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Effects of Some Treatments Prior to Stratification on Germination
in Kalecik Karasi (Vitis vinifera L.) Seeds

Murat AKKURT', Nurhan KESKIN2, Mina SHIDFAR!, Atilla CAKIR?

ABSTRACT: Kalecik Karasi cv. (Vitis vinifera L.) is one of the main grapevine cultivars in Turkey that is com-
monly used in breeding programs. However, low germination of seeds is crucial problem for breeding programs. In
order to increase the germination ratio of Kalecik Karasi cv. seeds, they were stratified at +4°C for 60 and 90 days
following some pre-treatments with growth regulators such as benzylaminopurine (BAP), gibberellic acid (GA,),
BAP + GA,, and hydrogen peroxide (H,0,). Maximum germination ratio (66.67%) for 60-day stratification was re-
corded after pre-treatment with 1 g/l BAP + 3 g/l GA, In addition, for 90-day stratification, maximum germination
ratio was also observed 64% after pre-treatment with 0.5 g/l BAP + 2 g/l GA,. According to the results, the highest
germination ratio in Kalecik Karasi cv. seeds was realized in 0.5-1 g/L BAP + 2-3 g/L GA, treatments.

Keywords: Benzylaminopurine, gibberellic acid, hydrogen peroxide, stratification, germination
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Igdir University Journal of the Institute of Science and Technology

Kalecik Karasi (Vitis vinifera L.) Tohumlarinda Katlama Oncesi
Baz1 Uygulamalarin Cimlenme Uzerine Etkisi

OZET: Kalecik Karasi, (Vitis Vinifera L.) Tiirkiye’de 1slah programlarinda yaygin olarak kullamlan {iziim cesit-
lerinden birisidir. Ancak, tohumlardaki diisiik ¢cimlenme orani, 1slah ¢alismalarinda 6nemli bir sorundur. Kalecik
Karasi tohumlarinda ¢imlenme oranini artirmak i¢in tohumlar; benzilaminopiirin (BAP), Gibberellik asit (GA,),
BAP+GA, ve Hidrojen peroksit (H,0,) gibi biiyiimeyi diizenleyici maddeler ile 6n muamele yapildiktan sonra
+4°C de 60 ve 90 giin siireyle katlamaya tabi tutulmustur. En yiiksek ¢imlenme orani (%66.67) 1 g/l BAP + 3 g/l
GA, uygulamasi ve 60 giin katlama stiresinde elde edilmistir. Bunun yani sira, 90 giin katlama siiresinde ise en
yliksek ¢imlenme orani %64 ile 0.5 g/l BAP+2 g/l GA, uygulamasinda elde edilmistir. Bu sonuglara gore, Kalecik
Karasi tohumlarinda en yiiksek ¢imlenme orani 0.5-1 g/l BAP + 2-3 g/l GA, uygulamalarinda gergeklesmistir.
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INTRODUCTION

Grape (Vitis spp) is one of the most important
fruits grown economically in the world because of
its use in several ways such as wine, table and rai-
sin. However, an increase in production requires for
breeding practices to meet the recent world demand
on grape. Therefore, improvement of new and more
superior grape cultivars resistant to biotic and abiotic
stress factors has become quite popular. Thus, most of
researchers have aimed to improve resistant grape cul-
tivar since the second half of 19" century. However,
breeding efforts to generate new cultivars require ex-
pensive practices and intensive labor for many years.

Grapevine is mostly vegetative propagated be-
cause of segregation in generative propagation. How-
ever, generative reproduction is one of the indispens-
able methods in viticulture with regard to breeding
studies. Grapevine seeds germinate with some dif-
ficulties. These difficulties are occurred especially
in breeding studies. Therefore, determination of the
practices that induce the germination ratio is quite im-
portant. In addition, germination capacities of hybrids
(F,) seeds also play an important role in the achieve-
ment of the cross-breeding studies.

Seed dormancy can be simply defined as a block
to the completion of germination of seeds under fa-
vorable conditions. For germination of seeds in grape
breeding programs, it is required to break seed dor-
mancy. Main factors causing dormancy in seeds can
be summarized as physical (mechanic) factors in the
seed structure, internal (biochemical) factors within
the seeds and external (environmental) factors outside
the seeds. In general, folding, wetting, using of growth
regulating substances, washing, drying, temperature,
light, fight against oxidants, mechanical and acidic
abrasion and combination of one or more of them are
utilized to break dormancy (Yalvag, 2006). This pres-
ent study aims to determine effects of 16 pre-treat-
ments and two (60 and 90 day) stratification periods
to increase germination capability in ‘Kalecik Karas1®
cv. seeds.

MATERIAL AND METHOD

Plant material and experimental design: In this
research, ‘Kalecik Karas1’ cv. seeds were used for all
treatments. The seeds were obtained from harvested
grapes, then cleared of fruit flesh, and later washed
and float checked. The seeds were dried in the shade
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after treatment against to fungal infections. Dried
seeds were stored in plastic bags at room temperature
until pre-treatment. Then seeds were exposed to the
following pre-treatments before stratification:

1) 24-h soak in 1 M H,O,
2) 24-h soak in 0.5, 1.0, and 2.0 g/l of BAP
3) 24-h soak in 1, 2, and 3 g/l of GA;

4) 24-h soak different doses BAP in combination
with GA, (0.5 g/l BAP+ 1.0 g/l GA,, 1 g/l BAP+ 1 g/l
GA,,2g/IBAP+1g/1GA,, 0.5 g/IBAP+2.0g/1GA,, 1
g/IBAP +2¢g/IGA,, 2 g/IBAP +2¢g/1GA,, 0.5 g/l BAP
+3g/1GA,, 1 g/l BAP + 3 g/IGA,, 2 g/l BAP + 3 g/l
GA)).

Each treatment was performed 3 times using 50
seeds in each replication. Seeds were subjected to 200
ml of corresponding pre-treatment solution. Thereafter
the seeds were rinsed three times with sterilized bidis-
tilled water, and stratified in humid and sterile sand in
an incubator at +4°C for 60 and 90-day periods.

After stratification, the seeds were washed and
planted in 48x72x5 cm boxes containing germination
medium of turf, vermiculite and perlite (1:1:1). Germi-
nation was realized under growth chamber conditions
(28 + 2°C temperature and 65% humidity). After 6-9
weeks, numbers of germinated seeds for each treatment
were recorded. The indication of germinated seed was
determined as the cotyledons emerging through the me-
dium.

Statistical analysis: Descriptive statistics were
presented as mean and standard error of mean. After
arcsin transformation for providing normal distribution,
Two-way Factorial ANOVA was performed to deter-
mine differences among means of treatments and strat-
ified periods, After Factorial ANOVA, Tukey multiple
comparison test was carried out to determine different
treatments. Statistical significant level was considered
as 5% and SPSS (ver: 13) was used for all statistical
computations.

RESULTS AND DISCUSSION

Dormancy breaking applications are very import-
ant to overcome the dormancy of grape seeds. In the
literature, there are several reports that mention use of
pre-chilling under cool conditions, and various chemi-
cals for breaking the grape seed dormancy (Yeh et al.,
1990; Ergenoglu et al., 1997; Chuanli and Jing, 1999).
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The data represent the pre-treatment effects of
benzylaminopurine (BAP), gibberellic acid (GA,), the
combination of both at different doses and hydrogen
peroxide (H,O,) applications to increase the germina-

tion ratio of ‘Kalecik Karasi’ cv seeds (Table 1). Ac-
cording to results of ANOVA, statistically significant
differences were found among some pre-treatments for
60 and 90 day stratified seeds (p<0.05).

