itibariyle 6ne ¢ikan azalici tiirler sirasty-
la, Lolium perenne (% 3.97), Paspalum distichum (% 3.36) ve Trifolium fragiferum
(% 2.75) olurken; ¢ogalici tiirler ise sirasiyla, Plantago lanceolata (% 3.56), Cyno-
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don dactylon (% 1.02) ve Brachypodium pinnatum (% 0.51) olmustur. Mera bitki
varliginin % 48.47 gibi yiiksek bir oranini ¢ali ve agaglar olusturmaktadir. Rubus
discolor % 43.79 ile vejetasyonda agik ara en fazla bulunan istilaci ¢ali tiirii olarak
dikkat gekerken onu % 0.31’lik oranlarla Crataegus monogyna ve Smilax axpera ga-
lis1 takip etmistir. Bitkisel gelisim i¢cin meranin aldig1 yillik yagis miktarmin tatmin
edici miktarlarda olmasi, ekosistemdeki siiksesyonal bitki gelisiminin hizla otsu
tirlerden ¢ali-agac sekline evrilmesine neden oldugu séylenebilir. Carex flacca (%
5.19), Potentila humifosa (% 2.34) ve Ranunculus repens (% 1.94) ise en fazla rastla-
nilan otsu istilaci tiirler olarak kaydedilmistir (Cizelge 2, 3 ve 4). Zonguldak (Uzun
ve Ocak, 2019) ve Bartin'in diger ilgelerinde yapilan ¢alismalarda da suyu seven bu
tiirlerin vejetasyonlarda siklikla goriildiikleri ifade edilmistir (Uzun ve ark., 2016;
Palta ve Geng Lermi, 2019).

Vejetasyon etiidii degerlerine gore yapilan hesaplama neticesinde mera duru-
mu % 18.52 (Azalic1 %13.14 + Cogalict % 5.38 = % 18.52) ile “Zayif” kategoride
yer alirken, vejetasyonun topragi kaplama orani ise % 98.6 ile “Saghikli” sinifta yer
almistir. Bu verilere gére mera yiizeyinin neredeyse tamamu bitki ile ortiilidir. %
1.4tk ¢iplak alan ise Evans (1998)1in da dikkat ¢ektigi izere, cogunlukla meranin
meyiline bagl olarak 6zellikle mera topraginin 1slak oldugu dénemde yapilan hay-
van otlatmalar esnasinda hayvanlarin ayaklari ile topragi kaydirmalari sonucunda
olusan ¢iplak alanlardir.

Merada, 1slah ¢aligmalarinin yiiriitiildigii 2012-2016 yillarinda ve bu ¢aligma-
nin yiritiildagi 2021 yili itibarryla 1 HB'ne diisen mera alani (7.48 ha/121.45 HB)
0.06 ha ile (7.48 ha/137.35 HB) 0.05 ha arasinda degismistir. Meranin bulundugu
yagis kusag1 ve mera durumu degeri dikkate alinarak yapilan hesaplamaya gore
(Bakar, 1999; Holechek ve ark., 2010), 6 aylik otlatma periyodu siiresince kaba yem
ihtiyacinin tamamini meradan karsilayan hayvanlar i¢cin 1 BBHB’ne verilmesi ge-
reken alan 6.6 hadir. Bu hesaba gore hayvanlarin ihtiyaci olan mera alani ile onlara
sunulan alan arasinda ¢ok biiytik oranda farklilik vardir. Bu nedenle hayvanlarin
kaba yem ihtiyaglarinin kalan kismi da tarla tarimi igerisinde 900 da’lik alanda eki-
mi yapilan yem bitkilerinden karsilanmaya ¢alisilmistir. Her ne kadar hayvanlarin
kaba yem ihtiyaclar1 hesaplanarak ve cesitli sekillerde desteklenerek en azindan
proje siiresince karsilanmaya calisilsa ve mera amenajman planlamasi yapilsa da
hayvanlarin yil igerisindeki otlatmaya baslama ve bitirme siirelerinin kontrol al-
tina alinmasi tam anlamiyla miimkiin olmamistir. Bu nedenle de mera 1slahi ile
saglanan kazanimlar beklenenden daha kisa siirede kayboldugu goriilmiistiir. Ve-
jetasyon yapist bozulup klimaks bitkilerinin 3’tinden fazlasini kaybeden ve sadece
sigirlar ile otlatilan béyle meralarin, yeniden istenilen bitki kompozisyonuna ka-
vusmalarinin tek yolu klimaks bitki tiirleri ile yeniden vejetasyon teskilidir. Diger
yontemler ile kisa zamanda nitelik ve nicelik bakimindan tatmin edici ot iiretimi-
nin temin edilmesi miimkiin degildir (Vallentine, 1989; Altin ve ark., 2005).
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Merada otlanma sonrasinda kalan aniz yiiksekligi, dikenli bitkilerin altinda
hayvanlarin ulasamadig1 yerlerdeki ortalama vejetasyon yiiksekliginin % 50’sinden
daha az oldugu gozlemlenmistir. Meranin erisilebilir olan biitiin her yeri otlanil-
mustir. Meranin bazi bolitimlerinde kaliteli yem bitkilerinin otlanilmasindan sonra
kalan aniz neredeyse toprak yiizeyi ile sifira sifir olacak sekildedir. Mera yiizeyin-
de otlayan hayvanlarin ayak izleri belirgindir. Azalic1 ve ¢ogalic1 bitkilerde tireme
organlari ile ilgili bitki aksami olduk¢a azdir. Ancak hayvanlarin otlayamayacagi
dikenli bitkilerin altlar1 gibi dogal korunmus alanlarda iyi cins yem bitkilerinin
gicek aksamlar1 goriilebilmektedir. Koyiin hayvan varligini olusturan tek tiir olan
sigirlarin otlayamayacagy cakirdikeni (Centaurea iberica) gibi tiirler harig, biitiin
otsu bitkiler az ya da ¢ok otlanilmistir. Tiim bu gozlemlerden hareketle “meranin
agir otlanildig1” soylenilebilir.

Meralarin bu sekilde yogun olarak otlatilmasi, Evans (1998) ve Heathwaite ve
ark. (1990)’nin da ifade ettigi gibi meralarin bozulmasina yol agmustir. Diger yan-
dan Han ve ark. (2008), meralarda otlayan hayvan sayisinin olmas: gerekenden
daha fazla olmasinin bitki 6rtiistintin bir biitiin olarak toprag: kaplama oranini da
azaltarak toprak yiizeyini erozyona karst korumasiz biraktigini ifade etmislerdir.
Ancak, caligilan meralarin yer aldig1 bolgenin iklim degerleri, ozellikle de yagis
degerleri yiiksek ve yil icerisindeki dagilimi da bitki gelisimleri i¢in nispeten uy-
gundur. Bu nedenle, vejetasyonda yer alan bazi bitki tiirleri vejetasyondan ¢ekilse
dahi, bunlarin yerlerini, basta ¢ali-agac tiirleri olmak tizere diger bitki tiirleri hizla
doldurmus olmasi dolayisiyla bu alanlarin bitki ortiistintin toprag: kaplama deger-
leri yliksek kalmugtir.

Meradan faydalanan hayvan tiirleri icerisindeki ke¢i oraninin azlig1 ve diger
ekolojik faktorlerin de etkisiyle, calimsi bitki tiirlerinin botanik kompozisyonda %
48.47 gibi yiiksek bir oranda yer almalari iizerinde dikkatle durulmasi ve ¢6ziim
tiretilmesi gereken bir problem olarak orta yerde durmaktadir. Esasen mera duru-
mu siniflamasinda meralarin zayif kategoriye girmesinin en biiyiik sebebi bu bitki
tiirleridir. Bu noktada, otlamada ¢al1 ve diger hayvanlarin otlamaktan kagindigi
birgok yabanci otu tercihen otlayan, bu bakimdan birlikte otladiklar1 diger hayvan
tiirleri ile rekabeti minimum olan, hatta onlarin performanslarini dahi artirabilen
ve mera topraginin sikismasinda yok denilecek kadar az bir etkiye sahip olan kegi-
lerin dogru politikalarla sayilarinin artirilmasi ¢ok 6nemlidir (Uzun ve ark., 2015).
Uzun ve ark. (2016)’nin Bartin ilinin 15 farkli merasinda yaptiklari calismada da
vurguladiklari1 ve Tarim Bakanliginin hayvan kayitlarina bakildiginda, galigma ya-
pilan tiim koylerde biiyiikbag hayvanlar mevcutken, sadece 5 koyde kiigiikbag hay-
vanlarin bulundugunu ve BBHB degeri {izerinden toplam hayvan varliginin sadece
% 1.16’s1n1 olusturmas: dikkatle degerlendirilmesi ve politika gelistirilmesi gereken
bir husus olarak 6ne ¢ikmaktadir (Anon., 2012 ve 2021a).
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Caligilan merada bol miktarda bulunan Rubus (yabani bogiirtlen, % 43.79) ve
Rosa tiirti galilar1 otlamada kegilerin yiiksek derecede istekli, Carex ve Centaurea
tiirl otsu yabanci otlar1 otlamada ise orta derecede istekli oldugu ifade edilmistir
(Holst and Simmonds, 2000). Kegilerin Berberis (karamuk veya diken tiziimit) tiir-
lerinin kontrol edilmesinde de etkili oldugu ifade edilmistir (Lambert et al., 1981;
Rolston et al., 1983). Metrekarede 525 adet govde sayisina kadar ulasabilen bogiirt-
len bitkisinin yayildig1 yerde tiir ¢cesitliligini azalttig1 ve hayvanlarin hareketliligini
sinirladigr ifade edilmektedir. Bogiirtlenin ¢alisilan merada bu kadar yayilabilmesi
hem tohumdan (m?*de 7000-13000 adet tohum fiirettigi ve bu tohumlarin birkag yil
toprakta canli kalabildigi) ve hem de vejetatif olarak kok ve dallari ile yayilmasina
ayrica tohumlarinin hayvanlarin sindirim sisteminden 6lmeden gegebilmesinin
yayilim agisindan ayrica bir avantaj oldugu bildirilmistir (Richardson, 1975; Tir-
menstein, 1989; Hoshovsky, 2000).

Kegiler, yapraksiz ve dikenli ¢alilarin ¢icek aksamlarini segerek yiyebilme, be-
sin kaynag1 bulabilmek amaci ile kayaliklara ve agaglara tirmanabilme (Garcia and
Gall, 1981; Tan ve Temel, 2012), parcali yapidaki tist dudaklar: nedeniyle otlar1
sikica tutabilme, dikenli ¢alilar icindeki geng siirgiinleri ve cicekleri segebilme,
kopardiklar: bitkisel materyali gok hizli ¢igneyebilme yetenegine sahiptir (Ar-
nold and Dudzinski, 1978; Lu, 1988; Babalik ve Fakir, 2007). Wood (1987); kegiler,
koyunlar ve sigirlarin yabanci ot kontroliindeki etki diizeylerinin belirlenmesine
yonelik olarak yiiriittigii ¢aliymada, kegilerin meralarda yabanci ot kontroliinde
daha etkili oldugunu ifade etmistir. Bu arastirici, diger hayvanlardan farkl olarak
kegilerin kii¢iik aga¢ ve ¢alilara kabuklarini soymak ve belli kisimlarini yemek su-
retiyle hasar verdigini, dikenli vejetasyonlardan etkilenmediklerini ve arka ayakla-
r1 tizerinde yiikselerek cal1 ve agaclarin iist yapraklarini yiyebildiklerini gozlemle-
mistir. Batten (1979)da kegilerin, koyun ve sigirlar tarafindan hi¢ dokunulmayan
dikenli yabanci otlar1 kontrol edebilme kabiliyetinde oldugunu ifade etmektedir.
Yabanci ot sinifina giren bu bitkileri meralardan temizleyen kegiler, bu iglemi ya-
parken mekanik miicadele araci olarak kullanilan is makineleri gibi diger bitkileri
ve mera topragini tahrip etmemekte, herbisitler gibi taban sularini ve akarsular:
kirletmemekte, diger bitkilere zarar vermemekte ve iistiine tstliik bu islem esna-
sinda topragi da giibrelemektedir.

Esasen ozellikle Karadeniz bolgesindeki meralarin cali-agag tiirleri ile istila
edilmeleri siirecinin altinda yatan en bityiik sebep te —diger ekolojik faktorlere ilave
olarak- otlayan hayvan tiirlerinin mevcut profilidir. Tabiatin gesitlilik tizerine ku-
rulan ekolojik yapisy, insan eliyle sadece biiyiikbas hayvana, onun da ezici ¢ogun-
lugunu sigirlarin olusturdugu bir profile evrilmesidir. Bolgede, ana kayadan veya
su i¢inde baslayan dogal ¢ayir ve mera siiksesyonu, insan eliyle daha da hizlandi-
rilarak otsu bitkilerin hizla ¢ali-agag topluluklarina evrilmesine katki sunulmustur
ve bu siire¢ de halen devam etmektedir (Ispirli ve ark., 2016; Uzun ve Ocak, 2019).
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Azalici bitki tiirlerinden frekans: en ytiksek olan yani meranin her tarafinda
daha ytiksek oranda yayilim gosterebilen tiirler sirasiyla; Lolium perenne (%80),
Paspalum distichum (%70) ve Trifolium fragiferum (%70)olmustur. Cogalict bitki-
lerden ilk ii¢ siray1 Plantago lanceolata (%80), Cynodon dactylon (%50) ve Brach-
ypodium pinnatum (%30) almistir. Cali tiirdi istilaci bitki tiirlerinden, Rubus sp. %
90 frekans degeriyle meranin her tarafinda en yiiksek oranda yayilim gosterebilen
tiir olurken, onu % 30’luk oranla Crataegus monogyna ve % 20’lik oranlarla Onon-
is spinosa ve Prunus spinosa takip etmistir. Otsu istilaci bitki tiirlerinden frekans:
en yiiksek olan tiirler sirastyla Carex flacca (%80), Potentilla humifusa (%80), Ra-
nunculus repens (%70) olmustur. Bu degerlere gore bu merada yapilacak her tiirla
tohumlama iglemlerinde ilk akla gelmesi gereken bitkinin Lolium perenne, diger
yandan en Oncelikli kontrol edilmesi gereken ¢ali tiiréiniin ise yabani bogiirtlen
oldugu soylenilebilir. Jung ve ark. (1996)da, Lolium perenne’nin agir otlatmaya da-
yanma kabiliyetinin oldukga yiiksek oldugunu ve bu nedenle yogun koyun ve sigir
otlatma sistemlerinde tercih edildigini bildirmistir. Bartin ilinde yapilan diger bazi
caligmalarda da bu tiirlerin en yaygin tiirler oldugu ifade edilmistir (Uzun ve ark.,
2016; Lermi ve ark., 2016; Palta ve ark., 2018).

Mera yiizeyinin egim dereceleri 106 no'lu parselde 2° ile 6°, 139 ve 179 no'lu
parsellerde ise yer yer 12° ile 20° arasinda degisen dalgali bir yap1 gosterdigi belir-
lenmigstir. Anon. (2005)e gore; 106 no'lu parsel derecesi hafif egimli (% 3-6), 139 ve
179 no'lu parseller ise dik egimli (% 13-20) kategoride yer almaktadir. Holechek ve
ark. (2010), 10°sin1r olmak tizere egim arttik¢a sigirlarin bu alanlardan faydalanma
kabiliyetlerinin de egim artigina paralel olarak azalacagini ifade etmektedir. Buna
gore meranin % 97’si bu kategoride degerlendirilebilir. Ancak alan olarak mevcut
hayvan say1sina gore yetersiz olan meranin, her tarafinda agir otlanma belirtileri-
nin mevcut oldugu gozlemlenmistir.

4. SONUC

2013 yilinda siiriilerek vejetasyonu klimaks bitki tiirleriyle tamamen yenile-
nen ve bu haliyle “cok iyi” mera vasfi kazandirilan Hasanlar koyii merasi, yaklagik
8 yillik bir siire zarfinda yeniden “zayif” mera kategorisine diigmiistiir. Meranin;
glibreleme, dinlendirme, havalandirma gibi klasik 1slah yontemleriyle yeniden 1s-
lahinda istenilen basarinin elde edilemeyecegi ve elde edilebilecek kazanimlarin da
stirdiiriilebilir olamayacag1 ¢ok net bir sekilde ortadadir. Yorede yillik yagis mik-
tarmin gorece yiiksek olmasina bagl olarak dogal bitki siiksesyonunun ¢ok hizli
bir sekilde otsu yapidan, ¢ali-aga¢ sekline evrilmesine neden olmaktadir. Bu do-
nistimii geciktirecek/engelleyecek 6zellikle keci varliginin yeterli oranda olmayist,
aksine sadece sigirlara dayali hayvan varliginin 6zellikle uzun boylu bugdaygil bit-
kilerini tercihen otlamalarina bagli olarak baskilamalar1 da ¢alilasmay tesvik edici
etki olusturmaktadir. Meranin mevcut durumu, belirli periyotlar halinde siiriilerek
tekrar suni mera olusturulmasini zaruri kilmaktadir. Her ne kadar 3-4 yilda bir
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tohum olgunlastirma donemlerinde meranin otlatilmayip dogal tohumlamanin
saglanmas kaliteli vejetasyon yapisinin stirdiiriilebilirligi agisindan bir alternatif
yol olarak akla gelse bile, kdyiin sadece sigir varligina dayali hayvan profili ile hizh
stiksesyonal gelisime imkan veren iklim yapist bu islemin bagarili olmasini kisit-
lamaktadur.

Bartin ve benzer ekolojiye sahip illerin meralarinda, 6zellikle ¢alims: yabanci
otlarin gelisimlerini sinirlandirabilecek yeterli miktarda kegi varlig1, meralarin kli-
maks yapilarinin korunmasi, en azindan 6mriintin uzatilmas: bakimindan en eko-
nomik ve en doga dostu yoéntem olarak 6nerilebilir. Uriinlerinin saglik agisindan
onemleri tiim tilkemizde kamu spotlariyla vurgulanarak farkindalik yaratilmasi ve
bu yolla kegi varliginin artirilmasi bu anlamda en faydali hareket tarzi olacaktir. Ya
da, calilarin meray:1 yeniden istila etmesini 6nlemek i¢in belirli araliklarla toprak
islenerek her seferinde vejetasyonun yenilenmesi diger alternatif bir yol olarak dii-
stiniilebilir. Diger yandan otlanilmayan bitki tiirlerinin her yil tohum olgunlagtir-
madan temizlik bicimine tabi tutularak kaliteli yem bitkileri ile olan rekabetlerinde
avantaj saglamalarinin olabildigince engellenmesi mera kalitesinin istikrarina hiz-
met edecegi akildan ¢ikarilmamalidir.

Cikar Catismasi Beyani

Yazarlar bu ¢aligmada hicbir ¢ikar iligkisi olmadigini beyan etmektedir.
Etik

Bu galigma etik kurul onay1 gerektirmez.

Yazar Katki Oranlari

Calismanin Tasarlanmast: Ki (%20), FA (%25), NC (%10), MS (%15), OFU
(%10), FU (%20)

Veri Toplanmast: Ki (%25), FA (%25), OFU (%25), FU (%25)

Veri Analizi: KI (%15), FA (%25), MS (%20), OFU (%20), FU (%20)
Makalenin Yazimi: FA (%20), MS (%10), OFU (%20), FU (%50)
Makalenin Gonderimi ve Revizyonu: OFU (%80), FU (%20)

Tesekkiir
Bu ¢aligma, T.C. Tarim ve Orman Bakanligi, Tarimsal Arastirmalar ve Poli-

tikalar Genel Midiirliigii tarafindan TAGEM/TBAD/B/19/A7/P7/2128 numarali
proje ile desteklenmistir.
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TURKIYE'DE SEKER PANCARI URETIM ALANLARINDA ENFEKSIYON
OLUSTURAN BEET NECROTIC YELLOW VEIN ViRUS iZOLATLARININ P31
GENiNiN MOLEKULER KARAKTERiZASYONU

0z:

Vektor Polymyxa betae ile taginan ve “rhizomania” olarak da adlandirilan has-
taliga yol agan Beet necrotic yellow vein virus (BNYVV), Tiirkiyede ve diinyada
seker pancari iiretim alanlarinda siklikla rastlanan en tahripkar viriis hastaligidir.
Bu ¢aligmada, Tiirkiye'nin farkli cografik bélgelerinden elde edilen BNYVYV izo-
latlarinin, p31 geninin molekiiler olarak karakterize edilmesi hedeflenmistir. Bu
amagla, BNYVYV ile bulagik oldugu bilinen 17 toprak érnegi kullanilmistir. On-
celikle, tuzak bitki testi yontemine gére BNYVV izolatlarinin yeniden ¢ogaltimi
saglanmistir.

BNYVV RNA-41 tarafindan kodlanan p31 proteini, viriisiin vektorle etki-
li olarak tasimnmasi ve viriilensi ile iligkilidir. Bu ¢aligmada, 12 farkl: izolatin p31
gen bolgesinin niikleotit dizileri elde edilmistir. Bu izolatlarin diinya izolatlar: ile
BLAST analizi ve elde edilen filogenetik agag, izolatlary; Grup II ve Grup III ol-
mak tizere iki farkli p31 grubuna ayrilmistir. Grup II'de IGR-6, IGR-9 ve ERC-52
izolatlar1 yer almus, Kas2 izolat: (Kazakistan) ile yiiksek niikleotit benzerligine (%
99.76-% 99.88) sahip oldugu belirlenmistir. GZP-27, ELZ-44, SMS-61, EDR-125,
BRS-148, CNK-150, KAS-281, KYS-524 ve ANK-617 izolatlar1 ise Grup III'de yer
almug, IV4 izolat1 (talya) ile en yiiksek benzerlik (% 99.88-% 100) gostermislerdir.
Yiiriitiilen bu ¢aligma sonucunda, BNYVV izolatlarinin p31 genom bolgesine gore
genetik iligkileri ortaya konulmustur.

Anahtar Kelimeler: BNYVYV, P. betae, Rhizomania, RNA-4, Sekans Analizi.
%%

MOLECULAR CHARACTERIZATION OF P31 GENE OF BEET NECROTIC YELLOW
VEIN VIRUS ISOLATES IN SUGAR BEET PRODUCTION AREAS OF TURKEY

ABSTRACT

Beet necrotic yellow vein virus (BNYVV), which is known as “the agent of rhi-
zomania disease” and transmitted by Polymyxa betae, is the most destructive and
prevalent virus species in sugar beet fields in Turkey and in the world. The objec-
tive of this study was to molecularly characterize BNYVYV isolates, obtained from
different geographical locations of Turkey, based the p31 gene of them. For this
purpose, 17 soil samples known to be infested with BNYVV were used. Firstly,
BNYVV was propogated as bait plant technique.
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P31 protein encoded by BNYVV RNA-4 is associated with efficient vector
transmission and virulence. In this study, nucleotide sequences of p31 coding re-
gion of 12 different isolates were obtained. The BLAST and phylogenetic analysis
divided BNYVYV isolates into two different p31 groups as Group II and Group IIL
The Group II consisted of IGR-6, IGR-9 and ERC-52 isolates and found to have
high nucleotide identity with Kas2 isolate (99.76%-99.88%). Also, GZP-27, ELZ-
44, SMS-61, EDR-125, BRS-148, CNK-150, KAS-281, KYS-524 and ANK-617 whi-
ch were divided into Group IIT had the highest similarity (99.88%-100%) with IV4
isolate (Italy). As a result of this study, genetic relationship among BNYVYV isolates
according to the p31 genome region were revealed.

Keywords: BNYVV, P. betae, Rhizomania, RNA-4, Sequencing.
%%
1. GIRIS

Seker pancari (Beta vulgaris L.)’nda rhizomania hastaligina Beet necrotic yel-
low vein virus (BNYVV; Seker pancari nekrotik sar1 damar viriisti) neden olmakta
(Tamada ve Baba, 1973) ve viriis protozoa vektor Polymyxa betae Keskin tarafin-
dan tasinmaktadir (Keskin, 1964). Hastalik BNYVV’ye hassas seker pancart gesit-
lerinin ekiminin yapildig: tarlalarda yer yer renk agilimi gosteren bitki adaciklar:
seklinde goze garpmaktadir. Bu alanlarda enfekteli bitkilerin yapraklarinin rengi
acilarak fistik yesili bir renk almakta ve agir1 yan kok gelisiminden dolay: koklerde
sakallanma olugmaktadir (Ozgiir, 2003).

Giintimiizde rhizomania, seker pancari tretimini tehdit eden en tahripkar
hastalik olarak bilinmektedir (Scholten ve Lange, 2000). Nitekim diinya genelinde
yetistirilen seker pancarinin yaklagik yarisinin bu hastaliktan etkilendigi ve pancar
tretiminin ise her yil % 10’luk kayba (yilda yaklasik 3.6 milyon ton) ugradig: tah-
min edilmektedir (Biancardi ve Lewellen, 2016). Ozellikle erken dénemde olusan
enfeksiyonlarda, pancar kok verimi ve seker iceriginde 6nemli kayiplar olusmakta;
pancardan elde edilen 6zsuyun fabrikada islenmesi de olumsuz y6nde etkilenmek-
tedir (Dehnen-Schmutz ve ark., 2020). Hastaligin etkisi ile taze kok agirliginda %
50, seker oraninda ise % 50-60 ve hatta % 80% varan oranlarda kayiplar olusabil-
mektedir (Asher ve Henry, 1993).

BNYVYV, Benyviridae familyasinin, Benyvirus cinsinin bir tiyesi olup (Gil-
mer ve Ratti, 2017) dort ya da bes adet rijit gubuk seklinde, pozitif sens tek sarmal
RNA partikiillerinden olusmaktadir (Tamada ve ark., 1989). RNA-1 ve RNA-2;
replikasyon, viral partikiillerinin bir arada tutulmas, hiicreden hiicreye hareket ve
antiviral RNA susturmanin (RNA silencing) baskilanmasi ile ilgili gen bolgelerini
icermektedir (Bouzoubaa ve ark., 1986; Gilmer ve ark., 1992, 2017). RNA-3, se-
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ker pancarinda rizomania kok simptomlarinin siddetini belirlerken (Schirmer ve
ark., 2005; Tamada ve ark., 1999), RNA-4 ise vektorle tasinmada gorev almaktadir
(Tamada ve Abe, 1989). Ayrica, bu segmentin Nicotiana benthamiana L. bitkile-
rinde siddetli simptom olusumu (Rahim ve ark., 2007) ve RNA-4den sentezlenen
p31 proteininin ise seker pancari koklerinde post transcriptional gene silencing
(PTGS)’in baskilanmasi ile BNYVV’nin viriilensinden de sorumlu oldugu bildiril-
mistir (Tamada ve Abe, 1989; Tamada ve ark., 1990; Rahim ve ark., 2007). RNA-5
ise seker pancari koklerinde olusan simptomlarin daha siddetli hale gelmesi ile
iligkilendirilmektedir (Tamada, 2016).

1990’11 yillarda, BNYVV izolatlari, RNA-2 tarafindan kodlanan kilif protein
(KP) genine gore A- ve B-tip olmak iizere iki streyn grubuna ayrilmakta idi (Kruse
ve ark., 1994). Bu iki streyn tipi icerisinde yer alan izolatlar dért RNA segmenti
igeriyordu. Takiben, ek olarak RNA-5 segmentini igeren, P-tip streyn; basta Fransa
(Koenig ve ark, 1997) olmak iizere, Kazakistan (Koenig ve Lennefors, 2000), ingil-
tere (Ward ve ark., 2007), Almanya (Koenig ve ark., 2008) ve iran (Mehrvar ve ark.,
2009)da rapor edilmis ve bu streyn tipinin A-tip streyn ile yakin iliskili oldugu
bildirilmistir (Miyanishi ve ark., 1999). A-tip BNYVYV izolatlar1 diinyada yaygin
olarak goriiliirken (Schirmer ve ark., 2005), B-tip streyn ise Avrupada sinirli alan-
larda (Koenig ve ark., 2008), Japonya (Miyanishi ve ark., 1999) ve Cin (Li ve ark.,
2008)de kayit edilmistir. Daha sonra, KP, p25 ve p31 genlerine dayal: filogenetik
analizler, diinya ¢apinda BNYVYV izolatlarinin en az dort orijinal soydan (A-I, A-
I1, A-III ve B) tiireyen, 10 farkl: streyn tipinden olustugunu gostermistir. Bu grup-
landirmaya gore; her bir streyn icerisindeki BNYVV izolatlar1 cografik orjinlerine
gore net olarak ayrilmistir. Ornegin, A-III soyuna ait Italyan streyni Avrupa, Orta
Dogu ve ABD»de saptanmis; B soyundan olan Alman streyni ise; Almanya, Fransa,
Belgika, Avusturya, Isvi¢re, Cekya ve Cinde ise sinirli alanlarda tespit edilmistir.
Bu iki streyn tipi de 5. RNA segmentini icermemektedir. A-I ya da A-II soyuna ait
olan diger sekiz streyn (Japon-D, Japon-O, Fransa-P, Cin-B, Cin-H, Cin-Y, Cin-L
ve Cin-X) ise, birkag istisna diginda, Japonya, Fransa ve Cinden izole edilmislerdir.
Bu streyn gruplari icerisinde yer alan birgok izolatin RNA-51 icerdigi bildirilmistir
(Koenig ve Lennefors, 2000; Chiba ve ark., 2011; Zhuo ve ark., 2015; Tamada ve
ark., 2016).

Ulkemizde BNYVV’nin varhg ilk kez 1987 yilinda Amasya Seker
Fabrikaspnin Erbaa ve Tasova bolgeleri ile Alpullu $eker Fabrikaspnin Kesan ve
Uzunkoprii bolgelerinde kayit edilmistir (Koch, 1987). Daha sonra, yiiriitiilen ¢a-
ligmalarla Tiirkiye seker pancari tiretim alanlarinin biiytik bir kisminin BNYVV ile
bulagik oldugu tespit edilmistir (Ozer ve Ertung, 2005; Kaya, 2009; Kutluk Yilmaz
ve ark., 2010, 2016a; Yardimc1 ve Culal Kilig, 2011; Ozdemir, 2014).

Su ana kadar ger¢eklestirilen ¢aligmalarla, Tiirkiye'ye ait bazit BNYVV izolat-
larnin KP, p25 ve p26 genlerinin molekiiler karakterizasyonlar1 gerceklestirilmis
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ve iilkemiz pancar tretim alanlarinda A-tip streyn ile Japon ve Cin izolatlarina
benzer RNA-5 iceren BNYVYV izolatlarinin (J-tip) varlig1 saptanmustir (Kruse ve
ark., 1994; Kutluk Yilmaz ve ark., 2007, 2016a, 2016b; Ozmen ve ark., 2020). Bu
¢alismada, BNYVV’nin son taksonomik smiflandirilmasi temel alinarak, Tiirki-
yenin farkli cografik bolgelerinden elde edilen BNYVYV izolatlarinin, viriistin vek-
tor P, betae ile etkin olarak tasimnmasinda rol oynayan RNA-4 tarafindan kodlanan
p31 geninin molekiiler olarak karakterize edilmesi ve p31 genine gore bulundukla-
r1 grup/gruplarin ortaya konulmasi amaglanmustir.

2. MATERYAL VE YONTEM
2.1. Toprak Ornekleri

Daha 6nce yiiriitiilen bir ¢alisma ile, Tiirkiye seker pancari tiretim alanlarina ait
incelenen toprak 6rneklerinin % 38’inin (240 adet) BNYVV ile bulasik oldugu sap-
tanmustir (Kutluk Yilmaz ve ark., 2016a). Bir 6nceki ¢aligma ile BNY VYV ile bulasik
olarak belirlenen ornekler igerisinden, cografik orjinlerine gore segilen 17 toprak
ornegi (151 yliksek lisans, 2’si doktora tez ¢alismasina ait) bu ¢aliymanin ana ma-
teryalini olusturmustur (Sekil 1, Cizelge 1).

Karadeniz

Sekil 1. Caligmada kullanilan toprak érneklerinin temin edildigi iller. Yesil renkli
ve numarali alanlar 6rneklerin temin edildigi illeri gostermektedir. 1: Kirklareli,
2: Edirne, 3: Canakkale, 4: Bursa, 5: Adapazari, 6: Kiitahya, 7: Eskisehir, 8: Kasta-
monu, 9: Ankara, 10: Samsun, 11: Tokat, 12: Kayseri, 13: Gaziantep, 14: Erzincan,
15: Elaz1g, 16: Igdir

Figure 1. The provinces where soil samples used in the study were provided. The green
colored and numbered areas show the provinces were the samples were obtained. 1:
Kirklareli, 2: Edirne, 3: Canakkale, 4: Bursa, 5: Adapazari, 6: Kutahya, 7: Eskisehir,
8: Kastamonu, 9: Ankara, 10: Samsun, 11: Tokat, 12: Kayseri, 13: Gaziantep, 14:
Erzincan, 15: Elazig, 16: Igdir
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2.2. Seker Pancar1 Tohumlar:

Bu ¢aligmada, rhizomania’ya hassas cv. Ansa (rz1) seker pancar1 tohumu kulla-
nilmustir. Bu ¢esidin tohumlar: Tiirkiye Seker Fabrikalar1 A.S. Seker Enstitiisi'nden
temin edilmistir.

2.3. Tuzak Bitki Testi Yontemi

Cografik orjinlerine gore segilen 17 BNY VYV ile bulagik toprak 6rnegi tuzak bit-
ki testi galismalarinda kullanilmigtir (Sekil 1, Cizelge 1). Ayrica, BNYVV ve diger
toprak kokenli virtisler (BSBV ve BVQ) ile bulagik olmadig: bilinen, bir toprak
ornegi (Kutluk Yilmaz ve ark., 2016a) de negatif kontrol olarak denemelere dahil
edilmistir. Bu topraklar 1: 1 oraninda steril kum ile karistirilmistir. Daha sonra, bu
toprak-kum karigimlar: plastik saksilara konularak, her birine 10’ar adet BNYVV’e
hassas (cv. Ansa) seker pancar1 tohumlar: ekilmistir. Her toprak ornegi icin 2’ser
tekerriir uygulanmustir. Saksilar iklim odasina yerlestirilip 14 saat fotoperyotta,
20°C (gece) ve 25°C (gilindiiz) sicakliklarda tutularak, haftada bir kez Hoagland
besin soliisyonu ile sulanmuistir. Alt1 haftalik yetistirme periyodundan sonra bitkil-
er hasat edilerek, bitki kokleri musluk suyunda yikanarak topraktan arindirilmistir
(Meunier ve ark., 2003). Daha sonra, bu bitkilerin kok bélgeleri alinmig; ELISA
testi ve RNA izolasyon ¢alismalarinda kullanilmak {izere ayr1 ayr1 etiketlenerek
-80°C'deki derin dondurucuda muhafaza edilmistir.

2.4. Serolojik Calismalar

Tuzak bitki testi sonucu elde edilen seker pancari kok 6rneklerinin bir kismi
Double Antibody Sandwich Enzyme-Linked Immuno Sorbent Assay (DAS-ELI-
SA) testi ¢calismalarinda kullanilmigtir. DAS-ELISA y6ntemi antiserumun temin
edildigi firmanin (Bioreba, Isvigre) agiklamalar1 géz oniine alinarak gergeklestiril-
mistir. Sonuglar ELISA mikropleyt okuyucusunda (Tecan Spectra II, Avusturya)
405 nm dalga boyunda absorbans degerlerinin alinmasiyla elde edilmistir. Negatif
kontrollerin absorbans degerlerinden iki kat1 ve daha fazla deger veren 6rnekler
pozitif olarak degerlendirilmistir (Meunier ve ark., 2003).

2.5. Reverse-Transkripsiyon-Polimeraz Zincir Reaksiyonu (RT-PCR)

BNYVV ile enfekteli (17 adet) ve saglikl bitkilerin koklerinden toplam RNA'lar
RNeasy RNA 1zolasy0n Kiti (Qiagen, Almanya) kullanilarak firmanin 6nerilerine
gore izole edilmistir. BNYVV’nin vektorle tasmnmasinda etkin RNA-4 tarafindan
kodlanan p31 proteinine ait bolgenin ¢ogaltilmasinda, Chiba ve ark. (2011)’nin
belirttikleri RT-4F (CAGTCTATCAGTAAGGGGTAG) ve RT-4R (GAGCCCGT-
TAATACAATTATAC) primerleri kullanilmistir. Kullanilan spesifik primerlerden
beklenen bant biiytikliigii 977 bpdir. Tek asamali RT-PCR, Superscript I One-Step
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RT-PCR System with Platinium Taq DNA Polymerase kiti (Invitrogen, ABD) pro-
tokoli takip edilerek uygulanmistir. RT-PCR reaksiyonu; 3 u total RNA (10 pg-1
ug), 25 pl 2x reaction mix, her bir primerden (10 uM) 1 pl, 0.5 ul MgSO4 (50 mM)
ve 1 pl enzimden (RT/Platinium Taq mix) olusturulmustur. Toplam reaksiyon
hacmi 18.5 ul RNase igermeyen su ile 50 pl'ye tamamlanmigtir. Amplifikasyonlar,
Bio-Rad MJ Mini PCR Thermocyclerda, 50°Cde 30}, 94°Cde 2} 35 dongii olacak
sekilde 94°Cde 157 50°Cde 30” ve 72°Cde 60” ve 1 dongti 72°Cde 7’ ile tamam-
lanmugtir.

PCR iiriinleri TBE tampon ¢6zeltisinde hazirlanan % 1'lik agaroz jelde (0.5 pg/
ml etidium bromiir igeren) 90 mA siirekli akimda elektroforez yontemi ile analiz
edilmistir. Jeldeki PCR fragmentlerinin analizi ise GelDoc 2000 (Biorad, ABD) go-
rintiileme sistemi kullanilarak gerceklestirilmis ve jelde olusan bantlarin fotograf-
lar1 ¢ekilmistir.

2.6. Niikleotit Dizi Analizi Ve Beet Necrotic Yellow Vein Virus izolatlarinin
Filogenetik iligkilerinin Aragtirilmasi

Cogaltim1 saglanan BNYVV izolatlarina ait PCR driinlerinden 40%ar pl,
onerilen konsantrasyonda hazirlanan (5 pmol) primerler ile birlikte Genoks
firmasina (Ankara) gonderilerek, Sanger Dizileme Yontemi ile sekans analizleri
gerceklestirilmistir. Sekans analizi sonrasinda, MEGA 7 programinda (Kumar ve
ark., 2016) Clustal W (Thompson ve ark., 1994) yontemi kullanilarak BNYVV
izolatlarina ait her iki yonde (ileri ve geri) elde edilen ham sekans verileri hizalan-
mis, diizgiin okunan kisimlar alinarak konsensus diziler elde edilmistir. Daha son-
ra, BNYVV izolatlarina ait bu konsensus diziler; hem kendi aralarinda, hem de
GenBankdan indirilen Diinyadaki diger BNYVV izolatlarina ait sekans verileri ile
BLAST analizine tabi tutularak genetik benzerlik veya farkliliklar1 ortaya konul-
mustur. Ayrica, bu ¢aligmaya ait BNYVV izolatlarinin ve NCBIdan indirilen re-
ferans izolatlarin niikleotit dizilerinin Clustal W programi kullanilarak ¢oklu dizi
hizalamas1 yapilmistir. Takiben, Mega 7 yaziliminda yer alan Tamura-Nei Modeli
(Tamura ve Nei, 1993) kullanilarak izolatlarin genetik uzakliklar1 belirlenmis ve
Maximum Likelihood (ML) algoritmasina gore (Felsenstein, 1981) filogenetik aga¢
olusturulmustur. Filogenetik analizde 54 farkli BNYVV izolatina ait sekans verisi
kullanilmstir (Cizelge 6). Bootstrap degeri olarak 1.000 alinmustir.

3. BULGULAR VE TRRTISMA

Bu ¢aligmada, oncelikle Tiirkiye seker pancari tiretim alanlarindan cografik or-
jinlerine gore segilen 17 toprak 6rneginde, BNYVV’e hassas Ansa ¢esidi tuzak bitki
testi yontemine gore alt1 hafta siire ile yetistirilerek, BNYVYV izolatlarinin yeniden
¢ogaltimi saglanmustir. Takiben, tuzak bitki kok 6rnekleri BNYVV’ye spesifik anti-
serum kullanilarak DAS-ELISA ile test edilmistir.
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Boylelikle, secilen toprak orneklerinin tamaminin BNYVV ile bulasik oldugu
teyit edilmistir (Cizelge 1). Nitekim, toprak kokenli viriisler toprakta tiniform bir
dagilim gostermemektedirler (Rush, 2003).

Cizelge 1. Ulkemiz seker pancari iiretim alanlarinda Beet necrotic yellow vein
virus'un DAS-ELISA testi ile bulunma durumu ve p31 geninin RT-PCR yéntemi ile
aragtirilmasi

Table 1. Presence of Beet necrotic yellow vein virus in sugar beet production areas
of Turkey by DAS-ELISA test and investigation of p31 gene by RT-PCR method

P31
Orjin (koy, ilge, il) izolat Adt Aob;:t‘:l: Et;‘;: .
RT-PCR**

Ortakdy, Aralk, Igdir IGR-6 0.241 (+) +
Tagburun, Karakoyunlu, Igdir IGR-9 2.230 (+) +
Ortiil, Islahiye, Gaziantep GZP-27 0.361 (+) +
Yedigéze, Merkez, Elazig ELZ-44 2.926 (+) +
Merkez, Merkez, Erzincan ERC-52 2.221 (+) +
Yukari Narli, Vezirkoprii, Samsun SMS-61 2.743 (+) +
Koseoglu, Pazar, Tokat TKT-106 0.544 (+) -
Bosna, Merkez, Edirne EDR-125 3.507 (+) +
Biiyiik Mandira, Babaeski, Kirklareli KRL-134 3.326 (+) -
Cardak, Yenigehir, Bursa BRS-148 3.363 (+) +
Sarikaya, Biga, Canakkale CNK-150 2.669 (+) +
Merkez, Cifteler, Eskisehir ESK-225 2.360 (+) -
Asag1 Cayircik, Tagkoprii, Kastamonu KAS-281 2.757 (+) +
Merkez, Erenler, Adapazari ADP-291 0.361 (+) -
Mahzemin, Merkez, Kayseri KYS-524 3.193 (+) +
Giimel, Simav, Kiitahya KTY-602 3.354 (+)

Mucar, Ayas, Ankara ANK-617 3.508 (+) +
Saglikli Kontrol 0.102 (-) -

*: Tuzak bitki testi sonrasinda uygulanan ELISA testinde 2 hlik substrat inkubasyonu
sonucu elde edilen ELISA degeri ortalamalars; + = negatif kontroliin 2 katindan fazla olan
ELISA absorbans degerlerini, -: negatif kontroliin 2 katindan daha az olan ELISA absorbans
degerini ifade etmektedir.

**: RT-PCR testi sonuglar1. +: pozitif, -: negatif
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Dogada BNYVV'nin taginmasi, vektdor P betaenin zoosporlari vasitasi ile
gerceklesmektedir (Wang ve ark., 2011). Son yillarda yiritilen ¢alismalar
BNYVV’nin vektorle tasinmasinda bazi viral proteinlerin 6zel rollerinin oldugunu
ortaya koymustur. Nitekim, BNYVV’nin vektorle etkili olarak tasinmasinda RNA-4
tarafindan sentezlenen p31 proteinin 6nemli islevi oldugu bildirilmektedir (Tama-
da ve Abe, 1989; Rahim ve ark., 2007). Bu ¢aligmada, p31 genine spesifik primerler
kullanilarak, cv. Ansanin koklerinden izole edilen 17 BNYVV izolati RT-PCR y6n-
temi ile analiz edilmistir. PCR triinlerinin jel goriintilleme cihazinda incelenmesi
sonucunda, bu 6rneklerin 12’sinde bu bolgeye spesifik 997 bp buytikliigiinde bant
elde edilmistir. Ancak, Tokat, Kirklareli, Eskisehir, Adapazar1 ve Kiitahya illerin-
den elde edilen diger 5 6rnekte ise, RT-PCR ¢alismalar: tekrarlanmasina ragmen,
p31 genom bolgesi cogaltilamamistir (Cizelge 1).

[lave olarak, BNYVV Kilif Protein+Readthrough (KP+RT) bélgesinin vektorle
tasinmada etkin oldugu ve bu bélgenin C-terminal kisminda delesyon (silinme)
olusmast durumunda BNYVV’nin taginamadig: bildirilmistir. Ayrica, RT bolgesi-
nin 553.-556. pozisyonlarinda yer alan amino asit (aa)’lerde ‘KTER motifinin bu-
lunmast durumunda vektérle tasinmanin gerceklestigi, ATAR’ motifi oldugunda
ise bu taginmanin bloke edildigi belirtilmistir (Tamada ve ark., 1996). Bu ¢aligma-
da, tuzak bitki testi ile elde edilen bitki koklerine BNYVV’ye spesifik antiserum
ile uygulanan DAS-ELISA testi sonucunda, incelenen 6rneklerin tamaminda viriis
enfeksiyonunun olustugu tespit edilmistir (Cizelge 1). Dolayisiyla, tiim 6rneklerde
invitro kogullarda BNYVV’nin vektor P. betae ile hassas seker pancari bitkilerine
tagindig1 belirlenmistir.

Daha sonra, Igdir (IGR-6 ve IGR-9), Gaziantep (GZP-27), Elazig (ELZ-44), Er-
zincan (ERC-52), Samsun (SMS-61), Edirne (EDR-125), Bursa (BRS-148), Kayseri
(KYS-524), Canakkale (CNK-150), Kastamonu (KAS-281) ve Ankara (ANK-617)
illeri seker pancari tiretim alanlarindan elde edilen, 12 BNYVYV izolatinin p31 gen-
ine ait PCR triinlerinin niikleotit dizileri elde edilmis ve bu diziler OM032581-
OMO032592 numaralar1 altinda GenBanka kayit edilmistir (Cizelge 6). Boylece,
NCBIda Tiirk izolatlarina ait p31 geni ile ilgili ilk veri taban1 olusturulmustur.
Bu ¢aligmada, incelenen izolatlarda sekans analizi yapilan bélgenin uzunlugu 849
baz kadar olup, p31 genom bélgesinin tamamini icermektedir. Izolatlarin kendi
aralarindaki ve diinya izolatlari ile genetik benzerliklerinin incelenmesi amaciyla
NCBI'daki BLASTn ve BLASTp algoritmalar1 kullanilmistir.

Bu ¢alismada elde edilen BNYVYV izolatlari, p31 gen bolgesi bakimindan
BLASTn analizi ile birbirleriyle niikleotit diizeyinde kiyaslandiginda; SMS-61,
EDR-125, BRS-148 ve KYS-524 izolatlarinin % 100 benzer olduklar: belirlenmistir.
GZP-27, ELZ-44, CNK-150, KAS-281 ve ANK-617 izolatlarinin ise niikleotit
diizeyinde birbirleriyle yiiksek oranda benzerlik gosterdigi (% 99.76-% 99.88) sap-
tanmustir.
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Diger taraftan, I§dir (IGR-6 ve IGR-9) ve Erzincan illerine ait (ERC-52) i BNYVV
izolatinin ise, diger incelenen dokuz izolattan niikleotit diizeyinde oldukga farklilik
sergiledigi ve en az genetik benzerlige sahip olduklar: tespit edilmistir (% 97.88-%
98.12) (Cizelge 2). Farkli cografik alanlardan elde edilen 12 BNYVV izolatinin p31
gen bolgesinde farklilik belirlenen niikleotit pozisyonlar1 Cizelge 5de gosterilm-
istir. Buna gore, IGR-6, IGR-9 ve ERC-52 izolatlarinin oldukga fazla sayida niikle-
otitte (17 adet) diger dokuz izolattan farklilik sergiledigi goriilmustiir (Cizelge 3).

Cizelge 2. Ulkemiz Beet necrotic yellow vein virus izolatlarina ait p31 geninin
niikleotit diizeyinde gostermis olduklar1 benzerlik oranlar: (%)

Table 2. Similarity rates of p31 gene of Turkish Beet necrotic yellow vein virus
isolates at the nucleotide level (%)

izolat Orjin No 1 2 8] 4 5 6 7 8 9 10 11 12

IGR-6 Igdir 1 * 99.88 97.88 98.12 99.88 98.00 98.00 98.00 97.88 97.88 98.00 97.88
IGR-9 Igdir 2 ]99.88 * 97.76 98.00 100 97.88 97.88 97.88 97.76 97.76 97.88 97.76
GZN-27  Gaziantep 3 |97.88 97.76 * 99.76 97.76 99.88 99.88 99.88 99.76 99.76 99.88 99.76
ELZ-44  Elaznig 4 |98.12 98.00 99.76 *98.00 99.88 99.88 99.88 99.76 99.76 99.88 99.76
ERC-52  Erzincan 5 199.88 100 97.76 98.00 * 97.88 97.88 97.88 97.76 97.76 97.88 97.76
SMS-61  Samsun 6 |98.00 97.88 99.88 99.88 97.88 * 100 100 99.88 99.88 100  99.88
EDR-125 Edirne 7 198.00 97.88 99.88 99.88 97.88 100 * 100 99.88 99.88 100  99.88
BRS-148  Bursa 8 98.00 97.88 99.88 99.88 97.88 100 100 * 99.88 99.88 100  99.88
CNK-150 Canakkale 9 19788 97.76 99.76 99.76 97.76 99.88 99.88 99.88 * 99.76  99.88 99.76
KAS-281 Kastamonu | 10 | 97.88 97.76 99.76 99.76 97.76 99.88 99.88 99.88 99.76 * 99.88  99.76
KYS-524  Kayseri 11 | 98.00 97.88 99.88 99.88 97.88 100 100 100 99.88 99.88 * 99.88
ANK-617 Ankara 12 | 97.88 97.76 99.76 99.76 97.76 99.88 99.88 99.88 99.76 99.76 99.88 *

Cizelge 3. Turkiye'ye ait Beet necrotic yellow vein virus p31 gen kaynaklarinin (IGR-
6: OM032581, IGR-9: OM032582, ERC-52: OM032583, GZP-27: OM032584, ELZ-44:
OMO032585, SMS- 61: OM032586, EDR-125: OM032587, BRS-148: OM032588, KYS-
524: OM032589, CNK-150: OM032590, KAS-281: OM032591, ANK-617: OM032592),
Japonya (SH1: AB563099, T101: AB563093), Cin (Chanl: EF473118, CX1: AB563118),
Kazakistan (Kas2: AF197554), Italya (I12: AF197552, IV4: FM210681), Ispanya (SPC:
AB563041), Almanya (GM: AB563136) izolatlar: ile niikleotit dizi hizalamalari.
Hizalamalar vyalnizca cesiti BNYVV kaynaklarinin farklilagmasina yol agan
konumlardaki niikleotitleri gostermektedir
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Table 3. Nucleotide sequence aligments of Beet necrotic yellow vein virus p31 gene
sources from Turkey (IGR-6: OM032581, IGR-9: OM032582, ERC-52: OM032583, GZP-
27: OM032584, ELZ-44: OM032585, SMS-61: OM032586, EDR-125: OM032587, BRS-
148: OM032588, KYS-524: OM032589, CNK-150: OM032590, KAS-281: OM032591,
ANK-617: OM032592), Japan (SHI1: AB563099, T101: AB563093), China (Chanl:
EF473118, CX1: AB563118), Kazakhstan (Kas2: AF197554), Italy (112: AF197552, 1V4:
FM210681), Spain (SPC: AB563041), Germany (GM: AB563136). The alignments shows
only the nucleotides in those positions which allow a differentiation of various BNYVV
sources

Niikleotit Pozisyon Numarast
fzolat Orjin p31 1111112222 223 3 3333 3 3 334 4
Grup 1 1 4 0 22 3 3 6 0 1 4 4 4 01 337 7 9 9 9901
1 5 1 8 06 257 2 42 3 9 43 3 366 8 456789
SH1 Japonya I GACCCCATTATTGTTGT CTTAAGCTA AT CZC
Chanl Cin 1 G A . A .. T . G . . T .
T101 Japonya 11 G T . C A C A TC G T T C
Kas2 Kazakistan 1T G T T C A C A T G T T C
IGR-6 Tgdir )i G T T C A C AT GG T T C.
}5?3895‘2 E‘i‘izcan it G T . T C . A C AT GT T C .
112,1V4 italya m . G T . T T C C C A T C G T T C .
SPC ispanya m A GTTT.TCC C A T C G T T C .
GZP-27 Gaziantep 11 G T TTTCC C A T © G T T C .
ELZ-44 Elaz1g 11 G T T T C C C A T © G T T C .
SMS-61, Samsun,
EE?_‘::Z’ ';i‘:s’;e I G T T.TCC C A T .C.GTTC
KYS-524 Kayseri
CNK-150 Ganakkale  1II G T T T C C C A T C G T T C .
KAS-281 Kastamonu  III G T T T C C C A T (¢ G T T C .
ANK-617 Ankara 11 G T T TG G . C A . T © G T T C T T
GM Almanya v G . T T C C G A C T T .
CX1 Cin v G . T C C G A C T T . G
Cizelge 3. (Devam)
Niikleotit Pozisyon Numarast
fzolat Orjin gf..lp 4 4 4 4 4 4 4 55 5 5 5 55556 7 77 77777 8 8
2 2 3 3 4 4 5 1 1 2 5 5 6 6 9 9 2 0 1 1 1 1 2 3 4 1 2
37 0 8 0 4 9 0 6 2 3 4 4 7 2 7 0 2 0 3 4 7 3 2 4 9 3
SH1 Japonya I TAGTGTATATTG CTTTTTAAT CTCGG C
Chanl Gin I G . . . . A LT
T101 Japonya I G G A A A C C A ¢ C T C A C
Kas2 Kazakistan 11 G G A A G C C A . . C T C A C
IGR-6 Igdir I G G A A G C C A T C A C
SO B N GG A LA G ¢ c A TG
112,1V4 italya m G A C A G A C C A A c c [¢ A C
SPC Ispanya m G A C A G A C C A A c c ¢ A C
Gzp-27 Gaziantep 1l G A C A G A C Cc A A c c © A C
ELZ-44 Elazig m G A C A G A C C A c c [¢ A C
SMS-61, Samsun,
EE;’;:; Ei‘r's';"' m G A C A G A C C A A c c C A C
KYS-524 Kayseri
CNK-150 Ganakkale Il G A C A G A C C A A ccrT [¢ A C
KAS-281 Kastamonu Il G A C A G A C Cc A C A @ @ @© A C
ANK-617 Ankara m G A CA . GAC . CA . A c c . cC . AC
GM Almanya IV G A A C C C AT . c c ¢ cT . C
CX1 Cin v G A A C C C AT . c c ¢ cT . C
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Calismada elde edilen BNYVV izolatlar1 BLASTn analizine gore Diinya
izolatlari ile karsilastirildiginda; Tiirk izolatlarinin farkl iki gruba ayrildig: saptan-
mugstir. Ilk grupta yer alan IGR-6 izolat1 % 99.76 oran ile, IGR-9 ve ERC-52 izolatlar1
ise % 99.88 oraninda Kazakistan’a ait Kas2 ve Kas3 izolatlariyla en yiiksek genetik
benzerlige sahip oldugu belirlenmistir. Tkinci grupta yer alan; GZP-27, ELZ-44,
CNK-150 ve KAS-281 izolatlarinin en yiiksek benzerligi % 99.88 oran ile Italy-
an izolatlar1 (IV4 ve 112) ile gosterdikleri saptanmustir. Ustelik, II. grup igerisinde
bulunan diger izolatlarin (SMS-61, EDR-125, BRS-148 ve KYS-524) ise Italya
seker pancari tiretim alanlarindan izole edilen IV4 ve 112 izolatlar: ile niikleotit
diizeyinde % 100 benzer olduklart tespit edilmistir (Cizelge 3). Yakin zamanda il-
kemizde yiiriitillen bir diger arastirmada, pancar tiretim alanlarinda yeni BNYVV
varyantlarinin varligi bildirilmistir (Ozmen ve ark., 2020). Bahsedilen bu arastir-
mada, Tiirkiye'nin farkli bolgelerine ait incelenen BNYVYV izolatlarinin, RNA-1 ve
RNA-4’tiniin, A-, B- ve P-streyn tipleri ya da bunlarin karisgimlarindan tiiredigi
belirtilmistir. Ayrica, RNA-4 (p31) dizilerinin matris analizlerine gore, bu ¢alisma-
da elde edilen bulgulara benzer sekilde, iilkemiz BNYVYV izolatlarinin italyan 112
(AF197552; A-tip) izolat1 ile yliksek oranda benzerlik gosterdikleri vurgulanmakla
birlikte; B-tip Fransiz F2 izolat1 (M36896) ile de benzer ya da tamamen ayni olduk-
lar1 ifade edilmistir (Ozmen ve ark., 2020).