Table 1. Descriptive statistics and comparison results for pre-treatments in ‘Kalecik Karas1’ cv. (Vitis vinifera L.) seeds stratified for

60-90 day periods

Germination rate (%)

Pre-treatments 60 day 90 day

Mean = SEM Mean = SEM
Pure water (control) 12.00+231 ¢ # 37.33£2.67 abced
0.5 g/ BAP 54.67+4.81 a 53.30 £ 11.90 ab
1 g/IBAP 52.00 +6.93 ab 54.67+7.06 ab
2 g/IBAP 4533 £4.81 abc 52.00 +£4.00 abc
1 g/lGA, 48.00+ 1.01 ab # 18.67+1.33 cd
2 g/lGA, 41.33 £4.81 abc 24.00 £4.00 bed
3 g/lIGA, 52.00+6.11 ab# 21.98+2.67 cd
0.5 g/l BAP + 1 g/ 1GA, 4533 £1.33 abc # 29.33 £1.33 bed
1 g/IBAP + 1 g/IGA, 40.00 £ 8.33 abc 4533 £3.53 abc
2 g/IBAP+1 g/l GA, 21.33+£1.33 be 36.00 + 6.93 abcd
0.5 g/l BAP*2 g/l GA, 4933 +£7.42 ab 64.00+6.11 a
1 g/l BAP +2g/1 GA, 42.70 £9.10 abc 36.00 + 0.00 abcd
2 g/ BAP+2g/1 GA, 36.00 £ 4.62 abc 34.67 +7.42 abced
0.5 g/l BAP + 3 g/l GA, 62.67+£3.53 a # 33.33+7.06 abcd
1 g/l BAP + 3 g/l GA, 66.67+5.81 a 46.67 £5.81 abc
2 g/IBAP +3 g/l GA, 61.33+£3.53 a # 28.00 £ 8.11 bed
1 MHO, 41.33 £3.53 abc 48.00 £9.24 abc

Different lower cases in each column represent different pre-treatments (p<0.05)

#: Significant difference from 90 day
SEM: Standard Error of Mean

The seed coat is likely to have an effect on pre-
venting germination in Vitis seeds. In order to over-
come this, in our research, 1 M hydrogen peroxide
(H,0,) was used as a pre-treatment before stratifi-
cation as well. Our results showed that germination
ratio increased from 12% (control) to 41.33% (1 M
H,O, pre-treatment) after 60 day stratification and
from 37.33 % (control) to 48% (1 M H,O, pre-treat-
ment) after 90 day stratification. Moreover, for 60-
day stratification, the highest germination rate was
recorded as 66.67% in the pre-treated with “1 g/l BAP
+ 3 g/l GA,” followed by “0.5 g/l BAP + 3 g/l GA,”
(62.67%) and “2 g/l BAP + 3 g/l GA,” (61.33%). Sim-
ilarly, at 90-day stratification, the highest germination
rate was observed as 64.00% in “0.5 g/l BAP + 2 g/l

Cilt / Volume: 3, Say1/ Issue: 4, 2013

GA,” pre-treatment and followed by “1 g/ BAP” with
54.67%. After 60-day stratification, germination rate
was increased from 12% (control) to 66.67% using
1 g/l BAP + 3 g/l GA, pre-treatment. Although these
increases are not statistically significant, it can be
state that pre-treatments cause tendency to increase
of germination ratio.

Altuntoprak (1999) noted that germination rate of
‘Kalecik Karas1’ cv. seeds were found 43.1% after 90
day stratification at 5°C. Likewise, Conner (2008) re-
ported that maximum germination rate was obtained
from the seeds that after 90-day stratification at 4°C
in Muscadine (Vitis rotundifolia) grapes. Similarly,
Forlani and Coppola (1977) noted that in Cabernet
Franc with cold stratification, germination rate in-
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creased from 29.4% to 42.4%. Furthermore, Pommer
et al., (1988) studied the combination of 4, 13, 32,
and 60 stratification periods with different GA, and
emphasized that these treatments caused maximum
germination rate in some treatments 32-day and over
stratification periods. In the same way, ChiaWei and
ShyiKuan (2003) noted that maximum germination
rate was observed after 16-week stratification at 5°C
in Kyoho grapes.

Several studies (Burrows, 1994; Ergenoglu et al.,
1997; ChiaWie and ShyiKuan, 2003; XueJun et al.,
2010) about effect of gibberellic acid on germination
rate have been mentioned positive effects of gibberel-
lic acid. However, we are unable to find any research
that aimed to determine increasing effects of treated
by BAP (synthetic cytokinin) or combination with
GA, (synthetic gibberellin) on germination rate in Vi-
tis seeds. In our research, as compared with control,
BAP + GA, combination provided higher germination
rate in Vitis seeds after both 60 and 90 day stratifica-
tion period. Similarly, Terzi and Kocagaligkan (2010)
reported that the most effective treatment in tomato
and wheat was GA, + KIN combination.

Gibberellins regulate growth and influence var-
ious developmental processes such as elongation,
germination, dormancy and flowering. Cytokinins are
also promote cell division, stimulate shoot prolifera-
tion, activate gene expression and metabolic activity.
Gan et al (2007) noted that gibberellins and cytoki-
nins act antagonistically in leaf formation and meri-
stem maintenance.

Similarly, David and Ori (2007) mentioned that
GA and ABA play antagonistic roles in the regula-
tion of numerous developmental processes. Whereas,
GA is associated with the promotion of germination,
growth, and flowering, ABA inhibits these processes.
Furthermore, Razem et al. (2006) emphasized that the
antagonistic relationship and the ratio between these
two hormones regulate the transition from embryo-
genesis to seed germination. However, it is not clear
whether there is antagonistic effect for the germina-
tion of grape seeds.

Effects of some treatments such as soaking in
still water, soak in running water, peeling, sulphuric
acid treatment were investigated by various research-
ers (Ellis et al., 1983; ChiaWei and ShyiKuan, 2003;
Conner, 2008) and the reported results are in agree-
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ment with our study in that 1 M H,O, treatment had
an additive effect on germination rate after 60 day
and 90 day stratification period. Similarly Ellis et
al. (1983) specified that 0.5 M H,O, as an additional
pre-treatment increased the effect of GA,. Further-
more, Conner (2008) indicated that H,O, encourages
the germination rate in Vitis seeds. This phenomenon
is likely to result from the thinning effect of the seed
coat (Chien and Lin, 1994; Keeley and Fotteringham,
1998) or the oxidant effect on germination inhibitors
(Ogawa and Iwabuchi 2001). Recent researches have
revealed the effect of H,O, on plant cells more clearly.
Liu et al., (2010) suggested that H,O, is a signaling
molecule in plant cells effective on dormancy and
germination by providiﬁg a regulatory effect on ab-
scisic acid (ABA) and GA, metabolism during water
intake in Arabidopsis seeds. In addition, they report-
ed that ABA and GA, concentrations were negatively
correlated with the germination and dormancy period.
Barba-Espin et al., (2010) noted that while there is a
strong correlation between H,O, and plant growth in
pea seeds, H,0, leads to decrease in ABA and Zeatin
Ribozit (ZR) concentration of the cell.

CONCLUSION

As a result, it was found that a GA, and BAP
combination (0.5-1 g/l BAP + 2-3 g/l GA,) has a sig-
nificant effect for increasing of germination rate in
‘Kalecik Karasi’ cv. This significant effect can be
valuable for plant breeders. In addition, these results
can be transferred to other Vitis vinifera cultivars and
considered to future studies.
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Mevsimlik Ci¢eklerde Tuzun Bitki Gelisimine EtKisi

Nalan TURKOGLU', Levent AYYILDIZ!, Fiisun GULSER?

OZET: Bu arastirmada Tagates erecta L.(Kadife ¢igegi) Petunia hybrida L.(Kahkaha ¢igegi) ve Gazania
splendes L.(Gazanya,Koyungozii) tiirlerinin tuz stresine karsi (0mM, 0,20 mM, 40 mM, 60 mM, 80 Mm
NaCl) reaksiyonlar1 kontrollii kosullarda test edilmistir. Bitki tohumlar1 torf ortaminda ¢imlendirilmis
kotiledon yapraklar1 olustugunda ise,saf halde arazilerden alinan ve sasirtma posetlerine konan
topraklara sasirtilmistir. Sulamada kullanilan su, saf su olup tuz konsantrasyonlarinin hazirlanmasinda
da kullanilmigtir. Bitkiler hazirlanan (0,20 mM, 40 mM, 60 mM, 80 Mm NaCl) konsantrasyonlarinda
hazirlanan tuzlu su ile her giin ve 10ml olacak sekilde sulanmugtir. Bitkilerin tuz stresine toleransini
inceleyebilmek icin laboratuar kosullarinda bitkisel analizler (toplam yas agirlik analizi, gévde-kok yas
agirlik analizi,bitki boyu analizi, govde, kok ve toprak analizleri (toprak tekstiirii, toprak reaksiyonu,
tuz igerigi, organik madde, azot, alinabilir klor) yapilmistir. Arastirmadan elde edilen sonuglara gore
Kadife ve petunya 40mM,Gazanya 60mM tuza toleransli bulunmustur.Gévde ¢ap1,kdk uzunlugu,gévde
uzunlugu,bitki boyu kok yas agirligi,gévde yas agirligt gibi bitki gelisim parametreleri igin 40mM’den
yiliksek dozda ki tuzlu suyla sulamada olumsuz etkiler gdstermisve biitiin parametreler icin istatistik
olarak onemli bulunmustur.Artan tuzluluk oranmin 40mM’ilin iizerinde bitki gelisimini olumsuz
etkiledigi,80mM’de ise 6liimle sonuglandigr saptanmustir.
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Anahtar Kelimeler: Tek yillik, tuz, NaCl, Stres

The Effect of Salinity on Plant Growth in Seasonal Flowers

ABSTRACT: In this study, Tagetes erecta L. (Velvet Flower), Petunia hybrida L. (Laughter Flower)
and Gazania splendens L. (Gazania, Koyungozii) F1 species were tested under controlled conditions
against salt stress (0 mM, 20 mM, 40 mM, 60 mM and 80 mM NaCl). Seeds were germinated in peat;
when cotyledon leaves were formed, the seedlings were transplanted into plastic bags containing natural
soil. Distilled water is used to prepare the different salt concentrations. Plants were irrigated with 10
ml of saline water at 20 mM, 40 mM, 60 mM and 80 mM NaCl concentrations every day. In order to
investigate salt stress tolerance of plants, plant analysis (total fresh weight analysis, stem and root wet
weight analyses, analysis of plant height, stem, root and leaf length analyses, analyses of leaf number,
stem diameter, and determination of fresh weight ratios) and soil analysis (soil texture, soil acidity, salt
content, organic substance analysis, nitrogen, available phosphorus, exchangeable potassium, calcium
and sodium levels, available chlorine level) were conducted in laboratory conditions. According to
the results of the study, Tagetes erecta, Petunia hybrida, and Gazania splendens were found to be salt
tolerant to 40 mM, 40 mM, and 60 mM of salt, respectively. It was shown that concentration of 40 mM
NaCl and above for irrigation showed significant negative effects for plant growth parameters such as
stem diameter, stem length, plant height, root fresh weight, fresh stem weight and concentrations above
80 mM NaCl resulted in death.
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GIRIiS

Bitkisel iiretimde stres bir veya birden fazla et-
kenin bitkiyi ¢evresel olarak etkileyerek biiyiime-
de yavaslama ve verim diisiikliigiine neden olmasi
bi¢ciminde tanimlanabilir.Tarim diinyasindaki en
onemli abiyotik stres ise toprak tuzlulugudur (Zhu,
2003). Tuzluluk dogal yollarla olusabildigi gibi su-
lama uygulamalarinin yanlis yapilmasi sonucu insan
kaynakli da ortaya ¢ikabilmektedir (Seckin, 2010).
Su biinyesinde bulunan tuzun miktar1 ve cinsi su-
lama suyunun kalitesini belirlemektedir. Diinya-
da yeralti ve yeriistii potansiyeli agisindan bitki
biiylime ve beslenmesinde kullanmak icin kaliteli
su bulunmamasi, insanlara sulamada dusiik kalite-
li sularin kullanimini zorunlu hale getirmektedir.
Ozellikle sahil peyzaj diizenlemelerinde yogun ola-
rak kullanilan mevsimlik ¢igeklerde tuzlu sulama
suyunun kullanilabilirligi ve konsantrasyonu, taban
suyu yiiksek yerlerde bu bitkilerin yetistiriciligi ba-
kimindan 6nemlidir. Bugiin diinyada sulanan alanla-
rin %20’sinin tuzluluktan etkilendigi rapor edilmistir
(Pitman ve Lauchli, 2002).

Bitkilerin tuza dayaniklilig1 bitkinin gelisme ve
biiyiime donemi ile yakindan iliskilidir. Yeryiiziinde
yetisen bitkilerin hemen hemen tamami ¢imlenme
ile ilk gelisme doneminde tuza ¢ok dayaniklidirlar.
Cimlenme gelisme donemindeki bitkilerin tuzluluk-
tan etkilenmesi bitkinin daha sonraki donemlerde de
gelismesine olumsuz yonde etki etmektedir.

Toprak ya da sulama suyunda yiiksek oranda
tuz bulunmasi siis bitkilerinin biiyiime ve gelismesi-
ni engelledigi gibi kullanilabilir tarim alanlar1 ve su
kaynaklarinin tiikenmesine de yol agmaktadir. Tuz-
lu topraklarin giderek artiyor ve su kaynaklarinin
azaliyor olmasi tuza daha dayanikli siis bitkilerinin
secimini zorunlu kilmaktadir.Boylece diisiik kaliteli
su ile sulanan topraklarin ve tarima uygun olmayan
sahil alanlarmin kullanimi saglanmis olacaktir.