Tiirkiye'ye ait BNYVV izolatlarinin birbirleriyle yapilan BLASTp analizine gore
ise; GZP-27, SMS-61, EDR-125, BRS-148, KAS-281 ve KYS-524 izolatlarinin aa
diizeyinde % 100 benzer olduklari saptanmistir. ELZ-44, CNK-150 ve ANK-617
izolatlar1 ise kendi aralarinda % 99.29 oraninda benzer bulunmustur.

Diger taraftan, IGR-6, IGR-9 ve ERC-52 izolatlar1 ise kendi aralarinda % 100 ben-
zer olmakla birlikte, diger izolatlarla benzerlik oranlarinin ise % 97.16- % 97.12
oldugu tespit edilmistir (Cizelge 4). Bu izolatlarin, diger incelenen dokuz izolat-
tan aa bakimindan yedi pozisyonda farkhilik sergiledigi goriilmiistir (Cizelge
5). Bu ¢aligmaya ait BNYVYV izolatlar1 Diinya izolatlar1 ile BLASTp yontemi ile
karsilagtirildiginda aa bakimindan da iki ayr1 grupta toplanmiglardir. IGR-6, IGR-9
ve ERC-52 izolatlar1 Kazakistana ait Kas2 izolat1 ile; GZP-27, SMS-61, EDR-125,
BRS-148, KAS-281 ve KYS-524 izolatlar1 ise Italya’ya ait 112 izolat1 ile % 100 benzer
bulunmustur. Ayrica, ELZ-44, CNK-150 ve ANK-617 izolatlar1 ise Italyan izolati
112 ile % 99.65 oran ile en yiiksek genetik benzerligi gostermislerdir (Cizelge 5).
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Cizelge 4. Beet necrotic yellow vein virus izolatlarina ait p31 geninin amino
asit diizeyinde gostermis olduklar1 benzerlik oranlar1 (%)

Table 4. Similarity rates of p31 gene of Beet necrotic yellow vein virus isolates at
the amino acid level (%)

Cizelge 5. Tiirkiye'ye ait Beet necrotic yellow vein virus p31 gen kaynaklarinin
(IGR-6, IGR-9, ERC-52, GZP-27, ELZ-44, SMS- 61, EDR-125, BRS-148, KYS-524,
CNK-150, KAS-281 and ANK-617 izolatlar1), Japonya (SH1 ve T101 izolatlar),
Gin (Chanl ve CXI1 izolatlar1), Kazakistan (Kas2 izolat1), Italya (I12 ve IV4
izolatlar), Ispanya (SPC izolat1), Almanya (GM izolat1) izolatlar1 ile amino asit
dizilerinin karsilastirilmasi. Hizalamalar yalnizca gesitli BNYVV kaynaklarinin
farklilagmasina yol agan konumlardaki amino asitleri gostermektedir

Table 5. Comparison of amino acid sequences of Beet necrotic yellow vein virus
p31 gene sources from Turkey (IGR-6, IGR-9, ERC-52, GZP-27, ELZ-44, SMS-
61, EDR-125, BRS-148, KYS-524, CNK-150, KAS-281 and ANK-617 isolates),
Japan (SHI1 and T101 isolates), China (Chanl and CX1 isolates), Kazakhstan
(Kas2 isolate), Italy (112 and IV4 isolates), Ispanya (SPC isolate), Almanya (GM
isolate). The alignments shows only the amino acid in those positions which allow a
differentiation of various BNYV'V sources

P31 Amino Asit Pozisyon Numarast
izolat Orjin
Grup 4 14 s6 68 85 105 132 133 140 141 143 144 147 153 170 172 185 198 207 237 238

SH1 Japonya 1 G P 1 1 vV vV T N A I N G R I D E C F F D D
Chanl Gin 1 . . . .M . . .
TI01 Japonya T . . . . . 1 VvV H M D R K . E D H
Kas2 Kazakistan oo .1 VvV H M D R K . E D H
IGR-6,IGR-9, ERC-52  Igdr, Erzincan I . . . .1 VvV H M D R K . E D H
112,1V4 talya m . L T vV H M R K M E D H 1 s
spC fspanya m E L T v oH M R K M E D H 1 s
ELZ-44 Elazg m . L T vV H M R K M E D H s

Gaziantep,
GZP-27, SMS-61, Samsun
EDR-125, BRS-148, Edirne, Bursa m . L T vV H M R K M E D H 1 s
KAS-281, KYS-524 Kastamonu,

Kayseri
CNK-150 Ganakkale mo . L T . vV H M R K M E D H 1 s v
ANK-617 Ankara m . L T . V. H VvV M R K M E D H 1 s .
GM Almanya v TV 1 M R K . H s A
CX1 Gin v TV 1 M R K . H s A
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Son yillarda, BNYVV’nin KP, p25 ve p31 genleri ile ilgili yiiriitillen filogene-
tik calismalar, BNYVYV izolatlarinin dort orijinal soya (A-I, A-II, A-III ve B) ait,
10 farkls streyn tipinden olustugunu gostermistir (Chiba ve ark., 2011; Zhuo ve
ark., 2015). Chiba ve ark. (2011), cogunlugunu Asya izolatlarinin olugturdugu 73
BNYVYV izolatinin ti¢ gen bolgesini (KP, p25 ve p31) detayli olarak incelemigler
ve BNYVYV izolatlarinin p31 genine gore dort (I, II, III ve IV) gruba ayrildiklarin
bildirmiglerdir. Yiiriitillen bu ¢aligmada, farkli p31 gruplarini yansitacak sekilde
secilerek NCBI'dan indirilen 42 ve bu ¢alisma ile elde edilen 12 BNYVYV izolatlar1-
na ait p31 gen bolgesi sekans verileri Clustal W yontemi kullanilarak hizalanmus-
tir. Clustal W ve filogenetik analizlerde kullanilan BNYVV izolatlarina ait bilgiler
Cizelge 6da verilmistir.

Bu ¢alismada; BNYVYV izolatlarina ait ML dendogrami incelendiginde, Tiirki-
ye'ye ait BNYVYV izolatlarinin iki farkli dalda toplandiklar1 gortilmektedir (Sekil
2). Buna gore; GZP-27, ELZ-44, SMS-61, EDR-125, BRS-148, CNK-150, KAS-281,
KYS-524 ve ANK-617 izolatinin; Italya’ya ait IV4, IV1, 112 ve IP7, Ispanya’ya ait
SPC, Fransaya ait FAH, Slovakya'ya ait SLN1 ve SLP2, ABDye ait USTH ve USM,
Japonyaya ait S42 ve Brezilya'ya ait Brazilian izolatlar ile birlikte ayni dalda bulun-
duklar1 ve p31 genine gére ‘Grup IIT" igerisinde yer aldiklar1 belirlenmistir ($ekil
2, Cizelge 6). Bu grup icerisinde, italyan streyn grubuna dair BNYVV izolatlarinin
tamamu ile Cin-X streynine ait bazi izolatlarin yer aldiklar: rapor edilmistir. Uste-
lik, Italyan streyninin, BNYVV’nin A-III soyundan tiireyen tek streyn grubu old-
ugu bilinmektedir (Chiba ve ark., 2011; Zhuo ve ark., 2015; Tamada ve ark., 2016).
Diger taraftan, IGR-6, IGR-9 ve ERC-52 izolatlarinin ise, Kazak (Kas2 ve Kas3),
Japon (T101 ve O11), Cin (Bao ve Har4), Fransiz (FP ve FC), Alman (OW1), iran
(IR-GR1) ve Ingiliz (UK-MH) izolatlar1 birlikte ‘Grup II” igerisinde yer almuglardir
(Sekil 2, Cizelge 5, 6). Grup IT'de; Fransa-P, Japon-D, Cin-B streynleri ile birlikte,
Japon-O streynine ait baz1 izolatlarin bulunduklar: ve bu dort streynin BNYVV’nin
A-II soyundan tiireyen streynler olduklari belirtilmistir (Chiba ve ark., 2011; Zhuo
ve ark., 2015; Tamada ve ark., 2016). P31 genine gore elde edilen bu bulgular, Tiir-
kiye seker pancari tiretim alanlarina ait BNYVV izolatlarmin orjinlerinde farklilik
(A-II ve A-III) olabilecegine isaret etmistir. Ancak, Tiirk izolatlarinin orjinlerinin
net olarak ortaya konulabilmesi i¢in BNYVV’nin diger genom segmentlerinin de
dizi analizlerinin gergeklestirilmesi gerekmektedir.

Ote yandan, ML dendograminda; Cin izolatlarinin biiyiik bir kismu ile iki Ja-
pon (SH1 ve H45) ve bir Ingiliz (UK-FF) izolat1 ayr1 bir dala ayrilarak, ‘Grup I’
igerisinde toplanmiglardir. ‘Grup IV'de ise, Almanya (GM), Cin (CX1) ve Fransa’ya
(FAO) ait BNYVYV izolatlarinin bulunduklar belirlenmistir (Sekil 2, Cizelge 5, 6).
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Sekil 2. Beet necrotic yellow vein virus (BNYVV) izolatlarinin ve GenBank veri
tabaninda kayitli bazt BNYVV izolatlarinin p31 genine gore niikleotit dizileri esas
almarak olusturulan filogenetik agac. Filogenetik analizde Maximum Likelihood
yontemi ve Tamura-Nei modeli kullanilmistir. Dendogramda bootstrap degerleri,
dallarda % olarak gosterilmistir. Olgek, ayn1 pozisyon icin baz degisim miktarini
gostermektedir (0.05). Benyvirus cinsi tiyesi Beet soil-borne mosaic virus
(BSBMYV), filogenetik agacin olusturulmasinda dis grup olarak kullanilmistir.
Referans izolatlara ait bilgiler Cizelge 6da yer almaktadir.

Figure 2. Phylogenetic tree based on nucleotide sequences as the p31 gene of Beet
necrotic yellow vein virus (BNYVV) isolates and some BNYVV isolates registered
in the GenBank database. Maximum Likelihood method and Tamura-Nei model
were used in phylogenetic analysis. In the dendogram, bootstrap values are shown
as % in branches. The scale shows the amount of base change for the same position
(0.05). Beet soil-borne mosaic virus (BSBMV), a member of the genus Benyvirus, was
used as an outgroup in the creation of the phylogenetic tree. Information on reference
isolates is included in Table 6.
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Cizelge 6. Filogenetik analizde kullanilan Beet necrotic yellow vein virus
izolatlar1

Table 6. Beet necrotic yellow vein virus isolates used in phylogenetic analysis

Ulke Lokasyon izolat g:;l::l:( E;:lbll Literatiir

Tirkiye  Aralik, Igdir IGR-6 OMO032581 I Bu ¢aligma
Karakoyunlu, Igdir IGR-9 OMO032582 I Bu galigma
Islahiye, Gaziantep GZP-27 OM032584 111 Bu galisma
Merkez, Elazig ELZ-44 OMO032585 juis Bu ¢aligma
Merkez, Erzincan ERC-52 OMO032583 1I Bu ¢aligma
Vezirkdprii, Samsun SMS-61 OMO032586 11T Bu ¢aligma
Merkez, Edirne EDR-125 OM032587 111 Bu galigma
Yenisehir, Bursa BRS-148 OMO032588 111 Bu ¢aligma
Biga, Canakkale CNK-150 OM032590 111 Bu ¢aligma
Tagkopri, Kastamonu ~ KAS-281 OMO032591 11 Bu ¢aligma
Merkez, Kayseri KYS-524 OM032589 1T Bu ¢aligma
Ayas, Ankara ANK-617 OMO032592 juis Bu ¢aligma

Japonya Shimizu SH1 AB563099 1 Miyanishi ve ark. (1999)
Toya T101 AB563093 11 Miyanishi ve ark. (1999)
Obihiro 011 AB563098 11 Chiba ve ark. (2008)
Shari S42 AB563103 1T Chiba ve ark. (2011)
Higashimokoto H45 AB563108 I Chiba ve ark. (2011)
Makkari M87 AB563100 1I Chiba ve ark. (2011)

Cin Hohhot CH4 AB563111 I Chiba ve ark. (2011)
Hohhot CH7 AB563113 1 Chiba ve ark. (2011)
Hohhot Hohl EF473113 I Li ve ark. (2008)
Shiheji CX1 AB563118 v Chiba ve ark. (2011)
Harbin Cha AB563122 1 Chiba ve ark. (2011)
Bautou Bao EF473115 1I Li ve ark. (2008)
Harbin Har4 EF473112 11 Li ve ark. (2008)
Hohhot IMHHP31-1 KP006471 I Zhuo ve ark. (2015)
Shihezi LYP31-1 KP316875 1 Zhuo ve ark. (2015)
Qigihar YAP31-1 KP316867 1 Zhuo ve ark. (2015)
Changji Chanl EF473118 1 Li ve ark. (2008)
Changji Chan2 EF473119 1 Li ve ark. (2008)
Wuwei CW1 AB563114 1 Chiba ve ark. (2011)
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Iran Bilinmiyor IR-GR1 FM210681 1I Mehrvar ve ark. (2009)

Kazakistan Bilinmiyor KAS2 AF197554 11 Koenig ve Lennefors (2000)
Bilinmiyor KAS3 AF197557 I Koenig ve Lennefors (2000)

Almanya Saxony-Anhalt Oow1 EU864119 I Koenig ve ark. (2008)
Mooz GM AB563136 v Chiba ve ark. (2011)

Italy Veneto V4 FM210681 11 Chiba ve ark. (2008)
Veneto V1 AB563123 111 Chiba ve ark. (2011)
Bilinmiyor 112 AF197552 11 Koenig ve Lennefors (2000)
Puglia 1P7 AB563126 111 Chiba ve ark. (2008)

Fransa Corbeille FC AB563128 11 Miyanishi ve ark. (1999)
Obernai FAO AB563130 v Chiba ve ark. (2011)
Pithiviers FP AB563127 1I Miyanishi ve ark. (1999)
Hungerer FAH AB563132 111 Chiba ve ark. (2011)

Slovakya Novy Zivot SLN1 AB563137 I Chiba ve ark. (2011)
Podolia SLP2 AB563138 111 Chiba ve ark. (2011)

Macaristan ~ Meggyeshaza HUMI1 AB563119 I Chiba ve ark. (2011)
Tompaladony HUT4 AB563140 I Chiba ve ark. (2011)

Ispanya Ciudad Real SPC AB563041 111 Chiba ve ark. (2011)

Ingiltere Norfolk UK-FF DQ440514 I Ward ve ark. (2007)
Norfolk UK-MH DQ440515 1I ‘Ward ve ark. (2007)

ABD Howard USTH AB563142 111 Chiba ve ark. (2008)
Roshfield USM AB563143 11 Chiba ve ark. (2011)

Brezilya Bilinmiyor Brazilian MH106729 I Camelo-Garcia ve ark.

(2019)
4. SONUC

Yiiriitiilen bu ¢alisma sonucunda, Tiirkiye seker pancari tiretim alanlarindan
elde edilen 12 BNYVV izolatinin vektor P. betae ile tasinmada etkin olan p31 gen-
om bolgesinin niikleotit dizileri elde edilmis ve bu diziler GenBank’a kayit edilerek,
Tiirk izolatlarina ait ilk veri tabani olusturulmustur. Diinya izolatlar1 ile BLASTn
analizi ve elde edilen filogenetik agag, Tiirkiye'ye ait BNYVV izolatlarimin p31
genine gore iki farkli gruba ayrildiklarini gostermistir. Buna gore; Igdir (IGR-6 ve
IGR-9) ve Erzincan (ERC-52) illerinden elde edilen izolatlarin, Fransiz-P, Japon-D
ve Cin-B streynleri ile Japon-O streynine ait bazt BNYVVV izolatlarinin bulun-
dugu Grup II igerisinde; diger izolatlarin (GZP-27, ELZ-44, SMS-61, EDR-125,
BRS-148, CNK-150, KAS-281, KYS-524 ve ANK-617) ise baz1 Cin-X ve ¢ogun-
lugunu Italyan streyn grubuna dair BNYVV izolatlarinin olusturduklar1 Grup
IIT'de yer aldiklar1 belirlenmistir.
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Cikar Catismasi

Yazarlar herhangi bir ¢ikar ¢atigsmasi olmadigini beyan eder.
Etik
Bu ¢aligma etik kurul onay1 gerektirmez.

Yazar Katki Oranlar1

Caligmanin Tasarlanmasi: MG (%50), EE (%25), NDKY (%25)

Veri Toplanmast: MG (%30), EE (%20), NDKY (%50)

Veri Analizi: MG (%30), EE (%20), NDKY (%50)

Makalenin Yazimi: MG (%40), EE (%20), NDKY (%40)

Makalenin Gonderimi ve Revizyonu: MG (%5), EE (%50), NDKY (%45)

Tesekkiir

Bu galismanin bir pargasi, Ondokuz Mayis Universitesi Proje Yonetim Ofisi
(PYO.ZRT.1904.12.015) tarafindan desteklenmis olup, ¢alismada kullanilan toprak
ornekleri TUBITAK (TOVAG: 1100188) projesi kapsaminda toplanmustir.
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AZOTLU VE POTASYUMLU GUBRELEMENIN KIVI BiTKiSINDE VERIM VE MEYVE
KALITESi UZERINE ETKISi

0z:

Bu arastirmada, artan dozlarda azotlu (8-16-24-32 kg N da-1) ve potasyumlu
(0-8-16-24-32-40 kg K20 da-1) giibre uygulamalarinin Hayward kivi ¢esidinde
(Actinidia deliciosa) verim ve bazi meyve kalite 6zellikleri tizerine etkileri belir-
lenmeye calisilmistir. Arastirmaya Ordu ilinde, 2004 yilinda tesis edilen bir kivi
bahgesinde, 2015 vejetasyon periyodunda baslanmis olup, tesadiif bloklar:1 deneme
desenine gore 4 tekerriirli olarak iki yil siire ile yiiriitilmiistiir. Verim genellikle
yiiksek azot (N) dozlari ile azalmis, potasyum (K) dozlari ile diizensiz olarak art-
mugtir. Iki yilda da dekara 24 kg N ile 40 kg K20 uygulanmasindan en yiiksek ve-
rim elde edilmistir. Azotlu giibreleme birinci yil meyve agirliginda bir miktar artis
saglamis ve ikinci yil azalma egilimi gostermistir. Toplam antioksidan kapasitesi
azot uygulamasi ile birinci yil genellikle dalgali ve ikinci yil artan bir egilim sergile-
mistir. Artan potasyum uygulamalari ile meyvelerin toplam antioksidan aktivitesi
ve C vitamini igerigi belirli bir miktara kadar yiikselip sonrasinda azalmistir. Suda
¢oziinebilir kuru madde (SCKM) miktari ile titre edilebilir asitlik (TEA) potasyum
uygulamalari ile genellikle azalma egilimi gostermistir. Azot ve potasyum uygula-
malar1 ile meyve eti sertligi genellikle gok degisken bir durum gostermekle birlikte,
yiiksek dozlarda daha yiiksek meyve sertliklerine rastlanmistir. Azot uygulamasi
toplam fenolik madde igerigini genellikle artirmistir. Verim, meyve agirlig: ve kali-
tesi birlikte degerlendirildiginde dekara 16 kg N ve 32 kg K20 uygulamasinin daha
uygun oldugu tespit edilmistir.

Anahtar Kelimeler: Actinidia Deliciosa Antioksidan Kapasitesi, Fenolik,
C Vitamini.

e

EFFECT OF NITROGEN AND POTASSIUM FERTILIZATION ON FRUIT YIELD AND
QUALITY IN KIWIFRUIT

ABSTRACT

In this research, increasing doses of nitrogen (8-16-24-32 kg N da-1) and potas-
sium (0-8-16-24-32-40 kg K20 da-1) fertilizers were applied to Hayward kiwifruit
(Actinidia deliciosa) to determine their effects on the yield and some fruit quality
characteristics. Kiwifruit orchard were planted in 2004, the research was started
in the vegetation priod of 2015, and was carried out in a randomized block design
with 4 replications for two years. In general, the yield decreased with increasing N
rates while it increased irregularly with the increasing K rates, and the highest yield
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was achieved by applying 24 kg of N and 40 kg of K20 per decare in both years.
Nitrogen fertilization provided a somewhat increase in fruit weight in the first year
and tended to decrease in the second year. Total antioxidant capacity generally
showed a fluctuating trend in the first year and an increasing trend in the second
year considering the nitrogen application. With increasing potassium applications,
the total antioxidant activity and vitamin C content of fruits increased up to a cer-
tain level and then decreased. Total soluble solids content (SSC) and titratable aci-
dity (TA) generally tended to decrease with potassium applications. Although fruit
firmness generally varied considerably with nitrogen and potassium applications,
higher fruit firmness was observed at higher doses. Nitrogen application generally
increased the total phenolic content. When the yield, fruit weight and fruit quality
were evaluated together, it was determined that 16 kg N and 32 kg K20 application
per decare was more appropriate.

Keywords: Actinidia Deliciosa Antioxidant Capacity, Phenolic, Vitamin C.

k%
1. GIRIS

Giineydogu Asya kokenli bir bitki olan kivinin 50den fazla tiirit mevcut du-
rumdadir (Strik ve Cahn, 2000). Actinidia Chinensis, Actinidia Kolomikta ve
Actinidia Argute gibi tiirlerinden de iiretiminin yapilmasina ragmen en yaygin
yetistiriciligi yapilan tiirit Actinidia Deliciosadir. Meyvesinin yiiksek besin dege-
rinden, iistiin organoleptik 6zelliklerinden ve tedavi edici yararindan 6tiirii kolay
bir gekilde siirekli olarak diinyada yayilim gostermektedir (Pinto ve Vilela, 2018).
Kivi meyvesi C vitamini, E vitamini, flavonoid, karetonoid gibi yiiksek miktarda
biyoaktif bilesikler ve mineraller icermektedir (Guroo ve ark., 2017). Folat, po-
tasyum ve diyet lifi gibi diger besinler yoniinden de iyi bir kaynaktir. Degerli bir
antioksidan kaynagi olmasi, gastrointestinal laksasyonun iyilestirilmesi, kan lipit
seviyelerinin diisiirtilmesi ve cilt hastaliklarinin hafifletilmesi olas: faydalarindan-
dir (Singletary, 2012). Kivi, diger meyve tiirlerinin ¢ogundan daha fazla potasyum,
fosfor, magnezyum, kalsiyum, demir ve folatin da dahil oldugu temel mikro besin
maddesi icermektedir (Wolber ve ark., 2013).

Diinyada en ¢ok kivi iireten tilkeler sirasi ile Cin, Italya, Yeni Zelanda ve Iran
olup, tilkemiz tiretim a¢isindan diinyada 8. siradadir (FAO, 2019). Yalova, ilke-
mizde en fazla tiretim yapilan il olup, sonrasinda Ordu ve Rize illeri gelmektedir
(TUIK, 2019).

Meyveler ve sebzeler, insanlarin beslenme diizeninin énemli bir pargas: olup,
vitaminler ve sekonder metabolitler gibi biyolojik olarak aktif maddelerin temel
kaynagidir (Poiroux-Gonord ve ark., 2010). Insan beslenmesinde yer alan feno-
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lik bilesikler, bitkilerde bol miktarda bulunan sekonder metabolitlerdir (Bacanlh
ve ark., 2015). Sekonder metabolitler, bir hiicrenin yada organizmanin yagsamasi
i¢in gerekli olmayan ancak hiicrenin yada organizmanin gevresi ile etkilesimin-
de gorev alan bilesikler olup, bunlar ¢ogunlukla bitkilerin biyotik veya abiyotik
streslere karg1 korunmasinda rol oynamaktadirlar (Pagare ve ark., 2015). Sekonder
metabolitler, bitkileri bulunduklar: ¢evreler ile rekabet¢i yapmakta, ciceklenme,
meyve tutumu ve yaprak dokiimiinii uyarmakta, ¢ok yillik biiylimeyi saglamakta
yada yaprak dokiim davranisini bildirmektedir (Teoh, 2015). Antioksidanlar ser-
best radikallerin olusumunu yada bu radikalleri ortadan kaldirarak hiicre zararini
onleyen maddelerdir (Konus ve ark., 2019). Antioksidanlarin serbest radikalleri
ortadan kaldirma kabiliyeti, hiicre ve dokularin yapisal bitiinliklerini muhafaza
etmesini saglamaktadir (Bendich, 1993). Antioksidanlar orijinlerine bagl olarak
eksojen ve endojen olarak iki tipte siniflandirilmaktadirlar (Neha ve ark., 2019).

Azot, ¢ok sayida dogal bitki bileseninde bulunmaktadir. Amino asitlerden olu-
san proteinler, bityiime ve gelisme i¢in kalitimda gérev alan niikleik asitler ve bitki
bityiimesini diizenleyici maddeler azottan olugsmaktadir (Kirby ve ark., 1987). Azot
beslenmesi 6ncelikle meyvelerin kabuk boyutuna, rengine ve ozelliklerine tesir
ederek, gortinimiine etki eder. Asir1 miktarda uygulanan azot, verimi azaltarak
meyve olusumunu ve sebzelerde kok ve yumru tiretimini etkiler (Locascio ve ark.,
1984). Bitkiler, N disindaki diger besin elementlerinden en ¢ok K alirlar (Caligkan
ve Caligkan, 2017). Potasyum, yasayan hiicrelerin ¢esitli metabolik faaliyetleri i¢in
gerekmekte olup, basit sekerlerin ve nisastanin sentezini, karbonhidratlarin trans-
lokasyonunu, nitrat indirgemesini ve protein sentezini etkilemekte ve normal hiic-
re boliilnmesine yardimci olmaktadir (Lawton ve Cook, 1954). Ayrica, potasyumun
kuraklik stresinin bitkiler tizerindeki zararl etkilerini azalttig1 da bildirilmektedir
(Xu ve ark., 2021).

Kivi, toprag fazla miktarda somiirme yetenegine sahip olmakla birlikte, top-
raktan yiiksek miktarlarda besin maddesi kaldirmakta ve besin maddesi ihtiyaci
tiretim miktarina ve gelisme durumuna bagl olarak gittikge artmaktadir (Soyergin
ve ark., 2003). Kivide yapilan bir giibreleme c¢alismasinda, azotlu ve potasyum-
lu giibrelerin meyve iriligini etkiledigi ve meyve kalitesinin ise 6nemli diizeyde
etkilenmedigi bildirilmistir (Testoni ve ark., 1990). Benzer sekilde Costa ve ark.
(1997), azotlu giibrelemenin meyve kalitesini 6nemli derecede etkilemedigini,
Santoni ve ark. (2014) ise potasyumlu giibrelemenin meyvelerin fizikokimyasal
ozelliklerini 6nemli diizeyde etkilemedigini belirlemislerdir. Cangi ve ark. (2003)
ise, potasyum siilfatin verim ve SCKMyi artirdigini belirlemislerdir. Ozdemir ve
Ozyazic1 (2006), en yiiksek verimi elde etmek icin gerekli N miktarini dekara 8.04
kg olarak tespit etmislerdir. Pacheco ve ark. (2008), baz1 K dozlart ile birlikte uygu-
lanan yiitksek dozlardaki azotun meyve verimini %30.4 azalttigin1 bildirmislerdir.
Ferguson ve Eiseman (1983), bir kivi bitkisinin bir yilda bir hektarlik araziden 16.5
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ton meyve lretimi i¢in, topraktan 48 kg K, 24 kg N, 4.7 kg Ca, 3.5 kg P ve 2.0 kg
Mg kaldirdigini belirtmislerdir. Buwalda ve Smith (1987), kivinin bir yilda almis
oldugu besin maddesi miktarinin agag yasi ve meyve verimi ile yiikseldigini bildir-
miglerdir. Ulkemizin énemli miktarlarda kivi iiretilen illerinden biri olan Orduda
yiritiilen bu ¢alismada; farkli dozlarda uygulanan azotlu ve potasyumlu giibrele-
rin toplam verim ile bazi meyve kalite 6zellikleri tizerine etkilerinin belirlenmesi
amaglanmustir.

2. MATERYAL VE YONTEM
2.1. Arastirma Alani ve Bitkilerin Secimi

Bu arastirma, Ordu ili Altinordu ilgesi Ak¢atepe mahallesinde, 2004 yilinda
tesis edilen bir kivi bah¢esinde yiiriitiilmiistiir. Arastirma bahgesi Pergola (¢ardak)
seklinde, 2.5 m x 5 m dikim sikliginda ve 8 disi (Hayward) ve 1 adet tozlayic1 (Ma-
tua) ¢esidi hesabiyla kurulmustur. Denemeye 2015-2016 vejetasyon periyodunda
baslanmuisg olup, tesadiif bloklar1 deneme desenine gore 4 tekerriirli olarak iki yil
siire ile ytiritilmustir.

2.2. Arastirma Alani Topraklarinin Analizi ve sonuclari

Aragtirma bahgesinden 0-20 cm ve 20-40 cm derinliklerden toprak érnekle-
ri alimarak fiziksel ve kimyasal analizleri yapilmistir. Toprak orneklerinde tekstiir
hidrometre metoduyla, kireg igerigi kalsimetre ile, toprak reaksiyonu 1:2.5 oranin-
da toprak:su karisiminda belirlenmisti. Organik madde modifiye edilmis Walk-
ley-Black yas yakma yontemi ile, toplam azot Kjeldahl metoduna gore, bitkiye ya-
rayisli fosfor Olsen ve ark. (1954) tarafindan gelistirilen metoda gore, alinabilir K,
Ca ve Mg toprak drneklerinin nétr IN NH,OAc ile ekstrakte edilip, Atomik Ab-
sorbsiyon Spektrometresinde (AAS) okunmast ile, ektrakte edilebilir Fe, Cu, Zn,
Mn DTPA ile ektraktsiyonla AASde Kacar (2016), tarafindan aktarilan metodlar-
la, bitkiye yarayish bor ise Azomethine-H ile renklendirmeyle spektrofotometrede
okunarak yapilmistir (Wolf, 1971).

Farkli derinliklerden alinan toprak érneklerinin her ikisi de kumlu tinl teks-
tiirlii ve hafif alkalin reaksiyonlu olarak belirlenmistir. 0-20 cmden alinan 6rnekler
orta seviyede organik maddeye sahip ve kiregli iken, 20-40 cmden alinan 6rnekler-
de organik madde ve kire¢ miktari diigiik seviyede bulunmustur. Toplam N, bitki-
ye yarayish P ve alinabilir K miktar1 0-20 cmde yiiksek ve 20-40 cmde ise yeterlidir.
Her iki derinlikte de ektrakte edilebilir Cu ve Mn yeterli, alinabilir Ca ve Mg ile
ektrakte edilebilir Fe ve Zn yiiksektir. 0-20 cm derinlikte bitkiye yarayigh bor az
miktarda bulunurken ve 20-40 cm de ¢ok az miktarda bulunmustur.
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2.3. Giibre Uygulamalar1

Azotlu glibreleme 8-16-24-32 kg N da! dozlarinda birinci yil amonyum nitrat
(NH, NO,, %33) ve ikinci yil amonyum nitrat giibresinin kullanimindaki yasal
kisitlamadan dolay: tire (CH,N,O, %46) giibresinden, potasyumlu giibreleme ise
0-8-16-24-32-40 kg K,O da' dozlarinda her iki yilda da potasyum siilfat (K,SO,,
%50) giibresinden uygulanarak yapilmistir. Temel giibreleme agisindan 8 kg PO,
da! olacak sekilde fosforlu giibre (TSP, %42-46) ve her bir agaca 2 kg organik giib-
re (%40 organik madde, %1.5 toplam N, %1 organik N, %2 PO, %2 K,0, humik
asit-fulvik asit %28.2) uygulanmistir. Potasyumlu ve fosforlu giibreler tomurcuk
patlamasi doneminde tek seferde, azotlu giibreler ise yaklagik 7 hafta ara ile ilk
2/3’t tomurcuk patlamasi doneminin birkag giin sonrasinda ve kalan 1/3’t1 ise he-
men hemen tam ¢iceklenme déneminde uygulanmistir.

2.4. Meyve Rnalizleri

Hasat zamani galismamizdaki her bir agagtan rastgele, agac1 temsil edecek
sekilde 3 tekerriirlii olarak 10’ar adet meyve alinarak ortalama meyve agirliklari
(OMA) belirlenmistir. Sonrasinda agaglardaki meyve adeti ile birlikte degerlen-
dirilerek verim miktarlar1 hesaplanmis ve kg aga¢™! seklinde ifade edilmistir. C vi-
tamin degerleri, Reflectoquant plus 10 marka cihazi ile bulunmustur (Yildiz ve
ark., 2014). Meyve eti sertligi, meyvenin ekvatoral bolgesinde farkli iki alandan
kabuk ¢ikarilarak, penetrometre cihazi (7.9 mm ug) ile 6lgiilmistiir. Suda ¢ozii-
nebilir kuru madde miktar: (SCKM) meyvelerden alinan meyve sularinda dijital
refraktometre (Atago, PAL-1, ABD) ile belirlenmistir. Titre edilebilir asitlik (TEA),
bir miktar meyve suyunun saf su ile seyreltilmesi sonrasinda, pH’sinin 8.1 ge-
lene kadar sodyum hidroksit (NaOH) ile titrasyonunun yapilmast ile bulunmus
ve sitrik asit cinsinden % olarak ifade edilmistir. Toplam fenolik (TF) bilesikler
i¢in Folin-Ciocalteu’s belirteci kullanilmis mg GAE 100 g* (taze agirlik) olarak
ifade edilmistir (Slinkard ve Singleton, 1977). Toplam antioksidan aktivitesi i¢in
iki yéntem kullanilmgtir. {lki Benzie ve Strain (1996) tarafindan belirlenen FRAP
(Ferric Reducing Ability of Plasma) metodu olup, metod modifiye edilerek 6rnek-
ler spektrofotometrede 700 nm dalga boyunda okunmus, trolox cinsinde hesap-
lanarak ve pumol Trolox esdeger 100 g taze agirlik olarak ifade edilmistir. Ikincisi
DPPH (1.1-Diphenyl-2-Picryl-Hydrazil) yontemi olup, yonteme gore bir miktar
meyve ekstrakt: etil alkol ve DPPH ¢ozeltisi ile muamele edilmis, inkiibasyonu ta-
mamlanmis ve sonrasinda spektrofotometrede 517 nmde okunarak Trolox esdege-
ri 100 g taze agirlik olarak ifade edilmistir.
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2.5. Istatistik Analizler

Arastirmaya ait verilerin varyans analizi Minitab, 2017 istatistik paket prog-
raminda yapilmis ve varyans analizinin yapilmasi ile ortalamalar arasindaki fark-
liliklarin belirlenmesinde %5 6nem diizeyindeki Tukey ¢oklu karsilastirma testi
kullanilmustir.

3. BULGULAR VE TARTISMA

Azot ve K uygulamalar her iki y1lda da meyve verimini 6nemli derecede etki-
lemis (p<0.05) ve her bir agactaki verim miktar: birinci y1il 62.67-27.30 kg, ikinci
yil 88.91-38.04 kg arasinda degismistir. Cizelge 1'den de anlasilacag tizere; iki yilda
da N, K, ve N, K uygulamalarinda yiiksek verim ve N K, ile N K  uygulamala-
rinda da diisitk verim degerleri elde edilmistir. Testoni ve ark. (1990), kivide topra-
g1n yeteri kadar P bulundurmas: durumunda, N-P-K giibre oranlar i¢in sirasiyla
200-0-200 kg ha'! olarak tavsiyede bulunmustur. Zuopings ve ark. (2017) ise kivide
yitksek verimi ve arzu edilen ekonomik kazanci 450 kg N ha'', 225 kg P,O, ha™' ve
300 kg K,O ha! dozlarinda elde etmislerdir. Tarak¢ioglu ve Agkin (2005) galigma-
larinin ilk yilinda 400 g N aga¢™ ve 300 g K O aga¢' dozlarinda en yiiksek verimi
ve meyve agirhigini kaydetmislerdir. Ozdemir ve Ozyazici (2006) Samsun ydresin-
de N i¢in en uygun ekonomik dozu dekara 8 kg olarak belirlemislerdir. Tki yilda
da artan dozlarda N uygulamast ile verim, genellikle 6nceleri artan ve sonrasinda
azalan bir durum gostermistir. Testoni ve ark. (1990) kivide tiretimin 200 kg N ha™!
uygulamasindan, 300 kg N ha' uygulamasina yaklasik %20 azaldigini, Pacheco
ve ark. (2008) ayn1 K dozunda hektara 60 kg N uygulamasinin 90 kg N uygulama-
sina kiyasla ortalama olarak pazarlanabilir meyve veriminde %30.4’liik bir artis
sagladigini, Vizzotto ve ark. (1999) denemelerinin bir yilinda kontrol aga¢larinda
N uygulananlara kiyasla daha ytiksek verim elde edildigini ifade etmis olmalar1 da
caligmamamizdaki N uygulamasi ve verim arasindaki iligskiye benzerdir. Buwalda
ve ark. (1990) azot uygulamasinin kivi verimini diizensiz olarak artirdigini tespit
etmiglerdir. Costa ve ark. (1997) hektara 150 kg N uygulamas: ile pazarlanabilir
meyve oraninin bir miktar arttigini, daha yiiksek uygulamalarda ise distiigiinii
bildirmislerdir. Calismamizda, K uygulamasi ile verim dalgali ve genellikle artan
bir durum sergilemistir. Buwalda ve Smith (1991) kivide toprakta degisebilir K
icerigindeki ylikselme ile verimin de yiikseldigini belirtmislerdir.
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Cizelge 1. Guibrelemenin verim, meyve agirligi ve C vitamini tizerine etkisi

Table 1. Effect of fertilization on yield, fruit weight and vitamin C

Verim, kg Agag! OMA, g Meyve! C Vitamini, mg 100g™
YIL YIL YIL
NDOZ KDOZ 2016 2017 2016 2017 2016 2017
N, K, 37.21 ab 38.04b 101.7 66.2  31.50d-f 65.75 a-c
. 27.30b 42.73 ab 111.5 71.0  34.75c-f 60.50 a-e
K, 40.57 ab 69.86 ab 105.3 719  36.75a-f 59.75 a-e
K, 43.72 ab 57.74 ab 98.6 76.2  36.25b-f 60.75 a-d
K, 44.05 ab 61.06 ab 102.5 71.5  32.00d-f 60.25 a-e
K, 27.49b 66.24 ab 103.4 67.0  36.00 b-f 67.00 ab
N, K,  4091ab  7587ab 1113 658 2625f 56.25 a-e
K, 36.60 ab 41.61 ab 96.0 70.9  30.75d-f 55.00 a-e
K 46.87 ab 51.08 ab 104.1 724  37.75a-f 48.50 b-e
K, 48.64 ab 65.17 ab 99.5 75.5 45.75a-d 70.75a
K, 60.70 ab 75.00 ab 101.1 81.0 32.75d-f 49.00 b-e
K, 41.64 ab 67.15 ab 111.2 73.8  29.50 e-f 41.75 e
N, K, 373lab  60.08ab 1125 708 40.00af  5475a-e
K, 50.38 ab 8891 a 103.7 69.8  38.00 a-f 62.00 a-d
K 43.74 ab 59.71 ab 105.2 69.4 4133 a-f 59.50 a-e
K, 31.95ab 65.61 ab 109.6 65.1  39.00 a-f 58.75 a-e
K, 36.40 ab 45.41 ab 90.5 60.3  51.50ab 65.25 a-c
K, 62.67 a 77.67 ab 101.2 756  52.00a 55.50 a-e
N, K, 31.48 ab 52.35 ab 107.2 65.6  50.00 a-c 56.75 a-e
K, 30.62 ab 62.57 ab 113.4 61.3 44.75a-e 54.75 a-e
K 44.44 ab 73.06 ab 106.3 65.4  51.50ab 55.25 a-e
K, 35.40 ab 50.79 ab 105.3 64.3  44.50 a-e 56.75 a-e
K, 48.68 ab 59.68 ab 101.3 774  50.25a-c 47.00 c-e
K, 43.72 ab 81.02 ab 108.7 752  37.75a-f 45.75 de

Aynu siitunda ortak kiigiik harfi olmayan ortalamalar arasindaki fark istatistiksel olarak
onemlidir (p<0.05).
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Kivide giibreleme ile besin elementi ihtiyacinin karsilanmasi sayesinde mey-
ve gozil tesekkiilii artmakta ve ¢iceklenme ile dollenmedeki basar: ile daha fazla
meyve tutumu olmaktadir. Dolayisiyla denemenin ilk yilina gore ikinci yil giib-
relerin kalic1 etkisi ile daha yiiksek verim kaydedilmistir. Meyve agirlig1 tizerine
giibre uygulamalarinin 6nemli bir etkisi bulunmamis, meyve agirliklar: birinci yil
113.4-90.5 g arasinda, ikinci y1l 81.0-60.3 g arasinda degismistir (Cizelge 1). Sadece
giibreleme ile meyve agirligini artirmak yeterli olmamakta, ayni zamanda mey-
ve seyreltmesi ve budamanin da dikkatli yapilmas: gerekmektedir. Kivide toplam
meyve verimi ile meyve agirlig1 arasinda ters bir iligki bulunmakta olup; ikinci yil
verimin yliksek, meyve agirliginin ise daha disiik olmasinin sebebi bu durum ile
agiklanmaktadur. Iki yilda da N, K, de diisiik meyve agirhig degerleri bulunmus-
tur. Azotlu giibrelemeyle birinci yil meyve agirliginda bir miktar artis gozlenirken,
ikinci y1l azalma egilimi gerceklesmistir. Benzer sekilde, Buwalda ve ark. (1990)
caligmalarinda artan dozlarda uygulanan azotun kivinin meyve agirligina 6nemli
bir etkisinin olmadigini ve Mills ve ark. (2008) yine kivideki ¢alismalarinin birinci
yilinda N dozlar1 agisindan meyve iriliginde 6nemli fark bulunmadigini belirle-
mislerdir. Costa ve ark. (1997) ¢alismalarinda, artan N dozlari ile kivide meyve
agirlig1 ve verim, kontroliin tizerinde diizensiz olarak artmistir. Chandel ve Rana
(2005) ise kivide topraktaki yarayislt N ile verim, meyve iriligi ve agirligi arasinda
pozitif ve 6nemli iligki tespit etmislerdir. Caligmamizda, artan dozlarda K ile or-
talama meyve agirlii denemenin birinci yilinda kontroliin altindaki miktarlarda
bulunurken, ikinci yilinda 6nemsiz diizeyde bir artis saptanmustir.

Azot ve K uygulamalar1 meyvelerin C vitamini igerigini iki yilda da 6nem-
li derecede etkilemistir. C vitamini degeri birinci y1l en yiiksek 52 mg 100 g ile
N, K, da, en diisiik 26.25 mg 100g " ile N, K da, ikinci yilda ise en yiiksek 70.75 mg
100g™ ile N, K, ‘de ve en diigiik 41.75 mg 100g™ ile N, K, ‘da belirlenmistir (Gizelge
1). Iki yilda da N K, kombinasyonunda diisiik degerler elde edilmistir. Kivide
meyvelerin C vitamini igerigini Ferguson ve MacRae (1991) 63.6-124.2 mg 100
g, Selman (1983) 37.8-53.6 mg 100 g ve Nishiyama ve ark. (2004) 29-80 mg 100
g araliklarinda bulmuslardir. Meyvelerin C vitamini igeriginde N uygulamalarina
bagli olarak iki yilda da diizensiz olarak azalmalar ve artmalar olmustur. Ancak bi-
rinci y1l baz1 durumlarda N uygulamasiyla C vitamini igeriginde artiglar olmustur.
Ozdemir ve Ozyazic1 (2006) yaptiklari ¢aligmada da artan N dozlariyla C vitamini
icerigi artmugtir. Stefanelli ve ark. (2010), azotun vejetatif gelisimi ve meyve ebatini
artirarak C vitamini igeriginde seyrelmeye sebep oldugunu, ayrica vejetatif gelisim
ile artan golgelemeden dolay: da C vitamini igeriginin azaldigin1 ifade etmistir. Po-
tasyum uygulamast ile birinci yilda meyvenin C vitamini igerigi kontroliin {izerin-
de diizensiz olarak artarken; ikinci yilda K,, dozu disinda kontrolden diisiik mik-
tarda bulunmugtur. Cunha ve ark. (2021), ananasta K’ giibrelemenin C vitaminini
artirdigini belirtmistir. Nava ve ark. (2007) elmada yaptiklar: caligmada azotlu ve
potasyumlu giibreleme ortalama C vitaminini énemli derecede etkilememistir.
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Meyve eti sertligi kivide meyvenin muhafazasi ve depo 6mrii agisindan 6nemli
bir kalite parametresi olup, N uygulamasiyla meyve eti sertligi birinci yil 6nce azal-
mis sonra gittikee artmisken, ikinci yil dalgali bir durum sergilemistir (Sekil 1/a).
Iki yilda da en yiiksek meyve eti sertligi N, ‘de saptanmustir. En diisiik ise birinci
yil N, ve ikinci yil N_,‘de belirlenmistir. Kivi meyvesinde yiiksek dozlarda azo-
tun meyve sertligini azalttigini belirten ¢aligmalar bulunmaktadir (Testoni ve ark.,
1990; Prasad ve Spiers, 1991; Johnson ve ark., (1997). Ancak, Costa ve ark. (1997)
kivide artan N uygulamalarinin meyve eti sertligini etkilemedigini belirtmisler-
dir. Diger taraftan potasyumun, azotun meyve sertligi tizerine olumsuz etkisini
azalttig1 da bildirilmistir (Testoni ve ark., 1990). El-Gazzar (2000), elmadaki dene-
mesinin bir yilinda N dozlarindaki artis ile meyve sertliginin arttigini belirtmistir.
Calismamizda, K uygulamasi meyve eti sertligini birinci yil 6nemli derecede etki-
lememis olup, en yiiksek K, ‘da ve en diisiik K, de, ikinci y1l ise en yiiksek K, ‘da ve
en diisiik K de belirlenmistir.

Azot uygulamasina bagli olarak birinci y1l meyvelerin SCKM miktarlar1 arasin-
da 6nemli bir fark olmamakla birlikte en yiiksek deger N, de elde edilmistir ($ekil
1/b). Ikinci yil ise 6nemli fark bulunmus olup, en diisitk SCKM’ye N, ‘da ve en yiik-
sek ise N, ‘de rastlanmugtir. Testoni ve ark. (1990) azotlu giibrelemeyle SCKM'nin
arttigini, Costa ve ark. (1997) etkilenmedigini, Vizzotto ve ark. (1999) ise azaldig1-
n1 bulmuglardir. Nava ve ark. (2007) elmada N’li giibrelemenin SCKM'yi azaltma-
s1 durumunun; azotun agir1 vejetatif gelismeyi tesvik etmesinin sonucunda, asir1
golgelenmeden dolay1 meyve yiizeyindeki giin 15181 miktarindaki azalma ile iliskili
olabilecegini ileri siirmiiglerdir. Potasyum dozlar1 ile SCKM miktar1 arasinda bi-
rinci yil 6nemli derecede fark bulunmus olup, dozlar arttik¢a genellikle azalan bir
dagilim gostermistir. Ikinci yilda ise énemsiz fakat birinci yila benzer bir durum
bulunmaktadir. Testoni ve ark. (1990) kivideki ¢aligmalarinda SCKM’nin, 100 kg
K,O ha! uygulamasinda arttigini ve 200 kg K,O ha" uygulamasinda ise azaldigini
belirlemistir. Calismamizdaki yiiksek K dozlarinda diisiik SCKM miktarinin elde
edilmesi bu durum ile benzerdir. Pacheco ve ark. (2008) ise N ve K uygulamasinin
kivi meyvesinde SCKMc iizerine etkisinin olmadigini belirtmislerdir.

Azot uygulamast ile iki yilda da genellikle TEA miktar1 azalmistir (Sekil 1/c).
Vizzotto ve ark. (1999), kivide TEAy1 N’li giibre uygulanmamais agaclarda, giibre
uygulananlara kiyasla daha yiiksek bulmuslardir. Calismamizda K uygulamas: ile
meyvenin TEA miktarinin iki yilda da benzer sekilde azaldig1 ve bu azalmanin
ikinci yilda 6nemli diizeyde gergeklestigi belirlenmistir (p<0.05). Delgado ve ark.
(2006), 60 ve 120 g K,O aga¢" uygulanan asmalarda, uygulanmayanlara kiyasla
tizim girasinda toplam asitligin 6nemli derecede azaldigini ifade etmislerdir. Bu
durum ¢aliymamizdaki sonuglar ile paraleldir. Caetano ve ark. (2013) ise ananasta
K uygulamasiyla TEAnin arttigini, N uygulamasiyla da aksi bir durum gosterdigi-
ni ifade etmistir.
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Figure 1. The effect of nitrogen and potassium fertilization on fruit quality cha-
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Artan dozlarda N uygulamasi ile meyvelerin toplam fenolik (TF) madde igerigi
denemenin ikinci yilinda, birinci yila gére diizenli olarak artmigtir (Sekil 1/d). Tki
yilda da ytiksek N dozlarinda yitksek miktarlarda toplam fenolik madde igerigi
elde edilmistir. Potasyum uygulamasi ile meyvelerin toplam fenolik madde icerigi
genellikle K dan K e azalmayla birlikte diizensiz ve artan bir egilim olmustur. Bi-
rinci yil K, de ve ikinci yilda K, de en yiiksek degerlere ulagilmis olup daha yiiksek
dozlarda daha diistik degerler kaydedilmistir. Barreto ve ark. (2020), seftalide K
dozlarinin meyvenin toplam fenolik madde igerigini ve antioksidan aktivitesini
azalttigini belirtmiglerdir. Stefaniak ve ark. (2020) kivide (Actinidia Arguta), en
yiksek toplam fenolik iceriginin en diisiik N dozunda belirlendigini agiklams-
lardur.