MATERYAL VE YONTEM

Deneme kontrollii sartlarda 22-18 °C’de %60-70
nem kosullarinda yiiriitiillmiistiir. Calismada Tagetes
erecta L., Gazania splendes L. ve Petunia hybri-
da L. tiirleri kullamilmistir. 4 farkli dozda 20 mM,
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40 mM, 60 mM, 80 mM NaCl uygulanmistir. Bitki
gelisim kriterleri (toplam yas agirlik, bitki boyu, gév-
de uzunlugu, kok uzunlugu) saptanmistir. Yetistirme
ortaminin toprak reaksiyonu Jackson (1962), toprak
tekstiiri Bouyocuous (1951), tuz analizi Richard
(1954), organik madde analizi Walkley (1974), azot
analizi Kacar (1974),yarayish fosfor analizi Olsen ve
ark. (1954), kloriir analizi Taleisnik ve ark. (1997),
potasyum sodyum ve kalsiyum analizleri atomik ab-
sorbsiyon spektrofotometresinde belirlenmistir.

Istatistik degerlendirmelerde faktdriyel varyans
analizi uygulanmigtir. Duncan c¢oklu karsilagtir-
ma testi kullanilmig ve hesaplamalar Winer ve ark.
(1991)’ e gore yapilmistir

TARTISMA VE SONUC

Tarimsal liretimin arttirilmasi toprak ve 6zellik-
le su gibi tarimsal girdilerin sinirli olmasi nedeniyle
olasi degildir. Giiniimiizde diinyay1 6zellikle tilkemi-
zi etkileyen kiiresel 1sinma ile her 10 yilda sicakligin
0.2 C arttig1 yaz kuraklarinin her gegen giin artacagi
diisliniiliirse tiim bunlar artik ve kalitesi diisiik sula-
rin kullanilmasini bir zorunluluk haline getirmekte-
dir (Altunal ve Apan, 2007).

Artan arid ve semiarid bdolgelerdeki tuzluluk
problemine kars1 bu bolgelerde yetistirilebilecek siis
bitkisinin tuzlu kosullarda yetistirilebilme olanakla-
rinin ve tuzlulugun biiyiimeye etkisinin belirlenmesi
gerekmektedir.

Aragtirmadan elde edilen gézlemlere gore kadife
ve petunya 40 mM, gazanya ise 60 mM tuza tole-
ranslt olup Kratsch ve ark., (2008)’nin yapmis oldu-
gu calisma ile uyum icerisinde olduklar1 saptanmistir
(Cizelge 1). Tuzlulugun artmasi1 osmotik potansiyeli
arttirmis ve bitkinin su alim1 azalmistir. Sulama suyu
tuzlulugunun artmasi toprakta bazi mineral madde-
lerin konsantrasyonunun artmasina neden olmus ve
bitki kokleri araciligiyla toprak suyu alirken bu mi-
neral maddeleride govdesine almistir (Cizelge 2).Bu
mineral maddeler transpirasyonun en fazla oldugu
yapraklarda birikmektedir.Tuz seviyesi yiiksek oldu-
gunda bitki kdk uzunlugunun arttigr bunun da kurak-
lik stresine bir tepki oldugu bilinmektedir.
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Mevsimlik Cigeklerde Tuzun Bitki Gelisimine Etkisi

Cizelge 1. Farkli konsantrasyondaki NaCl’in bitki gelisim 6zellikleri {izerine etkisi

Tuz

konsantrasyonlari Gazania Petunia

Bitki Ozellikleri (mM) Tagetes erecta splendes hybrida
0 492¢cA 0.89aC 2.79aB
Sao wpunlusy 20 6.03aA 0.97aB 0.83 be C
P & 40 557bA 1.01aB 0.66 ¢ C
(cm) 60 485cA 0.99 a B 1.04 be B
80 433dA 0.68bC 114b B
0 23.95aA 19.58 a B 24942 A
Kok uzunlugu 20 21.65aA 19.72 2 AB 17.98b B
om) 40 23.54aA 18.41 aB 1847b B
60 23.67aA 21.16a AB 19.53b B
80 12.54b B 14.94b B 20.79b A
0 28.87aA 20.47 a B 2373bA
Bitki uzunlugu 20 27.68a A 20.69 a B 18.80 b A
(om) 60 29.11aA 19.41 aB 19.14b B
40 28.52aA 22.15aB 20.57b B
80 16.87b B 1562b B 21.93aA
0 10.00b B 6.44 2 C 13.56 2 A
Yaprak saytst 20 10.83 2 A 6.41aB 11.64b A
(adet) 40 11.00 a A 594aB 7.00 ¢ B
60 8.40cB 5.65aC 11.06b A
80 9.00 c A 533aB 7.64¢cA
0 0.86bB 0.74 2B 2.62aA
toplam agirlik 20 1.16 a AB 1.08aB 1.61bA
bitkD 40 1.12aA 0.91 aAB 0.58dB
(g/bi 60 0.83bA 1.132A 120cA
80 025¢B 1.00 a A 0.86 cd A
0 0.37 ab A 0.29 ab A 035a2A
Kok yas agirhgs 20 041aA 0.31abA 032a2A
40 039aA 023bB 0.04bC
© 60 025b AB 0.39 ab A 0.08b B
80 0.11cB 0472 A 0.06bB
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Cizelge 2. Besin elementleri igerikleri

Besin Konsantrasyonlar Tagetes Gazania Petunia
Elementleri (mM) erecta splendens hybrida
0 3.045b A 2484 aA 2.793 a A
20 3.220b A 2.658aA 3476 a A
Ca (%) 40 3.534b A 3289aA 3.198a A
60 3925ab A 2.564aB 2.510aB
80 4.531aA 2.682aB 3.642aAB
0 1.057b B 1.497 ab B 2.886 ab A
20 1.964aB 1.989aB 3.022aA
K (%) 40 1.732aA 2.013aA 1.740 bc A
60 1.622 ab A 1.434 ab A 2.661 ab A
80 2.182aA 1.271b B 1.171¢B
0 0.360cC 2485cA 1.643d B
20 0.738¢c B 6.300b A 3.600 c AB
Na (%) 40 1.820b C 10.793 a A 5451 abB
60 1.989b B 10.297 a A 4.069 bc B
80 4.157aB 7.634 ab A 7.033aA
0 1.51dB 323dA 2.78 d A
20 877cA 5.78cB 8.05cA
Cl (ppm) 40 13.00b A 6.94cb B 11.27bB
60 12.81 b A 7.85bB 1281 b A
80 18.69aA 11.55aB 15.94a AB
Cizelge 3. Farkli konsantrasyonlarda NaCl’in yetisme ortamina etkisi
Treatment Tagetes Gazania Petunia
Nutrients (mM) erecta splendens hybrida
0 0.697a A 0.676 ab A 0.648 a A
20 0.648 a A 0.637 ab A 0.512bB
Ca (%) 40 0.737aA 0.630 ab A 0.595ab A
60 0.769 a A 0.688 a AB 0.572abB
80 0.699 a A 0.623b A 0.591 ab A
0 262b A 244 a A 275 ab A
20 237D A 224 a A 254 ab A
K (ppm) 40 312bA 232aB 224 bc B
60 415ab A 382aA 300a A
80 721 aA 482 a AB 176 c B
0 582dA 601 dA 534e A
20 1.263¢B 2.150cA 1.144dB
Na (ppm) 40 1.888b B 3227bA 1.850 ¢ B
60 2.705aB 4101 aA 2274b B
80 3.021aB 4.130aA 3.286aB
0 235eA 235eA 234 e A
Elektriksel 20 619dC 1.312dA 822dB
iletkenlik 40 1.042 ¢ B 1476 c A 1.037¢B
(uS /ecm) 60 1413bC 3.640 b A 1.469b B
80 1.882aC 5.030 a A 1.990 aB
0 891aA 893aA 897aA
20 8.62b B 8.69b A 8.62bB
Toprak pH 40 851cB 8.68bA 8.53¢cB
60 8.48 cd A 839¢cB 8.42d AB
80 844dA 8.22dC 837dB
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Artan tuzluluk oraninin 40 mM’{in lizerinde bitki ge-
lisimi olumsuz etkiledigi 80mM’de &liimle sonuglandigi
saptanmigtir.Hassas olan siis bitkilerinin hangi igerikte ki
tuzluluk durumuna ve hangi derecedeki tuzluluga adap-
tasyon veya hassasiyet gosterdiginin bilinmesi yetistiri-
cilik agisindan 6nemlidir. Bu konuda daha pek ¢ok aras-
tirmanin yapilmasi gerekmektedir. Yaptigimiz ¢alismanin
ileride ki caligmalara 151k tutacagi diistiniilmektedir.
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A Morphological and Systematical Study on Nepeta cataria L.
(Lamiaceae) Distributed in the Adiyaman Province

Omer KILIC!

ABSTRACT: In this study morphological characters of N. cataria L. was examined which has distributed in
Adiyaman province for the systematic purposes. At the result of the morphological studies leaf shape, leaf indu-
mentum, gynoecium, androecium, corolla, calyx, seed and connection filaments to theca was determined by stereo
microscope and compared with characters in Flora of Turkey. In addition, stem indumentum, leaf indumentum,
pollen and seed characters of N. cataria is examined by SEM.

Keywords: Taxonomy, Nepeta, morphology, systematic
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Adiyaman’da Yayihs Gosteren Nepeta Cataria L. (Lamiaceae)
Tiirii Uzerinde Morfolojik ve Sistematik Bir Calisma

OZET: Bu calismada Adiyaman ilinde yayilis gosteren N. cataria L. tiiriiniin morfolojik dzellikleri sistematik agi1-
dan arastirildi. Stereo mikroskop ile yapilan morfolojik ¢alismalar sonucu tiirlerin yaprak sekli, yaprak tiiy ortiisi,
ginekeum, androkeum, korolla, kaliks, tohum ve filamentin tekalara birlesme 6zellikleri belirlendi ve Tiirkiye Flo-
rast’nda ki 6zellikleriyle karsilagtirildi. Ek olarak N. cafaria tiriiniin gévde ve yaprak tily oOrtiisli, polen ve tohum
ozellikleri SEM ile incelenmistir.
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INTRODUCTION

The genus Nepeta L. belongs to the Lamiaceae
family, rarely annual, perennial and often pleasantly
aromatic herbs found in temperate Europe, Asia, North
Africa, in mountains of tropical Africa and comprises
of approximately 250 species (Mabberley, 1997).
Nepeta represented in Turkey by 40 taxa, 16 of them are
endemic (ca. 40%) (Davis, 1982; Ozhatay and Kultur,
2006; Ozhatay et al., 2009). Nepeta taxa growing in
Turkey can be divided into 2 groups: Mediterranean
and Irano-Turanian. The Irano-Turanian taxa are found
in the central, south-east and east Anatolia, whereas the
Mediterraneae taxa grow mainly in the Mediteranean,
Marmara and Aegean regions. The other taxa are widely
distributed throughout Turkey. Eighteen taxa out of the
40 are endemic to Anatolia (12 taxa are Mediteranean
and 6 are Irano-Turanian), and some of them are very
local and endangered. Stems erect or procumbent,
eglandular or glandular. External nutlet characters
very important in the Iranian and Afghan species,
are of limited taxonomic value in Turkey; however,
detailed anatomical investigation of the pericarp might
well yield useful new information. The exiting infra-
generic classifications are extremely unsatisfactory
(Guner et al., 2000; Aytac and Yildiz, 1996; Budantsev
and Lobova, 1996). Nepeta have not recognised any
sections but have placed the species in three informal
groups (designated A, B and C) based largely on flower
colour and inflorescence characters in Flora of Turkey.
Group A (consists of 14 species): flowers white, yellow
or pinkish, nutlets tuberculate throughout or at apex;
group B (consists of 16 species): flowers lilac or deep
blue, nutlets tuberculate or smooth; and group C (Sect.
Oxynepeta Benth., consists of 3 species): flowers white,
lilac or purple, nutlets tuberculate, = spherical (2). N.
cataria is belongs to group A.

N. cataria generally similar in apperance with V.
nuda L., but N. cataria differ from N. nuda with curved
calyx tube and petiolate leaves (Davis, 1982). With this
study new diagnostic characters of N. cataria were found.
Nepeta species are herbaceous perennial, rarely annual.
Many of these species are often pleasantly aromatic,
rich in essential oils, and of potential economic interest.
Several Nepeta species are used in folk medicine
as diuretic, diaphoretic, antitussive, antispasmodic,
antiasthmatic, febrifuge, emmenagogue, and sedative
agents (Tzakou et al., 2000; Rapisarda et al., 2001). In
addition, many reports on phytochemical analysis of
these genus, including essential oil analysis are found
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in the lirerature (Kilic et al., 2011; Kilic and Bagci,
2013). Many morphological characters in Nepeta are
variable and some of these, such as indumentum, leaf
shape and size, calyx and corolla characters can vary
among closely related species (Hedge and Lamond,
1968). As a result, diagnostic use of such characters
above the species level is problematic. Nutlets are good
characters for species recognition (Jamzad et al., 2003).
In the present work, SEM and light microscop was used
to determine the micromorphology of N.cataria from
Adiyaman (Turkey) province, to improve the present
knowledge and to evaluate the usefulness feature for
systematic purposes.

Plant Materials

N. cataria (Kilic-3010) was collected from in
an island which behind the Atatiirk dam wall, from
Adiyaman / Turkey, on June 2011 at an altidude
of 1100-1200 m. The taxonomic description of M.
cataria was made according to Davis (1982) and
all measurements were made directly on dried plant
samples. Morphological studies of N. cataria was
determined and compared figure of leaf shape, leaf
indumentum, gynoecium, androecium, corolla, calyx,
seed and connection of the filaments to theca by stereo
microscope. In addition, the pollen characters, stem
indumentum and leaf indumentum of N. cataria is
examined with a Hitachi SU-1500 scanning electron
microscope (SEM), coated with gold, in Wilfrid Laurier
University (Canada) Herbarium (Biology).

RESULT AND DISCUSSION

Systematic specifications of N. cataria L. from
Flora of Turkey

Perennial; stem erect, 50 cm-1 m, branched
above, retrorsely eglandular pilose with short hairs
and sessile glands. Leaves ovate, 3.5-8 x 2.5 cm, finely
adpressed pilose with many sessile glands, greyish
beneath, serrate, truncate or cordate. Petiole 0.7-2.2 cm.
Inflorescence widely paniculate; verticillasters + distant
below, condensed above, to ¢. 35-flowered. Bracteoles
linear-oblong, clearly shorter than calyx. Calyx tubular,
5-6 mm, + curved, scarcely oblique, or not at mouth, +
densely pilose-pubescent and with sessile glands; teeth
+ spreading, c¢. 2 mm. Corolla white with blue violet
spots, 6,7 (-10) mm; tube just exceedind calyx teeth.
Nutlets broadly ellipsoid, ¢. 1.5x1 mm, dull, matt,
obsoletely tuberculate at apex; areole straight. F1. 7-8.
Fallow fields, waste ground, etc., 1200-1500 m.
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A morphological and systematical study on Nepeta cataria L. (Lamiaceae) distributed in the Adiyaman province

Figure 1. General view of N. cataria.