Azot uygulamasi ile FRAP testi sonuglarina gore toplam antioksidan aktivite-
sinde, birinci yil diizensiz olarak azalmalar gozlenirken, ikinci y1l diizenli bir artig
olmustur ($ekil 1/e). Birinci yil en yiiksek ortalama deger N, de ve en diisiik N, ‘da
ve ikinci y1l ise en yiiksek N, de ve en diisiik N, de belirlenmistir. Potasyum uygu-
lamas ile elde edilen sonuglar arasinda birinci yil 6nemli fark bulunmus olup, en
yiiksek ortalama deger K, de ve en diisiik K da ve ikinci yil en yiiksek K, de ve en
diisiik K da belirlenmistir. Potasyum uygulamas ile birinci yil kontroliin iizerinde
arti gergeklesmis olup, K,,’ye kadar genellikle yiikselmis, K, ‘da diismiistiir. [kinci
yil da K, de en yiiksek deger elde edilmis ve sonrasinda azalma olmustur.

Artan dozlarda N ile DPPH testi sonuglarina gore toplam antioksidan aktivitesi
birinci y1l dnce azalarak diizensiz ve énemli bir dagilim gostermis, ikinci yil gittik-
¢e artan bir durum sergilemistir (Sekil 1/f). Iki yilda da K dozlar1 ile DPPH testi
sonuglarinda kontrole gore yiiksek ve 6nemli sonuglar elde edilmistir (p<0.05). Bi-
rinci y1l K, de ve ikinci y1l K de en yiiksek degerler gozlenmistir. FRAP ve DPPH
testi sonuglarindaki yapilan incelemelerde toplam antioksidan kapasitesinin; artan
N dozlari ile birinci yil genellikle dalgal1 ve ikinci yil artan bir egilim gosterdigi
belirlenmistir. Potasyum dozlari ile birinci y1l K, de ve ikinci y1l K, de en yiiksek
degerlere rastlanmistir. Reis ve ark. (2015), kahve bitkisinde gelisme sezonu bo-
yunca azot dozlar1 ile antioksidan enzim aktivitesi arasinda belirgin olarak ters
bir iliski oldugunu gostermistir. Pande ve ark. (2017), seftali meyvesinde toplam
polifenol, DPPH radikalleri, ABTS radikalleri ve toplam antioksidan aktivitesinin
azotlu giibre dozlarindaki artis ile olumsuz sekilde etkilendigini ifade etmiglerdir.
Barzegar ve ark. (2020), N ve K uygulanan tatli rezene soganlarinda daha yiiksek
antioksidan kapasitesi bulmuglardir. Benzer sekilde Sheikh ve Ishak (2016), Mas
cotek (Ficus deltoidea Jack) bitkisinde N uygulamasinin antioksidan aktivitesini ar-
tirdigini, Ahanger ve ark. (2015) ise yulaf bitkisinde K uygulamasinin antioksidan
enzim aktivitesini artirdigini bildirmislerdir.
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4. SONUC

Arastirmamizdaki giibre kombinasyonlarinin verim ile meyve agirlig tizeri-
ne etkilerini degerlendirdigimizde, dekara 24 kg N ve 40 kg K,O uygulamasinda
en yiiksek verim elde edilmistir. Ancak yetistiricilikte verim ve meyve agirliklari
tireticinin kazanci agisindan birlikte degerlendirilmekte oldugundan, dekara 16 kg
N ve 32 kg K,O uygulamasinda hem verimin hem de meyve agirhiginin yiiksek
miktarlarda bulundugu ve meyve eti sertliginde nispeten iyi sonuglar verdigi be-
lirlenmistir.
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HIZLI ISLAH SISTEMi OPTIMIZASYONU: BiTKi YETISTIRME TEKNIKLERININ
ETKILERI

0z:

Yeni bir cesit gelistirilirken 5-6 yillik bir agilan generasyon asamasindan ve
sonrasinda agronomik testlerden ge¢mektedir. Bu siireyi kisaltmak ve 1slah prog-
ramlarinin etkinligini arttirmak igin yeni teknolojilere gereksinim duyulmustur.
Bu yeni teknolojilerden biri de hizli 1slah (speed breeding) teknigidir. Bu teknik
ile bitki gelisimini hizlandirmak i¢in uzun siireli 151kl1 periyot kullanilarak bir
yil icerisinde ortalama 5-6 generasyon alinabilmektedir. Bu ¢alismada yiiksek ve
diisiik girdi uygulamalarinin hizli 1slahta bugdayin generasyon siiresine ve bazi
agronomik ozellikler {izerine etkileri arastirilmigtir. Aragtirma 2021 yilinda Dicle
Universitesi Ziraat Fakiiltesinde bulunan 131k ve sicaklig1 kontrol edilebilen poli-
karbon serada gergeklestirilmistir. Calismada bitki materyali olarak Yitpi (ekmek-
lik bugday) ve Svevo (makarnalik bugday) gesitleri kullanilmistir. Bitkiler hizli
1slah ortaminda 22 saat 151k, 2 saat karanlik fotoperiyoda maruz birakilmiglardir.
Yiiksek girdide tam sulama ve optimum giibreleme yapilirken diisiik girdide %50
oraninda giibre azaltilmasi ve bayrak yaprak ¢ikisindan itibaren kademeli olarak
su kisitlamasi uygulanmistir. Hem ekmeklik hem de makarnalik bugdayda diistik
girdide bitkide fertil kardes sayisi, bitki boyu, basakta tane sayis: ve tane agirli-
ginda diistisler yasanmistir. Diisiik girdili kosullarda bitkiler yogun strese maruz
kalmis ve kardeslerden basak elde edilememistir. Diisiik girdi kosullarindan elde
edilen tohumlarin ¢imlenme orany, yitksek girdi kosullarindan elde edilen tohum-
larin ¢imlenme oranindan yiiksek olmasi, diisiik girdi uygulamasinin hizli 1slah
programlarinin basarisini artirmada katki saglayabilir. Hem ekmeklik hem de ma-
karnalik bugdayda hizli 1slah kosullarinda uzun boyluluk ile basakta tane sayisi
arasinda giiglii korelasyon iligkisi saptanmustir.

Anahtar Kelimeler: Bugday, Hizli Islah, Diisitk Girdili, Yiiksek Girdili, Bitki
Yetigtirme Teknikleri.

e

OPTIMIZATION OF THE SPEED BREEDING SYSTEM: EFFECTS OF CROP
MANAGEMENT TECHNIQUES

ABSTRACT

Before a new variety is introduced to the market, it is subjected to a multi-ge-
nerational breeding process that takes many years. New technologies were needed
to shorten this period and increase the effectiveness of breeding programs. One of
these new technologies is speed breeding technique. With this technique, 5-6 gene-
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rations can be taken in a year by using long-term photoperiods to accelerate plant
development. This study has investigated the effects of high and low input appli-
cations on the generation time and some agronomic characteristics of wheat in
speed breeding. The research was carried out in a polycarbonate greenhouse with
controllable light and temperature in the Faculty of Agriculture of Dicle University
in 2021. In the study, Svevo (durum wheat) and Yitpi (bread wheat) varieties were
used as plant material. Plants were exposed to 22 hours of light and 2 hours of
dark photoperiod in speed breeding conditions. Among the properties examined
in both bread and durum wheat, the number of fertile tiller per plant, plant height,
number of grains per spike and grain weight were affected by application factors.
Increasing the exposure time in terms of the emergence period shortened the ve-
getation period in plants considerably. Plants were exposed to intense stress due to
water restriction applied to plants grown in low-input conditions. For this reason,
no spike could be obtained from tillers in plants grown in low-input conditions.
High rate of fertilization with irrigation at field capacity significantly increased the
plant height and the number of fertile tillers in the plant. The germination rate of
seeds obtained from low input conditions is higher than the germination rate of
seeds obtained from high input conditions, low input application will contribute to
increasing the success of speed breeding programs. Strong correlations were found
between earliness and tallness and the number of grains per spike under speed
breeding conditions in both bread wheat and durum wheat.

Keywords: Crop Management Techniques, Generation, High Input, Low In-
put, Speed Breeding, Wheat.

L T
1. GIRIS

Bugday, diinyanin bir¢ok bolgesinde yetistirilen, besleyicilik ve yiiksek protein
ierigi gibi 6zelliklere sahip 6nemli tahil bitkilerinden birisidir (Able ve ark., 2014;
Habash ve ark., 2014; Stuknyte ve ark., 2014). Bugday {iretimi biyotik ve abiyotik
stres, hastalik ve zararlilardan biiylik oranda etkilendigi i¢in (Harmankaya ve ark.,
2012; Mondal ve ark., 2016) 1slah programlari ile degisen iklime uygun, ytiksek
verim ve kaliteye sahip, hastalik ve zararlilara dayanikli cesit gelistirilmesi biiyiik
6nem arz etmektedir.

Bitki 1slah¢ilari, klasik 1slah programlari ile son 100 yilda bircok ¢esidi ciftei-
lerin hizmetine sunmustur. Segilen ebeveyn hatlarin melezlenmesinin ardindan,
hatlarin agronomik ozellikler ve verim yoniinden degerlendirilebilmesi ve ho-
mozigot bireylerin elde edilmesi i¢in 4-6 generasyon kendilenmesi gerekmekte-
dir (Alahmad ve ark., 2018). Klasik 1slah programlari ile bir ¢esidin gelistirilmesi
yaklasik olarak 10-15 yil gibi uzun bir siire almaktadir (Hickey ve ark., 2017). Bu
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nedenle arastirmacilar bu siireyi kisaltmak ve 1slah programlarinin etkinligini art-
tirmak igin yeni teknolojilere basvurmaktadirlar. Bu yeni teknolojilerden birisi de
hizli 1slah (speed breeding) teknigidir. Bu teknik ile bitki gelisimini hizlandirmak
i¢in uzun streli 1s1klandirma yapilarak bir yil icerisinde 5-6 generasyon alinabil-
mektedir.

Hizli 1slah, bitkide hizli generasyon dongiisinii saglamak igin tek tohum
soy yonteminin kullanildigi, tam kontrolléi bitki yetistirme odasinda veya sera
ortaminda, uzatilmis fotoperiyot ve kontrollii sicaklik rejimlerini kullanan yeni
bir 1slah teknigidir (Akash, 2020). NASAnin uzayda bugday yetistirmeye yone-
lik ¢aligmalari, Avustralyali bilim insanlarina diinyanin ilk hizl 1slah programini
geligtirmeleri i¢in ilham olmugtur. Utah Universitesi, bu yontem ile erkenci tam
bodur bugday: olan USU-Apogee’yi gelistirdi (Hickey ve ark., 2017). Arastirmada
cigeklenme ile ilgili olarak 15181n etkisi, hizli generasyon atlamada 6nemli bir rol
oynamigtir. Hizli 1slah tekniginin, yeni gesitlerin basit ve hizli bir sekilde ortaya
¢ikarilmasinda rol alabilecegi bir¢ok arastirmaci tarafindan belirtilmistir (Hickey
ve ark., 2017; Alahmad ve ark., 2018; Watson et al. 2018; Ghosh et al. 2019). Hizli
islah, uzun giin ve nétr giin bitkilerinin yanisira kisa giin bitkileri i¢cin de uygun
bir 1slah programidir. Jahne ve ark., (2020) soya fasulyesi, piring ve horoz ibigi gibi
kisa giin bitkileri i¢in de yilda 5 generasyon alinabilecek bir hizli 1slah protokolit
gelistirmislerdir.

Bu ¢alismada yiiksek ve diisiik girdi uygulamalarinin hizli 1slahta bugdayin
generasyon siiresine ve bazi agronomik &zellikler tizerine etkileri aragtirilmistir.

2. MATERYAL VE YONTEM

Aragtirma, 2021 yilinda Dicle Universitesi Ziraat Fakiiltesinde bulunan 1s1k ve
sicaklig1 kontrol edilebilen polikarbon serada gerceklestirilmistir. Sera ortaminin
isiklanma stiresi, 1s1s1, nemi ve havalandirmasi otomatik olarak kontrol edilebil-
mektedir. Caligmada bitki materyali olarak Yitpi (ekmeklik bugday) ve Svevo (ma-
karnalik bugday) ¢esitleri kullanilmistir. Caligma, her saksida 4 bitki olacak sekilde
Tesadiif Parselleri Deneme Desenine gore 8 tekrarlamali olarak, 18 Ocak 2021 ta-
rihinde kurulmustur. Calismada kullanilan toprak materyaline ait bazi fiziksel ve
kimyasal analiz sonuglar1 Cizelge 1'de verilmistir.
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Cizelge 1. Caligmada kullanilan toprak materyaline ait baz1 fiziksel ve kimyasal
analiz sonuglar1

Table 1. Some physical and chemical analysis results of the soil material used in
the study

Analiz Ad1 Analiz Sonuglar:

Saturayon (%) : 63.00 Killi-tin
Tuzluluk (Saturasyon Camuru) (dS/m) : 0.92 Tuzsuz

% Tuz (Hesaplama ile) TS 8334 : 0.04 Tuzsuz

pH (Saturasyon Camuru) : 8.11 Hafif alkali
Kireg (Kalsimetrik) (%) : 11.24 Orta
Organik Madde (Walkey Black) (%) : 0.71 Diisiik
Azot (Hesaplama ile) (%) : 0.04 Diisiik
Fosfor (Olsen Spektrometre)(ppm) : 4.00 Diisiik
Potasyum (A. Asetat-ICP) (ppm) : 314.45 Cok yiiksek
Kalsiyum (A. Asetat-ICP) (ppm) : 10717.89 Cok yiiksek
Magnezyum (A. Asetat-ICP) (ppm) : 471.78 Orta
Sodyum (A. Asetat-ICP) (ppm) : 26.65 Diisiik
Demir (DTPA-ICP) (ppm) : 9.29 Cok yiiksek
Bakir (DTPA-ICP) (ppm) : 1.61 Orta
Mangan (DTPA-ICP) (ppm) : 16.50 Orta

2.1. Hizl1 Islah Protokolii

Bitkiler hizli 1slah ortaminda 22 saat 151k 2 saat karanlik periyotta yetistiril-
mistir. LED lambalar periyodik olarak, gece saat 02:00da yanmaya baglayip, saat
00:00da sonmistiir. Gece ve giindiiz sicakligr ayr1 tutulmustur (17/22 °C). Calis-
mada kirmuzi, sari, beyaz ve mavi renkleri barindiran serit LED lambalar (316,15
pmol/m?/s ) kullanilmigtir. Calismada 1s1k miktari, bitki ile led igiklar arasi mesafe
20 cm olacak sekilde MQ-500: Full-Spectrum Quantum Meter (Apogee Instru-
ments) cihazi kullanilarak pmol/m?/s cinsinden dl¢iilmiistiir.

Caligma kapsaminda, bugday genotipleri 8 litrelik saksilarda yetistirilmistir.
Saksilara 8/10 toprak ve 2/10 oraninda elenmis kum karisimi doldurulmustur. Ice-
risinde 5 kg toprak bulunan bir saksinin tarla kapasitesini belirlemek i¢in 6ncelikle
saksi iyice sulanmistir. Sulamadan sonra saksidan fazla suyun siiziilmesi igin 24
saat beklenmistir. Bu siire sonunda, su ile iyice doyurulmus olan yas toprak tar-
tilmig, daha sonra 24 saat kurutulmus ve tekrar tartilmistir. Yas toprak agirlig: ile
firin kuru toprak agirlig: arasindaki fark toprakta tutulan su miktari (tarla kapasi-
tesi) olarak belirlenmistir (Bilski ve ark., 1987; Turhan ve ark., 2000).
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2.2. Yetistirme Teknikleri

Caligmada hizli 1slah kosullarinda iki farkli yetistirme teknigi uygulanmustir.
(Sekil 1). ideal kosullar igin tarla kapasitesinde, kisith kosullar igin ise bitkile-
rin bayrak yaprak cikisindan itibaren tarla kapasitesi tizerinden belirlenen su-
lama miktarinin 1/2 oraninda kademeli olarak azaltilarak saksilara verilmistir
(Sekil 2). Sulama miktarinin hassas uygulanmasi igin zamanlayicil selenoid vana-
lar ile kontrol edilebilen damla sulama sistemi kurulmustur. Yiiksek girdili saksila-
ra ¢aligma boyunca toplamda 3780 ml su verilirken diisiik girdili saksilara ise 2870
ml su verilmigtir. Basaklanmadan bir hafta sonra bitkilere su verilmesi kesilmistir.
Caligmada uygulanan ideal ve kisitli uygulamalara ait giibreleme programi Cizelge
2'de verilmistir. Bitkiler basaklanma tarihinden 18 giin sonra hasat edilmistir. Ha-
sat edilen bagaklar 35 °C’ de 7 giin boyunca etiivde kurutulmaya birakilmistir. Ca-
ligmaya ait gorseller Sekil 3’te verilmistir.

Cizelge 2. Bitki biiyiime doneminde uygulanan giibreleme programi

Table 2. Fertilization program applied during the plant growing period

Giibreleme Programi
Giibreleme (giin) Giibre Formu ?xﬁfl‘gf;gf ?g:’;ﬁg‘;g::
1. giin 20-20-0 Graniil giibre 1.8 g/100 cc su 0.9 g/100 cc su
25. giin 20-20-0 Graniil Giibre 1.8 g/100 cc su 0.9 g/100 cc su
35. giin Sw1 Organik Giibre Lcc/lltsu 0.5 cc/1 1t su
37. giin 20-20-0 Graniil giibre 1.8 g/100 cc su 0.9 g/100 cc su
42. giin 20-20-0 Graniil giibre 1.8 /100 cc su 0.9 g/100 cc su
43. giin Swi kalsiyum giibresi 2cc/lltsu 1cc/1ltsu
43. giin Swi bakir glibresi 1cc/1ltsu 0.5 cc/1 1t su
44. giin 20-20-0 Graniil giibre 1.8 g/100 cc su 0.9 g/100 cc su
45. giin Swi kalsiyum gtibresi 2cc/lltsu 1cc/1ltsu
45. giin Sw1 bakir glibresi Lcc/lltsu 0.5 cc/1 1t su
48. giin 20-20-0 graniil glibre 1.8 g/100 cc su 0.9 g/100 cc su
49. giin Swi kalsiyum giibresi 2cc/lltsu Lcc/1ltsu
49. giin Swi bakir glibresi 1cc/1ltsu 0.5 cc/1 1t su
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Yetistirme Teknikleri J

Sekil 1. Hizli 1slahta uygulanan yetistirme teknikleri

Figure 1. Crop management techniques applied in speed breeding
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Sekil 2. Bugdaya kademeli olarak uygulanan su kisitlamasi

Figure 2. water restriction imposed gradually on wheat
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2.3. Cimlendirme Testi

Hizli 1slah kogularinda elde edilen tohumlarda dormansi sorununun olup ol-
madigini saptamak i¢in tohumlar iki gruba ayrilmistir. Birinci grup i¢in nemlen-
dirilmis tohumlar +4 °C'de 24 saat bekletilmistir. Ikinci gruba ise herhangi bir 6n
islem yapilmamustir. Bu iki grupta ¢imlenme oranini belirlemek i¢in tohumlar 4
tekerriirlii olarak petri kaplari (her petride 25 tohum olacak sekilde) igerisinde to-
hum ¢imlendirme kabininde 24 °C'de 96 saat ¢cimlendirmeye birakilmigtir (Sekil 1).

2.4. Aragtirmada Incelenen Ozellikler

Bagaklanma siiresi (giin): Bitki ¢ikis tarihi ile saksidaki bitkilerin %50’sinde ba-
sagin bayrak yaprak kinindan ¥ oraninda ¢iktig: tarih arasindaki giin sayis1 olarak
hesaplanmustir.

o Hasat tarihi (giin): Bagaklanma tarihi tizerinden 18 giin sonra basaklar
hasat edilmistir.

o Bitki boyu (cm): Sapin topraga baglanmis oldugu noktadan tepe bagak¢igin
ucuna kadar olan mesafe dl¢iilerek belirlenmistir.

o Fertil kardes sayisi (adet): Bitkide basak veren kardeslerin sayilmasi ile elde
edilmistir.

o Basak uzunlugu (cm): Her saksidan alinan bagaklarin boylar: 6lgiilmiistiir
ve bagsak sayisina boliinerek ortalamasi alinmigtir.

o Basakta basakgik sayisi (adet): Her saksidan alinmis olan bagaklardan,
basaktaki bagakeik sayisinin sayilip ortalamalarinin alinmas ile hesaplanmistir.

« Bagakta tane sayisi (adet): Her saksidan alinan basaklar harmanlanarak
taneleri sayilmis ve bunlarin ortalamalarinin alinmasi ile belirlenmistir.

o Basakta tane agirlig: (g): Hasat doneminde alinan basaklar harmanlanmis
ve hassas tarti ile tartilmistir. Elde edilen sonuglar g olarak tespit edilerek ortala-
masi alinmustir.

o Cimlenme orani (%): 96 saatin sonunda her petri kabinda bulunan 25
tohumdan, ¢cimlenen tohumlarin sayilmasiyla saptanmistir (Ghosh et all., 2019).

Caligmada incelenen parametrelere ait ortalama degerler ve korelasyon analiz-
leri JMP Pro 13 (SAS Institute 2016) istatistik paket programi ve regresyon analiz-
leri GenStat 12 (Payne et al., 2009) istatistik paket programi yardimiyla yapilmistir.

https://doi.org/10.7161/0muanajas.1055794 d



Hizli Islah Sisteminin Optimizasyonu: Bitki Yetistirme Tekniklerinin Etkileri

b .
ELr | ] 11111 LR T Ty |

—_— —

7.7 il

i~

Sekil 3. Caligmaya ait gorseller
Figure 3. Visuals of the study
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3. BULGULAR VE TARTISMA
3.1. Hizli Islah ve Yetistirme Teknikleri

Tarla kapasitesinde sulama ile birlikte yiiksek oranda giibreleme bitkide ba-
saklanma siiresini, fertil kardes sayisini, bitki boyunu, bagak uzunlugunu, basakta
basakgik sayisini, tane sayisini ve tane agirligini su ve giibre kisithig1 uygulanan ko-
sullara kiyasla 6nemli oranda artirmistir (Cizelge 3). Hizli 1slah kosullarinda farkli
uygulamalarin yapildig1 ekmeklik bugday ¢esidine ait ortalama basaklanma siiresi
45.63 giin, fertil kardes sayist 1.25 adet, bitki boyu 48.75 c¢m, basak uzunlugu 5.25
cm, bagakta basak¢ik sayisi 10.38 adet, basakta tane sayis1 19.81 adet ve basakta
tane agirlig1 0.21 g olarak belirlenmistir (Cizelge 3). Makarnalik bugday ¢esidinde
ise ortalama basaklanma siiresi 43.29 giin, fertil kardes sayis1 1.03 adet, bitki boyu
51.59 cm, bagak uzunlugu 4.29 cm, bagakta basakg¢ik sayis1 9.01 adet, basakta tane
say1s1 12.66 adet ve basakta tane agirlig1 0.20 g olarak saptanmustir.

Hem ekmeklik hem de makarnalik bugdayda basaklanma siiresi bakimindan
uygulamalar arasinda istatistiki fark olmamasina ragmen uzun 1giklanma, vejetas-
yon siiresini oldukea kisaltmistir. Ekmeklik bugdayda yiiksek girdili uygulamada
basaklanma siiresi 47.25 giin, kisith kosullarda bu deger 44.00 giin; makarnalik
bugdayda ise yiiksek girdilide basaklanma siiresi 43.64 giin, kisitli kosullarda 42.93
giin olarak saptanmustir (Cizelge 3). Hizli 1slah kosullarinda igiklanma siiresinin
uzatilmas: bitkide fotosentez aktivitesinin artmasina, bu da bitkinin maksimum
hizda biiyimesine olanak saglamistir. Genel olarak, hizli islah kosullarinda
yetistirilen bugday bitkisinin gelisiminin, giinlitk kosullara kiyasla hizlandig: ve
goriiniislerinin normal oldugu bildirilmistir (Watson, 2018). Yilda 1-2 iiriin vere-
bilen bugdayda, 11tk miktarini ve 1s1klanma siiresini, bitki beslenmesini ve belirli
bitki bitylime donemlerinde stresi artirarak bitkilerin normal siiregten daha hizli
bitylimesi saglanabilir (Sysoeva ve ark., 2010). Watson ve ark. (2018) normal sera
sartlarinda yilda 2-3 generasyon alinan ekmeklik ve makarnalik bugdayda hizl
1slah yontemiyle yilda 6 generasyon iiriin alinabilecegini bildirmislerdir. Hizli 1slah
kosullarinda en yiiksek tane veriminin tam sulanan ve ¢iceklenme dénemi su ki-
sitlamasina kiyasla ¢iceklenme sonrasi uygulanan su kisitlamasindan elde edildigi
bildirmistir (Watson ve ark., 2018). Daha 6nce yapilan benzer bir ¢alismada Ghosh
ve ark. (2018), Kronos makarnalik bugday cesidinde ortalama basaklanma siire-
sini 46.0 £ 1.9 giin; Paragon ekmeklik bugday cesidinde ise basaklanma stiresini
48.2 + 0.4 glin olarak saptamislardir. Ayrica Watson (2018), ekmeklik bugdayda
ortalama ciceklenme stiresini 47.7+0.1 giin; Akdag (2019), Tekin ekmeklik bugday
¢esidinde ortalama bagaklanma siiresini 39 giin ve Adana-99 cesidinde ise 38 giin
olarak tespit etmislerdir. Isiklanma siiresinin artigiyla birlikte yetistirme ortaminin
CO2 seviyesinin yiikseltilmesi, hizl 1slah protokoliiniin bagarisi artirabilir (Naga-
toshi ve Fujita 2018).
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Cizelge 3. Incelenen 6zelliklere ait ortalama degerler ve olusan gruplar

Table 3. Mean values and groups of the examined traits

Yitpi (T. aestivum L.) Svevo (T. durum L.)
Ozellikler Yiiksek Diisiik Yiiksek Diisiik
Girdili Girdili Ortalama  Girdili Girdili  Ortalama
Kosullar Kosullar Kosullar  Kosullar
Bagaklanma siiresi (giin) 47.25 44.00 45.63 43.64 42.93 43.29
Fertil kardes say1s1 2.50, 0.00, 1.25 2.05, 0.00, 1.03
Bitki boyu (cm) 57.63,  39.88, 4875 57.59 45.58, 51.59
Bagak uzunlugu (cm) 5.75 4.75 5.25 4.25 4.16 4.29
Basakta bagakeik sayis1 (adet) 11.25 9.50 10.38 9.30 8.72 9.01
Basakta tane sayis1 (adet) 25.75, 13.88, 19.81 16.26, 9.07, 12.66
Basakta tane agirhigi (g) 0.30, 0.13, 0.21 0.26, 0.15, 0.20

Hem ekmeklik hem de makarnalik bugdayda uygulanan su ve giibreleme ki-
sithiligy, bitkilerin yogun strese maruz kalmalarina sebep olmustur. Bu da bitkide
erkencilige, fertil kardes olusmamasina, bitki boyunun kisalmasina, bayrak yap-
rak alaninin daralmasina ve bitkinin stresten kagma mekanizmalarindan biri olan
daha fazla mumsu yapiya sahip olmasina neden olmustur. Hizl 1slah kosullari al-
tinda her iki uygulamada da bugday bitkileri saglikl bir sekilde yetistirilmis ve tiim
bitkilerde ana basak elde edilmistir. Yiiksek girdi uygulamalarinda fertil kardes sa-
yist ekmeklik bugdayda 2.50 adet, makarnalik bugdayda ise 2.05 adet olarak tespit
edilmistir. Ancak yiiksek girdili kosullarda, bitkilere ait kardeslerin bagaklanmasi
ve olgunlasmasi ana basaktan sonra gerceklestigi i¢cin kardes bagaklardan yeterince
tane elde edilememistir. Ghosh ve ark. (2018), Kronos makarnalik bugday ¢esidin-
de ortalama kardes sayisin1 5.8 + 1.9 adet ve Paragon ekmeklik bugday cesidinde
ise kardes saysin1 5.5 + 0.6 adet olarak tespit etmislerdir.

Yiiksek girdili uygulamalar ekmeklik ve makarnalik bugdayda bitki boyunu
diisiik girdili uygulamaya kiyasla ciddi oranda artirmistir. Ekmeklik bugdayda
yiiksek girdili uygulamada bitki boyu 57.63 cm, diisiik girdi uygulamada bu de-
ger 39.88 cm; makarnalik bugdayda ise yiiksek girdilide bitki boyu 57.59 cm, dii-
stik girdili uygulamada 45.58 cm olarak saptanmustir (Cizelge 3). Alahmad ve ark.
(2018), hizli 1slah yontemini makarnalik bugdayda F2 generasyonundaki 1000 adet
genotipte, kok ciiriikligli, kahverengi pas, bitki boyu, seminal kok sayist ve agist
ozellikleri bakimindan seleksiyon yapmuslardir. Seleksiyon indeksi uygulamasina
gore secilen bitkiler ile secilmeyen bitkiler arasinda bitki boyu hari¢ diger dort
ozellik i¢in popiilasyon ortalamasi basarili bir sekilde agronomik olarak istenen
yonde degismistir. Ghosh ve ark. (2018), Kronos makarnalik bugday ¢esidinde or-
talama bitki boyunu 68.0 + 4.4 cm, Paragon ekmeklik bugday ¢esidinde ise 85.1 +
3.2 cm; Watson (2018), ekmeklik bugdayda ortalama bitki boyunu 52.2 + 0.5 cm
olarak saptamiglardir.
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Calismada hem ekmeklik hem de makarnalik bugdayda basak uzunlugu ve ba-
sakta bagakeik sayis1 6zellikleri bakimindan uygulamalar arasinda énemli bir fark
bulunmazken, basakta tane sayisi ve tane agirligi bakimindan uygulamalar arasin-
da 6nemli farklar saptanmistir. Ekmeklik bugday bitkilerinde yiiksek girdili uygu-
lama kosullarinda ortalama basak uzunlugu 5.75 cm, basakta bagak¢ik sayis1 11.25
adet, bagakta tane sayis1 25.75 adet, bagakta tane agirlig1 0.30 g; distik girdili uy-
gulama kosullarinda ise ortalama bagak uzunlugu 4.75 cm, basakta basakeik sayist
9.50 adet, basakta tane sayis1 13.88 adet basakta tane agirligi, 0.13 g olarak saptan-
mustir. Makarnalik bugdayda bitkilerinde ise yiiksek girdili uygulama kogsullarinda
ortalama bagak uzunlugu 4.25 cm, bagakta bagakeik sayist 9.30 adet, bagakta tane
say1s1 16.26 adet, bagakta tane agirlig1 0.26 g; distik girdili uygulama kosullarinda
ortalama bagak uzunlugu 4.29 cm, bagakta bagakeik sayisi 9.01 adet, bagakta tane
say1s1 9.07 adet, basakta tane agirligi 0.15 g olarak saptanmustir (Cizelge 3). Daha
once yapilan benzer ¢aligmalarda Ghosh ve ark. (2018), Kronos makarnalik bug-
day ¢esidinde ortalama basakta tane sayisini 27.8 + 7.9 tane, tane agirligini 0.4 +
0.2 g olarak saptarken, Paragon ekmeklik bugday ¢esidinde ise basakta tane agirli-
g1 1.1 £ 0.1 g olarak saptamuslardir. Watson ve ark. (2018) makarnalik bugdayda
ortalama bagak uzunlugunu 8.1 £ 0.1 cm olarak saptamustir. Ayrica bu arastirma-
cilar, hizl 1slah kogullarinda yetistirilen bugdayin bagakta tane agirliginin normal
kosullar altinda yetistirilenlerden daha ytiksek oldugunu bildirmislerdir.

Cizelge 4'te de goruldiigii tizere ekmeklik bugdayda bitki boyu ve basaklan-
ma siiresi ile bagakta tane sayis1 ve tane agirligi; makarnalik bugdayda ise bitki
boyu ile basakta tane sayis1 ve tane agirlig1 arasinda pozitif iligkiler saptanmistir
(Cizelge 5). Verim 6geleri ile giiclii iligkisi bulunan bu parametrelerin speed bre-
eding kosullarinda verime dayal: seleksiyonda kullanilabilecegini gostermektedir.
Watson ve ark. (2018), gigeklenme siiresi ile bitki boyu arasinda ve bayrak yaprak
alani ile bagak uzunlugu arasinda pozitif ve giiclii iliski belirlerken, bitki boyu ile
bayrak yaprak alani arasinda zayif bir iliski saptamuglardir. Ozkan ve ark. (2022) er-
kencilik ve bitki boyunun verim 6geleri ile giiclii iliski olusturmasi bu 6zelliklerin
hizli 1slah kosullarinda gelistirilecek genotiplerin erken generasyonlarinda selek-
siyon kriteri olarak kullanilabilecegini bildirmislerdir. Kontrollii kosullar altinda
yapilan ¢aligmalarda elde edilen sonuglar ile arazi sartlarinda elde edilen sonuglar
arasinda benzerlik oldugunu bildiren birgok ¢aliyma da mevcuttur (Maphosa ve
ark., 2014; Telfer ve ark., 2018; Ozkan ve ark., 2019; Bayhan ve ark., 2020).
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Cizelge 4. Ekmeklik bugdayda incelenen 6zelliklere ait korelasyon iliskisi

Table 4. Correlation values between traits in bread wheat

Bagaklanma Bitki Bagak Bagakta Basakta

T. aestivum L. Siiresi Boyu Uzunlugu  Bagakgik Sayisi  Tane Sayisi
(gtin) (cm) (cm) (adet) (adet)

Bitki Boyu (cm) 0.62

Bagak Uzunlugu (cm) 0.567 0.47

Bagakta Bagakeik Sayisi (adet)  0.544 0.411 0.989**

Basakta Tane Sayis1 (adet) 0.865%* 0.867°*  0.729* 0.701

Bagakta Tane Agirlig1 (g) 0.764* 0.926%*  0.482 0.416 0.891**

Cizelge 5. Makarnalik bugdayda incelenen 6zelliklere ait korelasyon iligkisi

Table 5. Correlation values between traits in durum wheat

Bagaklanma  Bitki Bagak Bagakta Bagakta

T. durum L. Siiresi Boyu Uzunlugu  Basakgik Tane Sayisi
(gtin) (cm) (cm) Sayisi (adet) (adet)

Bitki Boyu (cm) -0.090

Bagak Uzunlugu (cm) -0.276 0.780*

Bagakta Bagakeik Sayisi (adet) -0.516 0.816* 0.899**

Bagakta Tane Sayisi (adet) 0.214 0.918%* 0.709* 0.660

Bagakta Tane Agirligi (g) 0.511 0.697* 0.473 0.371 0.911**

Incelenen 6zelliklerden bagaklanma siiresi — basakta tane sayis1 ve bitki boyu
- basakta tane sayisina ait regresyon analiz sonuglar1 sirasi ile Sekil 4 ve Sekil 5’te
verilmistir. Hem ekmeklik hem de makarnalik bugdayimn her iki uygulamada da
tane sayisinin bitki boyuna bagl olarak dogrusal bir artis ierisinde oldugu; tane
sayisinin basaklanma siiresine bagli olarak dogrusal bir azalis igerisinde oldugu

Sekil 4 ve Sekil 5’ten izlenebilmektedir.
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Sekil 4. Ekmeklik bugdayda basaklanma siiresi ile tane sayisi ve bitki boyu ile
tane sayisi arasinda regresyon iliskisi

Figure 4. Regression relationship between heading time — number of seeds per
spike and plant height — number of seeds per spike in bread wheat
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Sekil 5. Makarnalik bugdayda basaklanma siiresi ile tane sayis1 ve bitki boyu ile
tane sayis1 arasinda regresyon iliskisi

Figure 5. Regression relationship between heading time — number of seeds per
spike and plant height — number of seeds per spike in durum wheat

3.2. CIMLENDIRME TESTI

Hizli 1slahta diisiik ve yiiksek girdide elde edilen tohumlarin ¢imlenme oranla-
rina dormansi kirma etkisini belirlemek i¢in ¢imlenme testleri gergeklestirilmistir.
Dormansi kirma islemi hem ekmeklik hem de makarnalik bugdayda ¢imlenme
oranini ciddi oranda artirmistir. +4 °C uygulamasi, normal ¢imlendirme sartla-
rina kiyasla ekmeklik bugdayda %73; makarnalik bugdayda ise %22.5 oraninda
artig saglamistir. Ayrica hem ekmeklik hem de makarnalik bugdayda diisiik girdili
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uygulama kosullarinda elde edilen tohumlarda, yiiksek girdili uygulamaya kiyas-
la ¢imlenme orani yiiksek ¢ikmustir (Cizelge 6). Daha 6nce yapilan benzer ¢alis-
malarda Ghosh ve ark. (2018), makarnalik bugdayda ¢imlenme oranini %97.5 *+
0.0 olarak saptarken, ekmeklik bugdayda ise ¢imlenme oranini %100 + 0.0 olarak
bildirmislerdir. Ozkan ve ark. (2022) hizli 1slah metodunda elde edilen tohumla-
ra, dormansi kirma metodu (+4 °Cde bekletme) uygulamast ile normal ¢imlen-
dirme sartlaria kiyasla genotiplerin ¢cimlenme oraninda % 10.01 artis yaptigini
bildirmislerdir. Akdag (2019), ekmeklik bugday genotiplerinde Tekin ¢esidinde
¢imlenme oranini %89.33 ve Adana-99 ¢esidinde %99.33 olarak saptamistir. Jahne
ve ark., (2020) hizli islah kosullarinda 56 giinde hasat ettikleri soya fastilyesi to-
humlarina giberellin uygulamas: yapmiglar. Uygulamadan sonra ¢imlendirmeye
birakilan tohumlarda kontrole kiyasla ¢imlenme oraninda %7 artis elde ettiklerini
belirtmiglerdir.

Cizelge 6. Cimlenme testine ait degerler (%)

Table 6. Values of germination test (%)

Yiiksek Girdi Diisiik Girdi o
Uygulama Cimlenme Orani (%) Cimlenme Orani (%) Ortalama (%)
§ +4 °C uygulama 61.8 75 68.4,
- 2
a8~ o
£ § - 22°Cuygulama 31.8 47.1 39.5,
= Ortalama 46.8, 611, 53.9
2 +4 °C uygulama 88 97 92.5,
o 8
§35 22°Cuygulama 72 79 75.5,
N
~
=~ Ortalama 80 88 84

SONUG VE ONERILER

Calismada hizli 1slah kogullarinda her iki bugday tiiriinde de bagarili bir sekilde
bitkinin vejetasyon siiresi kisaltilmig ve tohum alinmistir. Bitkide fertil kardes sa-
y1s, bitki boyu, bagakta tane sayis1 ve tane agirhigi 6zellikleri bakimindan iki uygu-
lama arasinda farkliliklar ortaya ¢ikmustir. Bu ¢aligmanin sonucu, uygulanan giibre
dozundan ziyade giibreleme sikliginin bitki gelisimi agisindan énemli oldugunu
gostermigstir. Bitkilere uygulanan kademeli su kisithiligy bitkiyi su stresine sokarak
generatif siirenin kisalmasina sebep olmustur. Ayrica bitkide erkenciligin ve uzun
boylulugun verim 6geleri agisindan biiyiik avantaj sagladig1 belirlenmistir. Hizhi
1slah kosullarinda uygulanacak giibreleme programinda giibreleme isleminin, bit-
kinin iki yaprakli déneminden baslayarak basaklanma donemine kadar devam et-
mesi gerektigi belirlenmistir. Hizli 1slah sartlarinda bitkiye uygulanan kademeli su
kisithigy, tarla kapasitesinde su uygulanan kosullara kiyasla bitkinin vejetasyon sii-
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resini oldukea kisaltmistir. Kisith sulama ve 6n dormansi kirma iglemi tohumlarin
¢imlenme oranini ciddi oranda artirmustir. Tarla kosullarinda ilerleme kaydedilen
generasyon sayisinin yaklagik ti¢ kati kadarini hizli 1slah kogullarinda elde etmek
miimkindiir.

Cikar Catismasi

Yazarlar herhangi bir ¢ikar ¢atigmasi olmadigini beyan eder.
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KAHRAMANMARAS iLINDE ELMA iCKURDU, CYDIA POMONELLA (L.)
(LEPIDOPTERA: TORTRICIDAE)' YA KARSI CIFTLESMEYi ENGELLEME
TEKNiGiNiN UYGULANMASI

0z:

Bu caligma, 2018-2019 yillarinda Elma ickurdu, Cydia pomonella (L.) (Lepi-
doptera: Tortricidae)’ya kars: ¢iftlesmeyi engelleme (CE) metodu uygulamasinda,
Isomate-C Plus feromon yayicilar1 kullanilmigtir. Kahramanmaras ili Onikisubat
ilcesinde 10 da’lik Braeburn, Red Gala, Red Fuji, Mondial Gala, Red Chief, Galaxy
Gala, Golden Smith ve Golden B elma ¢esitlerinde yiiriitiilmiistiir. Kontrol alani
(KA) olarak ise Kahramanmaras ili Onikisubat ilgesine bagli Tekir mahallesinde
15 da’lik Granny Smith, Golden ve Starking cesitlerinde yiiriitilmistir. Ciftlesme-
yi engelleme alaninda 2018 yilinda toplam ergin C. pomonella sayis1 37 olurken,
bulagiklik orani % 9.07 olmustur. Elma ickurdunun 1. ve 2. doliine kars1 2 kez Ba-
cillus thuringiensis kurstaki uygulanmistir. Ciftlesmeyi engelleme alaninda kullani-
lan Isomate-C Plus feromon yayicinin hasat sonuna kadar salim orani ise % 12.34
olmugtur. Kontrol alaninda ise toplam ergin C. pomonella sayis1 1.136 olurken, bu-
lagiklik orani % 43.69 olmustur. Uretici tarafindan KAnda C. pomonella’ya kars1 6
kez insektisit uygulanmistir. Ayni sekilde CE alaninda 2019 yilinda da toplam C.
pomonella ergin sayisi 18 olurken, bulasiklik oranida % 8.38 olmustur. Elma ickur-
du’nun 1., 2. ve 3. doliine kars1 3 kez Bacillus thuringiensis kurstaki uygulanmistir.
Ciftlesmeyi engelleme alaninda kullanilan Isomate-C Plus feromon yayicinin ha-
sat sonuna kadar salinim orani ise % 10.95 olmustur. Kontrol alaninda ise toplam
ergin C. pomonella sayis1 1.256 olurken bulagiklik oran1 % 38.93 olmustur. Uretici
tarafindan KAnda C. pomonella’ya kars1 6 kez insektisit uygulanmistir. Calisma
sonucunda Ciftlesmeyi engelleme tekniginin C. pomonella’ya kars: kullanilabilece-
¢i bulagiklik orani ekonomik zarar esigi olan % 5 {izerine ¢iktiginda Bacillus thu-
ringiensis kurstaki gibi biyolojik bir insektisitle desteklenmelidir.

Anahtar Kelimeler: Cydia Pomonella, Ciftlesmeyi Engelleme, Isomate-C Plus,
Bulagiklik Orani, Kahramanmarag/Tiirkiye.

e
APPLICATION OF THE MATING DISRUPTION TECHNIQUE AGAINST CODLING
MOTH CYDIA POMONELLR (L.) (LEPIDOPTERA: TORTRICIDAE)
IN KRHRAMANMARAS PROVINCE
ABSTRACT:

In this study, Isomate-C Plus pheromone dispensers were used in the applica-
tion of the mating disruption method (MD) against codling moth Cydia pomo-

https://doi.org/10.7161/0muanajas.|066972 d



Kahramanmaras ilinde Elma ickurdu Cydia Pomonella (L) .

nella (L.) (Lepidoptera: Tortricidae) in 2018-2019. The study was carried out on
ten acres of Braeburn, Red Gala, Red Fuji, Mondial Gala, Red Chief, Galaxy Gala,
Golden Smith, and Golden B apple cultivars in the Onikisubat district Kahraman-
maras province. As the control area disruption technique (MD), Isomate-C Plus
pheromone dispensers, between April and October, against Apple borer (CA), the
15 da Granny Smith, Golden, and Starking studies were carried out in Tekir, which
is connected to the Onikisubat district of Kahramanmaras province. In 2018, the
total number of adult C. pomonella in the field of MD was 37, while the infestation
rate was 9.07%. Against the 1st and 2nd generations of C. pomonella, two times
Bacillus thuringiensis kurstaki were used with mating disruption treatment. The
release rate of Isomate-C Plus pheromone dispensers used in the MD field until
the harvest was 12.34%. In CA, the total number of adult C. pomonella was 1.136,
while the infestation rate was 43.69%. Insecticide was applied six times against C.
pomonella in CA by the producer. Likewise, in the MD field, the total number of
adult C. pomonella was 18 in 2019, while the infestation rate was 8.38%. Against
the 1st, 2nd, and 3rd generations of C. pomonella 3 times, Bacillus thuringiensis
kurstaki used mating disruption treatment. The release rate of the Isomate-C Plus
pheromone emitter used in the MD field until the end of the harvest was 10.95%.
In CA, the total number of adult C. pomonella was 1.256, while the infestation rate
was 38.93%. Insecticide was applied six times against C. pomonella in CA by the
producer. As a result of the study, the mating disruption technique can be used aga-
inst C. pomonella, unless a biological insecticide should support it as Bacillus thurin-
giensis kurstaki as the infestation rate exceeds the economic threshold levels (5%).

Keywords: Cydia Pomonella, Mating Disruption, Isomate-C Plus, Infestation
Rate, Kahramanmaras/Turkey.

R ®
1. GIRIS

Elma (Malus communis L.) pek ¢ok bolgeye en kolay adapte olabilen bir meyve
tiirt olmanin yaninda, diinya tizerinde 6.000 ¢esidinin bulundugu, Tiirkiyede ise
450-500 gesidinin oldugu bilinmektedir (Ozbek, 1978). Elma yaklasik 25 ¢esidinin
ekonomik olarak yetistiriciliginin yapilmas: ile Tiirkiyede 6nemli bir yere sahiptir.
Ayni zaman da taze sofralik olarak tiiketilmesi ile birlikte piire, cips, sirke, cay, re-
¢el, marmelat, tibbi bitki ve meyve suyu olarak da kullanilmaktadir (Eksi ve Akdag,
2005). Elmanm kullanim alaninin genis olmast, igerigindeki vitamin, antioksidan
ve hastaliklara karg1 koruyucu olmasi nedeniyle 6nemli bir yere sahiptir.

Diinyada 5.293.340 hektar alanda elma yetistirilmekte olup, elma tiretim mik-
tar1 ise 89.3 milyon tondur. Elma iiretiminin ilk sirasinda 44.4 milyon ton ile Cin,
ikinci sirada 12.5 milyon ton ile AB, liglincii sirada 4.6 milyon ton ile ABD, dor-
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diincii sirada 2.9 milyon ton ile Tiirkiye, besinci sirada ise 2.8 milyon ton ile Hin-
distan takip etmektedir (FAO, 2016). Tiirkiyede yetistiriciligi yapilan Golden, Star-
king, Amasya, Granny Smith ve diger elma gesitlerinden toplamda 1.681.388 dekar
alanda 3.618.752 ton elma tiretilirken, Kahramanmaras ilinde ayni ¢esitlerden top-
lam 56.846 dekar alanda 83.481 ton elma iiretimi gerceklesmistir. Bu gesitlerden
Tiirkiyede ve Kahramanmaras ilinde en fazla Starking elma ¢esidi yetistirilmekte-
dir (TUIK, 2019). Elma iiretiminde, bircok zararli ve hastalik etmeni etkili olmakta
ve bunlar ile miicadele ayrica 6nem kazanmaktadir. Elma zararlilar1 olarak Elma
ickurdu (Cydia pomonella (L.)), Elma govde kurdu (Synanthedon myopaeformis
(Borkhausen, 1789)), Elma agkurdu (Yponomeuta malinellus (Zeller, 1838)), Elma
pamuklubiti (Eriosoma lanigerum (Hausmann)) ve Yaprak bitleri (Aphis spp.),
Akarlar (Tetranychus spp.)dan bahsedilebilirken, Elma karalekesi (Venturia ina-
equalis (Cooke)) ve Elma kiillemesi (Podosphaera eucotricha (Ell.&Ev.)) elmada
goriilen en 6nemli hastaliklar olarak kargsimiza ¢ikmaktadir. Yigit ve Uygun (1982),
1978 ve 1979 yillarinda Adana, Icel ve Kahramanmaras illerindeki elma bahge-
sinde zararli ve yararl faunasi ile ilgili olarak yaptiklar: calismada; 6 takima ait
42 familyaya bagli 132 tiir fitofag; 7 takima ait 21 familyaya bagl 67 entomofag
tiir olmak tizere toplam 9 takima ait 59 familyaya bagli 199 tiir tespit ettiklerini
bildirmislerdir.

Elma bahgelerinde ana zararl ve ekonomik kayiplara neden olan Elma ickur-
du, C. pomonella elmanin en 6nemli zararlisidir. Meyve de zarar yapan larvalar,
meyveleri delerek i¢ kisimlarinda galeriler agmakta, etli kismini ve ¢ekirdek evini
yiyerek pisliklerini birakmaktadirlar. Miicadelesi yapilmayan bahgelerdeki zarar:
% 60 hatta % 100 kadar ¢ikabilmektedir. Bu zararli iklim sartlarina baglh olarak
yilda 2-4 d6l vermektedir (Hepdurgun ve ark., 1999; Trematerra ve ark., 2004; Ku-
tinkova ve ark., 2009).

Elma igkurdu ile yapilan miicadele de 6zellikle Tiirkiyede ve Diinyada kimyasal
miicadele uygulamalar: yapilirken, son zamanlarda alternatif bir yontem olan ¢ift-
lesmeyi engelleme metodu uygulanmaya basglanmistir. Avcl ve ark. (1999), yiriit-
titkleri caligmada 1996-1997 yillarinda elma bahgesindeki C. pomonella zararina
kars: 3 farkli bah¢ede yaptiklar: caligma da Codlemone igeren yayicilar kullanarak
giftlesmeyi engelleme yontemini uygulamislardir. Bu uygulamanin etki oraninin
1996 yilinda % 57.5, 1997 yilinda ise % 52.8 olarak belirlemisler ve tek basina mii-
cadele yontemlerinin yeterli olmadigini entegre miicadele ile organik tarim yapilan
bahgelerde bazi ilave tedbirler alinarak daha iyi sonuglar elde edilebilecegini bildir-
mislerdir. Ayrica elmalarda ¢ok sayida ilaglama sonucu yiiksek seviyelerde pestisit
kalintis1 oldugunu (Mladenova ve Shtereva, 2009; Chen ve ark., 2011; Pirsaheb ve
ark., 2017) ve elma tiiketimi sonucu insanlarda saglik sorunlari riskinin olacagini
bildirmislerdir (Lozowicka, 2016; Yu ve ark., 2017; Jardim ve ark., 2018). Kehat
ve ark., (1995). Kimyasal miicadeleye alternatif olarak, Israilde yiriittiikleri calis-
mada C. pomonella’ya kars ciftlesme engelleme metodu uygulamasi icin iki tiir
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dagitici kullanarak elma ve armut bahgelerindeki C. pomonella’nin popiilasyonunu
distirdiigtint, bu uygulamanin Elma ickurdu popiilasyonunu kontrol edilebilece-
gini tespit etmislerdir.

Bu ¢alisma, Kahramanmaras ilinde yetistirilen elma gesitleri, gerek itha-
latta ve gerekse depolama uygunlugu agisindan 6nemli bir yer tutmaktadir.
Kahramanmaras ilinde bulunan elma alanlarinda verim ve kalite artisinin
saglanmasi, birim alandan alian verimin artmasy, tireticinin daha fazla kér etmesi,
bilingsiz bir sekilde yapilan kimyasal ilaglama sayisinin azaltilmasi, insektisit uygu-
lamalarinin dogru zamanda yapilarak, insan saglig1 ve gevreye verilen zarar1 azalt-
mak amaciyla Elma ickurdu, Cydia pomonella (L.) (Lepidoptera: Tortricidae)na
kars1 miicadelede ¢iftlesme engelleme uygulamasinin etkinligi belirlenmistir.

2. MATERYAL VE YONTEM

Calismalar; Kahramanmaras Onikisubat il¢esinde ¢iftlesmeyi engelleme (CE)
alani1 10 dekar olup Braeburn, Red Gala, Red Fuji, Mondial Gala, Red Chief, Galaxy
Gala, Golden Smith ve Golden B ¢esitlerinden kurulu elma bahgesi ve kontrol alan1
olarak da 52 km uzakliktaki Kahramanmarag'in Tekir mahallesindeki kontrol alan1
(KA) ise 15 dekar olup Granny Smith, Golden ve Starking cesitlerinden kurulu
elma bahgesi secilmistir (Sekil 1.a.b).