Stem:

Stem of N. cataria is erect, 60-100 cm, branched
above, retrorsely eglandular pilose with sessile glands
and glandular papillate.

Figure 2. Stem indumentum of N. cataria (SEM)

Cilt / Volume: 3, Say1/ Issue: 4, 2013

Leaves:

Leaves of N. cataria are ovate, 2-6 x 2-4 cm,
serrate, cordate and nearly truncate, both surface
adpressed pilose, densely sessile glands and greyish
beneath; leaves are petiolate, petiole 0.7-1.5 cm.

C

Figure 3: Leaves (a: stereo microscop) and leaf indumentum
(b: SEM) of N. cataria

Inflorescence

Flowers are born in verticillaster, has broad
paniculate, verticillasters are near each other at apex,
with many flowers.Bracteoles are linear-oblong, clearly
shorter than calyx. N. cataria has nearly curved calyx
tube. Corolla colour and lenght of N. cataria; white-
sometimes lower lip blue to purple and 6.5-8 mm.
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Calyx Gynoecium

Figure 4: Plant parts of N. cataria (stereo microscop)

Seed and Pollen

Nutlets of NV. cataria is broadly ellipsoid - oblong
c. 1.2x0.8 mm and nutlets colour is blackish- brown.

0o

Figure 5: N. cataria, a) seed, b) pollen, c) pollen surface

N. cataria was investigated morphologically
in order to assist in identification of this taxon. The
results obtained from morphological studies were
generally consistent with the description given in
Flora of Turkey. Characters of N. cataria which
we have determined, have new morphological
properties for diagnosic purposes. Leaves of N.
cataria cordate and nearly truncate, both surface
adpressed pilose, densely sessile glands and
greyish beneath. Stem, calyx, corolla, fruits,

24

Androecium

Brakteol Corolla

Pollen shape was found subprolate, pollen surface is
microreticulate

pollen characters and more detailed characters
of N. cataria are shown in Table 1. N. cataria
generally similar in apperance with N. nuda L., but
N. cataria differ from N. nuda with curved calyx
tube, petiolate leaves (Davis, 1982).

Furthermore, N. cataria is generally similar
in apperance with N. nuda subsp. nuda but differ
from with pungent fragrant, widely paniculate;
verticillasters inflorescence and white with blue-
violet spots corolla
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Table 1. Characters of N. cataria from Flora of Turkey and our observations

CHARACTERS

FLORA OF TURKEY

OBSERVATIONS

Leaves lenght (cm) and
shape

3.5-8 x 2.5, ovate.

2-6 x 2-4, cordate and nearly
truncate.

Finely adpressed pilose with many

Both surface adpressed pilose,

with short hairs and sessile glands.

Leaf indumentum sessile glands, greyish beneath, densely sessile glands and greyish
beneath.
Erect, 50 cm-1 m, branched Erect, 60-100 cm, bran.ched a‘pove,
above, retrorsely eglandular pilose retrorsely eglandular pilose with
Stem ’ yeg P sessile glands and glandular

papillate.

Densely pilose-pubescent and with

Densely pilose, short smooth hairs

Calyx indumentum sessile glands.

with densely sessile glands.

Bracteoles linear-oblong, clearly

Bracteoles linear-oblong, clearly

Bracteoles shorter than calyx shorter than calyx

Calyx (mm) 5-6 45-6.5

Corolla (mm) 6,7 (-10) 6.5-8

Fruits Nutlets broadly ellipsoid, Nutlets broadly ellipsoid,
c. 1.5x1 mm c. 1.5x1 mm

Petiole (cm) - 0.7-1.5

Upper leaf - Petiolate, triangular.
Theca surface - granulate
Filamental connection - normally

Pollen (Polar axis) - 32.50 um
Pollen (Equatorial axis) - 25.70 um

Pollen shape and surface -

Suboprolate, microreticulate.
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Chemical Composition of Satureja boissieri Hausskn. ex Boiss.
Species From Adiyaman (Turkey)

Omer KILIC'

ABSTRACT: The genus Satureja L. (Lamiaceae) includes about 200 species of herbs and shrubs, often aromatic,
widely distributed in the Mediterranean area, Asia and boreal America (Rustaiyan et al., 2004). Satureja is rep-
resented by sixteen taxa in Turkey (Davis, 1982; Tumen, 2000) and the endemism ratio is 33% in Turkey, where
Satureja species are grown mainly in south and west Anatolia (Davis, 1982). The essential oil components of aerial
parts of Satureja boissieri Hausskn. ex Boiss. was investigated by GC and GC-MS. The yield of plant is ca. 0.20 g
L. Thirty five component were identified representing 95.4% oil. Carvacrol (30.1%), thymol (21.8%), p-cymene
(12.5%) and y-terpinene (6.5%) were found as main constituents. The results were discussed in terms of natural
products, renewable resources and chemotaxonomy.
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Adiyaman’dan (Tirkiye) Satureja boissieri Hausskn. ex Boiss.
Tiriniin Kimyasal Kompozisyonu

OZET: Satureja L. (Lamiaceae) cinsi yaklasik 200 tiir igerip daha cok Akdeniz, Asya ve Boreal Amerika’da yayilis
gosteren otsu, ¢alims1 ve cogunlukla aromatik bitkilerdir (Rustaiyan ve ark., 2004). Satureja cinsinin iilkemizdeki
endemizm orani yaklasik %33 civarindadir ve 16 takson ile temsil edilip, daha ¢ok Anadolu’nun giiney ve bati
kesimlerinde yayilis gosterir (Davis, 1982). Satureja boissieri Hausskn. ex Boiss.’in toprakiistii kisimlarinin ugucu
yag icerikleri GC ve GC-MS ile arastirildi. Bitkinin yag verimi yaklasik olarak 100 gramda 0.2 mL’dir. Toplam
yagdan (% 95.4) otuz bes bilesen tespit edildi. Karvakrol (% 30.1), timol (% 21.8) ve p-simen (% 12.5) ve y-terpinen
(% 6.5) ana bilesenler olarak bulundu. Sonuglar dogal {iriinler, yenilenebilir kaynaklar ve kemotaksonomi agisindan
tartigildi.
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INTRODUCTION