Sekil 1. Kahramanmaras Onikisubat ilgesinde kurulan ¢iftlesmeyi engelleme
alani (a) ve Kahramanmarag Onikisubat ilcesine bagl Tekir mahallesinde kurulan
kontrol alani (b)

Figure 1. Mating Disruption area established in Kahramanmaras/Onikisubat
district (a) and control area established in Tekir of Kahramanmaras/Onikisubat
district (b)
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Calismanin yapildigr 2018-2019 yillarinda 1 Ocak’tan itibaren giinlitk mak-
simum sicaklik toplami 100 giin dereceye ulastiginda (Nisan'in 1. ve 2. haftasi)
ciftlesmeyi engelleme alanina 3 adet delta tipi tuzak, kontrol alanina ise 2 adet delta
tipi tuzak toplamda ise 5 adet tuzak yerden 1-1.5 metre yiikseklikte sira aralarinin
ortasina gelecek sekilde elma agaci dallarina asilmistir (Sekil 2.a). Delta tipi tuzak-
larin kapstilleri 5-6 haftada bir, yapiskan tablalari ise ¢cok sayida ergin C. pomonella
yakalandiginda degistirilmistir. Tuzaklar yerlestirildikten sonra hafta da 2-3 giin
delta tuzaklar kontrol edilmis, ilk ergin yakalanisiyla birlikte haftada 1 giin peri-
yodik olarak hasat sonuna kadar kontroller devam etmis ve C. pomonella ergin sa-
yilar1 not edilerek yapiskan kagittan spatula yardimiyla temizlenmistir. Tuzaklarda
yakalanan ilk ergin C. pomonelladan sonra CE alanina Isomate-C Plus yayicilarini
dekara 100 adet olacak sekilde birer sira bog birakilarak ve kosedeki agaglarin dort
yoniine (kuzey-giiney-dogu-bati) 4 adet olacak gekilde toplamda 1.020 adet asil-
mugtir (Sekil 2.b). Isomate-C Plus yayicilar1 asilmadan 6nce 4 adet feromon ¢ubuk
hassas terazi yardimiyla tartilarak ortalama agirliklar: haftalik olarak not edilmis-
tir (Sekil 2.c). Isomate-C Plus yayicilarinin diretici firma Shin-Etsu tarafindan etki
stiresinin 120-140 giin olarak bildirildigi i¢cin sezon boyunca bir kez kullanilmistir.

Sekil 2. Delta tipi tuzaklar (a), Isomate-C Plus yayici feromon ¢ubuklarin asilmasi
(b) ve Isomate-C Plus feromon ¢ubuklarinin hassas terazide tartilmasi (c)

Figure 2. Delta type traps (a), hanging Isomate-C Plus emitting pheromone stick (b)
and weighing Isomate-C Plus pheromone stick on a precision balance (c)
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Ciftlesmeyi engelleme alaninda, 2018 yilinda C. pomonella igin bakteriyel
preparat olarak 2 kez Bacillus thuringiensis kurstaki ve Septoria hastalig1 i¢in 2
kez fungisit uygulanmigtir. Kontrol alaninda ise C. pomonella igin 6 kez insektisit,
Kirmizi 6riimcek igin 4 kez akarisit, Karaleke hastalig icin 6 kez fungisit uygu-
lanmustir. Ciftlesmeyi engelleme alaninda, 2019 yilinda ise C. pomonella igin
bakteriyel preparat olarak 3 kez Bacillus thuringiensis kurstaki ve Septoria hasta-
1181 i¢in 2 kez fungisit kullanilmistir. Kontrol alaninda ise C. pomonella igin 6 kez
insektisit, Kirmizi 6riimcek icin 4 kez akarisit, Karaleke hastalig1 i¢in 6 kez fungisit
uygulanmustir.

3. BULGULAR VE TARTISMA

Ciftlesmeyi engelleme (CE) alaninda, 4 Nisan 2018 tarihinde asilan delta tipi
tuzaklarda, 18 Nisan tarihinde 13 ergin C. pomonella yakalanmis ve bu tarihte
Isomate-C Plus feromon yayicilar: asilmistir. Isomate-C Plus yayicilar: asildiktan
sonra 30 Mayis tarihinde C. pomonella ergin sayis1 0’a diigmiistiir. Ciftlesmeyi en-
gelleme alaninda hasat olana kadar toplamda 37 ergin C. pomonella yakalanmis ve
yakalanan ergin C. pomonellanin 1. dol ergin ugusuna denk geldigi gézlemlenmis-
tir (Sekil 3). Ciftlesmeyi engelleme alanina asilan Isomate-C Plus feromon yayici-
larin etkisiyle hasat olana kadar tuzaklarda yakalanan ergin sayisinin ¢ok diigiik
ya da hi¢ yakalanmadig goriilmistiir. Ayni yil i¢cinde KAna 24 Nisan tarihinde
Delta tipi tuzaklar asilmis ve 3 Temmuz tarihinde tuzaklarda toplam 7 ergin C.
pomonella yakalanmistir. Kontrol alaninda hasat olana kadar toplamda 1.136 ergin
C. pomonella yakalanmis ve yakalanan ergin C. pomonellanin 1. dol ergin ugusu
31 Temmuz, 2. dol ergin ugusu 21 Agustos, 3. dol ergin ucusu ise 4 Eyliil tarihinde
oldugu gozlemlenmistir (Sekil 4). Kontrol alaninda hasat olana kadar C. pomonella
ergin uguslarinin devam ettigi 23 Eylil tarihinde ise C. pomonella ergin sayis1 0’a
dismistiir.
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Sekil 3. Ciftlesmeyi engelleme alaninda (Isomate-C Plus+Bacillus thuringiensis
kurstaki) 2018 yilindaki delta tipi tuzaklarda yakalanan ergin Cydia pomonella say1s1
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Figure 3. Number of adult Cydia pomonella caught in delta type traps in the mating
disruption area (Isomate-C Plus+ Bacillus thuringiensis kurstaki)
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Sekil 4. Kontrol alaninda 2018 yilindaki delta tipi tuzaklarda yakalanan ergin
Cydia pomonella sayist

Figure 4. Number of adult Cydia pomonella caught in delta type traps in the
control area in 2018

Ciftlesmeyi engelleme alaninda, 12 Nisan 2019 tarihinde asilan delta tipi tu-
zaklarda, 3 Mayzs tarihinde 11 ergin C. pomonella yakalanmis ve bu tarihte Isoma-
te-C Plus feromon yayicilar1 asilmistir. Isomate-C Plus yayicilar: asildiktan sonra
24 Mayzs tarihinde C. pomonella ergin sayisi 0’a dismiistiir. Ciftlesmeyi engelleme
alaninda hasat olana kadar toplamda 18 ergin C. pomonella yakalanmis ve yaka-
lanan ergin C. pomonella'nin 1. dol ergin ugusuna denk geldigi tespit edilmistir
(Sekil 5). Ciftlesmeyi engelleme alanina asilan Isomate-C Plus feromon yayicilarin
etkisiyle hasat olana kadar tuzaklarda yakalanan ergin sayisinin ¢ok diisiik ya da
hi¢ yakalanmadig1 ayni zamanda 2018 yilina gore daha az ergin sayisi oldugu go-
rilmistiir. Ayni yil icinde KA'na 6 Mayis tarihinde Delta tipi tuzaklar asilmis ve 17
Haziran tarihinde tuzaklarda toplam 12 ergin C. pomonella yakalanmigtir. Kontrol
alaninda hasat olana kadar toplamda 1.256 ergin C. pomonella yakalanmis ve ya-
kalanan ergin C. pomonella’'nin 1. d6l ergin ugusu 8 Temmuz, 2. dol ergin ugusu 29
Temmuz, 3. dol ergin ugusu ise 2 Eylill tarihinde oldugu tespit edilmistir (Sekil 6).
Kontrol alaninda hasat olana kadar C. pomonella ergin uguslarinin devam ettigi 7
Eylil tarihinde ise C. pomonella ergin sayisi 0’a diigmiistiir. C. pomonella'nin ergin
¢ikis zamaninin CE ve KAlarinda farkli olmasinin sebebinin elma yetistiriciligi
yapilan yerin iklimsel 6zelliklerinden kaynaklandig: belirlenmistir.
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Sekil 5. Ciftlesmeyi engelleme alaninda (Isomate-C Plus+Bacillus thuringien-
sis kurstaki) 2019 yilindaki delta tipi tuzaklarda yakalanan ergin Cydia pomonella
say1sl

Figure 5. Number of adult Cydia pomonella caught in delta type traps in mating
disruption area (Isomate-C Plus+Bacillus thuringiensis kurstaki)

%]
=]
=

—+—Tuzak-1 —#—Tuzak-2

= =
[=r =]
=T =]

140

-
e
=

M f @ Q2
==

Yakalanan ergin C. pomonella savisiHafta
=
=] o

13.05.19
20.05.19
27.05.19
03.06.19
10.06.19
17.06.19
24.06.19
01.07.19
08 07.19
15.07.19
22.07.19
_, 29.07.19
12,0819
19.08.19
26.08.19
02.05.19
09.09.19
16.09.19
23.09.19
30.09.19
07.10.19
14.10.19
21.10.19
HASAT

B 05.08.19

Sekil 6. Kontrol alaninda 2019 yilindaki delta tipi tuzaklarda yakalanan ergin
Cydia pomonella says1

Figure 6. Number of adult Cydia pomonella caught in delta type traps in the
control area in 2019
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Ayni sekilde Mamay ve Yanik (2013), yaptiklar1 calismada Sanliurfanin Ogiit-
¢t ve Kargili koylerindeki birer adet elma bahgesinde zararli C. pomonella’nin er-
ginlerinin ilk olarak nisan aymin son haftasi ile mayis aymnin ilk yarisinda eseysel
gekici tuzaklarda yakalandigini ve ergin popiilasyonu yil icerisinde mayis, haziran,
temmuz ve eyliil olmak iizere yilda 4 tepe noktasi olugturdugunu tespit etmislerdir.
Oztiirk ve Ac16z, (2014), yiiriittiikleri caligmada ise C. pomonella erginlerinin mart
sonu-eylil ay1 ilk yarisinda ugus yaparak 5-5.5 ay dogada aktif kaldig1 ve ergin
popiilasyonuna gore 2012-2013 yillarinda 3 dol verdigi bildirmislerdir. Bursada ise
Esme ¢esidi ayva bahgelerinde feromon yayicilarin C. pomonella ile miicadelesin-
deki etkisinin arastirilmasi sonucu feromon yayict uygulanan alanlarda ortalama
zarar gormiis meyve sayimlar1 % 2 oraninda olurken ilaglama yapilmis alanlarin
meyve sayimlarinda yaklasik % 20 zarar oldugunu tespit etmislerdir (Solak, 2019).
Bu ¢alismada, 2018 yilinda CE alaninda meyve tutumu basladiktan sonra 100 adet
elma kontrol edilmis ve C. pomonella’yla bulagik ilk elma 23 Mayzis tarihinde tespit
edilmistir. C. pomonellanin 1. ve 2. déliine kars1 2 kez bakteriyel preparat olan
Bacillus thuringiensis kurstaki 10 Mayis ve 12 Haziran tarihlerinde uygulanmuistir.
Hasat olana kadar CE alaninda yapilan kontrollerde 100 adet elmadaki bulagiklik
orani % 9.07 olarak belirlenmistir. Kontrol alaninda 2018 yilinda meyve tutumu
basladiktan sonra 100 adet elma kontrol edilmis ve C. pomonella’yla bulasiklik 24
Temmuz tarihinde tespit edilmigtir. C. pomonella 1. doliine kars1 KAna 14 Ha-
ziran tarihinde Deltamethrin 15 ml 100 Lt' EC uygulanmigtir. Kontrol alanina
C. pomonella 2. doline kars1 1 Temmuz tarihinde 2. kez Deltamethrin 15 ml 100
Lt-1 EC+50 ml 100 Lt-1 Pyrimethanil SC uygulanmustir. Ayni sekilde C. pomonel-
la’ya kargt Lambda-cyhalothrin 20 ml 100 Lt-1 CS ila¢ uygulamasini sirasiyla 18
Temmuz, 4 Agustos, 18 Agustos ve 3 Eylil tarihlerinde uygulanmistir. Kontrol
alaninda toplamda 6 insektisit uygulamasi yapilmis ve hasat olana kadar yapilan
kontrollerde 100 adet elmadaki bulagiklik orani % 43.69 olarak belirlenmistir. Isik
(2020), Konya (Kayadibi, Yesildere ve Tkipinar kéylerinde)da yaptig1 galigmasin-
da ceviz bahgelerinde C. pomonella'nin meyvelerdeki ortalama bulagiklik oranini
2018-2019 yillarina gore sirastyla Kayadibinde % 15.3 ve % 6.3, Yesilderede % 11.3
ve % 9.6, Ikipinarda % 4.3 ve % 5.3 oraninda oldugunu bildirmistir.

Ciftlesmeyi engelleme alaninda, 2019 yilinda meyve tutumu basladiktan sonra
haftalik kontrol edilen 100 adet elmada C. pomonella’yla bulasiklik 5 Mayis tari-
hinde tespit edilmistir. C. pomonellanin 1., 2. ve 3. déliine kars: 3 kez bakteriyel
preparat olan Bacillus thuringiensis kurstaki 10 Mayzs, 12 Haziran ve 1 Agustos ta-
rihlerinde uygulanmistir. Hasat olana kadar CE alaninda yapilan kontrollerde 100
adet elmadaki bulagiklik oran1 %8.38 olarak belirlenmistir. Kontrol alaninda, 2019
yilinda meyve tutumu basladiktan sonra haftalik kontrol edilen 100 adet elmada
C. pomonella’yla bulagiklik 15 Temmuz tarihinde tespit edilmistir. C. pomonella 1.
doliine karst KAna 11 Haziran tarihinde Deltamethrin 15 ml 100 Lt-1 EC uygu-
lanmustir. Kontrol alanina C. pomonella'nin 2. déline karst 14 Temmuz tarihinde
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2. kez Deltamethrin 15 ml 100 Lt-1 EC+50 ml 100 Lt-1 Pyrimethanil SC uygulan-
mustir. Ayni sekilde C. pomonella’ya kars1 Lambda-cyhalothrin 20 ml 100 Lt-1 CS
ila¢ uygulamasini sirasiyla 18 Temmuz, 4 Agustos, 18 Agustos ve 3 Eyliil tarihle-
rinde uygulanmistir. Kontrol alanina toplamda 6 insektisit uygulamas: yapilmis-
tir. Hasat olana kadar yapilan kontrollerde 100 adet elmadaki bulasiklik oran: %
38.93 olarak belirlenmistir. Avci ve ark., (1999), yriittiikleri caligmada 1996-1997
yillarinda elma bahgesindeki C. pomonella zararina kars1 3 farkli bahgede farkls
miicadele yontemlerini uygulamislardir. 1996 yilinda vuruk meyve orani 1. alanda
% 17.2, 2. alanda % 3.7 ve 3. alanda % 40.3; 1997 yilinda ise vuruk meyve orani %
28.7, 3.8 ve 62.1 oldugunu belirlemisler ve feromonun etki oraninin %52.8 oranin-
da oldugunu saptamislardir. Oztiirk ve Hazir (2020), 2012-2013 yillarinda Kahra-
manmaras ilindeki ceviz bahgesinde C. pomonella’ya kars: ¢iftlesmeyi engelleme
etkinligini uygulanmasi1 sonucunda 2012 yilinda ¢iftlesmeyi engelleme ve ilagsiz
kontrol (IK) alaninda vuruklu meyve orani % 5.1-21.3, 2013 yilinda ise % 4.8-20.1
oraninda oldugunu bildirmislerdir. Knight ve Light (2005), yaptiklar1 ¢aligmada
hektar bagima 500-1000 adet Etil (E,Z)-2,4-dekadienoat (armut esteri) veya (E,E)-
8,10-dodekadien-1-ol (kodlemon) iceren ISOMATE®-C PLUS dagiticiyr C. pormo-
nella’ya kars: ¢iftlesmeyi engelleme teknigini kullanarak ekonomik zarar esiginin
gecen bahgelerde 2 kez ilaglama yapildigini fakat ilaglama sonunda ekonomik
zarar esiginin altinda olmadigini belirtmislerdir. Ayni sekilde Rigamonti ve ark.,
(2006), 2002-2005 yillarinda elma bahgelerinde C. pomonella ve C. molesta’ya karst
giftlesme engelleme teknigini uygulayarak elma bahgelerinde C. pomonellanin ve
C. molesta’nin istilasini ekonomik zarar esiginin altinda oldugunu saptamislardur.
Ayrica yapilan diger bir ¢alismada, Angeli ve ark., (2007), 2002-2004 yillarinda
yaptiklar: saha denemelerinde C. pomonella’ya Ecodian CP dagiticilar (10 mg
kodlemon, 1400-2000 dagitic1 ha-1) kullanarak ¢iftlesmeyi engelleme yonteminde
Ecodian CP dagiticilarinin Elma ickurdunun kontrolii i¢in 6nemli derecede et-
kin oldugunu saptamiglardir. Diger yandan Tiirkiyede ise Kovanci (2015), yaptig
caligmada 2009 ve 2010 yillarinda iki elma bah¢esinde mikrokapsiillit armut este-
ri (DA-MEC) ve mikrokapsiillii kodlemonun (Ph-MEC) birlikte uygulanmasiyla
Elma ickurduna kars: ¢iftlesmeyi engelleme etkinligini arastirmis ve DA-MEC
feromonunun C. pomonella’ya kars: ¢iftlesmeyi engelleme yonteminin etkili ola-
bilecegi ve entegre zararli ydnetimi programlari i¢in ek kontrol yontemi olacagini
bildirmistir.

Ciftlesmeyi engelleme alaninda, 2018 yilinda asilan delta tipi tuzaklarda C.
pomonella'nin ilk déliiniin ergin ¢ikisinin yakalanmasiyla CE alanina Isomate-C
Plus ((E,E)-8, 10 Dodecadienol 190 mg yayici-1) feromon ¢ubuklar: 18 Nisan ta-
rihinde asimistir. Isomate-C Plus yayicilar asilmadan énce laboratuvarda hassas
terazi yardimiyla 4 feromon ¢ubugunun ortalama agirliginin 1.701 gr olarak not
edilmistir. Hasat sonuna kadar haftalik olarak feromon ¢ubuklarin ortalama agir-
liklar: takip edilerek 8 Agustos tarihinde ortalama agirliginin 1.49 gr oldugu tespit
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edilmigstir (Sekil 7). Isomate-C Plus yayicilarin ilk asildiklar: ortalama agirliklariyla
hasat sonundaki ortalama agirliklar: arasinda feromonun % 12.34 oraninda salin-
ma oldugu tespit edilmigtir. Isomate-C Plus yayicilar1 takildiktan sonra gegen siire
119 giin olmugtur.
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Sekil 7. 2018 yilinda Isomate-C Plus yayicilarinin ortalama agirliklar: (4 yayici/
Haftalik)

Figure 7. The average weight of Isomate-C Plus dispensers in 2018 (4 dispensers
per week-1)

Ciftlesmeyi engelleme alaninda, 2019 yilinda asilan Delta tipi tuzaklarda C.
pomonellanin ilk doliiniin ergin ¢ikisinin yakalanmasiyla CE alanina Isomate-C
Plus ((E,E)-8, 10 Dodecadienol 190 mg yayici-1) feromon ¢ubuklar: 3 Mayis ta-
rihinde asilmigtir. Isomate-C Plus yayicilar: asilmadan 6nce laboratuvarda hassas
terazi yardimiyla 4 feromon ¢ubugunun ortalama agirliginin 1.707 gr olarak not
edilmistir. Hasat sonuna kadar haftalik olarak feromon ¢ubuklarin ortalama agir-
liklar: takip edilerek 9 Agustos tarihinde ortalama agirliginin 1.52 gr oldugu tespit
edilmistir (Sekil 8). Isomate-C Plus yayicilarin ilk asildiklar: ortalama agirliklariyla
hasat sonundaki ortalama agirliklar1 arasinda feromonun % 10.95 oraninda salin-
ma oldugu tespit edilmistir. Isomate-C Plus yayicilar1 takildiktan sonra gegen siire
105 giin olmustur.
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Figure 8. The average weight of Isomate-C Plus dispensers in 2019 (4 dispensers
per week-1)

Isomate-C Plus feromon ¢ubuklarinin salinimini etkileyen en 6nemli faktorle-
rin sicaklik, nispi nem ve riizgar hizi oldugu bilinmektedir. Milli ve ark. (1997), elma
bahgesinde riizgar yoniiniin feromon yogunlugu ve meyve bahgesinin kenarindaki
dagilimi tizerindeki etkilerini aragtirmalar1 sonucunda feromonun, ilimh riizgéarlar
mevcut oldugunda 6 m’ye kadar yiikseldigini, meyve bahgesine giren temiz riiz-
gar, feromonun titkendigi 15 m genislige kadar bir gecis bolgesi olusturdugunu ve
meyve bahgesinin riizgar alt1 kenarinda, uygulama yapilmis bolgeden riizgar alt1
60 m’ye kadar mesafede feromon sinyalleri oldugunu saptamiglardir.

C. pomonella’ya karsi ciftlesmeyi engelleme tekniginin uygulandigi Kahraman-
maras ilinde 2018 ve 2019 yillarinda erginlerin yogun olarak yakalandigi temmuz
ve agustos aylarinda nispi nemin ortalama % 10-50 arasinda oldugu sicakliklarin-
da artmasiyla birlikte C. pomonellanin 1., 2. ve 3. d6l gelisimi icin uygun oldugu
goriilmistiir. Kahramanmaras Onikisubat ve Tekir mahallesinin ortalama sicak-
lik, nispi nem ve riizgar hizi verileri Kahramanmaras Meteroloji Miidiirliigirnden
alinmigtir.

C. pomonella’ya kars: ciftlesmeyi engelleme yonteminin basarisinin yiiksek ol-
dugu tespit edilmistir. Bakteriyel bir preparat olan Bacillus thuringiensis kurstaki
gibi insektisitin uygulanmasinin dogal dengeyi korudugu gibi ciftlesmeyi engelle-
me yonteminde de bagariyr arttirdigi belirlenmistir. Ureticilerin elma yetistirici-
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liginde alternatif bir yontem olarak ¢iftlesmeyi engelleme metodunu uygulamas:-
nin, kimyasal miicadeleye gore daha giivenilir oldugu belirlenmistir.

Cikar Catismasi

Yazarlar herhangi bir ¢ikar ¢atigmasi olmadigini beyan eder.
Etik
Bu ¢alisma etik kurul onay: gerektirmez.

Yazar Katki Oranlari

Caligmanin Tasarlanmasi: GC (%50), MMA (%50)
Veri Toplanmast: GC (%50), MMA (%50)

Veri Analizi: GC (%50), MMA (%50)

Makalenin Yazimi: GC (%50), MMA (%50)

Makalenin Génderimi ve Revizyonu: GC (%50), MMA (%50)
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Bu ¢alisma, Kahramanmaras Siitcii Imam Universitesi Bilimsel Arastirma Pro-
jeleri Koordinasyon Birimi tarafindan “2018/7-7 YLS” kodlu proje ile desteklen-
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YABANI CUHACICEGININ DOKU KULTURU iLE KITLESEL URETIMI
0z

Cuhagicegi (Primula acaulis) Primulaceae familyas: icerisinde yer alan erken
ilkbaharda ¢igeklenen mevsimlik ¢igek ya da saksili siis bitkisi olarak iiretilmekte-
dir. Cuhagigegi, yavru bireylerin ana bitkiden ayrilmasi seklinde ¢ogaltilabilmekle
beraber ¢ogaltim kat sayisin diigiik olmas: ve tohumlarinda goriilen diizensiz ve
ge¢ ¢cimlenme Kitlesel {iretimini engellemektedir. Bu nedenle, yapilan bu ¢alisma
ile dogal olarak yayilis gosteren yabani ¢uha ¢igeklerinin in vitro’. da kiiltiire ali-
narak Kitlesel iiretimi ama¢lanmistir. Dogadan toplanan bitkiler sera kosullarinda
kiiltiire alinmig ve eksplant kaynag: olarak kullanilmistir. Yiizey sterilizasyonu ger-
ceklestirilen rizom eksplantlar1 Benziladenin (BA) (0.5, 1.0 ve 3.0 mg L) ve Indol
biitirik asit (IAA) (0.5 mg L") biiylime diizenleyicileri iceren MS ortaminda kiil-
tiire alinmigtir. Caligma sonucunda en yiiksek gogaltim kat sayis1 1.0 mg L™ BA ve
0.5 mg L' TAA igeren MS ortaminda 7.85 olmustur. Elde edilen siirgiinlerin 1 mg
L' IBA igeren MS ortamda kiiltiire alinmasiyla %75 oraninda koklenme basarisi
saglanmistir. Torf:perlit ortaminda kiiltiire alinan bitkilerde %62.5 hayatta kalma
orant elde edilmistir.

Anahtar Kelimeler: Cogaltma, Cuha, Gen Kaynagy, In Vitro.
o o %
MASS PROPAGATION OF WILD PRIMROSE BY TISSUE CULTURE
ABSTRACT

Primrose (Primula acaulis), in the Primulaceae family, blooms in early spring
and is produced as a seasonal flower or potted ornamental. Even though primroses
can be propagated by separating the offspring from the mother plant, the reprodu-
ction coefficient is low and the irregular and late germination seen in their seeds
that prevent mass production. Therefore, with this study, it was aimed to mass
production of wild primroses by culturing in vitro. Plants collected from nature
were cultured in greenhouse conditions and used as explant source. Surface ste-
rilized rhizome explants were cultured in MS medium containing growth regula-
tors Benzyl adenine (BA) (0.5, 1.0 and 3.0 mg L) and Indole butyric acid (IAA)
(0.5 mg L"). As a result of the study, the highest multiplication coefficient was 7.85
in MS medium containing 1.0 mg L'' BA and 0.5 mg L' IAA. Rooting success of
75% was achieved by culturing the shoots in MS medium containing 1 mg L' IBA.
A survival rate of 62.5% was obtained in plants cultured in peat:perlite medium.

Keywords: Propagation, Primrose, Germplasm, In Vitro.
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1. GIRIS

Cuhagicegi (Primula acaulis) Primulaceae familyasinin, Primula cinsi igerisin-
de yer almaktadir ve familya icerisindeki en biiyiik cinsi olusturmaktadir (Karl-
sson, 2001). Cuhagicegi ilk kez 1753’te Carl Linne tarafindan kesfedilmis ve ba-
harda en erken c¢icek agan tiirlerden biri oldugundan Latince ‘ilK’ kelimesinden
tiretilmis ve cinse Primula ismi verilmistir (Enache ve Bdbeanu, 2008). Cuhagcicegi
son yillarda, erken ilkbaharda ¢iceklenen ve farkl: ¢igek rengi ile 6n plana ¢ikan po-
piiler bir siis bitkisidir. Avrupa, Giiney Amerika, Asya ve Kuzey Afrikanin iliman
iklim kusaginda dogal olarak yayilis gostermektedir (Jia ve ark., 2014). Cuhagicegi
ekonomik anlamda genellikle baharda kullanilmak tizere mevsimlik ¢igek ya da
saksilt siis bitkisi olarak iiretilmektedir (Hayta ve ark., 2016). Ulkemizde de dogal
olarak yayilig gosteren ¢uha, ikisi endemik olmak iizere toplamda 16 takson ile
temsil edilmektedir. Cuha tiirleri yoresel olarak; dagtutyasi, evvelbahar ¢igegi, felg
otu, zaringa, yayla tutyasi, ¢ayir tutyasi, zarif ¢uha, mart ¢icegi ve ayrancicegi gibi
isimlerle bilinmektedir (Giiner ve Aslan, 2012). Genellikle yiiksek rakimli yerlerde
yetisen guha tiirleri, yore halki tarafindan gorsel giizelliginin yaninda; cilt yaralari-
nin tedavisinde (Uce ve Tungtiirk, 2014) kullanilmaktadir.

Primula cinsi igerisinde yer alan Primula acaulis (Syn. Primula vulgaris) tiirii
Karadeniz Bolgesi florasinin dogal bir iiyesidir. Ticari olarak {iretimi yapilan ¢uha
cigekleri arasinda en yaygin olarak satis1 yapilan P. acaulis tiriiniin F1 hibrit ¢esit-
leri olup, iilkemizde dogal olarak yayilis gostermesine karsin yerli ¢esit bulunma-
maktadir. Ticareti yapilan F1 hibrit ¢esitler tohumla ¢ogaltilmakta olup, ayirma
yontemi ile de tiretim yapilabilmektedir. Ancak F1 hibrit tohumlar1 da dahil olmak
lizere bir¢ok ¢uhagicegi tohumlarinda goriilen diizensiz ve ge¢ ¢imlenme kitlesel
tiretimi engellemektedir (Morozowska ve Wesolowska, 2004; Sharaf ve ark., 2011).

Cuhagicekleri heteromorfik ¢igek yapisina sahiptir ve sporofitik uyusmazlik
s6z konusudur (Li ve ark., 2011; 2015; Keller ve ark., 2016). Cuha cicegi dollenme
biyolojisi bakimindan yabanci déllenen bir tiirdiir. Cigeklerde heterositili goriiliir
ve bu nedenle aynu tiire ait bazi genotiplerde disicik tepesi erkek organlardan daha
yukarida iken bazilarinda ise erkek organ daha yukarida konumlanmistir. Hete-
rostili ve dollenme biyolojisindeki diger diizensizlikler ayni ¢igek yapisinda ken-
dine dollenmeyi engellemektedir. Ayni gigek yapisina sahip olan ¢icekler kendi
aralarinda dollenemez ve tohum olusturmazlar (Cahalan ve Gliddon, 1985; Live
ark., 2011). Bu gibi durumlarda bitkinin ¢ogaltilmasinda doku kiltiirii caligmalari
onemli bir yere sahiptir.

Cuhagicegi belirtildigi tizere bitkinin dip kisimlarindan meydana gelen yavru
bireylerin ana bitkiden ayrilmasi seklinde ¢cogaltilabilse de cogaltim kat sayis1 doku
kiltiri ile cogaltma ile kiyaslanamayacak kadar distiktiir. Ayrica, bir kere in vitro
ortama alinan eksplantlardan doku kiiltiirii ile ¢ogaltma teknigiyle yil boyu iiretim
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imkani saglanmaktadir. Bu nedenle, yapilan bu ¢alisma ile Karadeniz Bolgesi Sam-
sun ilinde dogal olarak yayilis gosteren yabani ¢uha ciceklerinin in vitroda kiiltiire
alinarak kitlesel tiretimi ger¢eklestirilmistir.

2. MATERYAL VE YONTEM
2.1. Bitkisel Materyal

Calismada Karadenizde dogal olarak yayilis gosteren yabani ¢uhacicegi On-
dokuz Mayis Universitesi kampiis alanindan toplanmigtir. 50 adet bitki kampiisiin
farkli alanlarindan ve mevcut popiilasyona zarar verilmeden toplanarak uygulama
seralarina getirilmis ve bir drnek popiilasyon olusturulmustur. Bitkiler torf:per-
lit (1:1) igeren yetistirme ortamlarinda 1sitmasiz serada plastik saksilarda kiiltiire
alimustir. Bitkiler saksiya dikilmeden 6nce yavru bitkiler ayirma yontemiyle bir-
birinden ayrilmis ve saksilara dikilmistir (Sekil 1). Saksilar serada tezgahlarin {ize-
rine yerlestirilmis ve giines 1s181ndan zarar gormemeleri i¢in yaz aylarinda bitkilere
golgeleme yapilmistir. Musluk suyu ile haftada bir 300 ml saksi’ olacak sekilde
sulanmis ve iki ayda bir N:P:K (20:20:20) giibrelemesi %0.2’lik soliisyonu hazirla-
narak kiiltiirel bakim islemleri yapilmistir.

Sekil 1. a: Dogadan sokiimii yapilan ¢uha bitkileri, b: ana bitkiden ayrilan bit-
kicikler

Figure 1. a: Primrose gathered from nature, b: plantlets separated from the mo-
ther plant

2.2.Yiizey Sterilizasyonu ve Eksplantlarin Hazirlanmasi

Saksilardan sokiilen bitkilerin yiizey kirlerinden arindirilmasi amaciyla akan
musluk suyu altinda kék bolgesi topraktan armndirilmis ve yash yapraklar uzak-
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lagtirilmistir. Bu islemden sonra tiim sterilizasyon denemelerinde eksplantlar ilk
olarak 60 dakika siireyle akan musluk suyu altinda bekletilmistir. Yiizey kirlerin-
den arindirilan rnekler sirastyla 10 dakika %10’luk hidrojen peroksit (H,0,) ve
20 dakika %0.1’lik HgCl, ile muamele edilmistir. Daha sonra steril kabin igerisine
alinan 6rnekler %70’lik etil alkolde 1-2 dk., %20 ticari NaOCl (Domestos) ¢ozelti-
sinde 20 dk bekletilmistir. Her uygulama sonrasinda eksplantlar steril saf su ile 3-5
kez yikanmigtir (Sekil 2). Yiizey sterilizasyonu tamamlanan rizomlar 5 cm uzun-
lugunda kesilmis, kahverengilesmis 6lit dokular uzaklastirildiktan sonra eksplant
olarak kullanilmigtir.

Sekil 2. a: saksilara dikilen yabani ¢uha ¢icekleri, b: akan musluk suyu altinda
orneklerin yikanmasi, c: yasgh yapraklarin uzaklastirilmasi, d: yiizey sterilizasyon
isleminin yapilmasi, e: eksplantlarin steril saf su ile durulanmasi

Figure 2. a: wild primroses planted in pot, b: washing samples under tap water,
c: removing leaves, d: surface sterilization of the samples, d: rinsing samples with
distilled water

2.3. Eksplantlarin in Vitro Ortamda KUltiire Alinmasi

Sterilizasyon islemi yapilan rizom eksplantlarindan siirgiin uyartimi amaciyla
eksplantlar BA (0.5, 1.0 ve 3.0 mg L) ve IAA (0.5 mg L) bilytime diizenleyicileri
igeren MS (Murashige ve Skoog) temel besi ortamlarinda kiiltiire alinmugtir. Besi
ortamlar1 hazirlanirken karbon kaynagi olarak 20 gL' sakkaroz ilave edilmis ve
katilagtiric olarak 7 g L' agar kullanilmistir. Besi ortamlarinin pH’s1 otoklavlan-
madan 6nce 5.7-5.8¢ ayarlanmustir. Hazirlanan besi ortamlarindan 50 ml alinarak
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660 cc cam kavanozlara dokiillmis ve kullanilacak olan diger ekipmanlarla birlikte
121 °Cide, 1.5 p.s.i. basingta 15 dakika siireyle otoklavda steril edilmistir. Eksplant-
lar 16:8 saat aydinlik-karanlik fotoperiyotta 23-25 °Cide, beyaz floresan (75 pmol
m~s™") 151k altinda kiltiire alinmis ve 4-6 hafta aralikla alt kiltiir islemi gercekles-
tirilmistir. Caliyma kapsaminda eksplantlarda kararma orani (%), kallus gelisme
orani (%), siirme orani (%), kardeslenme orani (%) belirlenmistir.

2.4. Siirgiinlerin Koklendirilmesi ve Bitkiciklerin D1s Kosullara Alistirilmasi

Kiiltiir ortamina alian eksplantlardan olusan siirgiinler IBA hormonunun
1 mg L' konsantrasyonunu igceren MS besi ortami igeren kavanozlarda kiiltiire
aliarak koklenme orani belirlenmistir. Kéklenen saglikli bitkiler besi ortamindan
ayrilarak musluk suyu altinda yikanmis ve kok bolgesi besi ortamindan arindiril-
mistir. Daha sonra, steril torf:perlit iceren ortamlarda kiiltiire alinmuis, bu siiregte
ilk 2 hafta kontrollii sartlarda biiylitme odasinda dis ortama alistirilmig, 2 hafta
sonrasinda bitkiler seraya transfer edilmistir. Yaklagik 1 ay sonra bitkilerin hayatta
kalma oranlari (%) tespit edilmistir.

2.5. Deneme Deseni ve Istatistiksel Analizler

Mikrogogaltim denemelerinde kontrol dahil 4 farkl bitki bityiime diizenleyi-
cisi igeren besi ortami kullanilmistir. Deneme her bir kombinasyon i¢in 5 tekerriir
(5 kavanoz) her tekerriirde 2 eksplant olacak sekilde tesadif parselleri deneme de-
senine gore yiriitiilmiistiir. Elde edilen ytlizde degerlere istatistiksel analiz 6nce-
sinde a¢1 transformasyonu uygulanmistir. Tiim veriler JMP (versiyon 8.00) paket
programi ile varyans analizine tabi tutulmus ve ortalamalarin dnem seviyeleri LSD
(p<0.01) testi ile karsilagtirilmigtir.

3. BULGULAR VE TARTISMA

Caligmada yabani ¢uha ¢icekleri dogal yasam alanlarindan toplanarak in vit-
ro ortamda kiltiire alinmis ve kitlesel tiretim olanaklarr belirlenmistir. Yiizey
sterilizasyonu gerceklestirilen rizom eksplantlar1 BA ve IAA iceren MS besi orta-
minda kiiltiire alinmis ve mikrogogaltim denemeleri sonrasinda saglikli siirgiinler
IBA igeren besi ortaminda koklendirilmistir. Koklenen siirgiinler son asamada dis
kogullara aktarilarak serada kiiltiire alinmugtir (Sekil 3).
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Sekil 3. Cuhagigeginin in vitro ¢ogaltim asamalar1 a: eksplantlardan siirgiin
gelisimi b: kiiltii ortaminda kardeslenme c: dis kosullara transfer edilen biticikler

Figure 3. In vitro propagation stages of primrose a: shoot growing from explant b:
multiplication in media c: acclimatized plantlets

In vitro ¢ogaltim denemeleri sonucunda besi ortamlarina alinan eksplantlarda
kararma, siirme ve kallus olusturma bakimindan hormon konsantrasyonlarinin
istatistiksel olarak 6nemli bir etkisi bulunmamistir. Diger taraftan sonuglar irde-
lendiginde eksplantlarin yaklasik %40’1nda kararma meydana geldigi tespit edil-
mistir. Eksplantlara 6-8 haftada bir alt kiltiir islemi uygulanmustir. Her ne kadar
ylizey sterilizasyonu yapilan materyalin gogaltilmas: ile denemeler kurulmus olsa
da kiilttriin ilerleyen asamasinda bakteriyel kontaminasyonlar meydana gelmistir.

Eksplantlardan en yiiksek kallus olusum orani %80 ile 3.0 mg L' BA+ 0.5 mg
L' TAA igeren besi ortamindan elde edilirken, en disiik kallus olusumu hormon
icermeyen kontrol ortamindan elde edilmistir. In vitroda kiiltiire alinan eksplant-
lardan besi ortamlarina gore istatistiksel olarak énemli bir fark bulunmasa da %70-
80 oraninda yeni siirgiin olusumu meydana gelmistir (Cizelge 1).

Cizelge 1. In vitro kiiltiire alinan eksplantlarda kararma ve rejenerasyon

Table 1. Blackening and regeneration of explants cultured in in vitro

gfj_&rj:arrﬁlg(gs) Kararma (O.D.) Kallus (O.D.) Siirgiin (0.D.)
Kontrol 40.0 (36.0) 30.0 (27.0) 70.0 (63.0)
Ortam 1 (0.5+0.5) 40.0 (36.0) 60.0 (54.0) 80.0 (72.0)
Ortam 2 (1.4+0.5) 40.0 (36.0) 70.0 (63.0) 70.0 (63.0)
Ortam 3 (3+0.5) 30.0 (27.0) 80.0 (72.0) 80.0 (72.0)

O.D.: Istatistiksel olarak ortalamalar arasi farklar énemli degil, agi transformasyon
degerleri parantez igerisinde gosterilmistir.
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Besi ortamlarina alman eksplantlarin kardeslenme orani istatistiksel olarak
onemli bulunmugtur. En yitksek kardeslenme oran1 1.0 mg L' BA + 0.5 mg L' I[AA
iceren ortamda 7.85 olmustur. Bu orani 5.6 kardeglenme kat sayis1 ile 0.5 mg L'BA
+0.5 mg L' TAA iceren MS ortamu takip etmigtir. Ugiincii en yiiksek kardeslenme
orani 4.75 ile kallus olusum oraninin en yiiksek oldugu 3 mg L' BA ve 0.5 mg L™
IAA igeren ortamdan elde edilmistir. En diisiik kardeslenme orani 3.3 ile hormon
icermeyen besi ortaminda meydana gelmistir (Sekil 3).

Elde edilen bitkiciklerden bir kismi 20 g L sakkaroz ve IBA hormonunun 1 mg
L konsantrasyonunu igeren kat: MS besi ortami igeren kavanozlarda kiiltiire alin-
mustir. Yaklagik 6 hafta sonra kiiltiire alinan bitkiciklerde koklenmelerin basladig1
gozlenmistir. Koklendirme ortamina alinan bitkilerde %75 oraninda koklenme
basarisi saglanmistir. Farkli ortamlardan gelisen ve koklenen 40 adet saglikl bitki
besi ortamlarindan arindirilarak torf: perlit ortaminda saksilarda kiiltiire alinmas-
tir. D1s ortamda kiiltiire alinan bitkilerde 3-4 hafta sonra yapilan gozlemlerde 25
adet bitkinin saglikli bir sekilde biiylimeye devam ettigi belirlenmistir. Aklimati-
zasyon sonucunda bitkilerin hayatta kalma orani % 62.5 olmustur.

7.85a
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LSD = 1.565

J <0.01
7 56b P
®] 475 be
5 4
4 4
3 4
2 4
1
0 r T . T

Ortam 2 Ortam 1 Ortam 3 Kontrol

Sekil 3. BA ve IAA iceren MS ortaminda kiiltiire alinan eksplantlarda kardes-
lenme oram

Figure 3. Multiplication rates of explants cultured on MS media supplemented
with BA and IAA
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Giintimiizde bitki 1slahi ve yetistiriciligi siirecinde basarili sonuglar elde etmek
i¢in farkli biyoteknolojik yontemler uygulanmaktadir. Bitki biyoteknolojinin en
kapsamli uygulamalarindan biri bitki doku kiiltiridiir. Bitki doku kiltiirti teknik-
leri kullanilarak, bitki genetik kaynaklarinin korunmasi miimkiindiir (Dénmez,
2022; Tatinci ve ark., 2020) Calismamizda iilkemizde dogal olarak yetisen yabani
cuha cicegi dogadan toplanarak in vitro ortamda bagarili bir sekilde kiiltiire alin-
muigtir.

Dogadan toplanan materyallerde gozlenen kontaminasyon riskine karsin yii-
zey sterilizasyon éncesinde eksplant kaynaklar1 %0.1’lik HgCl, ile muamele edil-
mistir. Yiizey sterilizasyonu yapilan eksplantlarda ilk etapta herhangi bir bulagiklik
gozlenmemistir. Ancak alt kiiltiir asamalarinda baz: bitkiciklerin soldugu, renk-
lerinin matlastig1 ve besi ortaminda bakteriyel kontaminasyon olustugu tespit
edilmistir. Kiltiir ortaminda goézlenen bu durum yabani eksplantlarin endojen
kontaminantlar: barindirdigini diisiindiirmektedir. Nitekim, Schween ve Schwen-
kel (2002) bir¢ok c¢uha tiiriinde endojen kontaminantlarin varligini bildirmistir.
Sterilizasyonda civa kloriir kullanimu yiizeysel kontaminantlarin sterilizasyonunda
etkili olsa da eksplantlarin kararmasina neden oldugu diistiniilmektedir.

Mikrogogaltim ¢alismalarinda besi ortamina eklenen bitki biiylime diizenle-
yicilerin tipi ve konsantrasyonu bitkiden bitkiye farklilik gostermektedir (Kagar
ve ark., 2020). Jia ve ark. (2014) Primula forbesii tiirinde yaptiklar: anter kiltira
galismalarinda 1.0 mg L' BA ve 0.5 mg L' 2,4-D eklenen MS besi ortaminda kallus
olusumunun en az iki kat arttigini bildirmislerdir. Schween-ve Schwenkel (2002),
P vulgaris ve P. elatior tiirlerinde ¢igek sap1 eksplantlarindan en yiiksek kallus olu-
sumunun 4 mg L 2,4-D ve 2 mg L' TDZ igeren MS besi ortaminda %80 oraninda
oldugunu tespit etmislerdir. Calismamizda farkl: sitokinin grubundan BAn farkl
konsantrasyonlar1 (0.5, 1.0 ve 3.0 mg L") ile oksin grubundan IAA (0.5 mg L")
kullanilmistir. Oksin ile sitokinin kullanimi eksplantlardan kallus olusum orani-
n1 arttirmistir. Onceki ¢aligmalara benzer olarak besi ortamina eklenen oksin ve
sitokinin biiylime diizenleyicilerinin kallus uyartiminda etkili oldugu belirlenmis-
tir. Ancak Onceki ¢aligmalar da géz 6ntinde bulunduruldugunda kallus uyartim
etkinliginin veya kullanilan oksin ve sitokinin dengesinin tiirden tiire degisiklik
gosterdigi soylenebilir.

Eksplantlardan siirgiin uyartiminda her ne kadar ortamlar arasinda istatistiksel
olarak bir fark bulunmasa da kardeslenme oranina bakildiginda ortamlar arasinda
istatistiksel olarak onemli bir fark oldugu tespit edilmistir. Elde edilen sonuglara
gore, en yiiksek kardeslenme sayis1 1.0 mg L' BA ve 0.5 mg L' TAA igeren MS besi
ortaminda 7.85 olmustur. Schween ve Schwenkel (2003) P. vulgaris Dark blue V
22 genotipinde kalluslardan eksplant basina 11.6 oraninda siirgiin gelisimi oldu-
gunu ancak caligmada yer alan 3 genotipte ise herhangi bir siirgiin olugsmadigini
bildirmistir. Morozowska ve Wesolowska (2004), P. veris tiirtinde yapmis olduklar1
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caligmalarinda BA (4.44 pM) ve 2,4-D (1.13 pM) iceren MS ortaminda siirgiin
¢ogaltim orani 5.9 olmustur. Grigoriadou ve ark. (2020) ise P. veris tiiriinde 6.6
uM BA igeren MS besi ortaminda ¢ogaltim kat sayisini 2.2 oldugunu bildirmistir.
Onceki galigmalarla kiyaslandiginda 7.85 ¢ogaltim kat sayis1 kabul edilebilir bir
oran oldugu gorillmektedir. Primula tiirlerinde yapilan mikrogogaltim ¢alisma-
larinda bizim ¢alismamizda da oldugu gibi BAnin rejenerasyonda énemli bir rol
oynadig1, ancak kullanilan BA igeriginin tiirden tiire ve hatta genotipten genotipe
degistigi gozlenmektedir. Ayrica, BA ile birlikte kullanilan oksin grubu biiyiime
diizenleyicilerinin stirglin olusumunu arttirdig1 ditsiiniilmektedir.

Calismamizda IBA hormonunun 1 mg L konsantrasyonunu igeren MS besi
ortam MS besi ortami %75 oraninda koklenme basarist saglanmis ve dig ortama
sasirtilan bitkilerde hayatta kalma orani %62.5 olmustur. Mizuhiro ve ark. (2001)
P obconica ve P. malacoides tiiriinde doku kiltiirinde elde ettikleri kalluslarin alt
kiiltiir sirasinda hormonsuz % MS besi ortaminda kendiliginden koklendigini bil-
dirmis ve elde edilen P. obconica tiirtinde tiim bitkiler dis ortama aktarildiginda
hayatta kalirken, P. malacoides tiirtinde 26 bitkiden 18’inin dis ortama basaril bir
sekilde transfer etmislerdir. Jia ve ark. (2014) P. forbesii tiriinde mikrogogaltim-
la elde ettikleri siirgiinlerin hormonsuz besi ortaminda %98 oraninda kéklendigi,
ortama eklenen IBA dozu arttik¢a koklenmenin azaldig1 ve kok yapilarinin daha
kisa oldugunu, dis ortama aktarilan bitkilerden %62’sinin hayatta kaldigini bildir-
mislerdir. Elde ettigimiz sonuglar diger ¢uha tiirlerinde yapilan ¢aligmalarin so-
nuglariyla benzerlik gostermekte olup, farkliliklarin kiiltiire alinan tiirlerin farkls
olmasindan, kullanilan yontem ve biiyiime diizenleyicilerin miktarlarindan kay-
naklandig1 ditsiintilmektedir.

4. SONUC

Cuhagicegi (P. acaulis) ilkemizde basta Karadeniz bolgesi olmak iizere birgok
bolgesinde dogal olarak yayilis gostermektedir. Cuhagigegi tiirleri siis bitkisi ola-
rak kullanilmakla birlikte, icerdigi kimyasallar bakimindan da olduk¢a 6nemlidir.
Cuhagicegi tohum ve ayirma yontemleriyle cogaltilabilmektedir. Ancak tohumla-
rin ¢imlenmesi diizensiz ve ¢imlenme orani diisiik iken, ayirma ile ¢ogaltmada
¢ogaltim kat sayis1 doku kiiltiiriine gore oldukg¢a distiktiir. Caligmamizda dogal
olarak yetisen P. acaulis 6rnekleri dogadan toplanarak doku kiiltiiriinde ¢ogaltim
olanaklar1 incelenmistir. Calismada rizom Ornekleri eksplant olarak kullanilmig
1.0 mg L' BA ve 0.5 mg L' TAA igeren MS besi ortaminda 7.85 ¢ogaltim kat sayis1
elde edilmistir. Elde edilen siirgtinler 1 mg L' IBA iceren MS ortaminda koklen-
dirilmis ve koklendirilen bitkiciklerin hayatta kalma oran1 %62.5 olmustur. Kiiltiir
sirasinda bitkinin tagidigi endojen kontaminasyon problemleri goriilmekle birlikte
H,0, ve HgCl, beraber kullanimi nispeten basarili olmustur. Ancak yogun sterili-
zasyon nedeniyle eksplantlarin karardig: diisiiniilmektedir. Bu nedenle, daha dii-
stik konsantrasyonlarda ancak daha uzun siire sterilizasyon isleminin kontaminas-
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yon ve kararma oranini diisiirecegi ongoriilmektedir. Diger taraftan koklendirme
agamasinda daha distik konsantrasyonlarda oksin kullanimi veya hormonsuz besi
ortaminda koklendirmenin gerceklestirilmesi daha ekonomik iiretim igin tercih
edilebilir.

Cikar Catismasi

Yazarlar herhangi bir ¢ikar ¢atigmasi olmadigini beyan eder.
Etik

Bu ¢aligma etik kurul onayi gerektirmez.

Yazar Katki Oranlar1

Calismanin Tasarlanmasi: MA (%65), MT (%35)
Veri Toplanmast: MA (%70), MT (%30)

Veri Analizi: MA (%50), MT (%60)

Makalenin Yazimi: MA (%55), MT (%45)

Makalenin Gonderimi ve Revizyonu: MA (%25), MT (%75)
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THE EFFECTS OF DIFFERENT STRENGTH OF MS MEDIA ON IN VITRO
PROPAGATION AND ROOTING OF SPATHIPHYLLUM

ABSTRACT

The Spathiphyllum is an indoor ornamental plant belonging to the Araceae
family. Spathiphyllum genus, which has 36 species in nature, is a robust growth and
easy to care for an indoor plant. Vegetative propagation of spathiphyllum is known
to be complicated. For this reason, current production does not meet the demand
sufficiently. Today, plant tissue culture methods and classical production methods
are used to meet the increasing demand for spathiphyllum. In the present study,
we aimed to detect the effects of different strengths (full, %2, and %) of MS media
on micropropagation and rooting of spathiphyllum. Shoot tips of spathiphyllum
‘chico’ variety were cultured in different strengths of MS media containing 1 mg L™
BAP for micropropagation. Plantlets obtained from micropropagation were trans-
ferred to different strengths of MS media containing 1 mg L IBA for rooting.
Plantlets in magenta boxes were removed and replaced in a controlled greenhouse.
The best strength of medium was detected as the full MS in all parameters in vitro
propagation. The rooting rate was determined 100% for each medium. However,
there are significant differences among the media in view of the number of roots
and length of roots.

Keywords: Micropropagation, Plant tissue culture, BAP, IBA, Chico.
o o %

FARKLI GUCTEKI MS BESIN ORTAMLARININ SPATHIPHYLLUM'UN IN VITRO
COGALTIMI VE KOKLENMESI UZERINE ETKILERI

0z:

Spathiphyllum Araceae familyasina ait bir i¢ mekan siis bitkisidir. Dogada 36
tiirti bulunan Spathiphyllum cinsinin dogada 30 tiirii bulunmaktadir. Spathiphy-
llum ¢ok giiclii biiyliyen ve bakimi kolay i¢ mekén bitkisidir. Spathiphyllum'un
vejetatif ¢ogaltiminin zor oldugu bilinmektedir. Bu nedenle mevcut iiretim talebi
yeterince karsilayamamaktadir. Artis gosteren spathiphyllum ihtiyacini karsilamak
i¢in klasik tiretim yontemleri ile bitki doku kiiltiirii yontemleri de kullanilmaktadur.
Bu caligmada, spathiphyllum'un mikrogogaltimi ve koklenmesi tizerine MS besin
ortamlarinin farkli kuvvetlerinin (tam, % ve %) etkilerinin belirlenmesi amagclan-
mustir. Stirgiin uglar, mikrogogaltim i¢in 1 mg L' BAP eklenmis farkli kuvvetteki
MS ortamlarinda kiiltiire alinmistir. Mikrogogaltimdan gelen bitkicikler, koklen-
me i¢in 1 mg L™ IBA ilave edilmis farkli giigteki MS ortamlarina aktarilmistir. Kok-
la bitkiler kontrollii sera kosullarina alistirilmigtir. Mikrogogaltimda tiim paramet-
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relerde ortamin en iyi giicii tam MS olarak tespit edilmistir. Koklenme orani her
ortam i¢in %100 olarak belirlenmistir. Ancak kok sayisi, kok uzunlugu agisindan
ortamlar arasinda 6nemli farkliliklar tespit edilmistir.

Anahtar Kelimeler: Mikro¢ogaltim, Bitki doku kiiltiirii, BAP, IBA, Chico.
%%
1. INTRODUCTION

Tiirkiye has significant advantages in cultivating ornamental plants due to its
favorable climatic and geographical conditions, proximity to market countries
and cheap labor. Ornamental plants have been used aesthetically and functionally
for centuries. Today, ornamental plants play an active role in eliminating the lon-
ging for nature, which is one of the adverse effects of urbanization and making
urban environments more livable. Ornamental plants constitute a general concept
and consist of four different groups according to their use. These groups are cut
flowers, outdoor ornamental plants, seasonal flowers, indoor ornamental plants
and bulbous and tuberous plants. The wide usage area of ornamental plants and
their preference in different environments and areas positively affect the product
range. Especially considering the effects of plants on nature-human relationships,
it is possible to perceive the functionality of plants in health dimensions. Since in-
door ornamental plants are also included in the living environments of individuals,
personal preferences can affect the way they are used. Indoor ornamental plants
are known for decorative leaves, flowers, or stems suitable for growing in pots,
containers, or crates. In other words, they are plants that can be grown indoors
(home, office, etc.) or semi-closed (balcony). Indoor ornamental plants increase
air quality and strengthen the bond between humans and nature. 47% of the world
population (about 2.9 billion people) lived in urban areas between the years 2000,
and it is estimated that this rate will increase to 60% in 2030. Considering that 80%
of the people living in big cities live indoors, this is a fact that affects human health.
Indoor plants have positive effects on patient health in symptoms such as psychop-
hysiological stress due to laboratory experiments and quasi-experimental field stu-
dies. (Bringslimark et al., 2009; Richardson et al., 2013; Yazici, 2020). The origin of
Spathiphyllum, an indoor plant belonging to the Araceae family, is Colombia and
Venezuela. Spathiphyllum genus, which has 36 species in nature, is a robust growth
and easy for care houseplant plant. The spathiphyllum leaves consist of green, long
oval, pointed flowers towards the tip, white, spathe and spadix. The spadix that
surrounds the flower head is also called “Baris Zambag1” because it is white or “Be-
yaz Yelken” because of its similarity to sail in the local Turkish market. Vegetative
propagation of spathiphyllum is complex because the annual producing coefficient
and the survival rate are low (Fan et al., 2019). This situation limits commercial
production and leads to the inability to meet the demand for spathiphyllum. To-
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day, biotechnological methods and classical production methods are used to meet
the increasing demand for spathiphyllum. In plant breeding and cultivation, many
different biotechnological methods could be applied to plants. One of the broadest
branches of plant biotechnology is plant tissue culture (Dénmez, 2022). Today,
micropropagation, organogenesis, somatic embryogenesis, somatic hybridization,
haploid plant production, virus elimination, production of secondary metaboli-
tes are routinely used as different plant tissue culture techniques (Donmez et al.,
2016). Due to the increase in the popularity of the spathiphyllum plant in recent
years, manufacturers are using plant tissue culture techniques to meet the demand
needed in the market. Micropropagation is one of the plant tissue culture appli-
cations that allows clonal and rapid propagation of plants in aseptic conditions
(Sevindik et al., 2017). Micropropagation, which is included in plant tissue culture
techniques, is being used more and more for rapid clonal propagation of various
economic plants and the protection of germplasm. In addition, micropropagation
is a powerful tool for the reproduction of valuable materials obtained after hybridi-
zation studies (Simsek et al., 2018; Kurtulus et al., 2021). Media composition is one
of the most critical factors influencing plant growth (Rezali et al., 2017; Tiitiincii
etal., 2019).

Success in micropropagation and in vitro rooting studies are affected by the
plant tissue culture media content depending on plant species. Therefore, different
culture media can be used in in vitro (Simsek et al., 2017). MS (Murashige and Sko-
og, 1962) nutrient medium is one of the most widely used nutrient media in plant
tissue culture studies. Reducing the cost of nutrient media used in plant tissue cul-
ture studies is commercially very important. Until now, different researchers have
carried out micropropagation studies in different varieties of spathiphyllum (Das
etal., 2000; Ramirez-Malagon et al., 2001; Dewir et al., 2005; Teixeira da Silva et al.,
2006; Bandyopadhyay et al., 2011; Ibrahim et al., 2016; Kagar et al., 2020), but there
is not any study on the different strengths of the MS medium for spathiphyllum
in micropropagation studies. In the present study, we aimed to detect the effects
of different strengths (full, %, and %) of MS media on in vitro propagation and
rooting of spathiphyllum

2. MATERIALS AND METHODS
2.1. Plant Material and Surface Sterilization

Spathiphyllum ‘Chico’ genotype was used as plant material. Firstly, shoot tips of
spathiphyllum ‘Chico’ were washed for 10 minutes under tap water. Then the shoot
tips were kept in 15% sodium hypochlorite + 1-2 drops of Tween 20 solution for
20 minutes. Then, shoot tips were washed three times with sterile distilled water to
remove sterilant agents.
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2.2. Preparation of MS Media

Different strengths (full, ¥ and %) of MS media were used for the in vitro pro-
pagation and rooting of spathiphyllum ‘Chico’. The culture medium comprises of
4.4 g L' MS media for full strength medium, 2.2 g L™ for % strength MS medium,
1.1 g L for % strength MS medium (Duchefa Biochemie, Netherland), 30 g L of
sucrose and 7 g L agar (Duchefa Biochemie, Netherland). The medium pH was
adjusted to 5.7-5.8. Then the medium was autoclaved for 15 min at 121 °C and
1.05 kg cm-2.

2.3. In vitro propagation and rooting

Shoot tips were cultured in different strengths (full, % and %) of MS medium
added 1 mg L' BAP for micropropagation. The plantlets were subcultured 3 times
in total, once every four weeks in different strengths (full, %2 and %) of MS media.
At the end of each subculture, the number of leaves, plant length (cm), micropro-
pagation rate, fresh weight (g) were recorded. In vitro rooting experiments were
established with the plants obtained as a result of micropropagation. Plantlets from
micropropagation were transferred to different strengths (full, %> and %) of MS
media supplemented with 1 mg L' IBA for rooting. All plants were cultured in a
growth chamber at 2542 °C under cool white fluorescent light at 16 h photoperiod
conditions. After six weeks, numbers of roots, rooting rate (%), length of roots
(cm) and length of plants (cm), fresh weight (g) were recorded.

2.4. Acclimatization

Roots of plants were kindly washed with running tap water, and 50% (w/v)
of a 2.5 g L fungicide was performed with immersing for 15-20 s. Then, plants
were transferred to plastic pots containing autoclaved peat and perlite (1:1, v/v).
Afterward, spathiphyllum ‘Chico’ plants were moved to a controlled greenhouse
under natural light at 22-24 °C and 95-98% relative humidity.

2.5. Data analysis

The study was carried out according to a completely randomized design. Stu-
dies were performed with 3 repetitions, 10 plants in each replication. Micropro-
pagation rate, rooting rate (%), numbers of roots, length of roots (cm), length of
plants (cm), fresh weight (g) were calculated, and variance analysis was carried out.
Means defined as statistically significant were separated by LSD (least significant
difference test) to measure differences among different strength (full, % and %) of
MS in spathiphyllum ‘Chico’ JMP* software was used for statistical analysis.
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3. RESULTS AND DISCUSSION
3.1. In vitro propagation
Data of the number of leaves, plant length (cm), micropropagation rate, fresh
weight (g) coming from different strengths (full, %2 and %) of MS media were pre-

sented in Table 1.

Table 1. Data of in vitro propagation treatments in different strengths (full, %
and %) of MS media for spathiphyllum

Strength of Micropropagation Rate Plant Number  Fresh Weight (g)
Medium Length (cm) of Leaves
Full MS 8.78a 3.64a 23.95a 2.31a
12 MS 4.40b 2.22b 10.33b 1.35b
Y4 MS 3.68b 1.44c 7.41c 0.91c

LSDMicropropagation rate=0.93, LSDPlant length=0.26, LSDNumber of leaves=2.47,
LSDFresh weight=0.35

The best strength of medium was detected as the full MS in all parameters
recorded in in vitro propagation. The micropropagation rate of spathiphyllum in
the full MS was determined as 8.78. However, it was determined as 4.40 and 3,68
in %2 MS and % MS media, respectively. Maximum plant height was determined
in plants growing in full MS medium with an average of 3,64 cm. Similarly, the
greatest number of leaves was determined in plants cultured in full MS medium
with an average of 23.95. However, this number decreased to 7.41 in % MS media.
Plants growing in the different strengths (full, %2 and %) of MS media containing 1
mg L' BAP were presented in Figure 1.
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Figure 1. Plants growing in the different strengths (full, %2 and %) of MS media
containing 1 mg L' BAP

Full MS

3.2. In Vitro Rooting

Data of numbers of roots, length of roots (cm) and length plants (cm) were
presented in Table 2.

Table 2. Data of in vitro rooting treatments in different strengths (full, %2 and
14) of MS media for spathiphyllum

Strength of Medium Numbers of Roots  Length of Roots  Length of Plant Number of Leaves
Full MS 14.00c 4.15b 2.29b 7.50a
¥ MS 19.03b 4.72ab 2.57a 7.15a
Y% MS 21.42a 5.77a 2.42ab 6.60b
LSD =1.94, LSD =1.44, LSD =0.18, LSD =0.46

Numbers of roots Length of roots Length of plant Number of leaves

All plants cultured in different strengths (full, %2 and %) of MS media conta-
ining 1 mg L' IBA were rooted. The rooting rate was determined 100% for each
medium. However, there are significant differences among the media in view of the
number of roots and length of roots. The best medium was detected as %4 MS for
the number of roots (21.42) and length of roots (5.77 cm). As the strength of the
MS media decreases, the quality of root development increases. Plants growing in
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the different strengths (full, %2 and %) of MS media containing 1 mg L* IBA were
presented in Figure 2.

Figure 2. Plants growing in the different strengths (full, %2 and %) of MS media
containing 1 mg L' IBA

3.3. In Vitro Rooting

Rooted plants from different strengths (full, ¥2 and %) of MS media were mo-
ved to plastic pots. The plants were successfully survived in the greenhouse condi-
tions. There were no statistical differences among the treatments and the survival
rate were %100 in all treatment. Plant growing in the greenhouse are presented in
Figure 3.

Figure 3. Plant growing in the greenhouse.

The content of the medium, type and concentration of plant growth regula-
tor are very important in plant tissue culture experiments. Ramires-Malagon et al
(2001) reported that a maximum of 11.6 shoots per explant were obtained from in
vitro micropropagation of cultivar Petite (Spathiphyllum floribundum cv. Petite).
Dewir et al. (2006) used different concentrations of IBA and NAA together with
BA in their micropropagation studies conducted on S. cannifolium to determine
the most effective protocol. They obtained the highest number of shoots in the me-
dium containing 13.32 mM BA and 4.9 mM IBA. Kagar et al. (2005) used MS me-

https://doi.org/10.7161/0muanajas.1082219 d



The Effects of Different Strength of MS Media on in Vitro ...

dium containing BA and PBA plant growth regulators at different concentrations
for the micropropagation of ‘Sweet Pablo’ spathiphyllum variety and stated that
PBA gave more effective results than BA in obtaining healthy and strong shoots.
Geneyikli (2009) used different concentrations of Kin, BA and NAA to determine
the most successful plant growth regulator on micropropagation of three diffe-
rent spathiphyllum cultivars (Sweet Dario, Sweet Chico, Sweet Cupido) and found
that the most effective micropropagation medium for all three cultivars was MS
medium containing 1 mg L' BA. Ibrahim et al. (2016), reported that MS medium
supplemented with 0.5 mg L' BA gave the maximum shoots numbers/explant in
S. connifolium.

The MS medium generally gives successful results in spathiphyllum micropro-
pagation studies. However, there is not any study on the different strengths of the
MS medium for spathiphyllum. In some plant tissue culture studies, it was de-
termined that higher success was achieved at low strengths of MS. Lee and Paek
(2012), compared the different strengths of MS (2, 1, 3/4, 1/2 and 1) to produce
biomass and bioactive compounds of Eleutherococcus koreanum Nakai, growing
in forests of Jeju Island. They reported that 1/2 MS is the best suitable strength for
bioactive compound and biomass productions. Hilae and Te-chato (2005) reported
that they obtained better results by reducing the strength of MS for root formation
in oil palm somatic embryo germination. In plant tissue culture, both private or-
ganizations and research institutions give importance to the cost issue. With this
study, it has been shown that savings can be achieved by using low concentrations
of MS. It has been proven that similarly successful results are obtained with lower
costs.

4. CONCLUSION

The demand for spathiphyllum, which has an important place in the orna-
mental plant market, is increasing day by day. For this reason, it is important to
benefit from classical methods and tissue culture techniques in spathiphyllum pro-
pagation. It is important to reduce the cost of plant tissue culture studies. In this
study, the effects of using lower concentrations of MS on spathiphyllum micropro-
pagation and rooting were investigated. We attempted to obtain a cost-effective
in vitro micropropagation and rooting protocol for spathiphyllum. For this purpo-
se, different strengths (1, 1/2 and 1/4) of MS were used in the study. The best results
in micropropagation were obtained from 1 MS strength. In the rooting stage, no
difference was found among the strengths of MS. In addition, acclimated plants
showed good growth even though they came from low MS strengths. These results
showed that 1/2 and 1/4 MS strengths could be used instead of full MS in in vitro
rooting studies of spathiphyllum.
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THE INFLUENCE OF DIFFERENT NITROGEN DOSES ON YIELD AND YIELD
COMPONENTS OF BUCKWHERT (FAGOPYRUM eSCULENTUM MOENCH)

ABSTRACT

In this study, the effects of five different doses of nitrogen (0, 50, 100, 150 and
200 kg N ha-1) on yield and yield components of buckwheat (giines variety) were
investigated. The field experiments were carried out under Eskisehir of Turkey
ecological conditions using randomized complete block design with three repli-
cations in 2018 and 2019. Depending on the nitrogen doses applied in the study,
plant height, number of branches per plant, 1000 seed weight, hectoliter weight,
crude protein content and seed yield values of buckwheat were determined. Con-
sidering the average values of the two years for the characters examined in the
research, they varied between 70.34-93.76 cm, 1.41-2.61 number, 22.56-30.54 gr,
54.51-69.04 kg, 8.33-11.22% and 0.95-1.83 t ha-1, respectively. When the results
obtained from the study were evaluated, it was determined that the most suitable
nitrogen dose for buckwheat cultivation was 150 kg N ha-1.

Keywords: Buckwheat, Nitrogen, Seed Yield, Crude Protein Content, Hectoliter
Weight.

e

FARKLI AZOT DOZLARININ KARABUGDAY (FAGOPYRUM eSCULENTUM
MOENCHYIN VERIM VE VERIM OGELERINE ETKISi

0z:

Bu ¢alismada, bes farkli azot (0, 50, 100, 150 ve 200 kg N ha-1) dozlarinin kara-
bugday (giines ¢esidi)’1n verim ve verim 6gelerine etkisi incelenmistir. Tarla dene-
meleri, Eskisehir ekolojik kosullar1 altinda 2018 ve 2019 yillarinda tesadiif bloklar1
deneme desenine gore 3 tekrarlamali olarak ytritilmistiir. Caligmada uygulanan
azot dozlarina bagl olarak karabugdayin bitki boyu, dal say1s1, 1000 tohum agirhig,
hektolitre agirligi, ham protein igerigi ve tohum verimi belirlenmistir. Arastirmada
iki yilin ortalama degerleri dikkate alindiginda bitki boyu 70.34-93.76 cm, bitki ba-
sina dal sayis1 1.41-2.61 adet, bin tohum agirlig1 22.56-30.54 gr, hektolitre agirlig:
54.51-69.04 kg, ham protein orani % 8.33-11.22 ve tohum verimi 0.95-1.83 t ha-1
arasinda degisiklik gostermistir. Caliymadan elde edilen sonuglar degerlendirildi-
ginde, karabugday yetistiriciligi i¢in en uygun azot dozunun 150 kg N ha-1 oldugu
tespit edilmistir.

Anahtar Kelimeler: Karabugday, Azot, Tohum Verimi, Ham Protein Orani,
Hektolitre Agirlig:.

https://doi.org/10.7161/0muanajas.1084723 d



The Influence of Different Nitrogen Doses on Yield and Yield ...

INTRODUCTION

Buckwheat belonging to the Fagopryrum genus of the Polygonaceae family is an
annual and dicotyledonous plant. Although the plant originated in Central Asia,
it was later taken to Central and Eastern European countries by nomads (Schoen-
lechner et al., 2008; Wajid et al., 2015; Mota et al., 2016). There are two important
species of the genus Fagopyrum, which are widely cultivated in different parts of
the world. These are common buckwheat (Fagopyrum esculentum) and tatary bu-
ckwheat (Fagopyrum tataricum). The products of this two species are used as raw
materials in the production of buckwheat tea, groats, flour and noodles (Zhang
et al., 2012). It was reported that common buckwheat has nutritional properties
such as proteins, minerals, natural antioxidants, vitamins (especially B group) and
dietary fibre (Alamprese et al., 2007).

The seeds of the plant can be used for human and animal nutrition as well as for
medicinal purposes (Janos and Gocs, 2009). For example, it is also used in the tre-
atment of various diseases due to phenolic antioxidants, aromatic compounds and
bioactive metabolites (fagopyrin, etc.) in the seed and vegetative part of the plant
(Kreft et al., 1999). The flour obtained from seeds of plant have a effect on control
of diabetes and in the treatment of cardiovascular and high blood pressure diseases
(Bluett, 2001; Srinivasan et al., 2005). In addition, buckwheat is used to control
weeds and as green manure (Janos and Gocs, 2009). Buckwheat, which has the
potential to adapt to regions with different climates, is commonly cultivated in the
northern hemisphere (Zhang et al., 2012; Mota et al., 2016). The fact that the high
yield increases in the grain yield of cereals could not be achieved in buckwheat in
the 20th century caused a worldwide decrease in the consumption and cultivation
of buckwheat (Schoenlechner et al., 2008; Nurzynska-Wierdak, 2013).

It is known that the two most important producing countries of buckwheat in
the world are Russia and China, respectively (Zhang et al., 2012). In the last few
decades, interest in buckwheat (Fagopyrum esculentum) has increased due to the
increasing demand for gluten-free diets, and the area where the plant is grown has
exceeded 2.5 million hectares and an annual production of approximately 2 mil-
lion tons were realized (Mota et al., 2016).

Plants need sufficient nutritional element for optimal growth. It is known that
a suitable mineral nutrition is an important factor in revealing the yield and quality
potential of the plant by positively affecting both the appropriate nutritional sta-
tus of the plant and the physiological balance between the nutrients in the plant.
(Skubij et al., 2020).

It was reported that nitrogen fertilizations are important factors affecting grain
yield and protein content of buckwheat (Fagopyrum esculentum Moench) (Ba-
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burkova et al., 1999). However, when nitrogen fertilizers are applied more or less
than the optimum dose, the yield and quality of the product decreases. Moreover,
when excessive nitrogen application is continuous, it also causes environmental
problems (Moniruzzaman et al., 2014).

Some studies were conducted investigating the effect of nitrogen fertilizer on
yield and yield components of buckwheat in different regions of the world (Omid-
baigi et al., 2004; Inamullah et al., 2012; Okudan and Kara, 2015).

However, it is necessary to determine the most appropriate nitrogen dose by
field experiments before a new plant is cultivated in a region.

In this study, it was aimed to determine the effect of various nitrogen levels on
the yield and yield component of buckwheat under Eskisehir ecological conditions.

2. MATERIAL AND METHODS

The seeds of the Giines variety of Buckwheat ((Fagophyrum esculentum Mo-
ench) obtained from the TR Ministry of Agriculture and Forestry Bahri Dagdas
International Agricultural Research Institute were used as plant material in field
trials. Field trials were established in the Experimental field of Eskisehir Forest
Nursery Directorate in 2018 and 2019 (39°46'N, 30°32 E, altitude 732 m). Soil
samples taken from the experimental plots (at a depth of 60 cm) in both years were
subjected to physicochemical analysis and the obtained values were presented in
Table 1. As seen in Table 1, the soil samples analyzed in 2018 and 2019 had organic
matter rates of 2.8% and 3.1%, P,O, (56.7 and 53.8 kgha™), K,O (2294 and 2379 kg
ha™), a slight alkaline pH (7.3 and 7.4), 0.03 and 0.04 dS m™" EC and CaCO, ratios
of 6.9% and 5.3%, respectively.

Table 1. Some physical and chemical properties of soils in experimental fields*

. Available Available Organic
Lime EC .
Texture (%) (dsm") Phosphorus Potassium pH Matter
’ (kgP,0.ha')  (kgK,Oha') (%)
Loamy (2018) 6.9 0.03 56.7 2294 7.3 2.8
Loamy (2019) 53 0.04 53,8 2379 7.4 3.1

* Soil analysis was carried out in the laboratory of Forest Soil and Ecology Research
Institute-Eskisehir

The climate data of the experiment location were presented in Table 2. During
the cultivation period of 2018 and 2019, when field trials were conducted, the to-
tal rainfalls and mean temperatures were recorded as 191.4 mm, 143.8 mm and
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17.8°C, 17.6°C, respectively. It was determined that the precipitation and tempera-
ture values of the years in which the experiments were carried out were higher than
the precipitation and temperature values of the long years of the region (Table 2).

Field trials were carried out using 5 different N doses (0, 50, 100, 150 and 200
kg ha') in a randomized block design with 3 replications. On April 15, 2018 and
April 18, 2019, seeds were sown with 80 kg ha! sowing norm and 3-4 cm sowing
depth on the trial plots where the necessary soil tillage was done (Acar et al., 2011;
Katar and Katar, 2017; Kaya, 2018). There were 6 rows of plants in the plots, the
row length was 5 m and the inter-row spacing was 25 cm (Giines et al,, 2012). All
of the phosphorus fertilizer (40 kg P,O, ha) was applied during planting sowing.
Half dose of nitrogen was applied during sowing and the other half dose of nitro-
gen was applied after two weeks from plants emergence.

Table 2.The precipitation and temperature values of the experiment area for
2018-2019 and many years*

Monthly recipitation (mm) Mean Temperature (°C)
Months

2018 2019 LYA** 2018 2019 LYA**
April 16,80 38.6 43.1 13,60 10.2 9.6
May 72,00 30.3 40.0 16,40 17.4 14.9
June 60,60 57.5 23.7 19,30 21.1 19.1
July 42,00 17.4 13.1 21,90 21.8 22.1
Total 191,4 143.8 119.9 - - -
Mean - - - 17.8 17.6 16.4

*Data were taken from Eskisehir Regional Meteorological Service,** LYA: Long Year
Average

After the plants have completed their emergence, weed control was done
manually and with a hoeing tool. The plots were irrigated twice in both 2018 and
20109, the first in the first half of June and the second at the end of June. No pesti-
cides have been applied to combat diseases and pests. The plants were harvested
on 19.07.2018 and 22.07.2019, when about 75-80% of the grains turned brown.
During the harvest, the first and last rows of each parcel and 0.5 m from both ends
of the rows were discarded as border effect.

Single plant values were determined by measuring and weighing 10 selected
different plants from each plot. Harvested plants were dried in the shade for 7-10
days, then threshing and cleaning was done. Seed yields per hectare were calculat-
ed over plot yields. The samples taken from the grains obtained from the harvest-
ed plots were weighed in a 1/4 liter hectoliter instrument, and then the hectoliter
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weight was calculated by multiplying the obtained value by 4. In order to deter-
mine the crude protein ratios (%), the total nitrogen (N) contents of the whole
grain samples were determined by using a nitrogen (N) analyzer (LECO FP628)
working with the Dumas combustion method (AACC Metot 46-30), and then the
nitrogen contents were calculated by multiplying by 6.25 (Ikeda et al., 2001; Elgun
etal., 2002).

SPSS program was used in the statistical analysis of all data and the significant
means were compared by the Tukey test at the 5% level.

3. RESULT AND DISCUSSION

Data regarding plant height of buckwheat as affected by various N doses are
presented in Table 3. Years and different N doses had a significant impact on plant
height. However, year x nitrogen doses interaction had not a significant effect on
plant height. Plant height values of buckwheat were higher in 2019. This difference
could be due to the monthly change of climatic factors such as temperature. Ekberli
et al. (2005) reported that functional relationships among N fertilizer doses, grain
and straw yield depending on climatic conditions, and different amount of grain
yield with fertilizer applications were determined. The researchers used the rela-
tionships between grain yield and fertilizer doses, hydrothermic constant (HTC)
and precipitation. In addition, they reported that when amount of nitrogen ferti-
lizer was 22.68 kg da™! and HTC=0.504, maximum yield was estimated as 1043.63
kg da’, when total precipitation amount was 126.1 mm and amount of nitrogen
fertilizer was 22.69 kg da™ in the same vegetation period (June-September), maxi-
mum yield was estimated as 945.21 kg da’. Plant height increased significantly in
application of nitrogen compared to the control plants. The highest plant height
(93.76 cm) was obtained in the nitrogen application of 200 kg ha' (Table 3). Simi-
lar to these findings, it were reported that plant height increases with increasing
nitrogen levels in buckwheat (Saini and Negi, 1998; Inamullah et al., 2012; Okudan
and Kara, 2015).

Data regarding number of branches per plant of buckwheat affected by nit-
rogen levels are presented in Table 3. The table shows that nitrogen affected num-
ber of branches per plant significantly (p<0.01). The number of branches per plant
of buckwheat depending on different nitrogen levels varied between 1.41 and 2.61.
Maximum number of branches per plant was produced in plots which received
200 kg N ha'! while the lowest number of branches per plant was produced in
plots where N was not applied (Table 3). In studies on buckwheat, Katar and Katar
(2017) and Kaya (2018) found the number of branches per plant to be 1.71-3.13
and 0.33-2.86 number, respectively. In parallel with this study, Inamullah et al.
(2012) reported that number of branches per plant increased significantly increa-
sing N applicaiton in Fagopyrum esculentum.
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The years and nitrogen doses had a significant effect on 1000 seed weight (g).
While mean 1000 seed weight was 27.46 g in 2018, it was 28.82 g in 2019. Accor-
ding to the mean of two-year, the seed yield ranged from 22.56 to 30.54 g and the
highest value was determined in 200 kg N ha'. However, in terms of 1000 seed
weight, there was no statistically significant difference between 150 kg N ha' and
200 kg N ha' doses (Table 3). These findings are in agreement with Inamullah et
al. (2012) and Kara et al. (2016), who found that 1000 seed weight of buckwheat
increases with nitrogen application.

The results in Table 3 indicated that there were significant differences among
N doses for hectoliter weight of buckwheat. The increase in the doses of applied
N also increased hectoliter weight of the buckwheat. As the mean of two-year, the
maximum hectoliter weight (69.04 kg) were recorded by 200 kg N ha™' doses, me-
anwhile in the control plants recorded the lowest value (54.51 kg) (Table 3). These
results indicate that the best hectoliter weight of buckwheat was obtained with 200
kg ha! annual nitrogen. In addition, the effect of years was significant on hectoliter
weight of buckwheat. This can be explained by the fact that climate factors such
as temperature and solar radiation change from year to year. Kara and Gurbuzer
(2018) found the hectoliter weight of buckwheat to be between 51.88-56.47 kg hL™.
It was reported that the hectoliter weight in wheat varies depending on factors such
as genotype, cultivation practices, environmental conditions, diseases and pests
(Atli, 1999).

The effects of the years and nitrogen doses on crude protein content were found
to be significant. The crude protein content was higher in 2019 compared to 2018
(Table 3). This is probably due to the average temperature values of annual, higher
in 2019 than in 2018 (Table 2). The crude protein content of buckwheat ranged
from 8.33% to 11.22% and the highest value was recorded in 200 kg N ha' doses.
However, the crude protein content of buckwheat increased significantly up to 50
kg N ha! (Table 3). It has been reported that the protein content of buckwheat va-
ries between 8.51% and 18.87% depending on the species (Yildiz and Yalcin, 2013).
In addition, the crude protein content of buckwheat is affected by genetic material
used, climate and soil characteristics of the cultivation location (Vojtiskova et al.,
2012). Furthermore, it were reported that especially the high amount of mineral
nitrogen in the soil increases the protein content in buckwheat cultivation (Barta
et al., 2004; Omidbaigi et al., 2004).The results of the study are in agreement with
the observations by Kara et al. (2016), who reported that crude protein content
increases using nitrogen fertilizer in buckwheat.

The most important characteristic of buckwheat is undoubtedly the seed yield
per hectare. The results in Table 3 show that nitrogen application had significant
effect on the seed yield. The lowest seed yield (0.95 t ha') was harvested from
control treatment (NO). The highest seed yield (1.83 t ha') was collected from the
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plants treated with 200 kg N ha'. However, there was no significant difference
between 150 and 200 kg N ha''. In the studies conducted on buckwheat by Kara et
al. (2016), Fang et al. (2018) and Kaya (2018), seed yield per hectare, were found
to be 0.34-1.45t, 1.13-1.40 t and 0.44-1.65 t, respectively. The differences of seed
yield obtained in the studies may be due to the difference of the plant material
used (different genotypes) and the changing ecological conditions of study areas
such as temperature, light intensity etc. This results were in agreement with the
findings of Omidbaigi et al. (2004) and Inamullah et al. (2012), who recorded that
seed yield of buckwheat increases with increasing nitrogen.

Table 3. The effect of different nitrogen doses on yield and yield components of

buckwheat

Nltr(iggeﬁa]?)o ses Plant Height (cm) Number of Branches Per Plant
2018 2019 Mean 2018 2019 Mean
0 69.78 70.89 70.34 e 1.39 1.44 1.41d
50 79.93 81.95 80.95d 1.79 1.87 1.83 ¢
100 84.51 87.79 86.15 ¢ 1.88 1.98 193 c
150 89.44 91.65 90.54 b 2.15 2.28 2.22b
200 91.32 96.21 93.76 a 2.54 2.67 2.61la
Mean 83.00B 85.70 A 195B 2.05A
Years (Y) E h
Nitrogen (N) ot b
YxN ns ns
CV (%) 10.31 21.42
Nitrogen Doses 1000 Seed Weight (g) Hectoliter Weight (kg hl-')
(kg ha™) 2018 2019 Mean 2018 2019 Mean
0 22.14 22.98 22.56 ¢ 53.50 55.51 54,51 d
5 28.03 29.31 28.67b 61.63 64.47 63.05 ¢
10 28.45 29.95 29.20b 62.68 66.00 64.34 be
15 2891 30.55 29.73 ab 64.15 67.81 65.98 b
20 29.78 31.30 30.54 a 67.32 70.75 69.04 a
Mean 27.46 B 28.82 A 61.86 B 6491 A
Years (Y) ot e
Nitrogen (N) o **
YxN ns ns
CV (%) 10.88 8.61
Nitrogen Doses Crude Protein Content (%) Seed Yield (t ha!)
(kg ha™) 2018 2019 Mean 2018 2019 Mean
0 8.18 8.47 8.33b 0.92 0.97 0.95d
5 10.37 10.85 10.61 a 1.43 1.50 1.46 ¢
10 10.90 11.48 11.19a 1.61 1.69 1.65b
15 10.77 11.38 11.07 a 1.70 1.80 1.75ab
20 10.94 11.50 11.22a 1.78 1.87 1.83a
Mean 10.23 B 10.73 A 1.49B 1.56 A
Years (Y) ot b
Nitrogen (N) ot had
YxN ns ns
CV (%) 12.38 21.69

** Significant at the p< 0.01 probability level, ns: Not significant, CV: Coeftficient of
variation.

The difference between the means in the same columns followed by the same
small letters and in the same rows followed by the same capital letters is statistically
insignificant according to the Tukey test.
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In the study, a positive correlation was found between plant height, number
of branches, 1000 seed weight, hectoliter weight, crude protein content and seed
yield. Positive correlation between seed yield and plant height, seed yield and 1000
seed weight, respectively, was the strongest. On the contrary, the lowest positive
correlations were observed between the number of branches and crude protein
content, 1000 seed weight and the number of branches, respectively (Table 4).

Table 4. Coefficient of correlation between the examined parameters of buckwheat
in relation to different nitrogen doses

Plant Number 1000 Seed  Hectoliter ~ Crude Protein
Height of Branches Weight Weight Content
Number of Branches 0.922**
1000 Seed Weight 0.915%* 0.793**
Hectoliter Weight 0.945** 0.912** 0.919**
Crude Protein Content 0.841** 0.721** 0.892* 0.828**
Seed Yield 0.964** 0.857** 0.945** 0.918** 0.844**

**: significant correlation at a level of p<0.01
4. CONCLUSION

Nitrogen fertilizer had significant effects on the plant height, number of bran-
ches per plant, 1000 seed weight, hectoliter weight, crude protein content and seed
yield of common buckwheat. The all characters examined in the study increased
with nitrogen fertilizer. While the crude protein content was affected the least by
nitrogen application, plant height, number of branches per plant and hectoliter we-
ight were affected the most. As a result of this research, it can be said that the most
suitable nitrogen level for buckwheat cultivation is 150 kg N ha!.
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COMPARATIVE ASSESSMENT OF MACROECONOMIC INDICATORS GROWTH
PERFORMANCE BETWEEN INDIR AND NIGERIA

ABSTRACT

India and Nigeria were colonized by the British empire, got their indepen-
dence within a given time range, and are among the largest growing economies
among developing nations; they were ranked 1* and 3™ most populous among the
common wealth countries respectively and both the countries houses significant
population of malnourished, poor and food insecure people. The paper comparati-
vely assessed the macroeconomic growth performance between the two countries
using time series data that spanned from 1990-2020. A compound growth rate
model was fitted to the data to confirm the trend of acceleration, deceleration or
stagnation during the period. The results of the study revealed the mean values of
the GDP and the GNI in US dollars at constant prices for India were higher than
that of Nigeria by almost 7 times, while Nigeria's per capita GDP was higher than
that of India under the reference period. With respect to the GDP and the per
capita GDP growth rates, India recorded lower growth but more stable than Nige-
ria. Further, both the countries recorded the highest GDP contributions from the
service sector (46 per cent in India and 35 per cent in Nigeria). But the growth rate
shows stability in Indian Service sector in contrast to the highest instability in the
agricultural sector. In Nigeria, on the other hand, the agricultural sector got the hi-
ghest growth contribution to the GDP growth-though stagnant and instable, while
the service sector’s growth contribution to GDP growth was the lowest among ot-
her variables. It is recommended that increase budget share to agriculture through
proper funding of research, credit support and extension service would help to
repositioned agriculture back to its higher (of about 50 per cent) GDP contribution
and compete vigorously with other economic sectors in income generation, emp-
loyment opportunities and poverty reduction in both India and Nigeria.

Keywords: Macroeconomics, Assessment, Comparison, India, Nigeria.
e

MAKROEKONOMIK GOSTERGELERIN KARSILASTIRMALI DEGERLENDIRMESI
HINDISTAN VE NIJERYA ARASINDAKI BUYUME PERFORMANSI

0z:

Hindistan ve Nijerya, ingiliz imparatorlugu tarafindan sémiirgelestirildi, be-
lirli bir zaman araliginda bagimsizliklarini kazandilar ve gelismekte olan iilkeler
arasinda en biiyiik bityliyen ekonomiler arasinda yer aliyorlar. Ortak refah tilkeleri
arasinda sirasiyla en kalabalik 1. ve 3. sirada yer alan her iki {ilke 6nemli miktarda
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yetersiz beslenen, yoksul ve gida giivencesi olmayan insan niifusuna sahiptir. Bu
caligmada, 1990-2020 arasindaki zaman serisi verilerini kullanarak iki tilke arasin-
daki makroekonomik bityiime performansini karsilastirmali olarak degerlendiril-
mistir. Donem boyunca hizlanma, yavaslama veya durgunluk egilimini dogrula-
mak i¢in verilere bilesik biiytime orani1 modeli yerlestirildi. Calismanin sonuglarr,
Hindistan igin sabit fiyatlarla ABD dolar1 cinsinden ortalama GSYIH ve GSMH
degerlerinin Nijerya'dan neredeyse 7 kat daha yiiksek oldugunu, Nijerya'nin kisi
basina diisen GSYIH'sinin ise referans déneminde Hindistan'dan daha yiiksek ol-
dugunu ortaya koymustur. GSYIH ve kisi bagina GSYIH biiyiime oranlari ile ilgili
olarak, Hindistan, Nijerya'dan daha diisitk ancak daha istikrarli bir bityiime kay-
detti. Ayrica, her iki iilke hizmet sektériinden en yiiksek GSYIH katkisini kaydet-
mistir (Hindistan'da ytizde 46 ve Nijerya'da yiizde 35). Ancak biiylime orani, tarim
sektoriindeki en yiiksek istikrarsizligin aksine Hindistan hizmet sektoriinde belirli
bir istikrar gostermistir. Nijerya'da ise, tarim sektorii, durgun ve istikrarsiz olsa
da GSYIH biiyiimesine en yiiksek biiyiime katkisini saglarken, hizmet sektériiniin
GSYIH biiyiimesine katkis1 diger degiskenler arasinda en diisitk olmugtur. Aragtir-
mada, Hindistan ve Nijerya'da firsatlar ve yoksullugun azaltilmast, kredi destegi ve
yayim hizmetlerinin uygun sekilde finanse edilmesi yoluyla tarima ayrilan biitce
payini artirmanin, tarimin daha yiiksek (yaklasik yiizde 50'lik) GSYIH katkisina
geri donmesine yardimci olmasi ve gelir yaratma, istihdam konularinda diger eko-
nomik sektorlerle giiglii bir sekilde rekabet etmesi tavsiye edilmektedir.

Anahtar Kelimeler: Makroekonomi, Degerlendirme, Karsilastirma, Hindistan,
Nijerya.

e 2k
1. INTRODUCTION

Economic development encompasses factors such as increases in the real GDP
and per capita income, as well as decreases in unemployment, poverty rates, gains
in literacy and life expectancy (Todaro and Smith, 2012; Chambers, 2016). India
and Nigeria have warm, amicable, and long-standing bilateral ties. In November
1958, two years before Nigeria gained independence on October 1, 1960; India
opened its Diplomatic House in Lagos. Nigeria’s largest trading partner is currently
India, and Nigeria is India’s top trading partner in Africa. In recent years, India has
become the major customer of Nigerian crude oil (Femi, 2021). In Nigeria, Indians
or people of Indian origin own and/or operate over 135 businesses (HCI, 2022).

Nigeria and India are two Afro-Asian regional powers with strong economic
potential. As a result, they play pivotal roles in the international political landsca-
pe. These two countries have built interesting economic, political, and diplomatic
connections over several decades (Ghazali, et al, 2019). Nigeria has a large, arable
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land area, giving it a competitive edge in agriculture and it is an oil-rich country
(Umezulike, 2016). Nigeria and India are Afro-Asian regional giants with econo-
mic potential.

Both India and Nigeria were colonized by the British Empire, gained indepen-
dence within a short period of time, and are among the fastest-growing econo-
mies in the developing world with English as their official language (Investopedia,
2014). With populations of 1,257 and 177 million people respectively, India and
Nigeria were placed first and third among the common wealth countries (Isah,
2016). About 1,000,000 Indians live in Nigeria and work in the commercial and
manufacturing sectors; the two nations have had a long and excellent bilateral con-
nection (HCI, 2022).

Nigeria’s major trading partner is India, and India’s top trading partner in Af-
rica is Nigeria. In the fiscal year 2019-20, total bilateral trade between India and
Nigeria reached US$ 13.82 billion, down from US$ 13.89 billion in the previous
fiscal year. In the fiscal year 2019-20, Indian exports to Nigeria totaled US$ 3.61
billion, up from US$ 3.0 billion (20 percent) in the previous fiscal year. India’s im-
ports totaled US$10.21 billion from 2020 to 2019, compared to US$10.88 billion in
2018-19 (HCI, 2022).

Despite multiple policies, programs, and large investments in agriculture by
many developing countries, food insecurity remains a major concern (OECD,
2013). With the economic progress and self-sufficiency in food grain producti-
on, significant levels of poverty, food insecurity, and malnutrition persist in India,
according to the World Food Program (2016). India is home to a quarter of the
world’s undernourished people, with 32.7 percent of the population living on less
than US$ 1.25 per day (Food and Agriculture Organization of the United Nations,
2019). Nigeria, on the other hand, is Africa’s largest oil exporter and has the conti-
nent’s largest natural gas reserves (SRWE, 2019).

Despite recent global financial downturns, Nigeria’s oil wealth has enabled it
to sustain relatively stable economic growth. Nigeria is the world’s greatest produ-
cer of cassava, yam, and cowpea, yet it is a food-deficit country that relies heavily
on grain, livestock, and fish imports (IFAD 2012), thus creating a vicious circle
around the country’s massive population (FAO, 2018; Sadiqet al., 2020). In spite
of its abundant natural resources and steady economic progress, Nigeria’s poverty
is prevalent, and in some areas, it has even increased since the late 1990s (World
Bank, 2019).

The fact that the two countries have long established and executed a number of
policies and programs aimed at providing appropriate and sufficient food for their
combined populations, a large portion of their populations remains food insecure
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(Isah, 2016). Thus, it is against this background that this paper intends to compara-
tively assess the macroeconomic growth performance between India and Nigeria.

2. MATERIAL AND METHODS

Time series data that spanned for a period of 30 years (1990-2020) and covers
Gross Domestic Product (GDP), Gross National Income (GNI) and Per Capita In-
come for both countries were used for the study. The data sources for India and Ni-
geria were Directorate of Economics and Statistics (DES), Ministry of Agriculture,
National Sample Survey Organization (NSSO) Government of India; and, journals,
technical documents, government gazettes, CBN annual reports and bullions, and
published materials from the National Bureau of Statistics, the National Planning
Commission (NPC) and Central Bank of Nigeria, respectively. The collected data
were analyzed using both descriptive and inferential statistics.

Analytical Tools

The descriptive statistics concentrate on averages, percentages and ratios for
assessment and comparisons. The coefficient of variability (CV) which measure
instability is a normalized measure of dispersion and is the ratio of standard devi-
ation (o) to the mean (u):

Algebraically, CV=0/u .........cooooiiiii (1)

The growth rates were calculated by fitting an exponential function in time to
the data as follows:

Y= B Bl (2)
Linearizing the equation, it becomes:
Where,

Y = macro-economic indicators;

t = time trend variable; and,

B, and B, _are regression parameters to be estimated.
The compound growth rate (r) is given by the formula:

= (P - 1) X 10 ottt (4)
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Where,

e = Euler’s constant;

Euler’s constant = 2.71828

The time it would take to double the rate of growth was estimated as follows:
Dt =09/T oo (5)
Where,

Dt = Doubling time; and

r = compound rate of growth.

Following Marchenko (2009), a quadratic equation in time variable was fit-
ted to the data to confirm the existence of acceleration, deceleration or stagnation
during the same period and it was given as follows:

Log Y =B+ B, + it (6)

Where c is the regression coeflicient used to depict acceleration, deceleration
or stagnation. In the equation 5 above, the linear and quadratic time terms give the
circular path in the dependent variable (Y). The quadratic time term (t2) allows
for the possibility of acceleration, deceleration or stagnation during the period.
Significant positive values of the coefficient of t2 indicate acceleration in growth;
significant negative values of t2 indicate deceleration in growth; while non-signifi-
cance of the coeflicients indicates stagnation in the growth process

3. RESULTS AND DISCUSSION
3.1 Summary of Macroeconomic Indicators Between India and Nigeria

Agriculture and economic development go hand in hand with one another,
both aimed at producing more ‘life sustaining’ necessities such as employment,
food, shelter and raising standard of living. Variables such as GDP, NI, GNI and
Per Capita Income explain the rate at which economic growth is moving over a
given period of time.The mean values of the macroeconomic variables in million
US dollars at current prices during the period from 1990 to 2014 for India are
presented in Table 1.

The mean values of GDP and GNI in million US dollars for India during the
study period were 722,730.7 and 721,345.7 USD, while the per capita GDP sto-
od at 656.38, US dollars. The corresponding figures for Nigeria were 109,525.6,
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101,246.3 and 751.3. It could be seen that the mean value of GDP per capita in
Nigeria was slightly higher than the value obtained in India at 1% level of signifi-
cance. In the case of GDP and GNI both the values obtained from India are much
higher than those obtained from Nigeria. Therefore, both GDP and GNI between
India and Nigeria are not in any way statistically the same, as could be inferred
from the t-test analysis.

The mean values of the macroeconomic variables were estimated in million
dollars, and GDP of India was found to be slightly higher than the mean value of
GNI during the period of 1990-2020 (Table 1). This difference between GDP and
GNI is statistically significant. Similarly, in Nigeria, the mean GDP value stands
higher than that of GNI during the period of 1990 to 2020. GDP is used to indicate
the strength of a country’s local income. On the other hand, GNI shows the econo-
mic strength of the citizens of a country.

From the aforesaid analysis, comparatively, the India GDP was statistically six
times higher than that of Nigeria; GNI was more than seven times to that of Nige-
ria and conversely, in the case of per capita GDP, the mean value of Nigeria was sta-
tistically higher to that of India. Therefore, both GDP and GNI between India and
Nigeria are not in any way the same. According to INDIASTAT reports of 2019,
India ranked 5" while Nigeria ranked 27" in terms of GDP value. It is estimated
that India’s GDP would reach $10 trillion in the year 2028. The GDP is one of the
primary indicators used to gauge the health of a country’s economy. It represents
the total dollar value of all goods and services produced over a specific time period,
usually a year.

Table 1. Summary statistics of the macroeconomic indicators

Variables India Nigeria

Mean Min. Max. Mean Min. Max.
GDP 722730 274842 1880097 109525 15789 459616
GNI 721345 270732 1864064 101246 13442 437310
GDP per capita 656 308 1539 751 153 2722

Note: GDP and GNI in million US dollars, GDP per capita in US dollar
3.2 Growth Rate of MacroeconomicIndicators Between India And Nigeria

In Table 2, the results of compound growth rates for GDP, GNI and GDP per
capita were reported as 8.82, 8.49 and 6.96 from 1990 to 2020 respectively, with
the GDP having slightly the highest growth rate. The highest instability index of
the growth was recorded as 34.82 per cent, 31.44 per cent and 26.38 per cent for
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the GDP per capita, GNI and GDP, respectively. This shows that the growth in the
GDP was more stable having the lowest instability index when compared to GNI
and GDP per capita. The results for the nature of growth indicated acceleration for
the GDP, GNI and GDP per capita meaning that all the three indicators had a sig-
nificant positive growth during the study period. The years required to double the
values of these variables were reported as 9.9, 8.1 and 7.8 years for GDP per capita,
GNI and GDP respectively. Therefore, under present scenario in the next 7.8 years
to come the value of Indian GDP would be doubled, 8.1 years was required for GNI
to be doubled and 9.9 years to achieve doubling in the case of GDP per capita in
India, other things being equal.

The analysis for Nigeria reported growth rates to the tune of 8.82, 10.92 and
11.03 for the GDP per capita, GNI and GDP, respectively. This follows a similar
trend with the result obtained from India where GDP had the highest compound
growth rate followed by GNI and then GDP per capita within the period of the
study. There was highest instability (64.84 per cent) recorded for GDP per capita,
followed by 64.12 per cent of the GNI and 61.03 per cent in the GDP. This trend
was similar to that obtained from India where GDP per capita and GNI recorded
the highest instability. However, instability index of these variables was lower in
India compared to Nigeria.

The nature of growth as depicted in Table 2 indicated that all the three variables
witnessed an accelerative and positive growth. As such, both India and Nigeria are
reported to have similar accelerative growth pattern in respect of these variables
over the period of study. Furthermore, the time period to achieve doubling of these
variables in Nigeria was estimated as 6.25, 6.31 and 7.8 years for GDP, GNI and
GDP per capita, respectively. Similar scenario prevails in India too.However, in
Table 2 the instability index was lower in India compared to Nigeria across all the
variables and this indicates steadiness and lesser volatility or fluctuation of these
variables in India than in Nigeria. On the contrary, the compound growth rate in
Nigeria was higher than that of India across all the three variables during the peri-
od of study indicating that Nigeria has witnessed a higher growth in terms of GDP,
GNI and GDP per capita than India in this period. Going by the results, Nigeria
reveals a potential of doubling the values of these macro variables before India,
other things being equal.

The results of the analysis on compound growth rates and nature of growth
of India’s macro variables during 1990-2020 (Table 2) indicate that Indias GDP
was increasing significantly at a percentage close to a double-digit figure, with an
accelerative pace of growth; but however, the growth was instable during the study
period. Similarly, GDP of Nigeria has increased significantly at a double-digit per-
centage growth rate, with accelerative pace of growth, and instability of the growth
was more than two times higher to that of India during this period. Therefore,
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GDP growth rate in Nigeria was higher than in India, while at the same time, In-
dia’s GDP growth was more stable compared to Nigeria, and both the GDP growth
rates of India and Nigeria were accelerative in nature. According to the Nigerian
National Bureau of Statistics (NBS), after Nigeria rebased its GDP in 2014, Nigeri-
as GDP was hovering around US$560 billion.

Likewise, GDP per capita (6.96%) growth of India within the study period was
found to be lower than that of Nigeria (8.82%) and at the same time the instability
nature of Nigerian GDP per capita was almost two times compared to the instabi-
lity nature of GDP per capita growth of India. This indicates that, in terms of GDP
and GDP per capita, the results reveal that Nigeria enjoys higher increasing growth
rates, but characterized by highly instable growth compared to India. Nigeria in
recent times rebased its GDP and was positioned as the largest economy in Africa,
the position occupied by South Africa for a very long time and now targeting GDP
of about $900 billion by 2020 to enable it realize its vision of being among the wor-
1d’s top 20 economies.

Table 2. Growth rates of the macroeconomic indicators

Variables India Nigeria
Per Capita Per Capita

GDP GDP GNI GDP GDP GNI
Cv 71.97 60.32 70.96 115.50 98.63 119.05
Instability Index 26.38 34.82 31.44 61.03 64.84 64.12
CGR 8.82 6.96 8.49 11.03 8.82 10.92
Doubling 7.80 9.90 8.10 6.25 7.80 6.31
Nature Acc. Acc. Acc. Acc. Acc. Acc.

Note:CGR - Compound growth rate, Acc. — Acceleration.
3.3 Sectoral contributions to GDP in India and Nigeria

Table 3 reveals that, during the period of 1990 to 2020, the sectoral contri-
bution to India’s GDP in million US dollars at current prices was highest for the
service sector (349,976.1), followed by industry (181,029), agriculture (137,740.4)
and manufacturing (101,647.1), accounting for 46 per cent, 23 per cent, 17 per cent
and 13 per cent mean value contributions to GDP, respectively. While in Nigeria,
the absolute contributions from different sectors were 63,560 from services, 39,531
from industry, 31,020 from agriculture and 5,257 from manufacturing sector, ac-
counting for about 35 per cent from services, 32 per cent from industry, 27 per cent
from agriculture and 5 per cent from manufacturing sector.
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The contribution of different economic sectors to GDP was believed to explain
the level and phase which the overall economy will be progressing at. The service
sector contributed the highest (46%) to India’s GDP during 1990-2020 (Table 3).
Similarly, according to the report of The Hindu (2015), India has the second fastest
growing service sector with its compound annual growth rate at nine per cent.

Further, the study reveals that the service sector (46%) contributions to GDP
in India stand much higher to that of the industry (23%), agriculture (17%) and
manufacturing (13%). However, it was reported by the Statistics Time 2015 that at
previous methodology, the compositions of the agriculture & allied, industry, and
the service sectors were 51.81, 14.16, and 33.25 per cent, respectively at current pri-
ces in 1950-51. The share of the agriculture & allied sector has declined to 18.20 per
cent in 2013-14. The share of the service sector has improved to 57.03 per cent, and
the share of the industry sector has also increased to 24.77 per cent. It means that,
the service and the industrial sectors were emerging stronger and occupying hig-
her contributions to the GDP while agriculture leans out slowly as it was reported
recently to have contributed around 13 per cent to GDP during 2014-15 in India.