Turkey is regarded as an important gene-centre for
the family Lamiaceae. Lamiaceae is represented in Tur-
key by 45 genus, 574 species and the endemism ratio
of the family is about 44% (Erik and Tarikahya, 2004).
Most aromatic plants belonging to the family Lami-
aceae, such as Satureja, Origanum, Thymus, etc., are
used as herbal tea in Turkey (Baser, 1995). There are
a number studies on chemical composition of Lamia-
ceae genus (Kilic et al., 2011; Kilic and Bagci, 2008).
Satureja L. is a genus of aromatic plants of the fam-
ily Lamiaceae (the mint family). The genus has been
a subject of much discussion among taxonomists and
is variously treated. In Flora Europaea (Heywood and
Richardson, 1972) recognized 5 genera in the region
including Calamintha R.R. Mill.,, Acinos R.R. Mill,
Clinopodium L., Micromeria Benth., and Satureja
L. In the Flora of USSR (Shishkin, 1954), China (Li
and Hedge, 1994), Turkey (Davis, 1982) and Iranica
(Rechinger, 1982) a similar classification was adopted
considering to some specific genera which were includ-
ed on the basis of geographical distribution. Satureja
in its narrow concept is a genus comprising 30 species,
mainly distributed in Mediterranean Region but also
extended to Irano-Turanian phytogeographical region.
Satureja belongs to the tribe Mentheae within the sub-
family Nepetoideae and includes about 284 species in
the world (Nixon, 2006). Certain organic chemicals
are derived from Satureja taxa, which are useful to hu-
mans. They have usually well known, and will be used
by native inhabitants as spice, medicinal plant or source
of essential oils. Medicinal properties and a large vari-
ety of specimens in the species increase the importance
of diversity studies in this genus. Within the Satureja
genus the genetic diversity has been dealt with using
morphological characters (Hadian et al., 2011; Kasyani
et al., 2012), enzyme electrophoresis (Attar et al., 20006;
Arzi et al., 2010), chloroplast DNA restriction site anal-
ysis (Cantino, 1998) and molecular markers (Hadian et
al., 2008; Hadian et al., 2010).

Satureja boissieri, one of these species, is erect,
suffrutescent perennial plant. Stems virgate, (25-) 40-
60 cm, £ simple, pubescent to recurved-pubescent.
Leaves lineare-oblanceolate, 10-26 x 2-5 mm, obtuse,
emucronate, scabridulous. Inflorescence linear-ob-
long, 8-20x1.5-3 cm. Verticillasters approximate, (2-)
6-17-flowered, axillary cymes =+ lax, usually conspicu-
ously pedunculate. Floral leaves as long to much short-
er than verticllasters. Calyx distincly bilabiate to 1/3-
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1/2, tubular-campanulate, 4-6 mm, crisply pubescent;
lower 2 teeth 1.5-2 mm, upper teeth 0.75-1 mm. Corolla
white, ¢. 9 mm, tube exerted from calyx. Stamens sub-
exerted from corolla. FI. 7-8. It grows rocky volcanic
slopes, Quercus scrub, 1250-1480 m. (Davis, 1982).

Satureja taxa are well known medicinal plants due
to presence of secondary metabolites such as flavo-
noids, steroids, terpenoids and tannins they are known
for their healing properties for a long time and have
been used as traditional folk remedies to treat various
ailments such as cramps, diarrhoea, infectious diseas-
es, muscle pains and nausea indigestion (Bezic et al.,
2009). The essential oil constituents show different
ingredients in other genera i.e. Acinos with pulegone,
menthone and germacrene D as the prominent constit-
uents of their oils (Chalchat et al., 2004; Stojanovic
et al., 2009), Calamintha with piperitone oxide and
cis-piperitone oxide (Kitic et al., 2001); Clinopodi-
um with cis-piperitone oxide, piperitone oxide, pule-
gone and isopulegone (Castilho et al., 2006). However
terpenoids can be recognized as potential taxonomic
markers at generic levels. More investigation on es-
sential oil pattern in other genera within the Satureja
complex will provide a better understanding of their
phylogenetic relationships.

Satureja species have economic and medicinal im-
portance because of their high essential oil content.
With their pleasant fragrance, Satureja species are
widely used as herbal teas and spices in Turkey. Mem-
bers of this genus are called kekik in Turkish, and some
species are exported as thyme (Satil et al., 2002). In
folk medicine, especially S. cuneifolia Ten., S. thymbra
L. and S. hortensis L. are traditionally used as diges-
tives and diuretics in various regions of Turkey (Bay-
top, 1999). The aerial parts of Satureja species have
distinctive tastes and can be added to stuffing, meat,
chicken, pies and sausages as a seasoning. S. cuneifolia
is used to produce essential oil and aromatic water.
This plant is also used as a condiment and herbal tea,
owing to its stimulating, tonic and carminative effect
(Eminagaoglu et al., 2007). Since ancient times, herbs
and spices have been added to different types of food
to improve the flavour and organoleptic properties. Es-
pecially popular today is the concept of food that com-
bines nutritional and medicinal benefits. Many natural
compounds isolated from plants have demonstrated a
wide spectrum of biological activities. Among these,
various kind of natural substances, essential oils from
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aromatic and medicinal plants receive particular atten-
tion as potential natural agents for food preservation.
Moreover, essential oils are proven to have various
pharmacological effects, such as spasmolytic, carmi-
native, hepatoprotective, antiviral and anticarcinogen-
ic (Bowles, 2004). The therapeutic properties of these
species can mainly be attributed to their essential oil
that includes different amounts of biologically active
compounds such as carvacrol and thymol. The essen-
tial oils isolated from various species of Satureja have
been shown to have high chemical polymorphism and
various biological activities such as antibacterial and
antifungal (Eftekhar et al., 2009), antioxidant, analge-
sic and anti-inflammatory (Ghazanfari et al., 2006), an-
tispasmodic, antidiarrhoea, antidiabetic, antihyperlip-
idemic and reproduction-stimulatory activities (Abdol-
lahi et al., 2003), and improvement of fertility (Haeri
et al., 2006), treatment of recurrent aphthous stomatitis
and protection against organophosphorus compounds
(Basiri et al., 2007). Therefore, there is a great interest
in continuing researches on the essential oil of these
plants from points of view of the chemical composition
to biological properties. Literature review showed vari-
ation between chemical compositions of different Saz-
ureja species oils. The main components of S. boissieri
(Kurkcuoglu et al., 2001) oil from Turkey were carvac-
rol (40.8%) and y-terpinene (26.4%). The main constit-
uents of S. brownei (Rojas and Usubillaga, 2000) oil
from Venezuela were pulegone (64.3%) and menthone
(20.2%). The main compound of S. parvifolia (Viturro
et al., 2000) oil from Argentina was piperitone oxide
and those of S. boliviana (Rojas and Usubillaga, 2000)
oil were y-terpinene, [3-caryophyllene and germacrene
D. Germacrene D has also been detected as the main
compound of S. coerulea (Tumen et al., 1998) oil from
Turkey. The main components of S. hortensis (Baher et
al., 2002), cultivated in Iran, were carvacrol and y-ter-
pinene.

The aim of this study is to examine the chemical
composition of the essential oils isolated from aerial
parts of S. boissieri by GC-MS; and to evaluate the
chemical data that might be helpful in potential useful-
ness and chemotaxonomy of this plant.

Plant material:

S. boissieri (Kilic-3210) was collected from in an is-
land which behind the Atatiirk dam wall, from Adiyaman
/ Turkey, on June 2011 at an altidude of 1100-1200 m.
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Isolation of the essential oil:

Air-dried aerial parts of the plant material (100 g)
were subjected to hydrodistillation using a Cleveng-
er-type apparatus for 3 h.