Similarly, in the case of Nigeria, the analysis of the average contributions of
major economic sectors in million US dollars during 1990 to 2020 reveals that,
similar to India, the Nigerian service sector’s contribution (35%) was the highest
among other sectors. The second largest contributor to GDP was the industrial se-
ctor (35%), followed by agriculture (27%) and manufacturing (5%). This indicates
that agriculture’s share in GDP has also been gradually declining in Nigeria althou-
gh still ahead of India in percentage contributions. This may be further supported
by the findings of Ekpo and Umoh (2012), where they revealed that the contribu-
tion of agriculture to GDP, which was 63 per cent in 1960, declined to 34 per cent
in 1988, not because the industrial sector increased its share but due to neglect
of the agriculture sector. It was therefore not surprising that in the year 1975, the
economy had become a net importer of basic food items. The apparent increase in
growth of Industry and manufacturing sectors from 1978 to 1988 was due to ac-
tivities in the mining sub-sector, especially petroleum. The factors responsible for
the decline include the mono-economy of oil, poor budgetary allocation, flexible
importation policy, inadequate support to farmers and insecurity.

In summary, the service sector was contributing the highest to the GDP in both
countries; the agriculture’s contribution to GDP was declining and more than 50
per cent of their populations depended on agriculture as a means of sustenance.
This may be further corroborated to the reduction in capital investment to the agri-
cultural sector in the form of subsidies and other farm support which drives away
significant percentage, especially of small and landless farmers from agriculture
to other promising economic sectors. Unless government takes adept measures,
agriculture’s share to GDP would continue to decline, meaning declining perfor-
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mance that translate to lesser profitability thereby undermining farmers effort and
enthusiasm to remain in the sector.

Table 3. Sectors contribution to GDP in Million USD at current price from
1990-2020

Variables India Nigeria

Mean Min. Max. Mean Min. Max.
Agriculture 137740 (17) 73541 312823 31020 (27) 5117 101515
Manufacture 101647 (13) 38053 257959 5257 (5) 860 30257
Industry 181029 (23) 63560 476688 36761 (32) 5655 121321
Services 349976 (46) 113127 971065 39531 (35) 3534 231131

Note: Figures in parenthesis indicate percentages of mean values
3.4 Growth Patterns of Sectoral Contributions to GDP In India and Nigeria

The results presented in Table 4 describes the compound growth rate, insta-
bility index, doubling period and nature of growth in contributions for different
sectors to GDP in million US dollars at current prices during the study period in
India and Nigeria. The compound growth rates of 6.1, 8.6, 9.3 and 10.0 per cent
were recorded for agriculture, manufacturing, industry and services, respectively.
Further, the instability index was 35.8, 27.9, 26.9, and 22.85 per cent for agricultu-
re, manufacturing, industry and service sector's contributions to GDP within the
study period, respectively. More so, time required to achieve doubling of these sec-
tors” contributions were 11.2, 7.6, 7.4, and 6.8 years for agriculture, manufacturing,
industry and services sectors, respectively. In addition, the nature of the growth
rate was observed to be accelerative in all the four sectors during the study period.

Thus, it could be observed that the highest and lowest growth rates were recor-
ded in the service and agriculture sectors. In terms of instability, the highest index
was recorded for agriculture and lowest in the service sector. The shortest time
duration to achieve doubling in the GDP contribution was observed in the service
sector while the highest duration to achieve doubling was observed in the agricul-
tural sector. In respect of manufacturing and industry, time duration to achieve
doubling in the GDP contribution was observed to be almost similar.

On the other hand, in Nigeria, the compound growth rates were to the tune of
10.0,9.9, 9.3 and 0.48 per cent for agriculture, manufacturing, industry and service
sectors, respectively. The corresponding instability indices were 64.0, 67.3, 66.7 and
60.0 per cent for agriculture, manufacturing, industryand service sectors, respe-
ctively. Further, the time required for Nigeria to achieve doubling of the present
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levels of contributions to GDP by these sectors was to the tune of 6.8, 6.95, 7.3, and
143.7 years, respectively. Furthermore, the nature of the growth in all the sectors
was estimated to be acceleration.

From the results above, it has been clearly indicated that the highest compound
growth rate was observed in the agricultural sector and the lowest in the service
sector of Nigeria during the study period as against what was observed in India.
By and large, highest instability was witnessed in the manufacturing sector which
is contrary to India with highest instability in the agricultural sector. The highest
period to achieve doubling in Nigeria was observed in the service sector and this
also contradicts the situation of India which had its highest period of doubling in
the agriculture sector.

The analysis of growth rates of different sectors’ contributions to GDP over
the study period in India reveals that the service sector enjoys the highest growth
during the period than all other sectors, whereas agriculture recorded the lowest
growth percentage. At the same time, instability was higher in the agriculture se-
ctor and lowest in the service sector and the growth nature was observed to be
accelerative in nature. This however, confirms numerous literature reports that In-
dia’s service sector is one of the fastest growing in the world with annual growth of
9 per cent. The growth of the service can be linked to the economic development
of Indian society and the socio-cultural changes that have accompanied it. At the
same time, this trend spells doom to agriculture as its share keeps declining and as
well characterized with high instability.

In Nigeria, a contrary scenario with India, agriculture has the highest growth
rate of GDP contributions and service recorded the lowest growth percentage. The
nature of the growth contribution was accelerative and highly instable during this
period. Agriculture, despite its sharp decline, still remains the highest in terms of
growth rate compared to other sectors. This agrees with the submission of Majoba
(2015) that the agricultural sector contributed 35 per cent to GDP prior to reba-
sing, but is now only estimated to account for 22 per cent of GDP. Meanwhile, the
service sector’s contribution increased from 29 per cent of GDP to 52 per cent of
GDP, the manufacturing sector was now estimated to contribute 6.8 per cent to
GDP, compared to just 1.9 per cent previously, while the oil and gas sector’s contri-
bution has been revised down to 14.4 per cent from 32.4 per cent before rebasing.
Therefore, it can be inferred that the two countries differ in terms of growth of
sectoral GDP contributions during 1990 to 2020; India records highest and lowest
growth in service and agriculture sectors, respectively, while on the contrary, Ni-
geria records its highest and lowest growth in agriculture and service, respectively.
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Table 4. Compound growth rates, instability, doubling time and nature of
growth of different sector's contribution from 1990 - 2020

Variables India Nigeria

CvV Inst. CGR Double Nature CV Inst. CGR Double Nature
Agriculture  54.6 358 6.1 11.2 Acc. 95.5 64.0 100 6.8 Acc.
Manufacture  69.9 279 86 7.6 Acc. 156.8 673 99 6.9 Acc.
Industry 74.9 269 93 7.4 Acc. 94.0 66.7 9.3 7.3 Acc.
Services 79.2 22.8 100 6.8 Acc. 1624 60.0 0.4 143.7 Acc.

Note: CV denote Coeficient of variation (%), Inst., Instability, CGR Compound growth rate
(%), Acc. denote acceleration

4. CONCLUSION

The mean value of the GDP and GNI during the period 1990-2020 in US dol-
lars at constant prices for India was higher than those in Nigeria by about 7 times.
Nigeria's per capita GDP was higher than that of India. With respect to the GDP
and per capita GDP growth rates, India recorded lower growth but more stable
than Nigeria.During the study period, both the countries recorded highest GDP
contributions from service sector (46 per cent in India and 35 per cent in Nigeria).
But the growth rate shows stability in Indian service sector in contrast to the hig-
hest instability in the agricultural sector. In Nigeria, on the other hand, the agri-
cultural sector got the highest growth contribution to the GDP growth - though
stagnant and instable, while the service sector’s growth contribution to the GDP
growth was the lowest among all others.

1. Though growth of the GDP has been impressive, more than 8 per cent, the
mean per capita GDP was very low due to high population which calls for the
government effort to revisit population control measures in order to reduce po-
pulation growth rate to less than one per cent and at the same time, working to
improve the living condition, income and employment in order to reduce the
fierce competition on food and other basic necessities in both India and Nigeria.

2. Evidently, the agriculture's contribution to the GDP declines at an alarming
rate in both countries; where about 50 per cent or more (Nigeria) of their popu-
lations depends on agriculture as primary provider of food, income and emp-
loyment as such requires a drastic and desperate measures to revamp and revi-
talize the sector from further crumbling. Increase budget share to agriculture,
profter funding of research, credit support and extension service would help to
repositioned agriculture back to its higher (of about 50 per cent) GDP contribu-
tion and compete vigorously with other economic sectors in income generation,
employment opportunities and poverty reduction in both India and Nigeria.
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DETERMINING THE GENETIC AND AGRONOMIC VRRIATIONS IN LINES FROM
SAMSUN TOBACCO GROWING AREAS

ABSTRACT

Tobaccos grown in Samsun are known all over the world. Samsun tobaccos are
grown using nonregistered populations traditionally maintained by local farmers.
The present study was conducted to determine the genetic and agronomic varia-
tions in Samsun tobaccos. Fifty-eight lines were collected from the tobacco grow-
ing areas in Samsun. These lines were analyzed using 18 SSR markers. Polymor-
phic information content (PIC) values of markers ranged between 0.0 and 0.702.
Forty-two alleles were obtained from 18 SSR markers. The average number of al-
leles per SSR locus was 2.33. Forty-eight lines were different for at least one SSR
locus, indicating a high level of variation. The forty-eight lines were evaluated in
two field trials along with local varieties Nail and Canik for agronomic characteris-
tics such as plant height, number of leaves, leaf width, leaf length, leaf yield, grade
index, leaf sugar, and nicotine contents. A high level of variation was also evident
for agronomic characters. Lines No: 2, 11, 13, 21, 28 and 41 were notable for their
superior agronomic characteristics. Some of these lines could be directly registered
as new cultivars, but they should be further evaluated in future field trials in mul-
tiple environments. These lines could also be used as parents for the development
of new cultivars.

Keywords: Grade Index, Leaf Yield, Nicotine, Oriental, SSR Marker, Sugar
Content.

e %

SAMSUN TUTUN URETiM ALANLARINDAKI HATLARDA GENETIK VE
AGRONOMIK VARYASYONLARIN BELIRLENMESI

0z:

Samsunda yetistirilen tiitiinler tiim diinyada taninmaktadir. Samsun tiitiin-
leri bolge ciftcileri tarafindan devam ettirilen, tescil edilmemis popiilasyonlar
kullanilarak da yetistirilmektedir. Bu ¢alisma Samsun tiitiinlerindeki genetik ve
agronomik varyasyonlar1 belirlemek amaciyla yiiriitiilmistiir. Samsunda tiitiin
yetistirilen alanlardan elli sekiz hat toplanmistir. Bu hatlar, on sekiz SSR markorii
kullanilarak analiz edilmistir. Markorlerin polimorfik bilgi igerigi (PIC) degerleri
0.0 ile 0.702 arasinda degismistir. On sekiz SSR markori ile 42 allel belirlenmistir.
SSR lokusu bagina ortalama allel sayis1 2.33 olarak belirlenmistir. Kirk sekiz hattin
en az bir SSR lokusu bakimindan farkli oldugu belirlenmis ve bu durum varyasyon
seviyesinin yiiksek olduguna isaret etmektedir. Kirk sekiz hat, lokal cesitler Nail
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ve Canik ile birlikte bitki boyu, yaprak sayisi, yaprak genisligi, yaprak uzunlugu,
yaprak verimi, randiman, yaprak sekeri ve nikotin igerigi gibi tarimsal 6zellikler
acisindan iki tarla denemesinde degerlendirilmistir. Tarimsal karakterlerde de
yiiksek diizeyde varyasyonlar belirlenmistir. Hat 2, 11, 13, 21, 28 ve 41 stiin
agronomik ozellikleri bakimindan 6n plana ¢ikmistir. Bu hatlarin bazilari dogru-
dan yeni cesitler olarak tescil ettirilebilir, ancak hatlar birden fazla lokasyonlarda
yuritiilecek tarla denemelerinde daha ileri diizeyde degerlendirilmelidir. Bu hat-
lar, yeni cesitlerin gelistirilmesi i¢in ebeveyn olarak da kullanilabilir.

Anahtar Kelimeler: Nikotin, Oryantal, Randiman, SSR Markér, Seker 1gerigi,
Yaprak Verimi.

i 2

1. INTRODUCTION

More oriental tobacco is grown in Turkey than in any other country in the
world. This type of tobacco is used to enhance the smoking character of cigarette
blends due to their high aromatic content. Oriental tobaccos grown in Samsun
Province of Turkey are known worldwide as Samsun tobaccos with high aromatic
and quality characteristics (An et al., 2013). In the region, tobacco production is
carried out using traditional populations, i.e. landraces, rather than pure line cul-
tivars. Landraces are cultivars developed and maintained by farmers (Acquaah,
2012) and contain a very high level of genetic variation (Kyratzis et al., 2019).
Therefore, they are of great value as plant genetic resources since they constitute a
large gene pool for future genetic improvement programs (Ceccarelli, 1994). To-
bacco populations in Samsun region are an important genetic resource for oriental
tobacco. However, little is known about their genetic variation level as well as their
agronomic performance.

Variations needed to develop a new cultivar could be found in modern culti-
vars, landraces, and wild species. By crossing the elite materials within a market
class, modern cultivars have been widely used, and crop genetic bases have be-
come increasingly narrower (Moon et al., 2009a). Kandemir et al. (2010) pointed
out that landraces are better than wild relatives for the improvement of quality
traits because wild species may contain deleterious genes that come along with the
gene of interest. Wild relatives have been mainly used as sources of disease-resis-
tance genes (Moon et al., 2009a). In order to use landraces for plant breeding, they
need to be characterized. New cultivars with high performance can be developed
through direct selection of superior lines, or new alleles in landraces could be used
in plant breeding programs.

Oriental tobaccos are famous for their quality characteristics and the high aro-
ma of their small leaves with low sugar and nicotine contents. Dry leaves of tobac-
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co populations in Samsun region are orange-colored, with medium-sugar content
of 8-12% (Peksuslu et al., 2012). They are used to improve the aroma of blends.
Tobaccos with different characteristics are grown in the region, and there are many
tobacco populations known as Samsun tobacco grown in this region. Tobaccos
from the region are known by a variety of names in the literature. Among them
are Samsun SM-1 (Aleksoska et al., 2014), Samsum (Bindler et al., 2007) Samsum
Maden, TI 981 Samsun, Turkish Samsun (Fricano et al., 2012), Samsun (Tong et
al., 2012), Samsun katenizi (Darvishzadeh et al., 2013), Samsun 959 and Samsun
dere (Darvishzadeh et al., 2014). This variation results in a mixture of genotypes in
the production area with different quality characteristics, thereby compromising
the fine quality of Samsun oriental tobacco.

DNA markers are good tools for genetical characterization. Many different
types of DNA markers have been developed since the 1980s. Highly polymorphic,
reliable, inexpensive, and easy-to-use microsatellite markers, or SSRs, are wide-
ly used for genetic fingerprinting purposes (Bindler et al., 2007; Davalieva et al.,
2010; Moon et al., 2009a; Nunome et al., 2009; Thakur et al., 2013). Moon et al.
(2009b) reported 92% genetic variation in 702 materials from the US Nicotiana
tabacum germplasm collection scored with 70 SSR markers. Thirteen SSR markers
in 70 genotypes produced a total of 35 alleles and a polymorphism rate of 100%
(Darvishzadeh et al., 2014) SSR markers can be used to isolate genotypes from
landraces, and better characterization can be achieved by eliminating identical
lines and conducting field trials with larger plot sizes or more powerful experi-
mental designs.

The aims of the present study were (i) to identify different genotypes among
the tobacco populations traditionally grown in Samsun province using SSR mark-
ers (ii) to evaluate agronomic performance of the identified lines in field trials; and
(iii) finding superior ones with good yield and quality traits. Use of the superior
lines could help improve the quality of the tobacco leaves produced. Besides, these
lines could be used in future oriental tobacco improvement programs.

2. MATERIALS AND METHODS
2.1. Plant Material

The plants were sampled from the production fields in Samsun province of
Turkey where oriental tobacco is produced using traditional farmer populations.
Single plants were selected based on different morphological traits such as number
of leaves, leaf color, leaf size and leaf texture (Figure 1). Outcrossing was prevented
in these plants by enclosing the flowers with a paper bag. Self-pollinated seeds were
harvested from 58 lines. These lines, along with Nail and Canik local varieties,
were planted in viols containing 50% peat and 50% perlite in a greenhouse. Nail is
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nonregistered and Canik is a registered variety of oriental tobacco commonly used
in the production of oriental tobacco in Samsun province.

Figure 1. Geographical data for the locations where landraces were collected

2.2. SSR Analysis

Tobacco plants with two or three leaves were kept in the dark at 18°C for five
days to decrease the phenol and sugar content of their leaves. DNA was extract-
ed from leaf tissue using a genomic DNA purification kit (Keskin et al., 2014).
The quantity and quality of Genomic DNA were detected on a 1% agarose gel and
with a spectrophotometer (Thermo BioMate™). The concentration of DNA was
adjusted to 50 ng pl ™.

A total of 18 SSR markers were studied. The markers with PT letters were se-
lected from Moon et al. (2009a, b) and Bindler et al. (2007, 2011), while the ones
with TM and TME letters were adopted from Tong et al. (2012) (Table 1) according
to high PIC values. Polymerase Chain reactions (PCR) were conducted in 40 pl
volume, which included 50 ng of genomic DNA, 250 nM each of the two primers,
0.2 mM each of the nucleotides, 1.5 mM MgSO,, 10 X PCR buffer and 0.5 units of
Taq-DNA polymerase (Biobasic). PCR cycling was as follows: 5 min. at 94 °C, then
32 cycles of 45 sec. at 94 °C, 45 sec. at 55-60 °C (depending on the primer), 45 sec.
at 72 °C, and 5 min. of final extension at 72 °C.
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Table 1. Some general information about the SSR markers used in the study

SSR LG Forward Primer Reverse Primer AT Size RM
(°C)  (bp)
PT20172 3 ACACCTCCTTCTTCCTGC CCAAAATGGTTCACTGGA 55 203 CTIT
PT20242 12 TCCAAAGTTGGACCAGAA GTCCTACATGGGGCTCTT 55 200 AGG
PT30014 11 TGCCGTGTAAATTTCATTTGG AGGATTCCTAACGTGTATTATGTTCT 55 205 TA
PT30034 22 GACGAAACTGAGGATATTCCAAA TGGAAACAAAGCCATTACCC 55 216 TAA
PT30114 2 ATCCCACATAGGCCTCACAC GTCCGGTGCACTAAACTTCC 55 144 TA
PT30137 13 TTTGGTGAGGTGTTACGATAAAGA TCCACACCAAACATCAACTTT 55 219  TAA
PT30274 17 TGACAGCTAAGCTAATAACAGTAAATG GGACTTTGGAGTGTCAAATGC 55 213 GGA
PT30364 22 CACTTTCAAGTTCGTCACGC ATATGTTGACGACGACCCGT 58 173 TAA
PT40005 24 TGATCACACTTGATAGCCTAAAGAA CGCACGACCTATACCCATTT 55 250  GAA
PT40015 8 CAAGGAATGGAAGAGAGGCA TTTGAAACAGCACCAATCCA 55 170 GA
PT50182 1 TGCTTTGGTATAATTTATTTCTTACG GCTGGTCAAAGAGAGGTGTCA 55 150 TA
PT53303 7  GTAAGGTGTCCGGAGCTGAA ACATAAATGCAACGCATGGA 55 200 GA
PT61056 3  TCCAATCTTTACACAATTAGTCGTTC TGGCTTCTCTGTCTAGGGAGG 55 200 TA
TM10013 - TGGAATTCCGGTTATGTCCT TTGAAATAGCGCGTACCCTAA 60 141  ATA
TM10181 GTGGTTTGATCTTCTTCCCATT GGAATTAACCACCACCATGC 60 118  AGA
TM10211 - ATCCGGACGAGGCTATCTCT GCAGGGGTAAGGTCTGCAT 60 115 ACA
TM10821 8  GCAAACATCTCAGGATTCCAC GGCCTCTGGATCTGGTATGA 60 132 TTA
TME0293 11 AAGGAGGAGCAGGACCAACT TGGAGCCATTTATTGTCAAGC 60 132 TCA

AT: Annealing temperature, LG: linkage group, RM: Repeat motif

Amplicons produced by SSR markers were run on 3% MetaPhor agarose
gels (Lonza cat no: 50180) in 1% TBE buffer. DNA was visualized with ethidium
bromide added to gel using a gel image system (Vilber Lourmat CN-08). PCR
band profiles were scored using BioCapt v.11.02 software. A dendrogram was
constructed with POPGENE v.1.31 using the UPGMA algorithm (Yeh et al,
1997). The total number of alleles and rare alleles (frequency < 0.05) were de-
termined (Moon et al, 2009b). PIC values were calculated according to the
following formula: PIC = 1 — X P2, where Pi is the frequency of the i" allele
(Anderson et al., 1993).

2.3. Field Experiments

Forty-eight lines, which had at least one different allele at any SSR loci investi-
gated, were evaluated in field trials along with local varieties, Nail and Canik. Field
trials were conducted under rainfed conditions in G6kgekent village (41° 32” 42”
N and 35° 48’ 36” E, altitude 43 m) (Figure 1) in 2014 and 2015 years. Soil analysis
results of the experimental areas are given in Table 2. Figure 2 depicts the experi-
mental area’s climate data.
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Table 2. Soil properties of experimental lands

2014 2015
Texture Clayed Clayed
pH 7.68 7.86
EC (dS m™) 1.34 1.30
CaCo, (%) 19.13 18.26
Organic matter (%) 1.75 1.60
on5 (kg ha) 101 119
K,O (kg ha') 1855 1395
70 a0
&0 25
_ 50 20 T
E a0 15 S
3 %0
£ 20 10 g
g 10 5 g
=
[&] [+]
May June July August September
E==Long Term ==3z2014 ==32015 Long Term —&— 2014 —m— 2015

Figure 2. Climatic data of the experimental area

Seedlings grown in viols were transplanted to plots consisting of four rows.
The distance between the rows was 45 cm, and the row length was 5 m. The plant
distance on the rows was 15 cm. Transplantation was conducted on May 19, 2014
and May 21, 2015. Fertilizers (60 kg ha-1 N, 40 kg ha-1 P205) were applied before
the transplanting of seedlings. Weeds were controlled manually twice during the
growing period. When plants reached the flowering stage, the plant height, and
number, width and length of leaves were determined in ten plants. Leaf harvesting
was completed in three harvests, and leaves were dried under the sun. The grade
index was calculated based on the American Grading system. Dried leaf yield, nic-
otine and glucose contents in leaves were calculated based on 17% moisture con-
tent (Kurt, 2020).

Nicotine and glucose contents were investigated in dried leaves. Samples were
taken from dried leaves for chemical analyses and they were ground to a fine pow-
der at zero moisture. Extractions were performed with 1% acetic acid (16 ml) and
acetonitrile (4 ml) for nicotine, and with 5% acetic acid (6 ml) and methanol (4 ml)
for glucose. The sample was vortexed for five minutes and incubated in an ultra-
sonic water bath for 30 minutes. After centrifuging at 3000 RPM for 10 minutes,
the preparation was filtered through a 45 um filter. Extracts were analyzed in an
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HPLC system equipped with a DAD detector for nicotine content and with a RI
detector for glucose content (Kinay and Kurt, 2021). Acetonitrile, methanol and
ultra-distilled water were used as the mobile phase. Chemical contents were calcu-
lated from resultant chromatograms previously subjected to standard calibrations
(r2; 0.999). Extraction recovery ratios indicating the reliability of analyses were
obtained as 101% for nicotine and 106% for glucose.

The experimental design was randomized complete blocks with three replica-
tions. Due to non-homogenous variance of the traits based on Bartlett’s homoge-
neity test (Steel et al., 1997), years were analyzed separately. Arcsine transforma-
tion was applied to percent values. Post hoc comparisons were performed among
the means using Duncan’s multiple range test. MSTAT-C statistical analysis soft-
ware was used for all data from field trials (Freed and Eisensmith, 1986). Principal
component analyses (PCA) were conducted using Minitab V17 software.

3. RESULT AND DISCUSSION
3.1. Genetic Diversity

Fourteen of the 18 SSR markers investigated were polymorphic (Table 3). The
polymorphism rate of markers used in the study was 78% (14/18). In various oth-
er studies, polymorphism rates were 80% in 10 tobacco genotypes from different
types (such as Virginia, Burley and oriental) (Davalieva et al., 2010), 100% in dif-
ferent types of tobaccos collected in Iran and Yugoslavia, Russia, Turkey, Greece
and Bulgaria (Darvishzadeh et al., 2014) and 100% in 702 genotypes of Nicotiana
tabacum (Moon et al., 2009b). The observed polymorphism rate of SSR markers
in the present study (78%) may seem lower than in other studies. However, this
rate was obtained from a single type of tobacco rather than from different types of
tobaccos in other studies.

The eighteen SSR markers studied produced 42 alleles in 58 genotypes
(Table 3). Three markers (TM10821, PT20242 and TM10181) produced four al-
leles, four markers (PT20172, PT30274 PT61056 and PT10013) produced three
alleles; and seven markers (PT30034, PT30137, PT30114, PT40005, PT50182,
PT53303 and TM10211) produced two alleles. Number of rare alleles in 18 SSR
markers was only two. The rare alleles were detected in TM10821. The number
of alleles per polymorphic marker was 2.71. Gholizadeh et al. (2012) reported the
number of alleles per marker as 3.47 in 72 Flue-cured Virginia tobacco genotypes
using 30 SSR markers. In 25 SSR loci, 135 flue-cured Virginia tobaccos had a total
of 85 alleles (3.40 alleles per marker) (Ganesh et al., 2014). Darvishzadeh et al.
(2013) found two or three alleles per marker (mean: 2.69) in 100 tobacco geno-
types, half of which originated from Iran. The results of the present study were in
accordance with those of Darvishzadeh et al. (2013) dealing with only one type of

https://doi.org/10.7161/0muanajas.108964122 d



Determining the Genetic and Agronomic Variations ...

tobacco from a single region. The fact that only two rare alleles were found in the
present study showed that tobaccos grown in the region had the same alleles in the
SSR loci investigated. None of the genotypes had a heterozygous marker profile.
This finding implicated that the genetic variation observed was not due to the het-
erozygosity of the plants sampled.

Table 3. The results of marker analysis

Number Frequency of alleles (%)
SSR Marker Results PIC
of alleles A B C D

PT20242 Polymorphic 4 475 31.1 82 131 0.653
PT20172 Polymorphic 3 60.7 115 279 00 0541
PT30034 Polymorphic 2 857 143 0.0 0.0 0.245
PT30137 Polymorphic 2 541 459 0.0 0.0 0497
PT30114 Polymorphic 2 426 574 00 00 0489
PT30274 Polymorphic 3 129 403 468 0.0  0.602
PT30364 Monomorphic 1 1000 0.0 00 0.0 0.000
PT30449 Monomorphic 1 100.0 0.0 00 0.0 0.000
PT40005 Polymorphic 2 738 262 00 0.0 0.387
PT40015 Monomorphic 1 100.0 0.0 00 0.0 0.000
PT50182 Polymorphic 2 689 311 00 0.0 0429
PT53303 Polymorphic 2 852 148 0.0 0.0 0.252
PT61056 Polymorphic 3 770 115 11.5 0.0  0.380
PT10013 Polymorphic 3 17.7 532 274 0.0 0610
TM10181 Polymorphic 4 226 113 419 242 0.702
TM10211 Polymorphic 2 91.8 82 0.0 0.0 0.150
TM10821 Polymorphic 4 3.3 49 492 426 0.573
TME0293 Monomorphic 1 100.0 0.0 00 0.0 0.000
Mean or Rate 77.8% 2.33 - - - - 0.362

PIC: Polymorphic information content

Polymorphic information content (PIC) is an informative accounting of DNA
markers. Higher PIC values indicate higher distinguishing power of markers. The
PIC values of 18 markers evaluated in the present study ranged from 0.0 to 0.702
(mean: 0.361). The highest PIC value was obtained from TM10181 (0.702) and the
lowest from TM10211 (0.150). The mean PIC values of SSR markers in the previ-
ous studies were 0.39 by Davalieva et al. (2010) using 30 SSR in 10 genotypes, 0.59
by Fricano et al. (2012) using 49 SSR in 312 genotypes, 0.48 by Ganesh et al. (2014)
using 25 SSR in 135 genotypes and 0.736 by Moon et al. (2009b) using 70 SSR in
702 genotypes. In these studies, the number of genotypes and tobacco types were

ANAJAS, 2022, Cilt 37, SayI 3,Sayfa 617-636



Dursun KURT, Ahmet KINAY, ibrahim SAYGILI, Nejdet KANDEMIR

higher than those in the present study. Mean PIC values obtained in the present
study (0.361) can be considered high compared to that of Davalieva et al. (2010)
using 30 SSR and 10 tobacco genotypes from different types (oriental, Virginia and
Burley). Our findings indicated that use of only seven SSR markers (TM10181,
PT30274, PT20242, PT10013, TM10821, PT20172 and PT10013) could distin-
guish different oriental tobacco genotypes produced in Samsun region.

A dendrogram was created to visualize the relationships among genotypes us-
ing SSR marker profiles (Figure 3). Lines were separated into three distinct groups
on the dendrogram (with similarities of lower than 25%). Group 1 had the lines
No: 11, 14, 35, 43, 50, 36, 45, 46, 2, 8, 13, 20, 30, 31, 33, 37, 49, 51 and Canik local
variety. Group 2 had the lines No: 6, 16, 22, 23, 26 and 53. Group 3 was the largest
and had the lines No: 1, 3,4, 5, 7,9, 10, 12, 15, 17, 18, 19, 21, 24, 25, 27, 28, 29,
32, 34, 38, 39, 41, 42, 44, 47, 48, 52, 54, 55, 56, 57, 58 and the local variety Nail.
The following genotypes were identical: 1 and 10; 19 and 42; 3 and 4; 18, 38 and
41; 52 and 58; 25, 27, 32 and 39; 31 and 33 (Figure 3). Since local varieties Canik
and Nail are commonly grown in Samsun region, some of the lines studied could
have simply been the plants of Canik or Nail. But the most distinctive genotype in
group 1 was Canik. The closest line to Nail was line 21. Genotype 21 differed by
TM10013 marker. Of the 58 lines examined, 48 were different for at least one SSR
locus. Identifying 48 different genotypes among 58 plants collected from a small
area (only 270 square kilometers in total) indicated that the genetic variation of
tobaccos grown in the region was very high.

Figure 3. Dendrogram based on SSR marker data
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3.2. Variations in Agronomic Traits

The investigation of traditional populations in comparison to a known or com-
monly grown genotype is important for evaluating their variations. For this pur-
pose, agronomic variations in 48 collected lines were evaluated together with local
varieties Nail and Canik which are widely used in the Samsun region and known
worldwide (Ding et al., 2007; Cai et al., 2015). Some lines were identified with bet-
ter agronomic performance than Nail or Canik, and these superior lines could be
evaluated in future studies.

As leaves of oriental tobacco are usually harvested by hand, plant height is an
important characteristic in terms of ease of harvest. Leaf harvesting is easier in
plants which have a tall stature. Significant differences were observed for plant
height in both years (p<0.01). The highest plant height was obtained from the line
8(170.7 cm) in 2015 (Table 4). The 37.7 cm difference in plant height between the
two years may have been caused by factors such as precipitation and temperature.
Previous studies showed similar yearly changes in plant height of oriental tobaccos
(Kurt and Ayan, 2014). Eleven of the lines studied had longer plants than the con-
trol genotypes. The differences between the lines indicated a high level of variation
for this trait.

The number of leaves in tobacco directly affects the yield obtained in a unit
area. Significant differences were found for the number of leaves in both years
(p<0.01). The number of leaves of the lines varied between 16.9 and 40.1 in the first
year and between 24.1 and 41.7 in the second year. Lines 2, 13 and 20 in 2014, and
lines 2, 8, 13, 20, 21, 22, 23, 24, 26, 29, 43, 45, 52 and 57 in 2015 had more leaves
than control genotypes (Table 4). Considering the results of the two years together,
lines 2, 13 and 20 produced more leaves than Nail and Canik varieties. The range
of the variation for the number of leaves among the lines was higher than the vari-
ation observed for oriental tobaccos in previous studies carried out in this region
(Camas et al., 2009a, b; Kurt and Ayan, 2014; Kurt, 2020). These findings might
reveal the influence of genotypic variations on number of leaves. Significant differ-
ences were detected for leaf width in both years (p<0.01). Although the leaf width
values of the lines were not statistically different from Nail and Canik varieties in
2014, lines 3,7, 11, 22, 23, 42, 46, 48, 53 and 57 had higher leaf width than Nail and
Canik in 2015 (Table 4). Leaf width is a character significantly affected by the envi-
ronment. Kurt (2021) found that the leaf width of the same line varied between 7.3
and 16.1 cm in four different environments including the Samsun region.
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Table 4. Agronomic characteristics of the genotypes examined

PO Plant height (cm) Number of leaves Leaf width (cm) Leaf length (cm)
5l 2014" 2015" 2014 2015 2014 2015 2014" 2015"
; 1143 a-e 1654 ab 401 a 412 ab 8.58 abc 927 n-v 1536 h-q 2073 fl
5 1119 ag 1355 g 259 fp 295 k-s 8.96 abc 1195 b-g 1544 h-q 2226 d-i
6 93.7 h-p 119.0 l-p 225 1t 282 lu 1020 ab 1027 h-q 2119 a 18.71 k-o
7 855 It 1243 i-o 219 lu 27.7 m-u 1032 ab 9.09 o-v 18.11 b-e 20.06 g-m
s 7349 st 1269 i-o 217 lu 27.9 m-u 8.82 abc 12.48 bed 1538 h-q 2231 d-i
1159 a-d 170.7 a 29.6 c-h 353 d- 9.68 abc 8.90 p-v 16.17 f-o 2249 d-i
o 88.0 j-s 125.8 i-0 21.0 o-u 309 j-o 9.13 abc 8.53 s-v 1376 q 1574 o-r
10 88.6 j-s 129.1 h-m 222 lu 306 k-p 8.98 abc 1118 d-k 14.86 l-q 2112 ek
1 103.1 d-j 157.6 a-d 289 ci 338 ek 9.85 abc 11.88 b-g 1917 b 2629 abc
12 99.1 e-m 1263 i-o 234 jt 248 tu 9.78 abc 8.78 r-v 15.87 gp 1539 o-r
13 1224 ab 1585 a-d 357 ab 417 a 1029 ab 886 q-v 17.19  ci 1882 j-o
14 89.4 jr 139.0 fi 20.6 p-u 336 ek 9.09 abc 1042 h-o 16.75 d-1 2112 ek
15 918 iq 1192 lp 230 kt 251 stu 9.50 abc 939 mv 1500 lq 1638 nr
16 9.2 gn 1282 h-n 216 mu 310 jo 9.80 abc 1073 g-m 1639 en 2348 c-g
17 812 n-t 1108 p-t 19.6 r-u 247 tu 8.85 abc 12,57 a-d 1527 iq 2072 fl
20 1258 a 1477 c-g 334 be 39.7 ad 8.82 abc 1098 el 15.18 k-q 2349 cg
21 1021 dk 150.1 cf 272 dl 378 a-e 8.62 abc 1396 a 1561 h-q 2548 a-d
22 101.2 d-1 159.8 a-c 319 bed 39.0 a-d 9.38 abc 1137 ¢ 16.49 d-m 24.35 a-e
23 1092 b-h 1477 g 268 dn 358 ci 842 be 1187 b-g 14.63 m-q 2120 ek
24 83.4 m-t 1583 a-d 18.0 tu 359 c-i 839 bc 991 k-t 14.25 opq 1853 k-o
25 93.8 h-p 1366 g 288 ¢ 327 fl 9.43 abc 10.65 gn 1872 bc 2091 ek
26 973 fn 136.6 g-j 247 h-s 36.1 ch 9.68 abc 10.89 f1 1501 lq 2394 b-f
28 90.9 i-r 1349 gk 239 i-s 313 i-o 9.71 abc 9.36 m-v 16.00 f-p 16.50 n-r
29 106.7 c-i 153.0 b-e 315 b-e 40.3 abc 9.38 abc 11.50  c-i 16.46 d-m 2324 ch
30 703t 1463 d-g 20.1 q-u 315 h-n 9.25 abc 8.63 s-v 1546 h-q 19.95 h-m
31 776 q-t 1025 st 251 gr 26.1 p-u 8.11 ¢ 10.35 h-o 1547 h-q 2083 fl
34 99.2 e-m 1284 h-n 233 ket 304 k-q 9.61 abc 8.81 r-v 1470 m-q 1746 l-q
35 112.8 a-f 1152 n-s 31.8 bed 27.3 n-u 9.38 abc 8.46 uv 17.17  c-i 15.89 o-r
36 97.1 fn 1313 h-l 252 g-q 254 r-u 8.64 abc 10.11  i-r 17.78 b-f 17.00 m-r
37 949 h-o 1314 h-l 213 n-u 33.0 fk 9.11 abc 1033 h-p 16.40 d-n 23.02 c-h
40 79.7 o-t 1146 o-s 19.4  stu 243 u 9.26 abc 9.41 m-v 14.10 pq 14.87 pqr
41 86.7 k-s 1369 f 20.7 p-u 269 o-u 9.25 abc 1257 a-d 17.06 ¢k 26.87 ab
42 90.7 i-r 1312 h-l 228 It 300 kr 8.46 abc 12.38 b-e 1422 pq 2462 a-d
43 101.0 d-1 100.1 264 e-o 242 u 1043 a 972 lv 16.72 d-1 16.84 m-r
44 92.1 i-q 1179 m-q 233 ket 25.1 stu 9.22 abc 9.08 o-v 1528 iq 1387 r
45 96.1 g-n 159.3 a-d 283 ck 369 b-f 9.58 abc 9.96 j-s 1534 h-q 2220 dj
46 91.6 ir 1405 e-h 205 p-u 323 g-m 8.50 abc 13.01 ab 16.97 ¢k 2562 a-d
47 108.8 b-h 116.3 m-r 30.7 b-f 249 tu 9.06 abc 9.22 n-v 1722 c¢h 16.28 n-r
18 78.1 p-t 117.3 m-r 208 p-u 25.0 stu 8.94 abc 1157 ch 1598 f-p 19.40 i-n
119.6 a-c 1148 o-s 304 c-g 258 r-u 9.61 abc 9.12 o-v 17.72 b-g 1353 r
:z 98.8 e-m 1162 m-r 230 k-t 241 u 9.24 abc 878 r-v 17.59 b-g 1397 r
51 1111 a-g 105.7 q-t 238 i-s 239 u 8.78 abc 9.85 k-u 1533 h-q 14.44 qr
5 894 jr 1219 k-p 251 gr 371 af 1043 a 1030 h-p 18.28 bed 18.28 k-p
53 84.5 m-t 1355 g 258 fp 272 n-u 9.84 abc 12.79 abc 1712 cj 2431 a-e
54 88.1 j-s 1044 st 219 lu 246 u 9.44 abc 830 v 1533 h-q 1410 qr
970 fn 1356 g 238 i-s 292 k-t 8.60 abc 8.83 q-v 1481 lq 1573 o-r
55 758 rst 1409 e-h 169 u 3L1 j-o 9.01 abc 8.50 tuv 1522 jq 15.59 o-r
56 1020 dk 1353 gj 313 be 366 cg 868 abc 1231 bf 1483 lq 2749 a
57 : 89.7 jr 1268 i-o 269 d-m 299 kr 9.78 abc 878 r-v 16.28 e-n 1464 qr
g‘f‘l'k 924 iq 1281 hn 193 stu 259 qu 878 abe 972 1w 1450 n-q 1478 qr
ail
Mean 94.6 1323 25.3 30.7 9.25 10.32 16.10 19.70

https://doi.org/10.7161/0muanajas.108964122 d



Determining the Genetic and Agronomic Variations ...

Table 4. continued

Yield Grade index Nicotine content Glucose content

Genotype (kg ha) score (%) (%) (%)

2014 2015 2014 2015™ 2014 2015 2014 2015
2 1483 a 1703 d  71.7 abc  66.7 abc 131 mn 0.97 op 6.71 bed 884 b
3 1416 ab 1572 e 733 ab 683 abc 146 hij 125 j-m  6.57 c-f 6.18 j-m
5 716 z 1345 j 550 e-h 500 efg 121 or 122 Imn 536 o 639 g-m
6 1148 i-1 1273 Imn 633 b-f 583 cf 133 mn 104 op 453 q 7.86 cd
7 903 st 1292 1 71.7 abc  66.7 abc 120 or 122 kn 504 p 6.22 j-m
8 1055 mno 1595 e 71.7 abc  66.7 abc  1.16 qr  1.00 op 6.04 i-m  6.82 e-l
9 953 pqr 857 wx 51.7 fgh 61.7 b-e 162 de 1.60 bed 623 g 6.75 e-l
10 1064 mno 1194 op 583 d-h 533 d-g 153 fgh 123 kn  6.19 h-l 651 g-m
11 920 qrs 1173 pq 783 a 733 a 1.64 d 126 i-m 597 jn  8.67 b
12 1466 a 1398 i 56.7 e-h 517 efg  1.19 pgr 1.70 ab 6.07 i-l 690 e
13 1196 g-j 1836 a 683 a-d 633 abcd 1.51 fi 1.10 no 588 k-n  6.69 e-m
14 860 s-v 1233 no 783 a 733 a 202 b 123 kn 674 bed 7.08 efg
15 1245 e-h 1297 kI 550 eh 51.7 d-g 137klm 136 gk 676 bed 5.02 op
16 1213 f+i 1427 hi  71.7 abc  66.7 abc 150 f-i 1.10 no 6.18 h- 730 cde
17 1115 j-m 1233 no 650 b-e 60.0 c-f 1.18 pqr 1.34 g-l 6.72 bed  6.64 e-m
20 890 ru 1190 p 783 a 733 a 123 opg 124 klm  6.74 bed 6.01 mn
21 1306 cde 1781 bc 733 ab 683 abc 131 mn 127 im  6.07 i-l 7.09 efg
22 928 qrs 1808 ab  71.7 abc 66.7 abc 198 b 1.50 def 6.02 j-m 791 ¢
23 1110 k-n 1673 d 767 a 71.7 ab 1.19 pqr 138 f5 575 mn  6.76 e-l
24 1075 l-o0 1264 Imn 46.7 h 467 g 1.55 efg 1.67 abc  6.01 j-m 6.66 e-m
25 1346 bed 1355 j 65.0 b-e 60.0 cf 178 ¢ 095 p 710 a 631 h-m
26 1181 h-k 1484 g 733 ab 683 abc 141 jk 1.04 op 690 ab  7.36 cde
28 1304 cde 1258 Imn  50.0 gh 51.7 efg 217 a 1.40 f-i 444 q 516 op
29 1366 be 1439 h  71.7abc 66.7 abc 1.16 qr 128 i-m 629 fj 6.89 e
30 755 xyz 939 tu 71.7abc 66.7 abc 2.19 a 122 kn 654 c-g 681 el
31 887 r-u 983 s 65.0 b-e  60.0 cf 141 jkI 139 g 520 op  6.15 klm
34 1314 cde 977 st 51.7 fgh 60.0 cf 154 fg 173 ab 633 f-i 474 p
35 1202 ghi 885 vw 567 eh 617 b-e 1220pq 155 cde 4.68 q 5.09 op
36 891 ru 1290 1 583 d-h 517 dg 133 mn 143 eh 6.76 bed 6.50 g-m
37 834 t-x 1259 Imn 583 d-h 533 d-g  1.18 pqr 1.35 g-l 6.69 b-e 651 g-m
40 802 v-y 843 x 533 eh 583 cf 146 hij 173 a 6.19 h-k  7.00 e-h
41 997 opq 1339 j 61.7 c-g 567 c-g 144 ik 1.19 mn 648 d-h 980 a
42 744 yz 1172 pq 583 d-h 533 d-g 153 fgh 131 h-m 6.83 abc 6.02 mn
43 792 v-z 1024 r 483 h 567 c-g 137klm 138 f 537 o 7.08 efg
44 959 pqr 923 uv 517 fgh 567 c-g 133 Imn 151 def 599 j-m 7.25 def
45 853 s-w 1758 ¢ 71.7 abc  66.7 abc 123 opq 1.02 op 7.06 a 5.98 mn
46 994 opq 1135 q 65.0 b-e 60.0 cf 150 fi 127 i-m  6.01 j-m 648 g-m
47 1108 k-n 1282 Im 56.7 e-h 483 fg 127 no 147 d-g 530 op 543 no
48 811 u-y 1244 mn 550 e¢-h 500 efg 200 b 099 op 6.48 d-h  6.87 ek
49 1275 d-g 1334 jk  51.7 fgh 51.7 efg 1.62 de 1.18 mn 501 p 5.24 op
50 770 w-z 890 vw 56.7d-h 533 d-g 149 ghi 134 gl 516 op 627 i-m
51 1292 c-f 889 vw 51.7 fgh 583 cf 137klm 125 j-m  6.18 h-l 698 e-i
52 1150 i1 1527 £ 61.7b-g 567 cg 157 ef 101 op 6.47 d-h  6.12 Im
53 1018 op 1359 j 683 a-d 633 a-d 139 jm 097 op 6.66 b-e  7.04 efg
54 779 v-z 894 vw 567 eh 583 cf 138 klm 139 fi 569 n 681 el
55 1245 e-h 1199 op 583 d-h 533 d-g 175 ¢ 136 g-k 639 e-h 676 e-l
56 792 v-z 1348 j 583 d-h 500 efg 1.14 r 174 a 587 Imn  6.54 f-m
57 1343 bed 1573 e 71.7 abc  66.7 abc 151 f-i 1.67 abc  6.57 c-f 622 jm
Canik 1029 nop 1358 j 550 e-h 517 d-g 126 nop 1.72 ab 508 op 648 g-m
Nail 847 s-w 996 rs 567 eh 583 cf 128 no 1.18 mn 6.7 bed 6.81 e-l
Mean 1055 1282 62.5 59.7 1.46 1.31 6.0 6.66

**Means with different letters in each column are significantly different (P<0.01) according
to Duncan test

Significant differences were observed for leaf lengths in both years (p<0.01).
The leaf lengths of the lines varied between 13.76 and 21.19 cm in 2014 and be-
tween 13.5 and 27.5 cm in 2015. Lines 5, 11, 25, and 52 had higher leaf lengths than
standard genotypes in both years (Table 4). In other studies with oriental tobaccos
conducted under similar conditions, leaf length varied from 15.7 to 18.6 cm (Kurt
and Ayan, 2014) and from 24.8 to 25.6 cm (Kurt, 2021). The leaf length values
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observed in the present study were similar to the ones reported in those studies.
However, the range of leaf length values in the present study (13.7-27.5 cm) was
higher, indicating the high variation level among our lines in terms of leaf length.

Tobacco is a crop grown for its dried leaves. Dried leaf yield has been the char-
acter that interests plant breeders and tobacco producers. The highest dry leaf yield
was obtained from the line 13 as 1836 kg ha-1 in 2015 and the lowest from the line
5 as 716 kg ha-1 in 2014 (p<0.01). Twenty of the lines examined in 2014 and 12
in 2015 had higher dried leaf yields than the standards Nail and Canik (Table 4).
Since oriental tobacco is grown under rainfed conditions, adaptations of the lines
with similar dried leaf yields under both low and high precipitation conditions
are better (Kurt et al., 2020). Therefore, lines 2, 3, 12, 13, 16, 21, 26 and 57, which
yielded higher dry leaf than the standards in both years, could be stated to have
better adaptations to the region than the other lines. In other studies, carried out in
the region, leaf yields varied between 940 and 1370 kg ha-1 (Kurt and Ayan, 2014)
and between 900 and 1500 kg ha-1 (Camas, 1998). Thus, the dried leaf yields of
our lines were higher than those of lines or cultivars used in previous studies, and it
could be concluded that the lines evaluated in the present study have the potential
for high dried leaf yields and could be useful in future tobacco breeding programs
to improve dried leaf yields in changing climate conditions. Oriental tobaccos are
known for their superior quality properties (Kinay and Yilmaz, 2016). Physical
quality in tobacco is measured using a grade index score. The highest grade index
scores were obtained from the lines 11, 14 and 20 as 78.3% in 2014 (p<0.01). In
2014, 18 lines had higher grade index scores than the standards, while in 2015,
lines 11, 14, 20 and 23 had statistically higher grade index scores than the standards
(Table 4). Grade index scores of oriental tobaccos grown in the same region as the
present study were reported to vary between 24.2 and 69.3% by Kurt (2021) and
between 58 and 80% by Kurt and Ayan (2014). Thus, grade index scores appeared
to vary greatly by the genotype used. Oriental tobaccos should have grade index
scores of at least 60%. The grade index scores of most lines evaluated in the present
study were over 60% in both years, which indicated the satisfactory quality charac-
teristics of the lines evaluated.

The first measure of chemical quality in oriental tobacco is the nicotine con-
tent of the dried leaves. The proportions of oriental tobaccos in cigarette blends
are determined by the nicotine content of the leaves. The nicotine content of the
lines varied between 1.14 and 2.19% in 2014 and between 0.95 and 1.70% in 2015
(p<0.01). In the first year, 28 lines had higher nicotine contents than the standard
genotypes. In the second year, on the other hand, lines 12, 34, 40 and 56 had nico-
tine contents similar to Canik standard variety, while 21 lines had higher nicotine
contents than Nail standard variety (Table 4). Nicotine contents of dried oriental
tobacco leaves were reported to vary from 1.5 to 3.5% by Camas et al. (2009a) and
from 2.1 to 3.3% by Yilmaz and Kinay (2011). Kurt (2021) found nicotine contents
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of oriental tobaccos as 0.96-2.06% in other regions and 0.47% in Samsun region.
Thus, in this region where the same tobacco genotypes had less nicotine contents
compared to other regions, nicotine contents of the lines evaluated in the present
study were considerably high.

Leaf glucose content is an important measure of chemical quality in tobacco.
The leaf glucose contents of the lines varied between 4.44 and 7.10% in the first
year and between 4.74 and 9.80% in the second year. In the first year, line 25 had
a higher leaf glucose content than Canik local variety while 38 lines had higher
leaf glucose contents than Nail. In the second year, on the other hand, lines 2, 6,
11, 16, 22, 26, 41 and 44 had higher leaf glucose contents than the two standard
varieties (Table 4). Glucose is one of the most important soluble sugars (Roomer
etal., 2012). In general, tobaccos with high sugar contents are considered to be of
better quality (Hasebe and Subara, 1999). Leaf glucose content in oriental tobacco
leaves were reported to be 2.0% (Ramusino et al., 1994), 2.98% (Kurt, 2021) and
4.2% (Kinay and Yilmaz, 2016). The glucose content values in the present study
were higher than those reported in previous studies. The lines examined contained
significant variations in leaf glucose content, and most of them had good quality in
terms of leaf glucose contents.

A PCA analysis was carried out to show the agronomic variations among 48
pure lines along with Canik and Nail varieties and to determine the proportional
importance of each traits within the total variation. The first two principal compo-
nents (PC) (eigen value greater than one) accounted for 65.8% of the total variabil-
ity. In the first PC, which explained 47.1% of the total variance, the predominant
characters were grade index, leaf length, number of leaves and plant height. PC2,
which accounted for 18.7% of the overall variation, explained 18.7.0% of the over-
all variation. Plant height and number of leaves contributed positively to this PC
while leaf width had a negative impact (Figure 4a). All the characters which turned
out to be significant in PCA and made considerable contributions were physical
characters. The producers, who were the original developers of the local varieties,
may have imposed their preferences through physical characters.
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Figure 4. Loading plot (a) and score plot (b) of first two principal component

Therefore, it is an expected situation that physical characters constituted a
major part of the overall variation observed among the lines. Indeed, Zakova and
Benkova (2006) and Yadav et al. (2018) mentioned that variations in local varie-
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ties were in harmony with producer preferences. Score plot was drawn to evaluate
together the overall agronomic variations of the genotypes examined (Figure 4b).

The highest values of dried leaf yield and number of leaves were obtained from
line 2, while the highest leaf length and grade index score were observed in line 11,
the highest nicotine in line 28 and the highest sugar content in line 41. The lowest
values were obtained from line 28 for sugar contents, from line 40 for number of
leaves, leaf length and dried leaf yield. Lines 17 and 48 had low values for most of
the characters evaluated, while line 13 had high values in half of the characters
examined, and average values in other half, and line 21 had high values for almost
all characters. In a score plot, the most responsive genotypes can be identified by
drawing a polygon with endpoints in which genotypes with extreme values are
located. These genotypes may be either the best or worst performing ones in some
or all locations where they are examined (Yuksel and Akcura, 2012). According to
these results, an overall evaluation can be made to reveal the lines with high and
low performance for the involved character, or to identify the lines with superior
overall performance.

4. CONCLUSION

Evaluation of the genetic variation level has been a major aim in crop improve-
ment. Landraces have always been of great importance for both expanding shrink-
ing genetic variations and selecting high-performance lines. In the present study,
tobacco genotypes grown in a specific region were examined for both DNA and ag-
ronomic variations. Forty-eight different genotypes were identified among 58 sin-
gle plants selected based on their appearance. The results showed that there is high
variation in the oriental tobacco material used in the tobacco production area of
Samsun. High variations were also determined in agronomic characters. The vast
majority of the lines studied performed better than the local varieties Canik or Nail
for most characters. The results of the present study revealed agronomic variations
in the oriental tobacco production material, which is generally known as Samsun
type of oriental tobacco. In order to use the variations detected by this study for
tobacco breeding, the lines should be evaluated in multiple field trials. Lines 2, 11,
13,21, 28, and 41 were considered promising due to their superiority in some or all
agronomic characteristics. Direct selection of lines with high performance could
contribute to the tobacco production in the region where good quality Samsun
tobaccos are grown. The present study provides a detailed characterization of Sam-
sun oriental tobacco genotypes for tobacco breeders. The lines examined could be
directly used in tobacco production or they can be harnessed as gene donors for
agronomic traits to be used in plant breeding programs.
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TANE OZELLIKLERI UZERINE EGIM, ANAC VE SALKIM SEYRELTMENIN ETKISI
0z

Uziimiin olgunlasmast baz1 karmasik fiziko-kimyasal ve biyo-kimyasal siireg-
lerden meydana gelir. Bu siiregleri; iklim, toprak, cografi konum, cesit, ana¢ ve
kiiltiirel islemler, kisacasi tiim terroir bilesenleri etkilemektedir. Bu kavramlar tek
basina etkili oldugu gibi, birbirleriyle de siirekli bir etkilesim halindedir. Bu aras-
tirmada terroir-asma-iiziim iligkileri incelenmistir. Deneme Sarkdy/Tekirdagda
bulunan Kalpak Tarim Uriinleri Ltd. Sti. baglarinda iki yil siireyle 2019/2020 ve
2020/2021 yiritiilmistir. Egimi %18, rakim1 309-327 m arasinda ve Cabernet
Franc/Fercal ve Cabernet Franc/140Ru ag1 kombinasyonlarinin kullanildigi 70 cm
govde yiiksekligine sahip bagda, sira arasi genislik 2.1 m sira iizeri genislik ise 1.0
mdir. Kuzey-Giiney dogrultusunda dikilmis olan asmalar, Kordon Royat terbiye
sisteminde duvar seklinde terbiye edilmistir. Arastirmanin amacy; egimdeki ko-
numlar1 (Ust, Orta ve Alt Bolge) dikkate alinan iki farkli anaca (140Ru ve Fercal)
agilanmis olan omcalara uygulanan 3 farkli salkim seyreltmenin (%0, %25 ve %50)
tane ozelliklerini nasil etkiledigini belirlemektir. Sonug olarak; Fercal anacinda
tane yas agirligy, tane kuru agirhigs, tane hacmi, tane ozkiitlesi ve tane kabuk alani
agisindan diisiik degerler alinmistir. Ote yandan 140Ru anacindan da tane eni, tane
boyu, % kuru agirlik ve tane kabuk alani / tane eti hacmi agisindan diistik degerler
elde edilmistir. Egimdeki konumlar1 incelendiginde; Ust konumu tane 6zkiitlesi ve
tane kabuk alani / tane eti hacmi disindaki diger kriterleri diistirmiistiir. Incelenen
iki yilda da bagdan ortalama 700-800 kg da' arasinda verim alindigindan salkim
seyreltme yapilmamasinin (%0 S) daha uygun olacag: saptanmustir.

Anahtar Kelimeler: 140ru, Cabernet Franc, Fercal, Konum, Uziim Tanesi.
%% %

THE EFFECT OF SLOPE, ROOTSTOCK AND CLUSTER THINNING ON BERRY
PROPERTIES

ABSTRACT:

The ripening of grapes consists of some complex physico-chemical and bio-c-
hemical processes. These processes; climate, soil, geographical location, variety,
rootstock and cultural practices, in short, affect all terroir components. As these
conceptions are effective alone, they are also in constant interaction with each ot-
her. In this research, terroir-grapevine-grape berry relations were examined. Trial
is located in Sarkoy/Tekirdag, Chateau Kalpak Vineyards for two years 2019/2020
and 2020/2021. In the vineyard with a slope of 18%, an altitude of 309-327 m, and a
height of trunk 70 cm in which Cabernet Franc/Fercal and Cabernet Franc/140Ru
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grafting combinations are used, between rows is 2.1 m and the width on rows is 1.0
m. The vines planted in the N-S direction were cultivated in the single-arm Cordon
Royat trellising system. The aim of the study is to determine how three different
cluster thinning (0%, 25% and 50%) applied to grapevines which is grafted on two
different rootstocks (140Ru and Fercal) considering their positions on the slope
(Top, Middle and Bottom) affect the grape berry characteristics. As a result, low
values were obtained from Fercal rootstock in terms of berry fresh and dry weight,
berry volume, berry density and berry skin area. On the other hand, berry width,
berry length, % dry weight and berry skin area / berry volume from 140Ru roots-
tock, too. When the location on the slope is examined; the Top position reduced
the criteria other than berry density and berry skin area / berry volume. Since the
average yield of two years in the vineyard is between 700-800 kg da’!, it was deter-
mined that it would be more appropriate no cluster thinning (0% S).

Keywords: 140ru, Fercal, Cabernet Franc, Location, Grape Berry.
ek R
1. GIRIS

Uziimiin olgunlasmasi ve asmanin davraniglar1 {izerine topragin etkisi,
iklimin asma tizerine etkileri, kiiltiirel islemlerin asma tzerine etkileri, tiziimiin
olgunlasmasi tizerine ta¢ yliksekligini etkisi, yaz budamasinin (yaprak alma, kol-
tuk alma, salkim seyreltme vb.) tiziim ve asma tizerine etkilerini bilmek énemlidir
(Bahar ve ark., 2010). Asmalarin yasam dongiistinii etkileyen en 6nemli faktorler-
den biri iklim olup; sicaklik, riizgar, donlar ve yagis en etkili iklim faktorleri ara-
sinda sayilabilir. Ote yandan bagdaki asmalarin su durumu da topografiye, kiiltiirel
uygulamalara ve toprak o6zelliklerine gore degismektedir (Jasse ve ark., 2021). Yag-
mur olarak diigen yagis miktar1 6nemli oldugu gibi; topragin tutabilecegi su mikta-
r1 da liretim tizerine giiclii bir etkiye sahiptir (Blaschek ve ark., 2019). Topragin su
tutma kapasitesi topragin tekstiiriine, topografyaya ve diigen yagis miktarina bagli-
dir. Asma su durumu da topragin su tutma kapasitesine ve kanopinin bitytikligiine
gore degismektedir (Van Leeuwen ve ark., 2006). Asmanin su durumu, topraktaki
su noksanliginin ben dilsmeden 6nce ve sonra gerceklesmesine gore farkliliklar
gostermektedir (Gambetta ve ark, 2020). Asma, ben ditsme Oncesi goriilen su kisi-
tina daha duyarlidir (Korkutal ve ark., 2019). Tane gelisiminin erken donemlerinde
meydana gelen su noksanlig1 hiicre bolitnmesi ve hiicre genislemesini dolayisiyla
tane boyutu ve tane yapisini etkilemektedir (Bondada and Shutthanandan, 2012).
Ayrica, agir1 su stresinin tiziimlerin tane boyutunu kiigilttigii Flexas ve Medrano
(2002) tarafindan belirtilmistir. Tane biytikliigiiniin tiziim kalitesini etkiledigi de
unutulmamalidir (Chen ve ark,, 2018).
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King ve ark. (2015) salkim seyreltmeyi; asmanin iiriin yikiiniin tiziimi olgun-
lagtirma kapasitesiyle dengelemeyi amaglayan, yaygin olarak kullanilan bir bag
yonetimi uygulamasi olarak tanimlamiglardir. Salkim seyreltme iiretim merke-
zi-tiiketim merkezi dengesini kurarak kaliteyi yiikseltmeyi ve tanedeki sekonder
metabolitlerin artisini saglamak i¢in kullanilan yaygin bir bagcilik teknigidir. Bag-
da gerceklestirilen sulama, terbiye sistemi, yaprak alma salkim seyreltme gibi kiil-
tiirel islemler asma tizerinde etkili olmakta (Alem ve ark., 2019), 6te yandan gevre
kosullar1 ve bagcilik uygulamalar: tane agirligi ve tane bilesimini farkl seviyelerde
etkilemektedir (Dai ve ark., 2011). Tanenin fenolik olgunlagmasi iklim kosullar
ile salkim seyreltme ve yaprak alma gibi pratik bagcilik uygulamalariyla dogrudan
iligkilidir (Guidoni ve ark., 2008). Ben diigme ve tanelerin bezelye iriligini aldig
donemde gerceklestirilen salkim seyreltme uygulamalarinin tane agirligi bakimin-
dan fark yaratmadig1 Kennedy ve ark. (2009) tarafindan tespit edilmistir. Bunun
aksine ben diigme doneminde gergeklestirilen salkim seyreltme ile genellikle tiziim
kalitesi ve bilesimine pozitif bir etkide bulunuldugu kaydedilmistir (Mawdsley ve
ark., 2019).

Bu aragtirmanin amaci, egimli bir bagda, iki farkli anaca (140Ru ve Fercal)
astlanmig olan Cabernet Franc iiziim ¢esidi omcalarinda gerceklestirilen degisik
seviyelerdeki salkim seyreltmenin, tane zelliklerini nasil etkiledigini ortaya koy-
maktir.

2. MATERYAL VE YONTEM
2.1. Materyal

Bu ¢alisma Tekirdag ili Sarkdy ilgesi icerisinde 6zel bir sirkete ait %18 egimli
bagda, 13 yashi Cabernet Franc/Fercal ve Cabernet Franc/140Ru as1 kombinasyon-
larinda iki yil stireyle gerceklestirilmistir. Kuzey-Giiney dogrultusunda dikilmis bu
asmalara Espalye sisteminde tek kollu Kordon Terbiye sekli verilmistir. Omcalar
70 cm govde yiiksekligine sahip olup; sira aras1 2.1 m x sira tizeri 1.0 m mesafede
dikilmistir.

2.2. Yontem

Denemenin yiriitiildiigii omcalarin bulundugu parselde kenar etkisini azalt-
mak amaciyla sira baginda ve sonunda 2-3 omca ve parseller arasinda yine ayni
saylda omca, kenar bitkisi olarak deneme disinda birakilmistir. Omcalarin ho-
mojenligi agisindan ayni yas, gelisim kuvveti ve sarjda olmasina dikkat edilmistir.
Farkli gelisim diizeyi gosteren omcalar deneme disinda birakilmigtir. Stirgtinlerin
uzunlugu 25-35 cm oldugunda salkim sayilar1 esitlenmistir. Bagin kiiltiirel islem-
leri iki vejetasyon periyodu boyunca yapilmistir.
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Bag; egimdeki konuma gore, Ust (kirecli, cakilli ve su gecirgenligi fazla), Alt (kil
orani ve taban toprak derinligi yiiksek) ve Orta (gakilly, su gegirgenligi Ust ve Alt
arasinda) olarak tice ayrilmuistir.

Egimdeki konum bolgelerine gore ii¢ farkli salkim seyreltme (%0, %25 ve %50)
uygulanmustir. Ben diismede (140Ru igin 22.07.2019 ve 28.07.2020) (Fercal i¢in
24.07.2019 ve 28.07.2020) %25 ve %50 salkim seyreltme gergeklestirilmistir.

2.3. Deneme Deseni Ve Istatistiki Analiz

Aragtirma Boliinmiis Parsellerde Faktoriyel Deneme deseninde kurulmus ve
2 anag (140Ru ve Fercal), 3 farkli egim (Ust, Orta ve Alt Bolge), 3 farkli salkim
seyreltme (%0, %25 ve %50), 3 tekerriir ve her tekerriirde 3 omca olmak {izere
toplam 162 omca ile yiiriitiilmiistiir. Iki yil verilerinin degerlendirilmesinde JMP
programi, varyans analizini takiben LSD testi kullanilmuistir.

2.4. Aragtirmada Incelenen Kriterler

Bazi iklim verileri: Iklimsel veriler Tekirdag Meteoroloji Miidiirliigii'nden alin-
mustir (TMM, 2020).

Branas Heliotermik Indisi: Esitlik 1 ile hesaplanmistir.
Heliotermik Indeks (HI)=X.H.10° 1)
X= Yillik etkili sicaklik toplami (°C)

H= Yillik toplam giineslenme stiresi (saat)

Huglin Heliotermik Indisi: Esitlik 2 ile hesaplanmistir

30 Eyliil
TH = X (T, -10°C) + (T, - 10°C)/2.L 2)

1 Nisan

ij: Gilnliik ortalama sicaklik (*C)

ij: Giinliik en yiiksek sicaklik (°C)

L = Giin uzunlugu katsayis1 (40° 1% dan 42° 0 ya kadar 1.02)
Dryness (Kuruluk) Indisi: Esitlik 3 ile hesaplanmugtir

IS=W, =W ,+P-T -Es 3)

30 Eylil 0 (1 Nisan
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IS = Kuraklik Indeksi

W = Vegetasyon periyodu sonundaki toprak su rezervi (mm)

WO = Baslangigtaki yarayish su rezervi (mm)

P =Yagis (mm)

Tv = Bagin potansiyel transpirasyonu (ETPk)

Es = Direkt topraktan evaporasyon

Tanelerden 6rnek alinmasy; asmalarin hasat doneminde salkimlarin st kisim-
larindan 3, orta kisimlarindan 2 ve u¢ kisimlarindan 1 olmak tizere toplam 6 6rnek
alinmasi seklinde yapilmigtir. Bu sekilde her salkimdan 6 tane ve her asmadan 12
tane alinmis, toplam 162 asmadan her bir kriteri belirlemek icin 1944 adet tizim

tanesi incelenmistir.

Tane Eni - Boyu (mm): Alinan 6rneklerin enleri (cm) kumpasla 6lgiimleri
yapilmistir (OIV, 2009).

Tane Yas - Kuru Agirlig: (g): Tanelerin yas agirliklar: hasat sonrasi; kuru agir-
liklar1 72 saat 70°C'de etiivde kurutulduktan sonra hassas terazi (0.001g) ile tartila-
rak yapilmistir (OIV, 2009).

% Kuru Agirlik (adet): Alinan 6rnekler 72 saat 70°C'de etiivde kurutulup tar-
tilarak yas agirlikla oranlanmistir. (Bahar ve ark., 2011).

Tane Hacmi (cm?): Alinan ornekler icerisinden 10 adet tanenin hacimleri
meziirde su tagirma yontemiyle cm’tane cinsinden belirlenmistir (Bahar ve ark.,

2011).

Tane Ozkiitlesi (g cm?): Tane agirliginin hacmine boliinmesi ile elde edilmistir
(Esitlik 4).

Ozkiitle (g/cm?®)=Tane kiitlesi (g)/Hacim (cm?) 4)

Tane Kabuk Alan1 (TKA) (cm? tane™): Tane kabuk alani esitlik 5 ve 6da veril-
digi sekilde hesaplanmustir. Esitlik 5 ile tane yaricap: belirlenmistir.

Tane hacmi (TEH) (cm?®)= 4/3mr? 5)
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Esitlik 5’te bulunan yarigapa bagl olarak tane kabuk alani elde edilmistir (Bar-
bagallo ve ark., 2011).

Tane kabuk alani (TKA) (cm?)= 4mr? 6)
Tane Kabuk Alaninin Tane Eti Hacmine Oran1 (TKA/TEH) (cm? cm™):
TKA/TEH=(4nr?)/(4/3mr?) 7)

Esitlik 7 kullanilarak TKA degeri TEH degerine boliinmiis ve elde edilen de-
gerler cm? cm™ olarak ifade edilmistir (de Palma ve ark., 2007; Barbagallo ve ark..,
2011).

3. BULGULAR VE TARTISMA
3.1. Baz1 iklim Verileri

Sirasiyla 2019 ve 2020 yillarinda 378.40 mm ve 290 mm yagis diistiigtinden iki
yil arasinda 88.40 mm ve uzun yillar ortalamasindan (589.50 mm) oldukga diigiik
oldugu kaydedilmistir. Vejetasyon siiresi her iki yilda da 210 giin stirmiistiir. Bra-
nas Heliotermik Indisine gore uzun yillar ortalamasi 6,64 olarak hesaplanmstir.
2019 y1l1 6.61; 2020 y1l1 4.02 degerini almistir. Bu iki deger de 2,6 sinir degerinden
biiyiiktiir. Huglin Heliotermik Indisine gore 2019 yili 2324, 2020 yili 2229 deger-
lerini aldig goriilmiistiir. IH=1500den asagida olmamalidir (Huglin, 1978). Bu
deger saraplik iiziim ¢esitlerinde kalite-sicaklik iligkisini isaret etmektedir. Sinif-
lamada her iki yil 2100-2400 degerleri arasinda yer almig ve Ilik iklim (HI + 1)
olarak degerlendirilmistir. Dryness (Kuruluk) Indisi tiziim olgunlagmasi ve sarap
kalitesi agisindan énemlidir (Carbonneau, 1998). Bu gostergede 2019 yil1 -179 mm
ve 2020 yili -182 mm degerlerini almistir. DI + 2 kisaltmasi ile gosterilen bu indis
degeri -100 mm degerinden diisitk oldugundan ¢ok kuru iklim sinifinda olarak
degerlendirilmistir.

3.2. Tane Eni (mm)

Farkli anag, egimdeki konum ve salkim seyreltme uygulamalarinin tane eni
izerine etkileri incelenmistir. Tane eni tizerine Ana¢ Ana Etkisi (AAT) ve Salkim
Seyreltme Ana Etkisi (SST) p<0.05 seviyesinde 6nemli bulunmustur (Cizelge 1).
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Cizelge 1. Egimli bagda bulunan Cabernet Franc/Fercal ve Cabernet Franc/
140Ru omcalarinda salkim seyreltmenin tane enine etkisi

Table 1. Cluster thinning applications effects on berry width in sloping vineyard
in Cabernet Franc/ Fercal and Cabernet Franc/140Ru grapevines

Anac Egim SSU 2019 2020 EAT SST AAT
%0 1270 1253
. %25 13.07 1287
%30 1205 1278
EgimxYil 1291 1273 ..
%0 1261 1242 UM %0
. 1310 12.96b
orta %25 1326 13.06 12,008
140 Ru %30 13.02 12.84
EgimxYil 1296 1277
%0 1288 12.67
%25 13.16 1298
Alt %30 1328 13.10
EgmxYil 1311 12.92
Ana¢ x Yil 12,99 12.81 Orta %25
%0 1333 1313 1312 13.24a
st %25 13.53 1334
%30 13.55 1338
Egim x Y1l 13.47 13.28
%0 1348 1329
%25 1339 1320
Fercal O™ %30 13.55 1337 13.364
= : : 13.17 13.20a
A %25 1359 1338
%30 1338 1320
EgimxYil 1343 13.24
Anag x Y1l 13,46 13.27
Y1l Ana Etkisi 1322 13.04
AAT LSD, - 0.18; SST LSD, _: 0.22

0.05" 0.05"

EAT=Egimdeki Konum Ana Etkisi, SST=Salkim Seyreltme Ana Etkisi, AAT=Ana¢ Ana
Etkisi, YAT=Y1l Ana Etkisi

SST agisindan tane eni degerleri arasinda istatistiki olarak fark bulundugu tes-
pit edilmistir. Birinci 6nem grubunda %25 S (13.24 mm) ve %50 S (13.20 mm)
uygulamalarinin, son 6nem grubunda ise %0 S (12.96 mm) uygulamasinin oldugu
tespit edilmistir. AAT agisindan incelendiginde; en biiyiik tane eni degerinin Fercal
(13.36 mm) anacinda (birinci 6nem grubu); en kiigiik degerin de 140Ru (12.90
mm) anacinda (ikinci 6nem grubu) oldugu kaydedilmistir.

Arastirma bulgular1 Sauvignon Blanc/5BB (Kok, 2011) ve Alphonse Lavalle-
e/41B (Akural, 2016) as1 kombinasyonlarinda yapilan salkim seyreltmenin tane
enine 6nemli etkide bulunmadig: bulgulari ile aragtirma bulgular ¢elismektedir.
Bu farkliligin gesit/ana¢ kokenli olabilecegi diisiiniilmektedir. Ote yandan salkim
seyreltme uygulamast ile tane eni degerinin yiikseldigi sonucuna erisen arastirici-
larla (Bahar ve Kurt, 2015; Unliisoy, 2019; Azsoz, 2020) aragtirma bulgulari benzer
bulunmustur.
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Uzun (2019), tane eni tizerine Taban Arazi konumunun artis, Kira¢ Arazi konu-
munun ise azalma etkisi yaptig1 bulgusuyla benzer olarak Alt konumunun iriligi
artirdigi, Ust konumunun iriligi azalttigi kaydedilmistir.

3.3. Tane Boyu (mm)

Uygulamalarin tane boyu tizerine etkileri incelendiginde AAT (p<0.05 sevi-
yesinde) 6nemli bulunmustur (Sekil 1). AAT agisindan birinci 6nem grubunda
Fercal (13.52 mm) anaci, ikinci 6nem grubunda ise 140Ru (13.22 mm) anacinin
oldugu gozlenmistir.

2012 2020 w BET

13.8 -

13.7

13.6 13,324

0 5

13.5 4 B4 1333 g 1330 134 13.43

134 11329 » .29 13,32 133
’E‘ 133 : 13,22B
e
2,
[=]
m
K

140Ru Fercal EAT AAT YAT
Uygulamalar

Sekil 1. Egimli bagda bulunan Cabernet Franc/Fercal ve Cabernet Franc/140Ru
omcalarinda salkim seyreltmenin tane boyuna etkisi

AATLSD, . 0.20

EAT=Egimdeki Konum Ana Etkisi, SST=Salkim Seyreltme Ana Etkisi, AAT=
Anag Ana Etkisi, YAT=Yi1l Ana Etkisi

Figure 1. Cluster thinning applications effects on berry lenght in sloping vineyard
in Cabernet Franc/ Fercal and Cabernet Franc/140Ru grapevines

Arastirma bulgulariyla benzer olarak Kok (2011) Sauvignon Blanc ¢esidinde
ve Akural (2016) Alphonse Lavallee gesidinde salkim seyreltme uygulamasinin
tane boyuna istatistiki olarak énemli etkide bulunmadigini belirtmislerdir. Ancak
aragtirma sonuglar1 Bahar ve Kurt (2015) (Syrah/110R) ve Azs6z (2020) (Michele
Palieri/110R) adli arastiricilarin belirttigi, salkim seyreltmenin kontrole nazaran
tane boyunu artirdig1 bulgusuyla benzer yonde degildir. Bunun gesit/ana¢ farkin-
dan kaynaklanmis olabilecegi diistinilmiistiir.
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3.4. Tane Yas Agirligi (g)

Anag (AAT) ve yilin (YAT) tane yas agirhigi tizerine degisimleri istatistiki olarak
p<0.05 seviyesinde onemlidir (Sekil 2). Diger ana etki ve uygulamalar 6nemli de-
gildir.

2019 2020 = BET
=6 1324
1,4 4 E
<11 5 12 120 121 1222
12 4 . 16 L15 1,13 1,13b LO4B

Tane yas agurlizs (g)

Sekil 2. Egimli bagda bulunan Cabernet Franc/Fercal ve Cabernet Franc/140Ru
omcalarinda salkim seyreltmenin tane yas agirhigina etkisi

Y1l Ana Etkisi LSD, : 0.06; AAT LSD,: 0.06

EAT=Egimdeki Konum Ana EtKkisi, SST=Salkim Seyreltme Ana Etkisi, AAT=
Anag Ana Etkisi, YAT=Y1l Ana Etkisi

Figure 2. Cluster thinning applications effects AAT bakimindan sirasiyla ilk 6nem
grubunda 140Ru (1.22); son 6nem grubunda ise Fercal (1.13) anactmin oldugu tespit
edilmistir. YAT bakumindan en yiiksek deger 2019 (1.32 g) yilina, en diisiik degerin
ise 2020 (1.04) yilina ait oldugu tespit edilmistir.

Yapilan salkim seyreltme uygulamasinin Sauvignon Blanc ¢esidi (K6k, 2011)
ve tetraploid Jumeigui ¢esidinin (Xi ve ark., 2020) tane agirligina énemli etkide
bulunmadi1 bulgulariyla benzer ydnde sonug elde edilmistir. Ote yandan Alphon-
se Lavallee/41B ¢esidi icin Akural (2016) ve Viognier/420A ¢esidi i¢cin Korkutal ve
Kaymaz (2016)’1n salkim seyreltmenin kontrole nazaran tane yas agirhigini azaltici
etkide bulundugu ile benzerlik iginde oldugu belirlenmistir. Ayrica Nadal (2010)
ve Uzun (2019)’un tepe arazide bulunan salkimlarin daha diisiik tane agirligina sa-
hip oldugu sonucu ile paralel oldugu belirlenmistir. Calismada her iki yilin verileri
agisindan istatistiki olarak dnemli olmamakla birlikte en disiik tane yas agirlig
Ust uygulamasindan alinmugtir.
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3.5. Tane Kuru Agirlig: (g)

Tane kuru agirlig: tizerine p<0.05 seviyesinde SST, AAT ve YAT istatistiki ola-
rak onemli etki yaptig1 ortaya konmustur (Cizelge 2).

Anag Egim SSU 2019 2020 EAT SST AAT
%0 0.28 0.27
Ust %25 0.31 0.27
%350 0.29 0.24
Eglt;l x Yil 0.30 0.26 Ust %0
%0 0.41 0.32 0.28 03la
Orta %25 0.29 0.24
140 Ru %350 0.32 0.29 0.304
Egim x Y1l 0.34 0.28
%0 0.40 0.29
%25 0.38 0.31
Alt %50 031 025
Egim x Y1l 0.36 0.28
Anag x Y1l 0,33 0.28 Orta %25
%0 0.35 0.30 0.30 0.30ab
Ust %25 0.31 0.24
%350 0.29 0.24
Egim x Y1l 0.32 0.26
%0 0.27 0.25
Orta %25 0.39 0.27
Fercal %50 0.32 0.19 0.29B
> - - 0.30 0.28b
Alt %25 0.31 0.21
%350 0.34 0.25
Egim x Y1l 0.32 0.25
Anag x Y1l 0.35 0.25
Y1l Ana Etkisi 0.33A 0.26B

YAT LSD,: 0.01; AAT LSD . 0.01; SST LSD0.05: 0.02
EAT=Egimdeki Konum Ana Etkisi, SST=Salkim Seyreltme Ana Etkisi, AAT=Anag Ana
Etkisi, YAT=Y1l Ana Etkisi

SST agisindan incelendiginde en biiyiik tane kuru agirlig: degerini %0 S (0.31
g) uygulamasi almig ve birinci 6nem grubunu olusturmustur. Bunu %25 S (0.30 g)
izlemis ve ikinci énem grubunda yer almistir. En kiigiik tane kuru agirlig1 degeri
%50 S (0.28 g) uygulamasinda 6lgiilmiis ve bu uygulama son énem grubunu olus-
turmustur. AAT agisindan en yiiksek tane kuru agirlig1 140Ru (0.30 g) anacindan
alinmis ve ilk 6nem grubunu olusturmus; Fercal (0.29 g) anaci da en diisiik tane
kuru agirlhigini degerini veren anag olarak son 6nem grubunda yer almistir. YAT
acisindan ilk 6nem grubunda 2019 yilinin (0.33 g); son énem grubunda da 2020
yilinin (0.26 g) oldugu belirlenmistir.

Bahar ve ark. (2017), %50 salkim seyreltme ile Sangiovese/110R ve Bahar ve
Kurt (2015) Syrah/110R ag1 kombinasyonuna sahip baglarda %66 salkim seyreltme
ile yiiksek tane kuru agirligi degerini almslar, bu ¢aligmada ise %0 S uygulamasi
en yliksek tane kuru agirlig1 degerini veren uygulama oldugundan ¢alisma sonug-
larimin gelistigi, ancak bunun farkli ¢esit/anag, bagin konumu ve farkl toprak ya-
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pisindan kaynaklanmis olabilecegi distintlmiistiir. Azséz (2020) arastirmasinda
(Michele Palieri/110R) salkim seyreltmenin kontrole nazaran tane kuru agirligin
artirdig1 bulgusu ile de benzer nedenden ¢elistigi belirlenmistir.

3.6. % Kuru Agirlik
Yiizde kuru agirlik agisindan farkli anag, egimdeki konum ve salkim seyreltme

uygulamalari, bunlarin interaksiyonlari ve yil ana etkisinin istatistiki olarak p<0.05
seviyesinde 6nemli etkide bulunmadig: belirlenmistir (Sekil 3).

1019 — 2020 = 88T
27.0 A
26,0 &
MR 23,16 338 B 25,08 2527 4,4 2512 2408 2505
p 2504 % 4.5 24.69 °
= 240
w
E 23,0 A
M 20 4
B
140Eu Fercal EAT AAT YAT
Uygulamalar

Sekil 3. Egimli bagda bulunan Cabernet Franc/Fercal ve Cabernet Franc/140Ru
omcalarinda salkim seyreltmenin % kuru agirhiga etkisi

O.D. (Onemli Degil)

EAT=Egimdeki Konum Ana Etkisi, SST=Salkim Seyreltme Ana Etkisi, AAT=A-
na¢ Ana Etkisi, YAT=Yil Ana Etkisi

Figure 3. Cluster thinning applications effects on berry % dry weight in sloping
vineyard in Cabernet Franc/ Fercal and Cabernet Franc/140Ru grapevines
N.S. (Non Significant)

Egimdeki Konum Ana Etkisi i¢in Ust uygulamasinin (25.33) rakamsal olarak
yiiksek ve Alt (24.83) uygulamasinin diigiik degeri aldig1 ortaya konmustur. AAT
bakimindan biiylik deger 140Ru (25.18), kii¢tik deger Fercal (24.92) anacindan
almmistir. YAT acisindan 2020 (25.05) yilinin % kuru agirlik degeri, 2019 (24.98)
yilindan biraz daha yiiksek olmustur.

Bahar ve ark. (2017), %50 salkim seyreltme ile Sangiovese ¢esidinde 41 m ra-
kimda ve Bahar ve Kurt (2015) Syrah ¢esidinde 150-200 m rakimda %66 salkim
seyreltme ile en yiiksek % kuru agirlik degerine erigmisler; bu ¢alismada ise yapilan
salkim seyreltme uygulamalar arasinda % kuru agirlik degeri bakimindan istatis-
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tiki olarak bir fark bulunmamigstir. Bu durumun ¢esit ve rakim farkindan kaynak-
landig1 soylenebilir. Arastirma bulgulariyla benzer sekilde Azsoz (2020), salkim
seyreltmenin % kuru agirlik izerine bir etkisi olmadigini belirtmistir.

3.7. Tane Hacmi (cm?)
Tane hacmi tizerine farkli anag, egimdeki konum ve salkim seyreltme uygula-

malarinin degisimleri Yil Ana Etkisi (YAT), Egimdeki Konum Ana Etkisi (EAT) ve
Anag Ana Etkisi (AAT) ac¢isindan p<0.05 seviyesinde dnemlidir (Sekil 4).

2019 2020 = 88T
1.4
if i 1.18a
2 T _ _
o 1,14 g LO7 105 105 LOTY 1.0551.05 1072 1.0% 104 oop
8 10 1.00b 0.93b
-
g
=
g
=
Tst | Orta | Att | Ust | Ota | Alt | Ust | Orta | Alt I40RU|Fercat| 2019 | 2020
140 Ru Fercal EAT AAT YAT
Uygulamalar

Sekil 4. Egimli bagda bulunan Cabernet Franc/Fercal ve Cabernet Franc/140Ru
omcalarinda salkim seyreltmenin tane hacmine etkisi

YAT LSDO0.05: | ; AAT LSDO0.05: | ; EAT LSDO0.05: 0.06
EAT=Egimdeki Konum Ana Etkisi, SST=Salkim Seyreltme Ana Etkisi, AAT=
Anag Ana Etkisi, YAT=Yi1l Ana Etkisi

Figure 4. Cluster thinning applications effects on berry volume in sloping vine-
yard in Cabernet Franc/ Fercal and Cabernet Franc/140Ru grapevines

EAT tane hacmi agisindan 6nemlidir. Birinci 6nem grubunda Alt (1.09 cmve
Orta (1.07 cm®) uygulamalarinin, ikinci énem grubunda ise Ust (1.00 cm®) uygu-
lamasinin oldugu kaydedilmistir. AAT incelendiginde 140Ru (1.09 cm?®) anacinin
en yiiksek tane hacmi degerine sahip ve ilk 6nem grubunda yer aldigy; Fercal (1.02
cm’) anacinin ise en diisiik tane hacmi degerini alarak son 6nem grubunda yer
aldig1 gozlenmistir. Tane hacmi bakimindan YAT verileri sonucunda 2019 (1.18
cm?) yili birinci 6nem grubunda; 2020 (0.93 cm?®) yihi ise ikinci 6nem grubunda
yer almistir.

Yaptiklar1 ¢alismada Bahar ve ark. (2017), %50 oraninda salkim seyreltmenin
Sangiovese ¢esidinde en yiiksek tane hacmi degeri verdigini belirledikleri bulgu-
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sunun, bu ¢alismada tane hacmi degerlerinin istatistiki olarak birbirinden farkli
olmadigi sonucu ile celistigi goriilmiistiir. Aradaki fark gesit kokenli olabilir. Ote
yandan arastirma sonuglar: Bahar ve Kurt (2015) ve Azsoz (2020) ile benzerdir, her
iki arastirma sonucunda da salkim seyrelmenin tane hacmini istatistiki olarak de-
gistirmedigi belirlenmistir. Tklimsel degerler incelendiginde de 2020 yilinda 2019
yilindan daha az yagis diistigiinden; salkim hacminin azalmasina neden oldugu
distinilmigstar.

3.8. Tane Ozkiitlesi (g cm™)

Tane ozkiitlesi izerine yapilan uygulamalar, interaksiyonlar1 ile Y1l Ana Etkisi
istatistiki olarak 6nemsiz bulunmustur ($ekil 5). Tane ozkiitlesine Egimdeki Ko-
num Ana Etkisi istatistiki olarak énemsiz olmakla birlikte, Ust (1.13 g cm™), Orta
(1.12 g cm™) ve Alt (1.10 g cm™) seklinde siralanmigtir. Anag Ana Etkisi bakimin-
dan ise 140Ru (1.12 g cm™) ve Fercal (1.12 g cm™) anaglarinin tane ozkiitlesine
etkilerinin ayni oldugu goriilmiistiir. Y1l Ana Etkisi incelendiginde 2020 y1l1 (1.12 g
cm”) ve 2019 yilinin (1.11 g cm™) neredeyse ayni degeri aldig1 belirlenmistir.

2019 2020 = 35T

Tane &z kiitlesi (g/em®)

Uygulamalar

Sekil 5. Egimli bagda bulunan Cabernet Franc/Fercal ve Cabernet Franc/140Ru
omcalarinda salkim seyreltmenin tane zkiitlesine etkisi

O.D. (Onemli Degil)

EAT=Egimdeki Konum Ana Etkisi, SST=Salkim Seyreltme Ana Etkisi, AAT=
Anag Ana Etkisi, YAT=Yil Ana Etkisi

Figure 5. Cluster thinning applications effects on berry density in sloping vine-
yard in Cabernet Franc/ Fercal and Cabernet Franc/140Ru grapevines
N.S. (Non Significant)
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Bahar ve ark. (2017)’nin %50 salkim seyreltmenin ve Bahar ve Kurt (2015)’in
%66 salkim seyreltmenin tane ozkiitlesini diistirdiigiinii bulgusu ile arastirmada
salkim seyreltme uygulamalar1 arasinda fark bulunmadigi sonucu ayni yon-
de degildir. Bunun g¢esit farki kaynakli oldugu sonucuna varilmistir. Ayrica Az-
s6z (2020)’nin bulgusuyla paralel bir sonuca erisilmistir. Salkim seyreltme tane
ozkiitlesini istatistiki olarak onemli diizeyde etkilememistir.

3.9. Tane Kabuk Alan1 (TKA) (cm? tane™)

Tane kabuk alan1 tizerine YAT, EAT ve AAT nin istatistiki acidan p<0.05 se-
viyesinde 6nemli oldugu kaydedilmistir (Sekil 6). Egim Ana Etkisi bakimindan
tane kabuk alani verileri incelendiginde en yiiksek degerin Alt (5.12 cm? tane™)
ve Orta (5.06 cm® tane') konumlarinda oldugu ve bu konumlarin birinci 6nem
grubunda yer aldig1 belirlenmistir. Ust uygulamasinin ise 4.82 cm? tane'degeri
ile ikinci 6nem grubunda oldugu gézlenmistir. AAT agisindan birinci 6nem gru-
bunda 140Ru (5.11 cm? tane™') anaci, son 6nem grubunda Fercal (4.89 cm? tane™)
anact oldugu gorilmistiir. YAT ne gore de 2019 (5.38 cm? tane™) yilinin birinci
6nem grubunda, 2020 (4.62 cm® tane™') yilinin ise son 6nem grubunda yer aldig1
saptanmugtir.

— 2019 — 2020 = ST

= 601

3,8 4
,E 3-3 ] 5.3%2
g 77 <06, 5.122 3,114
< 52 5,062 3.12a 5,114
= 2] 304 1 4 0g| 4.98 g 3.04 1 4 og 4,984 - 4,898
é 48 - 4626
= 46
B 44
= 42
g 4.0
= st | Orta | Alt | st | Orta | Alt | Ust | Orta | Alt [140RU|Fercal| 2019 | 2020
g 140 Ru Fercal EAT AAT YAT
a Uygulamalar

Sekil 6. Egimli bagda bulunan Cabernet Franc/Fercal ve Cabernet Franc/140Ru
omcalarinda salkim seyreltmenin tane kabuk alanina etkisi

YAT LSD, : 0.16; AAT LSD, : 0.16; EAT LSD, _: 0.20

EATzEgirhdeki Konum Ana Etkisi, SST=Salkim Seyreltme Ana Etkisi, AAT=
Anag Ana Etkisi, YAT=Yil Ana Etkisi

Figure 6. Cluster thinning applications effects on berry skin area in sloping vine-
yard in Cabernet Franc/ Fercal and Cabernet Franc/140Ru grapevines
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Bu arastirma sonucunda Bahar ve ark. (2017)’nin %50 salkim seyreltmenin
TKA dustirdiigi ile Bahar ve Kurt (2015) ile Azs6z (2020) salkim seyreltme kont-
role nazaran TKAn1 artirdig1 bulgusu ile benzerlik elde edilememistir. Bu her iki
farkin denemede kullanilan anag/cesit farkliligindan ve farkli terroir 6zelliklerin-
den kaynaklanmis olabilecegi ongoriilmiistiir.

3.10. Tane Kabuk Alaninin Tane Eti Hacmine Oran1 (TKA/TEH) (cm? cm™)

Tane kabuk alaninin tane eti hacmine oranina YAT, EAT ve AAT nin p<0.05
seviyesinde dnemli etkide bulundugu belirlenmistir (Sekil 7).

2019 — 2020 = BT

5.1 -
= 504 4953
i : 435

49 5 4.83A
E g £344 9 478 4 7 4 47630 4 77y 4 7IR
g gp“ﬁ' 1 £60b

46 -
- ge:ua 4.3 1

44 -
#5855
= a 42
ﬁ 4.1 - = =
kg Ust | Orta | Alt | Ust | Ota | Alt | Ust | Ota | Alt [140RU|Fercal| 2018 | 2020

140Ru Fercal EAT AAT YAT
Uygolamalar

Sekil 7. Egimli bagda bulunan Cabernet Franc/Fercal ve Cabernet Franc/140Ru
omcalarinda salkim seyreltmenin tane kabuk alan1 / tane eti hacmi oranina etkisi

Yil Ana Etkisi LSD, : 0.07; AET LSD, : 0.07; EAT LSD, . 0.09

EAT=Egimdeki Konum Ana Etkisi, SST=Salkim Seyreltme Ana Etkisi, AAT
Anag Ana Etkisi, YAT=Y1l Ana Etkisi

Figure 7. Cluster thinning applications effect on berry skin area/berry flesh volu-
me ratio in sloping vineyard in Cabernet Franc/ Fercal and Cabernet Franc/140Ru
grapevines

EAT bakimindan birinci 6nem grubunu Ust (4.85 cm? cm* ikinci énem gru-
bunu Orta (4.76 cm? cm™) ve tigiincii 6nem grubunu ise Alt (4.72 cm? cm™) konu-
mu olusturmustur. AAT agisindan Fercal anaci (4.83 cm? cm™) en yiiksek degeri
almis ve ilk 6nem grubunu, 140Ru ise (4.72 cm? cm™) en disitk degeri alarak son
6nem grubunu olusturmugtur. YAT acisindan ise birinci nem grubunda 4.95 cm?
cm? degeri ile 2020 yili ve son 6nem grubunda ise 4.60 cm? cm>degeri ile 2019
yilinin oldugu belirlenmistir.
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Azsoz (2020), aragtirmasinda Michele Palieri tiziim ¢egidinde salkim seyrelt-
menin tane kabuk alaninin tane eti hacmine oranina istatistiki olarak énemli etki-
de bulundugunu belirtmistir. Bu arastirma sonucunda belirtilen etki elde edileme-
mis, aragtiricinin bulgusuyla gelistigi belirlenmigtir. Bu farkin anag/gesit, egimdeki
konum ve yillar farkindan kaynaklanmis olabilecegi diisiiniilmistiir.

4. SONUC

Tane 6zellikleri ana¢ a¢isindan incelendiginde Fercal anacinin (tane eni, tane
boyu, % kuru agirlik ve tane kabuk alani/tane hacmi) 140Ru anacina gore biiyiik
degerler aldig1 goriilmiistiir. 140Ru anacinin saraplik tiziim gesitlerinde istenen se-
kilde daha kiigiik tanelere sahip oldugu sdylenebilir (tane kabuk alani géz ard: edi-
lirse). Egimdeki konum agisindan ise Alt konumunun tane 6zKkiitlesi ve tane kabuk
alani/tane hacmi haricinde diger biitiin kriterlerde en yiiksek degeri verdigi diger
uygulamalara gore ideale en uzak tane 6zelliklerine sahip oldugu goriilmiistiir. Yil
acisindan da saraplik Cabernet Franc gesidinde istenilen tane ozelliklerine ulas-
mada 2020 yilinin etkili oldugu goriilmiistiir. Incelenen iki yilda da bagdan ortala-
ma 700-800 kg da" arasinda verim alindigindan salkim seyreltme yapilmamasinin
(%0 S) daha uygun olacag: saptanmistir.

Cikar Catismasi

Yazarlar herhangi bir ¢ikar ¢atismasi olmadigini beyan ederler.
Etik

Bu ¢aligma etik kurul onayi gerektirmez.

Yazar Katki Oranlar1

Calismanin Tasarlanmast: IK (%30), EB (%40), BK (%30)

Veri Toplanmast: 1K (%5), EB (%15), BK (%80)

Veri Analizi: IK (%5), EB (%45), BK (%50)

Makalenin Yazimi: IK (%60), EB (%15), BK (%25)

Makalenin Génderimi ve Revizyonu: IK (%60), EB (%30), BK (%10)
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Ertugrul KUL, Aziz SAHIN, Samet Hasan ABACI

THE EFFECTS OF SOME ENVIRONMENTAL FACTORS ON COLOSTRUM
QUALITY IN ANATOLIAN BUFFALOES

ABSTRACT:

The aim of this study was to determine colostrum quality (specific gravity)
and some environmental factors in Anatolian buffaloes reared under similar farm
conditions in Amasya province, Turkey. Calving age (from 3 to 6, 7 to 10<), calving
year (2019 and 2020), calving season (winter, spring and summer) and sex of calf
were considered as fixed factors on colostrum quality. A total of 44 colostrum sam-
ples of Anatolian buffaloes constituted the research material. Colostrum samples
were taken from the first colostrum within 2 h after calving at buckets after hand
milking and immediately stored at -20°C until analyzed. The colostrum quality
was determined using a colostrometer and the colostrum quality was classified as
poor quality (red: <1035 g/ml), intermediate quality (yellow: 1035-1045 g/ml) and
good quality (green: >1045 g/ml). The mean concentration of IgG in colostrum
was affected by calving season (P<0.05). Effects of calving age, calving year and sex
of calf on colostrum quality were not significant (P>0.05). The colostrum quality
of the total samples was determined in good class (IgG: 1050+1.88 g/ml). In this
study, the rations of good, intermediate and poor quality colostrum were deter-
mined as 56.8%, 25.0% and 18.2%, respectively. The results showed that Anatolian
buffaloes had good quality colostrum, and more studies with a greater sample size
are needed to investigate the factors affecting colostrum quality.

Keywords: Anatolian Buffalo, Buffalo Farming, Colostrum Quality, Environ-
mental Factors.

e %

ANADOLU MANDALARINDA KOLOSTRUM KALITESI UZERINE BAZI CEVRESEL
FAKTORLERIN ETKILERI

0z:

Bu galisgmanin amaci, Amasya ilinde benzer ciftlik kosullarinda yetistirilen
Anadolu mandalarinda kolostrum kalitesi (6zgiil agirlik) ve bazi gevresel faktorle-
rin belirlenmesidir. Buzagilama yas1 (3-6, 7-10<), buzagilama y1il1 (2019 ve 2020),
buzagilama mevsimi (kis, ilkbahar ve yaz) ve buzaginin cinsiyeti kolostrum kalitesi
tizerinde sabit faktorler olarak dikkate alindi. Anadolu mandalarindan toplam 44
kolostrum ornegi arastirma materyalini olusturmustur. Kolostrum 6rnekleri elle
sagimdan sonra kovalarda buzagilamadan 2 saat sonra ilk kolostrumdan alindi
ve analiz edilene kadar hemen -20 °Cde saklandi. Kolostrum kalitesi bir kolost-
rometre kullanilarak belirlendi. Kolostrum kalitesi kétii kalite (kirmizi: <1035 g/

https://doi.org/10.7161/0muanajas.1105193 d



SBlar The Effects of Some Environmental Factors on Colostrum ...

ml), orta kalite (sar1: 1035-1045 g/ml) ve iyi kalite (yesil: >1045 g/ml) olarak sinif-
landirildi. Kolostrumdaki ortalama IgG konsantrasyonu malaklama mevsiminden
etkilenmigtir (P<0.05). Malaklama yas1, malaklama y1ili ve malak cinsiyetinin ko-
lostrum kalitesine etkisi 6nemli degildir (P>0.05). Toplam 6rneklerin kolostrum
kalitesi iyi sinifta (IgG: 1050+1.88 g/ml) belirlendi. Bu ¢alismada iyi, orta ve diigiik
kaliteli kolostrum oranlarr sirastyla %56.8, %25.0 ve %18.2 olarak belirlendi. So-
nuglar Anadolu mandalarinin kaliteli kolostruma sahip oldugunu gostermis olup,
kolostrum kalitesini etkileyen faktorlerin aragtirilmasi i¢in daha biiyiik 6rneklem
biytikliigiine sahip daha fazla caligmaya ihtiya¢ duyulmaktadir.

Anahtar Kelimeler: Anadolu Mandasi, Manda Yetistiriciligi, Kolostrum Kali-
tesi, Cevresel Faktorler.

EE
1. INTRODUCTION

Newborn calves need their mother’s colostrum because they are born without
protective immunoglobulins to protect it against disease (El-Fattah et al., 2012).
Maternal colostrum provides them with essential nutrients and bioactive com-
pounds to sustain life. In this respect, a rapid test needs to monitor their immune
status. Because calves have relatively limited time before their intestines close.
There was a tendency for more susceptible to infectious diseases and higher mor-
bidity and mortality rates, as well as diarrhea and respiratory disease in calves with
a failure of passive immunity transfer (Giammarco et al., 2021). Therefore, colos-
trum for passive immunity transfer is essential for the calf’s health and survival
during the neonatal period (El-Fattah et al., 2012). Feeding good quality colostrum
to newborn calves is essential to ensure their birth weight and production traits.

Colostrum, known as first milk, is a form of milk produced by the mammary
after birth and it is thick and yellowish-white fluid. Colostrum, called Liquid Gold
(Dang et al., 2009; El-Fattah et al., 2012) is more nutritious and digestible than
normal milk. It contains very large amounts of more protein (lactalbumins, lac-
toglobulins and immunoglobulins), fat, vitamins (A, E, D, B), minerals and lower
lactose concentration (Kuralkar and Kuralkar, 2010). Colostrum is relatively rich
in immunoglobulins (IgA, IgG, IgM), growth factors (prostaglandins), hormones
(insulin, prolactin, thyroid hormones, cortisol), peptides (lactoferrin, transferrin),
enzymes, cytokines, acute phase proteins (C1- glycoprotein), nucleotides, poly-
amines and cell elements than mature bovine milk (Kuralkar and Kuralkar, 2010;
El-Fattah et al., 2012). IgG, IgA, and IgM account for approximately 86%, 8%, and
6% of the total immunoglobulin (Ig) (Souza et al., 2020). IgG, which consists of
IgG, IgG,, IgG,, and IgG, (Wasowska and Puppel, 2018) is main responsible for
passive immunity in the first several months of life of calves (Souza et al., 2020) and
IgG, makes up for 80% to 90% of the total Ig (Godden et al., 2019).
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After birth, as soon as possible and high-quality colostrum is most important
to the calf’s health and well-being. The adverse consequences of inadequate ab-
sorption of IgG by the neonatal calf such as reducing long-term potential growth
and productivity, and increased risk of disease and death are well documented
(Chaudhary et al., 2017). Feeding poor quality colostrum with a low Ig concen-
tration leads to high mortality and morbidity rates in calves (Usha et al., 2020).
For these reasons, early determination of colostrum quality for increased immu-
nity is fundamental for good neonatal management at the farm. Calves suck co-
lostrum within 2 to 3 h after birth, and absorption of Ig declines rapidly after 12 h
with a mean gut closure time of 24 h after birth (Lombardi et al., 2001). Therefore,
high-quality colostrum within the first 24 h of life is essential in order to develop
the calf’s health and performance (Giammarco et al., 2021).

There are various factors affecting the colostrum composition and its quality
such as parity, maternal age, season, breed, nutritional status and colostral han-
dling factors (El-Fattah et al., 2012). Although much research have been conducted
on the factors associated with colostrum quality in cows, information relating to
the colostrum quality of buffaloes is limited. The objectives of this study were to
determine the colostrum quality and reveal some environmental factors affecting
colostrum quality in Anatolian buffaloes.

2. MATERIAL AND METHODS

The study material consisted of 44 colostrum samples taken from Anatolian
buffaloes raised under similar conditions in small-scale farms within the scope of
the National Anatolian Buffalo Development Program carried out by the Ministry
of Agriculture and Forestry, General Directorate of Agricultural Research and Pol-
icies in Amasya.

Buffalo husbandry is carried out by small-scale family enterprises and use tra-
ditional husbandry methods in Amasya province. Buffaloes raised on these farms
were kept in tied-stall barns. Animals were fed twice daily in equal proportions
after milking. The buffaloes that graze on the pastures for eight months of the year
are taken to the pasture in the morning and the barn in the evening. Buffaloes are
taken from the pasture to the barn in November.

Buffalo colostrum samples were taken up to two hours after calving. Colostrum
samples were taken in a sterile bottle of approximately 250. Samples were stored
at —20 °C until further analysis in the deep freeze. Frozen colostrum samples were
firstly thawed in a hot water bath at 37°C and also heated at 20-22 °C in water bath.
Colostrum quality was measured by its specific gravity using a colostrum densime-
ter (Kruuse colostrometer, Langeskov, Denmark) by determining the relationship
between the amount of immunoglobulin and specific gravity. The colostrum qual-
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ity was determined using a colostrometer and the colostrum quality was classified
as poor quality (red: <1035 g/ml), intermediate quality (yellow: 1035-1045 g/ml)
and good quality (green: >1045 g/ml).

Calving age (from 3 to 6, 7 to 10<) calving year (2019 and 2020), calving season
(winter, spring and summer) and sex of calf (male and female) were used as fixed
factors. The following mathematical models on colostrum quality were applied:

Yian= B+ A+ Y+ S+ Ctey,

Where, Y, = the observations, yi: overall mean, A, Effect of i calving age,

Y, = Effect of j*" calving year, S, = Effect of k" calving season, C= Effect of 1" sex of
calf, e, = Random error.

The results were presented as mean + SEM (standard error of the mean). All
data were analyzed using SPSS Version 17.0. Statistical analysis was performed by
general linear model’s procedure followed by the Duncan test.

3. RESULTS AND DISCUSSION

The results of IgG in buffalo colostrum are shown in Table 1. The concentration
of IgG in buffalo colostrum was 1050+1.88 g/ml and it was found as good quality.
In this study, 56.8% of colostrum samples with >1045 g/ml were good quality co-
lostrum and the highest. Also, colostrum with 1035-1045 g/ml as being of inter-
mediate quality colostrum was 25.0%. However, 18.2% of colostrum samples were
of poor quality (Table 1) and therefore colostrum with a value below 1035 g/ml
should not be used for buffalo calves.

Table 1. Frequency for colostrum quality

Quality n Frequency (%)
Poor 8 18.2
Intermediate 11 25.0
Good 25 56.8
Mean 44 100.0

Poor: IgG<1035 g/ml), Intermediate: IgG=1035-1045 g/ml, Good: IgG>1045 g/ml

Das and Behera (2015) the colostrum quality was classified as good quality
(>50 mg/ml), moderate quality (20-50 mg/ml) and poor quality (<20 mg/ml).
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Similar results were published by Arain et al. (2008) for IgG in buffalo colostrum.
Similarly, Dang et al. (2009) and Giammarco et al. (2021) reported that the mean
IgG in buffalo colostrum was determined as 54.0 mg/ml and 64.9 mg/ml, respe-
ctively. Zhang et al. (2001) reported that IgG level in colostrum was found to be
high (67.2 mg/ml). Differently, El-Fattah (2012) reported that moderate quality
colostrum in buffaloes (36 mg/ml).

As shown in Figure 1, the calving year on IgG was not significant (P>0.05). The
concentration of IgG was the highest at 1052+2.39 g/ml in the 2019 year, followed
by the 2020 year with values of 1048+3.01 gr/ml, respectively, however, differences
were not significant (P>0.05).

N3 P=0.05

1056 1056

1054 1054 a
£ 102 2 1052 ab
2 1050 & 1050 b
% o
= 1048 38 1048

1046 1046 ’{_‘

1044 1044

2019 2020 Winter Spring Summer
Calving year Calving season

Figure 1. Effect of calving year on IgG  Figure 2. Effect of calving season on IgG
N$S: Not significant (P>0.05) *»; Different letters on the same line in-

Calving year: 2019 (n=28), 2020 (n=16) dicate statistically significant differences
(P<0.05) Calving season: winter (n=21),

spring (n=16), summer (n=7)

Calving season had significant effect on IgG (Figure 2). The concentrations of
IgG increased in the winter season (1052+2.74 g/ml) and decreased in the sum-
mer season (1046+5.34 g/ml), however, there were no significant differences in the
spring season (1050+2.98 g/ml). This may be due to deficient immune status of
calves in summer compared to other seasons. Similarly, Zarei et al. (2017) reported
that the highest colostral IgG concentration in Holstein colostrum was determined
during the winter months. The results of present study were in different with those
of Agrawal et al. (2015). However, this finding disagrees with the report of Yaylak
et al. (2017), who observed that calving season had no effects on major compo-
nents of Holstein colostrum. This might be related to differences in their secretion
patterns in different seasons. Because colostral IgG concentration depends on the
action of the immune cells in the udder. Summer season is the stressful conditions
including temperature and humid (Zarei et al., 2017). Stress leads to decreasing
IgG in summer season.
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Figure 3. Effect of calving age on IgG Figure 4. Effect of sex of calf on IgG
NS: Not significant (P>0.05) NS: Not significant (P>0.05)
Calving age: 3-6 (n=28), 7-10< (n=16) Sex of Calf: Male (n=24), Female (n=20)

In this study, it was found that there was no significant difference between the
samples with respect to their IgG with increasing parity, but there was a trend of
lower IgG concentration with increasing parity (Figure 3). These results are con-
sistent with the findings reported by Agrawal et al. (2015) though the significant
effects of the dam’s parity on colostral IgG levels in cows were observed other stu-
dies (Tyler et al., 1999; Gulliksen et al., 2008; Kehoe et al., 2011). Similar results
were reported by Yaylak et al. (2017) and Zarei et al. (2017) who found no signi-
ficant differences among parities for IgG in Holstein cows’ colostrum. However,
the findings of Kehoe et al. (2011) did not confirm the results of the present study
and they determined that the effect of parity on mean IgG concentration in co-
lostrum was significant (P<0.001). Researchers reported that older cows produce
colostrum with higher amounts of IgG due to their exposure to high level antigens
during their life (Zarei et al., 2017). Based on the results of the literature, however,
contrary to our findings and support the idea maintained by previous researchers
that the colostrum of primiparous cows should not be discarded. In parallel with
these findings, Maunsell (2014) stressed that some heifers produce very good qu-
ality colostrum and producers should not automatically discard heifer colostrum
but should test and keep high quality colostrum from a cow of any parity.

There was no significant difference in the sex of the calf (Figure 4). IgG was
higher in the calf’s female sex (1052+2.89 g/ml) than in a male (1048+2.45 g/ml).
However, these values decreased non-significantly. Similarly, Kaygisiz and Kose
(2007) and Cabral et al. (2016) reported that the effect of the sex of calf on colost-
rum quality in Holstein cows was not significant.
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4. CONCLUSION

In this study, IgG in colostrum was significantly affected by calving season
(P<0.05). Effects of calving age, calving year and sex of calf on colostrum quality
were not significant (P>0.05). The colostrum quality of the investigated animals
was evaluated in good quality class. Therefore, higher quality colostrum had been
obtained in the winter season, extra colostrum samples those collected in the win-
ter might be stored to serve Anatolian buffalo calves born in the other seasons as
a booster. The results showed that Anatolian buffaloes had good quality colostrum
and more studies with a greater sample size are needed to investigate the factors
affecting colostrum quality.
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DETERMINATION OF THE IMPORTANT INSECT FAUNA OF FORENSIC
ENTOMOLOGY IN KAYSERI PROVINCE

ABSTRACT:

The aim of this thesis is the determinations of insects' species of forensic im-
portance in Kayser: province. The experimental part of our study was carried out
between September 2018 — May 2019; during the periods of winter, spring, autumn
seasons in four different regions. In this study, fresh cow liver and chicken muscle
were used as the experimental materials. The traps which allow the insects to enter
easily but which prevent exit were used to collect insect species. As a result, 21 spe-
cies were identified at four different study areas. Calliphora vicina (Robineau-Des-
voidy, 1830) (Diptera: Calliphoridae), Lucilia sericata (Meigen, 1826) (Diptera:
Calliphoridae), Chrysomya albiceps (Wiedemann, 1819) (Diptera: Calliphoridae),
Muscina stabulans (Fallen, 1817) (Diptera: Muscidae), Musca autumnalis (De
Geer,1776) (Diptera: Muscidae), were identified in fall season at all study areas.
C. vicina was identified in winter season. C. vicina, Thricops sp. (Rondani, 1856)
(Diptera: Muscidae), Fannia canicularis (Linnaeus, 1761) (Diptera: Fanniade),
L. sericata, Dermestes frischii (Kugelann, 1792) (Coleoptera: Dermestidae), were
identified in spring season at all study areas. C. vicina was seen from September
to the end of May at all study areas. L. sericata was seen from September to the
end of November and April to end of May at all study areas. Therefore, C. vicina
and L. sericata can be used as an indicator species for determining the Posmortem
Interval in Kayseri.

Keywords: Forensic Entomology, Insect, Kayseri, Seasonal Variation.

e
KAYSERI ILININ ADLI AGIDAN ONEMLI BOCEK FAUNASININ BELIRLENMESI
0z:

Bu ¢aligmasinin amaci; Kayseri ilinde adli agidan énemli bocek faunasinin be-
lirlenmesidir. Caliymanin deneysel kismi; Eyliil 2018-May1s 2019 tarihleri arasin-
da; kis, ilkbahar, sonbahar mevsimleri siirecinde dort farkli bélgede gergeklestiril-
mistir. Calismada, taze biiylikbas hayvan cigeri ve tavuk eti deney materyali olarak
kullanilmustir. Bécek érneklerini toplamak igin boceklerin kolayca girmesine izin
veren ama ¢ikigina engel olan tuzak kullanilmistir. Sonug olarak 4 ¢alisma alanin-
da toplam 21 tiir tespit edilmistir. Sonbahar mevsiminde; Calliphora vicina, (Ro-
bineau-Desvoidy, 1830) (Diptera: Calliphoridae), Lucilia sericata (Meigen, 1826)
(Diptera: Calliphoridae), Chrysomya albiceps (Wiedemann, 1819) (Diptera: Callip-
horidae), Muscina stabulans (Fallen, 1817) (Diptera: Muscidae) Musca autumnalis
(De Geer,1776) (Diptera: Muscidae), tiirleri tiim ¢aligma alanlarinda goriilmiistiir.
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Kis mevsiminde; sadece C. vicina tiréi tim ¢aligma alanlarinda gortlmiistiir.
[lkbahar mevsiminde; C. vicina, Thricops sp. (Rondani, 1856) (Diptera: Muscidae),
Fannia canicularis (Linnaeus, 1761) (Diptera: Fanniade), L. sericata, Dermestes
frischii (Kugelann, 1792) (Coleoptera: Dermestidae), tiim ¢aligma alanlarinda go-
rilmistir. C. vicina Eylil ayindan May1s ay1 sonuna kadar tiim ¢aligma alanlarin-
da gorilmistiir. L. sericata Eylil ayindan Kasim ay1 sonuna, Nisan aymdan Mayis
ay1 sonuna kadar tim ¢aligma alanlarinda géralmistiir. Bu ytizden C. vicina ve L.
sericata Kayseri'de 6liimden sonra gegen zamanin tespitinde kullanilabilir.

Anahtar Kelimeler: Adli Entomoloji, Bocek, Kayseri, Mevsimsel Varyasyon.

EE
1. INTRODUCTION

Insects are found in many places except deep seas and high mountains (De-
mirsoy, 2006). They constitute the largest class of Metazoa (multicellular) with ap-
proximately two million species and have lived for approximately 350 million years
(Triplehorn & Johnson, 2005). They adapt very well to changing environmental
conditions and are found in almost all habitats (Triplehorn & Johnson, 2005). They
are cold-blooded creatures, unable to regulate their body temperature (Triplehorn
& Johnson, 2005; Gennard, 2007) and have a highly developed olfactory organ.
they do (Eberhardt & Elliot, 2008). Egg-larval stages-pupae development stages
require ambient temperature and there is a linear relationship between the hatc-
hing times and growth rates of the larvae and the ambient temperature (Gennard,
2007). The linearity of the relationship between temperature and growth changes
as the difference between the ambient temperature and the optimum growth tem-
perature of the insect increases or as the species approaches the lowest and highest
growth thresholds (Nabity et al., 2006).

The different and unique environments in which insect species live, the fact
that they come to the corpse very soon after death (Carvalho et al., 2000), their
feeding from the corpse and their development, diversity, and the variation of their
frequency according to environmental factors provide spatial and temporal infor-
mation (Varatharajan, 2000). Many studies conducted in recent years have shown
that time of death determinations based on entomological evidence (insect) are
precise and reliable (Gomes & Zuben, 2006). Therefore, entomological findings;
These are important data that support other branches of science in illuminating
forensic events and are used alone when medical parameters cannot be used (A¢ik-
g0z, 2010).

Knowing the order in which insects arrive on the corpse and their developmen-
tal stages, besides answering the questions of when, where and how death occurs,
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smuggling, poisoning (Sumodan, 2002), traffic and plane crashes, sexual abuse
(Benecke, 1998), inheritance cases in enforcement courts (Kokdener, 2016) helps
to illuminate many cases such as elderly and child neglect (Slone et al, 2005).

Insects should be examined in detail from the biological and ecological aspects
and their distribution should be determined (Byrd & Castner, 2001). Members of
the order Diptera are used to estimate the time of death of cases that have passed
shortly after death, while members of the order Coleoptera are used to estimate the
time of death of cases that have passed a long time (Smith, 1986).

Table 1. Some insect families and genera important in estimating time of death
(Amendt et al., 2004b)

ORDER IMPORTANT GENUS
!COLEOPTERA/BELEGATES

2Cleridae (Colored beetles) Necrobia

*Dermestidae (dry mealybugs) Attagenus, Dermestes

*Histeridae (Beetles) Hister, Saprinus

*Silphidae (corpse beetles) Necrodes, Nicrophorus, Silpha
*Staphylinidae (Short-winged) Aleochara, Creophilus

Nitidulidae (Beetles) Nitidula

'DIPTERA/FLY

*Calliphoridae (Carrion flies) Calliphora, Chrysomya, Cochliomyia, Lucilia, Phormia
’Fanniidae (Sewer flies) Fannia

*Heleomyzidae (Sun flies) Heleomyza, Neoleria

*Drosophilidae (Fruit flies) Drosophila

*Muscidae (House flies) Hydrotaea, Musca, Muscina, Ophyra
*Phoridae (Humpback flies) Conicera, Megaselia

*Piophilidae (Cheese flies) Piophila, Stearibia

*Sarcophagidae (Meat flies) Liopygia, Sarcophaga

1.1 Purpose and Importance of Forensic Entomology

One of the first questions that comes to mind in cases of suspicious death is
when the person died, and one of the creatures that can best answer this question
is insects (Hall & Hundington, 2010). Measurement of body temperature in the
tirst 72 hours after death, algor mortis (decrease in body temperature), livor mor-
tis (dead bruise) and rigor mortis (dead stiffness) analyzes (Amendt et al, 2004b),
measurement of potassium amount in eye fluid by biochemical methods (Knight &
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Nokes , 2002), the time of death can be determined by looking at the signs of skin
and nail pallor (Bass, 2001). However, in cases where a longer period of time has
passed since death, these medical parameters cannot be used properly (Anderson,
2005; Ames & Turner, 2003). Insects are almost the only evidence used to determi-
ne the time after death from the initial stage to the advanced stage of decay (An-
derson, 2005; Slone et al, 2005). Therefore, it is one of the most sensitive methods
used in the calculation of the postmortem time from the first day of death (Madea
et al, 2002; Goff, 2001).

1.2. Calculation of Time of Death Using Insect Data

Two basic methods are used in postmortem estimations using insects (Ames
& Turner, 2003). The first of these methods is to calculate ADD (Accumulated
degree days) or ADH (Accumulated degree hours) based on the oldest insect de-
velopment data found on the corpse, and the other method is to use the insect
succession on the corpse.

For each stage (Egg-1.larva-2.larva-3.larva-Pupa-Adult) that the insect egg
goes through until the adult individual is formed, the heat requirements required
for the ADD (Accumulated degree-days) or developmental stages are measured in
hours. ADH (Accumulated degree hour) calculations are made. It is the calcula-
tion of the insect’s egg laying time retrospectively by using the length value of the
longest larva in the corpse and the temperature values at the time the corpse was
found (Tiiziin & Yiiksel, 2007).

The second method, the succession method; It is based on knowing the fresh
stage, swelling stage, active decay stage, advanced decay stage, dry residue-skeleto-
nization (Tiiziin & Yiiksel, 2007) stages, which are the stages of decay of the corpse,
and the knowledge of which type of insect came in which stage (Schoenly & Reid,
1987).

Knowing the time of the arrival of the insect on the corpse in a particular re-
gion, then when a forensic case is encountered, the postmortem time can be esti-
mated by detecting the fauna on the corpse (Goff & Flynn, 1991). However, the ve-
getation, habitat and climatic characteristics of the regions are different and these
differences have an effect on the species (Anderson, 2001). Therefore, succession
data of that region should be known in post-mortem estimations.

Many researchers in their studies in different regions have shown that species
belonging to the Diptera order (Calliphoridae, Sarcophagidae, Muscidae, Fannii-
dae) come in the early stages of decay (Fresh stage and Swelling stage), and that in
the last stages of decay (Active decay, Advanced decay, Dry residue-Skeletonizati-
on) species belonging to the order Coleoptera. (Staphylinidae, Silphidae, Cleridae,
Histeridae, Dermestidae, Scarabaeidae and Nitidulidae) species have been obser-
ved to come.
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1.3. Succession and Order

Depending on the different decomposition stages of the corpse, different insect
species reaching the corpse at each stage is called “insect succession” or “faunal
succession”. Jerry Payne, a PhD student in North Carolina, pioneered the concept
of succession (Goff, 2001). Payne (1965) developed the approach model “The
changes made by the organisms on the corpse attract the other organism group
to the corpse. Therefore, the time spent by each organism group on the corpse
can be determined. Based on this information, the order of arrival of the corpse is
determined by determining the activities of the insects in the decomposed corpse”
(Goft, 2001).

Different odors are emitted in the corpse as a result of biological, physical and
chemical changes, and while these odors are attractive for some species, they are
less attractive for others (Varatharajan, 2000). E.g; Sarcophagidae (meat flies) are
the first family to come and colonize the corpse, and again the Calliphoridae (car-
rion flies) family prefer the fresh stage of decay (Erzinglioglu, 1996). Each insect’s
environment is different (A¢ikgoz et al., 2002), and it has a unique growth rate
(Wolff et al., 2001). Humidity, temperature, and the presence of ammonia-rich tis-
sue affect the laying of insects. Female flies lay their eggs in the oral cavity of the
corpse, in the eyeball, in the vaginal area if it is sexually abused and an open corpse,
in the anus area, in open wounds, moist areas and places that do not see direct
sunlight if it has died as a result of injury.

Smith (1986) grouped the insects that come to the corpse into 4 categories
according to their feeding preferences and ecological roles (Amendt et al, 2004a;
Zehner et al, 2004).

Necrophage Species: They feed on corpses and are the first to colonize (Zehner
etal., 2004). It includes orders such as Diptera (Calliphoridae, Sarcophagidae,) and
Coleoptera (Staphylinidae, Dermestidae, Histeridae) that are used in post-mortem
time determination (Merritt et al., 2000).

Predator / Parasitic Species: They do not feed directly from the corpse. They
feed on the larvae and pupae of other insects and arthropods. Chrysomya sp.(Ro-
bineau-Desvoidy, 1830) (Diptera: Calliphoridae), Histeridae and Staphilinidae fall
into this group (Merritt et al., 2000; Wolff et al., 2001).

Omnivorous Species: They feed on both the corpse and the larvae on the corp-
se, as well as other species. (Merritt et al, 2000) Dermestidae, Tineidae, Hymenop-
tera fall into this group (Amendt et al, 2004b; Zehner et al, 2004).

Incidental Species: They do not feed on the corpse. They come to the corpse
as they seek suitable shelter as an extension of their environment. Includes other
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species such as Collembola, Araneae, Diplopoda (Amendt et al, 2004b; Aggarwal,
2005; Merritt et al, 2000).

1.4. The Main Factors Affecting The Succession Order

Factors such as geographical distribution, season, humidity, precipitation, sun
and temperature are the most important (Voss et al, 2009; Wolff et al, 2001). Whet-
her the corpse is completely submerged in water or burned, buried or in a closed
area are factors affecting insect succession (Archer et al., 2003).

Anderson, 2001, in his study in Hawaii, saw that insect colonization started
earlier in the burning corpse, much more flies lay eggs, and in corpses wrapped in
blankets, fly colonization was delayed by 2.5 days (Hall, 2001).

1.5. Geographic Distribution

Habitat, soil type, meteorological values and vegetation are different in each ge-
ographic region. Therefore, one of the important factors affecting insect succession
is the geographical region where the corpse is found, and each geographical region
has different species (Anderson, 2010).

Although Calliphoridae (carrion flies) and Sarcophagidae (meat flies) were
the first colonists to arrive on the body, differences were found between species.
For example, in studies conducted in many regions, the first colonists were Luci-
lia cuprina (Wiedemann, 1830) (Diptera:Calliphoridae), Chrysomya megacephala
(Fabricius, 1794) (Diptera:Calliphoridae) and Chrysomya rufifacies (Macquart,
1842) (Diptera:Calliphoridae) species from the Calliphoridae family, while Berca-
ea haemorrhoidalis (Fallen, 1817), Parasarcophaga ruficornis, Sarcophaga occidua
(Fabricius, 1794) and Helicoba morionella species from the Sarcophagidae family
were also the first colonist species (Gearly, 1986). In the study in the US state),
the first colonist species were Lucilia coeruleiviridis (Macquart, 1855) (Diptera:-
Calliphoridae) and Phormia regina (Meigen, 1826)(Diptera:Calliphoridae) species
from the Calliphoridae family (Reed, 1958), In Turkey, the first colonists to come
to the corpse are Calliphora vomitoria (Linnaeus, 1758) (Diptera:Calliphoridae),
C.vicina, L. sericata and C. albiceps species belonging to the Calliphoridae family
(Sabanoglu & Sert, 2010).

1.6. Seasonal Factors

Seasons are the main factor affecting the flora, species and temperature of the
regions. While C. vicina and C. vomitoria species are more common in winter, L.
sericata and C. albiceps, which are in the same family, are more common in sum-
mer (Haskell & Williams, 1990). In studies conducted in Maryland (US state), C.
vicina, Calliphora livida (DG Hall, 1948) (Diptera:Calliphoridae), Lucilla illustris
(Meigen, 1826) (Diptera:Calliphoridae) were found only in autumn; L. sericata was
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seen only in summer (Introna et al., 1991). Studies conducted in Finland showed
that Sarcophagidae (meat flies) vary according to seasons and regions (Nuorteva,
1959).

1.7. Temperature and humidity/Sunlight

One of the most important meteorological factors affecting succession is tem-
perature, humidity and direct sunlight (Smith, 1986; Haskell & Williams, 1990).
The temperature of a corpse exposed to sunlight increases rapidly and the corpse’s
decomposition accelerates. The rapidly decomposing corpse rapidly loses its bio-
mass (Hall, 2001). Temperature and humidity affect the presence of the insect on
the corpse as well as the laying and hatching of the egg (Anderson & Cervenka,
2002).

Shean et al (1993) found that sunlight accelerates decay and insect succession
occurs faster (Shean et al., 1993). Turner & Howard (1992), in their study, measu-
red the temperature of the corpse at intervals, found that the amount of larvae and
larval movements on the corpse increased the temperature of the corpse, and the
temperature of the corpse was 20-26 °C higher than the temperature of the envi-
ronment and soil (Turner & Howard, 1992).

Table 2. Lower growth threshold temperature values of insect species in
forensic sciences (Marchenko, 2001).

Species Name Lower Growth Threshold Temperature (°C)
Boettcherisca Septenrionalis 7.8
Calliphora Vicina 2.0
Calliphora Vomitoria 3.0
Chrysomya Albiceps 10.2
Muscina Assimilis 7.9
Muscina Stabulans 7.2
Lucilia Sericata 9.0
Phormia Regina 11.4
Piophila Foveolata 6.4
Protophormia Terraenovae 7.8

2. MATERIAL AND METHOD
2.1. Fieldwork

Our study was carried out in 4 regions between September 2018 and May
2019. The first of the study areas is the Republic of Turkey State Railways guest-
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house land in the city center. Its coordinates are latitude 38°43°50.48”N longitude
35°28°46.08”E. The second of the study areas is Erkilet roadside land.

Its coordinates are latitude 38°45°35.92”N longitude 35°27°55.64”E. The third
of the study areas is the land of the 7th Regional Directorate of Meteorology. Its
coordinates are latitude 38°41°21.69”N longitude 35°29°58.08”E. The fourth of the
study areas is the roadside cemetery land leading to Erciyes Mountain. Its coordi-
nates are latitude 38°37°41.44”N longitude 35°30°46.77”E.

While selecting the study areas, factors such as the vegetation of the regions,
their geographical location and altitude were taken into account. Among the study
areas, the Republic of Turkey State Railways (T.C.D.D.) guesthouse land is in the
city center and was chosen to determine the difference in insect species between
the rural area and the city center. Among the study areas, the Erkilet region was
chosen because it is in a transit transition position to the Malatya-Sivas and Anka-
ra-Istanbul inter-city road routes, and the T.C.D.D. It is 20 km from the land of the
Meteorology Department, 30 km from the land of the 7th Regional Directorate of
Meteorology, and 46 km from the Erciyes cemetery. The land of the 7th Regional
Directorate of Meteorology was chosen because it is close to the midpoint of the
2 regional plots (Erciyes cemetery-T.C.D.D. land). Among the study areas, the Er-
ciyes cemetery land is 26 km away from the city center and 46 km away from the
Erkilet region, which is the farthest region.

The traps are 1500 ml clear plastic water bottle with 150 g of chicken meat or
bovine liver in the inner bottom. In order to allow the insect to enter the traps, the
mouth of the bottle was cut off and placed in an upside-down way, nested in the
bottom part, and hung on trees at different directions and heights, 75 m away from
each other. The study areas were visited systematically every 3 days and the insects
coming to the traps placed in 4 regions were collected with the help of forceps and
taken into sterile 50 ml falcon tubes, and the temperature-humidity values, land
location and date were written. While new traps were left in place of the traps that
were taken, the temperature-humidity values of that day, land location, date, and
which medium was in the trap were written on the label.

On the other hand, the insect larvae in the traps were taken into glass jars,
and bovine livers were placed in them so that they could continue to feed, and the
temperature-humidity values, the land from which they were taken, the date were
written on the glass jars. In order for the larvae to continue their life cycle, a hole
was made in the middle of the lid part of the jars, and a piece of gauze was placed
on the upper part and the lid was closed. Larvae that came to the last feeding stage
were taken from glass jars to rearing pots. Sawdust was placed inside the rearing
pots to enable the larvae taken into the pupa stage to pass into the pupa stage, a
hole was made in the middle of the cover part, and a piece of tulle was placed on
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the upper part of the cover so that the adult insects that completed the pupa sta-
ge could continue their life cycles, and the temperature-humidity values, the land
from which they were taken, were written on the rearing pots. Larva-prepupa-pu-
pa-adult developmental stages were monitored and graded every 2 days. Care has
been taken that the traps do not harm the environment and are not spoiled by
humans and animals. A total of 8 traps, 2 for each region, were left in 4 regions
every 3 days. Due to the low insect population in the winter season, field work was
carried out once a week. Some of the meteorology data is taken from the address
https://weather.com/tr- TR/kayseri/bugun/l/TUKY0286:1: TU from the 7th Regi-
onal Directorate of Meteorology. The terrain photos were taken with the PowerS-
hot SX150 14.1 megapixels Canon digital camera.

Located in the city center, T.C.D.D. in the vegetation of his land; Pinus nigra
(black pine) is present, weeds and shrubs are dominant. In the vegetation of the
Erkilet land; There are Pinus nigra (J.EArnold & Reise Mazriazell Steyerm. 1785)
(Pinales:Pinaceae), Salix alba (Malpighiales:Salicaceae), Populus alba (Malpighia-
les:Salicaceae), weeds and shrubs are dominant. In the vegetation of the 7th Regio-
nal Directorate of Meteorology; There are P, nigra, S. alba, P. alba, Malus domestica
(Rosales:Rocaceae), Prunus armeniaca (Rosales:Rocaceae), Vitis (vineyards), wee-
ds and shrubs are dominant. In the vegetation of the cemetery land of the Erciyes
region; there are P. nigra, S. alba, P. alba, weeds and shrubs.

2.1.1. Laboratory Study

Adult insects collected from the traps and insects that have completed their
development were brought to the laboratory after they were killed in the killing
containers. The samples were examined in Ondokuz May1s University Science Fa-
culty Research and Development Laboratory. Leica MZ 12.5 brand stereo micros-
cope was used for the identification of the samples, a special insect stand was used
to position the samples under the microscope and the identification of the species
was made with the determination keys (Whitworth, 2006; Carvalho & Mello-Pa-
tiu, 2008; Me'ndeza et al., 2008; Shazia. et al, 2006; Gregor et al, 2002; Hava, 2004;
Almeida & Mise, 2009; Bajerlein, 2009).

3. RESULTS AND DISCUSSION
3.1. Insect Species Seen in the Autumn Season

When we evaluate the four regions in terms of the Autumn season; C. vicina,
L. sericata, C. albiceps, M. stabulans, M. autumnalis are the species seen in all fields
(Table 3., Table 4., Table 5., Table 6.) Species belonging to the Sarcophagidae family
were seen in the other 3 fields except the Erciyes cemetery. The fact that the Erci-
yes cemetery land is at a high altitude and the temperature values are lower than
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other areas may be among the reasons why we did not encounter Sarcophagidae
in the Erciyes cemetery. Sarcophaga sp. (Meigen, 1826) (Diptera:Sarcophagidae)
Erkilet and T.C.D.D. on their land; Sarcophaga argyrostoma (Robineau-Descoidy,
1830) (Diptera:Sarcophagidae) T.C.D.D. and 7th Regional Directorate of Meteo-
rology; Lucilia caesar (Linnaeus, 1758) (Diptera:Calliphoridae), Erciyes cemetery,
T.C.D.D. and 7th Regional Directorate of Meteorology; on the other hand, C. vomi-
toria was seen only in November on the territory of the 7th Regional Directorate of
Meteorology. In C. vomitoria, it is a species that likes and can live at low tempera-
tures like C. vicina. In all fields, only C. vicina and L. sericata species were seen in
October and November. C. albiceps, M. autumnalis, M. stabulans were seen in all
fields only in the first week of September.

When the species seen in the autumn season are evaluated in terms of medium;
M. autumnalis in chicken meat, L. caesar in bovine liver in Erciyes cemetery land;
In the Erkilet field, M. autumnalis, in chicken meat, Sarcophaga sp. in bovine liver;
T.C.D.D. M. autumnalis in chicken meat, L. caesar, species belonging to Sarcop-
hagidae family in bovine liver; In the 7th Regional Directorate of Meteorology,
L. caesar, M. autumnalis, C. vomitoria were observed in chicken meat, but not in
cattle liver.

When we look at the numerical distribution of the species seen in the study
areas; While 6 species are seen in Erciyes cemetery and Erkilet lands, T.C.D.D. and
8 species were observed in the lands of the 7th Regional Directorate of Meteoro-
logy (Table 3., Table 4., Table 5., Table 6.). The % distribution of the species in the
autumn season is given in Table 7. The most common species in all fields are C.
vicina (76.82%) and L. sericata (21.27%).

Table 3. Insect species seen in Erciyes cemetery land

Autwm Food
Chicken meat Bovine liver
Months species species
Order Family species percent  Order Family species percant
mumbers 5 mumbers ]
Calliphora vicina 214 8425 Calliphora vicina 366 9173
Calliphoridae ~ Lucilia sericata 30 1181 o Lucilia sericata 12 301
Chrysomya ) 079 Calliphorida Chrysomya 1 101
albiceps albiceps - -
Musca utumnzlis 3 L1E Lucilia cassar 3 01
Muzeidae 2 sen
¢ : Muscina 5w Muscidae Muzeima 1 o
Total mumber of 254 100 Total number of 300 100
g samplas samples
i . R N . - .
8 a Calliphora vicina 143 8034 Di Calliphora vicina 366 83.73
£ Lucilia sericata 35 15.66 Lucilia sericata 7 1625
& -
Total murber of 7 100 o Toplam fmek 47 100
samplas Calliphorid sayis
% Callipheridae  rvayinora vieina 54 B34S Calliphora vicina il 58.61
=}
“ Lucilia sericata 15 1435 Lucilia sericata 1 139
Total mumber of 10 100 Totalmm:lbial of n 100
sammplas camples
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Table 4. Insect species seen in Erkilet land

Food
Aty
Chicken meat Bovine liver
Months
o . species  percemt o - : ercent
Ordar Family species srmbars o Ordar Family species mumbears species P p
‘B Calliphora vicina 68 48.57 Calliphora vicina 36 36
'S-E Calliphori
9 g Lucilia sericata 33 dae Luciliz sericata 10 10
Chrysomya albiceps 2 Chrysomya albicaps 1 1
Musca autumnalis 3 Muszcidae Muscina stabulans 5 5
b .
Muscida N
“ uscidas  y becina stabulans 14 10 5“‘;3'::‘“5 Sarcophaga =p. 28 2%
g Totasl;;u;z::iy of 140 100 . Total number of 100 100
. 5 i samplas
A Calliphora vicina 83 533 Calliphora vicina 143 66.51
g Lucilia sericata 83 46,63 Luciliz sericata 73 3549
o
a : Tatal mmber of 178 100 Total mumber of 218 100
samples Callinhori samplas
g p Calliphora vicina 163 88.71 dae Calliphora vicina 152 B4.52
i
ZS Lucilia sericata 21 1129 Luciliz sericata 27 15.08
Tatal mmber of Total mumber of
186 100 17% 100
samples samplas
Table 5. T.C.D.D. insect species in the field
Aut Food
utumn Chicken meat Bovine liver
Months . .
Order Family species species Percent Order Family species species Percent %
numbers numbers
Calliphora 35 4118 Callighora 36 18.65
vicina vicina
Calliphoridae ~ Lucilia 2 235 Lucilia sericata 2 27
sericata Calliphoridae
Chrysomya 32 3765 Lucilia caesar 1 135
albiceps
5
£ Musca 0 1176 Chrysomya 23 31.08
3 . autumnalis albiceps
E Muscidae Muscina 6 7.06 Muscid: Muscina 6 811
- stabulans ! useidae stabulans g
Sarcophaga sp. 1 135
Sarcophagid
arcophagidae  Sarcophaga 5 676
argyrostoma
s Total =
i number of 85 100 3 Total number 74 100
£ 2 of samples
5 samples a
Calliphora 76T Calliphora 164 6236
vicina vicina
g Lucils
< ueria 38 3423 Lucilia sericata 99 37.64
3 sericata
=]
Total Total number
Calliphoridae ~ number of i 100 Calliphoridae of samples 263 100
samples
Calliphora 130 9489 Calliphora 154 88
\_ vicina vicina
H .
s Lucilia 7 5.1 Lucilia sericata 21 12
53 sericata
z Total
number of 137 100 Total number 175 100
of samples
samples
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Table 6. Insect species seen on the land of the 7th Regional Directorate of Meteoroloji

Aastumn Food
: Chicken mast Bovins liver
Months - -
Ordar Family species et P“.;j.“’ Order Family spacies i P".zi“‘
Calliphora vicina 81 4309 Calliphora 119 9.0
vicina
Culliphorda Lucilia sericatz 75 3989 Callphoridas Loz sericata 142 46,56
= Chrysomya 2 Chryzomya
o 13 691 e 2 10.19
1 Lucilia caesar 5266 Muscidas Museina 10 328
Minscina . - Sarcophaza
g - i 0 5n i — 2 0.66
Musea 1 106
g Sacophasida 3:\‘;?4‘:;‘; T L6
. Total mmsher of Diptera Total mumher of ..
& - 188 100 i 305 100
3 Calliphora vieina 125 7862 Cﬁi"" 105 80.77
] Lucilia sericata 213 Lucilia sericata 23 19.23
S Total mumber of s 1m0 Totalmumber of 140 100
E— Calliphoridae stz Callipharidaa C":]’f"l“
Calliphora vicina 84 9438 mpﬁfﬁ 167 58.83
g Lucilia sericata 4 449 Lucilia sericata 21 117
L Calliphora
‘}- vomitoria 1 L2
Total mmber of Total mamber of
p—— 89 100 p—— 188 100
Table 7. Insect species seen in 4 regions in autumn
Crrder Faruly Species species numbars Parcent %
Diptara Calliphoridas Calliphora vicina 3178 76,82
Lucilia sericata B80 2127
Chrysomya albiceps 32 077
Lueilia caesar g 022
. Calliphaora vemitoria 1 0.02
Diptera
. Wiusea auhwmralis g 0.1%
hnzcidas . _
Muscina stabulans 13 036
. Sarcophaza argyrostoma 4 0.10
Rarcophazidae
Sarcophaga sp. 10 0.24
Total mumber of zamples 4137 100

3.2. Average Temperature/Humidity Values of Autumn Season

In September, the average temperature is 19.2 °C and the humidity is 41.3% on
average; In October, the average temperature is 13.2°C and the humidity is 62.8%
on average; In November, the average temperature was 6.8°C and the humidity was
69.6% on average (Figure 1.).
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Figure 1. September 2018-May 2019 Average Temperature and Humidity
Values
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Figure 2. Temperature and Humidity Values of September
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Figure 3. Temperature and Humidity Values of October
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Figure 4. Temperature and Humidity Values of November

3.3. Insect Species in Winter

When we evaluate the four regions in terms of the winter season; only C. vicina
was seen in all fields. C. vicina is a species that can live in different habitats and low
temperatures. The highest number in December during the winter season in all
terrains; 25 in the Erciyes cemetery; On the Erkilet land 29, T.C.D.D. C. vicina has
been seen, 40 of which are in the field of the 7th Regional Directorate of Meteoro-
logy and 33 in the territory of the 7th Regional Directorate of Meteorology. While
the least number of species was seen in the Erciyes cemetery land (chicken meat
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15, bovine liver 15, C. vicina) among the study areas (Table 8), the highest number
of species was T.C.D.D. (26 chicken meat, 28 cattle liver species, C. vicina) in the

field (Table 9.).

When evaluated in terms of C. Vicina medium seen in winter season, 17 in
chicken meat and 26 in bovine liver in Erkilet land (Table 10.); On the land of the
7th Regional Directorate of Meteorology, 22 in chicken meat and 25 in bovine liver
were observed (Table 11.). The % distribution of the species in the winter season
is given in Table 12. The most common species in all fields are C. vicina (100%).

Table 8. Insect species seen in the Erciyes cemetery land

Wint Food
mter Chicken meat Bovine liver
Months i 5 i b
. . species  Percent N . - species ercent
Order Family species numbers 0 Order Family species numbers o,
December Calliphora 2 100 Calliphora 13 100
vicina vicia
January Calliphoridae ~ Calliphora 2 100 Calliphora I 100
vicina vicina
— Diptera n Diptera  Calliphoridae -
February Calliphora 100 Calliphora 1 100
vicina vicina
Total Total
number of 15 100 number of 15 100
samples samples
Table 9. T.C.D.D. insect species in the field
. Food
Winter 5 T
Chicken meat Bovine liver
Months
. . species  Percent . . species o
Order Family species numbers % Order Family species numbers Percent %
December Cal!lphora 18 100 Cal!lghora 22 100
vicina vicina
January Calliphoridae ~ Calliphora 6 100 Calliphora s 100
vicina vicina
———— Diptera ST Diptera  Calliphoridae ST
February Calliphora 2 100 Calliphora 1 100
vicina vicina
Total Total
number of 26 100 number of 28 100
samples samples
Table 10. Insect species seen in Erkilet land
. Food
Winter N P
Chicken meat Bovine liver
Months
) ) species  Percent ) ) species .
Order Family species numbers % Order Family species numbers Percent %
December Calliphora o100 Calliphora 18 100
vicina vicina
January Calliphoridae ~ Calliphora 5 100 Calliphora 6 100
vicina vicina
——— Diptera - Diptera  Calliphoridae -
February Calliphora 1 100 Calliphora 2 100
vicina vicina
Total Total
number of 17 100 number of 26 100
samples samples
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Table 11. Insect species seen on the land of the 7th Regional Directorate of
Meteorology

Wint Food
inter
Chicken meat Bovine liver
Months . s .
. . species  Percent . . species .
Order Family species numbers % Order Family species numbers Percent %
December Calliphora 17 100 Calliphora 16 100
vicina vicina
January Calliphoridae ~ Calliphora 4 100 Calliphora 6 100
vicina vicina
— Diptera n Diptera  Calliphoridae ey
February Calliphora 1 100 Calliphora 3 100
vicina vicina
Total Total
number of 22 100 number of 25 100
samples samples
Table 12. Insect species seen in 4 regions in winter
Order Family species species numbers Percent %
Diptera Calliphoridae Calliphora vicina 174 100
Total number of samples 174 100

3.4. Average Temperature/Humidity Values of Winter Season

In December, the average temperature is 2.9°C and the humidity is 78.2% on
average; In January, the average temperature is -8°C and the humidity is 74.7% on
average; In February, the average temperature was 3.3°C and the humidity was
66.6% on average (Figure 1.).
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Figure 5. Daily temperature and humidity values of December
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Figure 6. Daily temperature and humidity values of January
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Figure 7. Daily temperature and humidity values of February
3.5. Insect Species Seen in the Spring Season

When we evaluate the four regions in terms of the spring season; C. vicina,

Thricops sp., E. canicularis, L. sericata, D. frischii were seen in all fields (Table 13.,
Table 14., Table 15., Table 16.). Musca domestica (Linnaeus, 1758) (Diptera:Mus-
caidae), Erciyes cemetery and 7th Regional Directorate of Meteorology (Table 13.,
Table 16.), S. argyrostoma only in Erciyes cemetery land (Table 13.), Fannia sp.
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Erciyes cemetery and 7th Regional Directorate of Meteorology (Table 13., Table
16.), M. autumnalis, and M. stabulans were seen only in Erciyes cemetery (Table
13.). Dermestes undulatus (Brahm, 1790) (Coleoptera:Dermestidae), Margarinotus
brunneus (Fabricius, 1775) (Coleoptera:Histeridae) Erciyes cemetery and T.C.D.D.
(Table 13., Table 15.), Saprinus subnitescens (Bickhardt, 1909) (Coleoptera:Histe-
ridae) Erciyes cemetery, Erkilet and Meteorology 7th Regional Directorate lands
(Table 13., Table 14., Table 16.) Saprinus vermiculatus (Erichson, 1834) (Coleopter-
a:Histeridae) Erciyes cemetery and 7th Regional Directorate of Meteorology (Table
13., Table 16.), Saprinus caerulescens (Hoffmann, 1803) (Coleoptera:Histeridae)
was observed in the Erciyes cemetery and Erkilet lands (Table 13., Table 14.). Cre-
ophilus maxillosus (Linnaeus, 1758) (Coleoptera:Stafilinidae) was not seen only in
the land of the 7th Regional Directorate of Meteorology, but also in all other lands
(Table 13., Table 14., Table 15.).

When the species seen in the spring season are evaluated in terms of medium;
14 species in chicken meat, 11 species in bovine liver, 6 species in chicken meat,
7 species in bovine liver in Erciyes cemetery land, T.C.D.D. 7 species in chicken
meat, 6 species in bovine liver, 8 species in chicken meat and 6 species in cattle liver
in the 7th Regional Directorate of Meteorology. In the Erciyes cemetery, M. stabu-
lans, M. autumnalis, S. argyrostoma, M. domestica, C. maxillosus were observed in
chicken meat, Saprinus vermiculatus and D. undulatus were only observed in cattle
liver. In Erkilet land, C. maxillosus in chicken meat, S. caerulescens, S. subnitescens
in bovine liver; T.C.D.D. M. brunneus and C. maxillosus in chicken meat, D. un-
dulatus in bovine liver; Fannia sp., S. subnitescens was observed in chicken meat,
S. vermiculatus was only observed in cattle liver in the 7th Regional Directorate of
Meteorology.

In the spring season, while there were the least number of species in March,
the highest number of species was observed in May with the increase in air tem-
perature. Species belonging to the order Coleoptera started to be seen only in April
and May, when the air temperature increased in the spring season, and was seen
only in May in all fields, Dermestes frischii was seen only in the Erciyes cemetery
land in April. C.vicina seen in the spring season increased in parallel with the air
temperature.

When we look at the numerical distribution of the species seen in the study ar-
eas; 8 species were seen in Erkilet land, 16 species in Erciyes cemetery land, 8 spe-
cies in T.C.D.D. and 9 species in 7th Regional Directorate of Meteorology (Table
13., Table 14., Table 15., Table 16.). The % distribution of the species in the spring
season is given in Table 17. The most common species in all fields are C. vicina
(74.51%), L. sericata (11.48%) and E canicularis (11.43%).
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Table 13. Insect species seen in the Erciyes cemetery land

Sori Foad
Frng Chicksn maat Eovine livar
Manths
. - spacizs  Parcest . - specizz  Percest
Order Family species nmmbers 1 Order Family specias 34
Calliphoridss C"‘"-‘Ph"“ 16 ooz Calliphoridse  Calliphora vicina 181 0006
March Fannfidze Famiz. 5 198 Farmiidse  Famniz camicularis 1B om
canicularis E
Tatal mmber of Totzl mumber of
162 00 109 100
samples g‘ samples
o Calliphora 351 BR.T4 e Calliphera vicina 247 8531
Calliphorida2 | iz sericata 5 943 Callpheridie | il sericata 135 13.48
Fanmia sp. 3 0.49 Fanmiidae Fannia canioolaris 2 0.2
Al Fanniidae Famia §
amia LR ES E‘ Dermestidse  Denmestes fischii 3 03
caniculariz
(%]
g Tatal mmiber of 14 100 Total mumber of g7 100
& samples
o Calliphora 665 816 o Calliphora viciza 513 Tl
Calliphorides vicina Calliphoridae
Luciliz sericata 15 1401 g Luciliz sericata 44 2072
Mfusca - . -
. 1 a2 Muscidsa Thric: . 043
Muzcidas domestica & ops 2
Thricops sp. 1 a2 Fammia canicularis 1 014
Fannia Fanrdidas ; -
— cami i 1 012 Fannia sp. 2 0.8
Fammia zp. 5 0.41 Denmastes fizchii 17 145
i Demestidas
Muscina 1 02 Dermestes izt 2 o
Nuscidse salas _
Musca 3 037 Dargarimoms 4 038
N Sarcophaga Saprimis -
My Sarcophagidas areyTo: 1 01z E iteacens 4 0.58
- Diammestes - Saprimus 3 1
Demmestidsa Fischii 14 L72 3 _— - coms 3 043
- eridae semles
Stapiytinidas Cmf‘h‘lm“‘ 1 02 . Saprinus 1 o0
hlargarinoms
g . 4 049
Saprimz
3 zubmitescens 1 0.2
. -
aprim
caerulescens 1 0.2
Saprimz
cermical 101z
Taotal mmber of - Totzl mumber of -
81 100 695 100
samples - samples
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Table 14. Insect species seen in Erkilet land

_ Food
g Syuing Chicken maat Eovige livar
. . Percent
: ) ) Percent ) )
Ll Cirdar Family pecies mms - o Oxder Family speciss pecles o
Callghors & 1 Callipharidae  Calliphora vicins = eas
E A Famiidas  Famia camioularis 1 168
‘Ttal tumaby Tatal mmber of =
Callipharidae mmp];' 65 100 . 50 100
Calliphara 170 o4 Calliphora vicia 54 65.06
Lacilia ER Y Luciliz sericata 1 2280
. Fanmiz 4 . - . . .
't i Fanniidas ° . 3 1.62 Diptera Farmiidae Fannia canicularis 10 12.04
a 7 comiculais
Toul a;‘:‘]’;" 18 100 Toral mumiber of 5 100
C“‘ml’m 126 750 Callighora viciza 135 6588
Caliphoridas ot Calliphoridas
Lucla PR TS Luciliz saricats 13 .63
Fanmiidss Faundz 1 06 Famiidse  Fammiz comicularis 10 100
; Mhscidze  Thricopssp. 2 12 Tusci Thricops =p. 1 051
5 Dermastidas D‘*mﬁ. i s 4 141 =  Demmestidse Danmestes frischii 5 255
Coleoptara —M8M8M8M——— -
Staplylinidse Qm?mnﬁ 1 06 5‘1":::’;5 1 051
masillo o caerale
Saprimuz 1 102
submnitescens )
Total a;‘:‘]’;” 166 100 Toral mumher of 196 100
Table 15. T.C.D.D. insect species in the field
S Food
B Chicken meat Eovine liver
Manths
. . species  Parcent ~ gpecies  Percent
Order Family spacies ug Crrdar Family species I ™
Calliphoridze ~ Colipbora 00 100 Calliphoridze  Coliphora 37 100
M Ve VICma
Totel muber 300 100 Total muer 57 10
Callighora 86 8647 Calligborz 318 75
o icina o =
Calliphoridz: Lucilia 6 606 Lucilia 8¢ 2054
Agpril caricata . sericats -
= " Fannia - [ . Fanniz - -
g Fanniidae cami By 7.07 Dipters Fannidas cani N i 171
Totel mumber %0 100 Total mler 08 100
Callihora 103 7055 Callighors 130 sz
Lucilia o Lucilia - =
Luclia 12 s Lurilia 73 3z
Fanmiidae caf:ﬂ““ ) 6 1781 Fanmiidae Gf:m 2 s
M ridae Thricops =p. 1 06 Mauscidas Thricops =p. 6 24
My Dennestidze  Dommesies 2 137 E Demestes T 08
5 Stplpfinidee  CrooBHilns 1 om ; Demmestes 2 0.8
g maillosus - undulatus “ :
w
Hieridze  DLEUEOW T
T:fJ TIEE a5 g0 T:g’;‘ e 250 100
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Table 16. Insect species seen on the land of the 7th Regional Directorate of
Meteorology

. Food
Spring Chicken mest Bovine liver
N zpecies  Percent zpecies  Parcent
Order Family Ipecies pwnhers 14 COrrder Family species I 8y
Callipharidae ca\]ig:gm 17 5247 )
_— Calliphoridas C“‘H'Pm FERT
N i . o vicina
March Farmiidae iulari 1 1052
Total pumber 10 100 Tatal punber a3 100
of samplas of sarnples
ca\]ig:gm 133 5882 C‘“‘”‘P"“"‘ 116 @7
Callipharidas Calliphorida;
Lacilia n 4 g : Lucilia 16 687
April Fannia 7 E . Fanmiz
Farmiidas P—— 3 1.97 E Fammiidsa caniculari 1 0.43
E Fannis sp. 3 197
Total pumbar 152 100 Taotal rumbar 233 100
of samples of sarples
o ca\]ig:;“ 206 8577 - c"‘mpm 02 ee87
Callipharidas Luciti a - Callipharidas Lucili w 5
acilia 37 4] acilia 37
Famia s 2111 Farniidsa il 1B 123
Farniidas Dermestes
i 2131 ] i 5 ol
Fanniz sp. 10 112 Denmastidas Frischii 5 342
. Musca Ny
May Masci fomastica 1 02 H . Ssgrmus 1 068
Thricaps sp. ] 133
. Dermestes
g‘ Dermestidae st 4 0.88
Saprinus
a Histeridze b 1 0.2
Tortal pumaber 450 100 Total punber 145 100
of samples of samples

Table 17. Insect species seen in 4 regions in the spring season

Ondar Family spacias species Dercent %
Iy Callighora vicina 033 7451
Luciliz sericata 452 11.43
Farmiidas Fannia canicolaris 450 11.43
ae Fammia sp. 15 038
Diptara ) Thricops sp. 20 0.3
D Winzca domestica 2 0.03
Zarcophagidae Sarcophaza aTEyrostoma 1 0.02
Masci Mucing stabulans 2 0.03
Iusca autwrmalis 3 0.07
. Dennastes friachii 34 0.26
Denmestes undulams 2 0.03
Margarinotos nomens 3 .2

Ca &l ;. —

fzopter Histeridas Saprinns venmiculas 4 o1
Saprinns casmlescens 4 o1
Saprime submitescens 5 012
Sraphylinidae Crepphilus maxillosus 1 0.02
Total number of samples 3034 100
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3.6. Average Temperature/Humidity Values of Spring Season

In March, the average temperature is 5.6°C and the humidity is 59.3% on av-
erage; In April, the average temperature is 9.2°C and the humidity is 66.3% on
average; In May, the average temperature was 17.3°C and the humidity was 50.2%

on average (Figure 1.).
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Figure 8. Daily temperature and humidity values of March
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Figure 9. Daily temperature and humidity values of April
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Figure 10. Daily temperature and humidity values of May

When our study is evaluated in terms of incoming species and land; it was
observed that the least number of species (Single species, C. vicina) was in the
winter season (December., January., February), and the highest number of species
(16 species) was in the spring. (March., April., May.) (Table 18). The land with the
highest number of species is the Erciyes cemetery land. When evaluated in terms
of the food used in the traps, although it changes according to the season and the
terrain, almost similar numbers of species were caught.

Table 18. Distribution of insect species seen in the study areas by months

Months Order Family species Order Family species
Chrysomva albiceps
) . Calliphora vicina
Calliphoridae . .
Lucilia sericata
Lucilia caesar
September Diptera S
Sarcophagidae Sarcophaga sp.
Sarcophaga argyrostoma
Muscidae Muscina stabulans
Musca autumnalis
October Diptera Calliphoridae Calllplﬁ!ora \./lcma
Lucilia sericata
Calliphora vicina
lliphorid: ili ica
November Diptera Calliphoridae L?.Icllla senceta )
Calliphora yomitoria
Muscidae Muscina stabulans
December
January Diptera Calliphoridae Calliphora vicina
February
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Calliphoridae Calliphora vicina
March Diptera
Fanniidae Fannia canicularis
Calliphoridac Calh?l.wra \./u:ma
) Diptera Lll&,‘llld se}ncdtd}
April .. Fannia canicularis
Fanniidae :
Fannia sp.
Coleoptera Dermestidae Dermestes frischii
Calliphoridac Calliphora vicina Saprinus vermiculatus
Lucilia sericata N Saprinus subnitescens
- - - Histeridae .
Fanniid Fannia canicularis Saprinus caerulescens
annudae Fannia sp. Coleoptera Margarinotus brunneus
May Diptera Musca autumnalis Dermestidac Dermestes frischii
. Muscina stabulans © Dermestes undulatus
Muscidae . — p -
Musca domestica Staphylinidae Creophilus maxillosus
Thricops sp.
Sarcophagidae Sarcophaga argyrostoma

The fact that C. vicina can be seen in all lands from September to the end of
May, it can be caught in the traps in a very short time and can live in different ge-
ographical areas can be used to determine the time of death in Kayseri in Autumn,

Winter and Spring seasons.

L. sericata can be seen in all fields from September to the end of November,
from April to the end of May, not seen in December-January-February and March,
and can be used to determine the time of death in Kayseri in Autumn and Spring

seasons.
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