Gas chromatographic (GC) analysis:

The essential oil was analyzed using HP 6890 GC
equipped with and FID detector and an HP- 5 MS
column (30 m % 0.25 mm i.d., film tickness 0.25 pum)
capillary column was used. The column and analysis
conditions were the same as in GC-MS. The percentage
composition of the essential oils was computed from
GC-FID peak areas without correction factors.

Gas chromatography / mass
(GC-MN):

spectrometry

The oils were analyzed by GC-MS, using a Hewlett
Packard system. HP-Agilent 5973 N GC-MS system
with 6890 GC in Plant Products and Biotechnology Re-
search Laboratory (BUBAL) in Firat University. HP-5
MS column (30 m x 0.25 mm i.d., film tickness (0.25
pm) was used with helium as the carrier gas. Injector
temperature was 250 °C, split flow was 1 mL/min. The
GC oven temperature was kept at 70 °C for 2 min. and
programmed to 150 °C at a rate of 10 °C/min and then
kept constant at 150 °C for 15 min to 240 °C at a rate
of 5 °C / min. Alkanes were used as reference points in
the calculation of relative retention indices (RRI). MS
were taken at 70 eV and a mass range of 35-425. Com-
ponent identification was carried out using spectromet-
ric electronic libraries (WILEY, NIST). The identified
compounds of the essential oils are listed in Table-1.

RESULTS AND DISCUSSION

The essential oil components of aerial parts of Sa-
tureja boissieri was investigated by GC and GC-MS.
The yield of oil is ca. 0.20 mL / 100 g. Thirty five com-
ponent were identified representing 95.4% oil. Carvac-
rol (30.1%), thymol (21.8%), p-cymene (12.5%) and
y-terpinene (6.5%) were identified as main constituents
(Table 1). Carvacrol also reported main constituents
of S. bachtiarica Bunge. (13.2%), S. mutica Fisch &
C.A.Mey. (68.8%), S. khuzistanica Jamzad. (29.4%), S.
rechingeri Jamzad. (77%), (Hadian et al., 2012), S. cu-
neifolia Ten. (44.9%) (Oke et al., 2009) and S. boissieri
(40.8%) (Kurkcuoglu et al., 2001). The major monoter-
penes of S. boissieri were thymol (21.8%) and carvac-
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rol (30.1%). Thymol also reported main constituents
of S. bachtiarica (28%), S. mutica (29.8%) (Hadian
et al., 2012); S. atropatana Bunge. (62.1%), S. mutica
(62.6%) (Gohari et al., 2005) and S. mutica (26.5%), S.
macrantha C.A.Mey. (8.1%), S. intermedia C.A.Mey.
(32.3%) (Sefidkon et al., 2005). These oils are charac-
terized by the presence of thymol, carvacrol, p-cymene
and y-terpinene.

The major compound of S. montana L. oil was the
phenolic monoterpene carvacrol (45.7%). Other im-

Table 1. Chemical profiles of Satureja boissieri (%).

portant compounds were the monoterpenic hydrocar-
bons p-cymene (12.6%), y-terpinene (8.1%) and the
oxygen-containing compounds carvacrol methyl ether,
borneol, thymol and thymol methyl ether. The volatile
oil of S. cuneifolia was characterized as p-cubebene
(8.7%), limonene (8.3%), a-pinene (6.9%), spathulenol
and p-caryophyllene (Skocibusic and Bezic, 2004). In
our study carvacrol (30.1%), thymol (21.8%), p-cy-
mene (12.5%) and y-terpinene (6.5%) were identified
as main constituents (Table-1).

No Compounds *RRI S. boissieri
1 a-thujene 1016 0.5
2 a-pinene 1023 1.7
3 Camphene 1034 0.2
4 Sabinene 1052 0.1
5 [B-pinene 1056 1.6
6 Mrycene 1063 1.2
7 a-phellandrene 1077 0.1
8 p-cymene 1093 12.5
9 Limonene 1097 1.9
10 1,8-Cineole 1095 3.1
11 [-ocimene 1100 0.1
12 y-terpinene 1115 6.5
13 Terpinolene 1138 0.3
14 Linalool 1145 0.1
15 Trans-pinocarveol 1178 0.1
16 Camphor 1184 0.2
17 Borneol 1200 1.8

18 a-terpineol 1215 0.1
19 Trans-carveol 1231 0.5

20 Bornyl acetate 1282 1.0

21 Thymol 1297 21.8

22 Carvacrol 1300 30.1

23 [-bourbenene 1365 0.3

24 [-Caryophyllene 1393 23

25 B-farnesene 1415 0.4

26 o-humulene 1418 0.2

27 Aromadendrene 1421 0.3

28 n-decanal 1425 0.1

29 Germacrene D 1432 1.8

30 [B-selinene 1441 0.2

31 Bicyclogermacrene 1443 0.4

32 a-cadinol 1458 0.2

33 Spathulenol 1495 2.3

34 Caryophyllene oxide 1498 1.1

35 a-copaene 1534 0.3

Total 95.4

*RRI: Relative Retention Index.
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This study showed that the genus Satureja had a
considerable variation in essential oil composition and
this study demonstrates the occurrence of the carvacrol
(30.1%), thymol (21.8%), p-cymene (12.5%) and y-ter-
pinene (6.5%) chemotype of S. boissieri in eastern Ana-
tolian region of Turkey (Table-1). Some of the Satureja
species showed different chemotype of essential oil,
like carvacrol (40.8%), y-terpinene (26.4%), and p-cy-
mene (14.5%) chemotype in S. boissieri from Turkey
(Kurkcuoglu et al., 2001) and carvacrol (53.5% and 52-
56%) chemotype in S. pilosa and S. icarica from Turkey
(Tumen et al., 1998). Chemical analysis has shown that
the essential oil of Satureja taxa has chemical variatons
and different oil profiles. These differences might be
originated from the genetic, local, climatic and seasonal
factors (Perry et al, 1999). The findings showed that
the genus Satureja had a considerable variation in es-
sential oil composition and this study demonstrates the
occurrence of the carvacrol / thymol chemotype in the
Eastern Anatolian region of Turkey. Moreover this re-
sult is significant to chemotaxonomic evaluation of the
genus and family patterns.
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Context Based Learning’ Effects on Achievement and Scientific
Process SKkills in Biology Teaching

Esra OZAY KOSE' Figen CAM TOSUN?

ABSTRACT: The purpose of this study was to investigate the effects of context-based learning approaches to te-
aching biology on students’ achievement and scientific process skill. Quasi-experimental design with pre-post test
control group was employed in this study. Context based approach was used for experimental group of 41 students,
and the control group of 53 students were exposed to traditional learning approach by the same teacher over a pe-
riod of 8 weeks in department of elementary school education. Academic science achievement test and scientific
process skill test were given to both groups as pre-test and post-test. It was observed in the results that there was a
meaningful difference between context based learning and traditional in learning on student’s success and student’s
scientific process skill.

Keywords: Context based learning approach, Biology, Elementary school education, Achievement, Scientific pro-
cess skill
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Biyoloji Ogretiminde Basar1 ve Bilimsel Siire¢ Becerilerine Yasam
Temelli Ogrenmenin Etkileri

OZET: Bu caligmanin amac1 “yasam temelli 6grenme” yaklasimimin biyoloji gretiminde 6grenci basarilari ve bi-
limsel siire¢ becerileri iizerine etkilerini arastirmaktir. Bu amag i¢in 6n-son test kontrol gruplu yar1 deneysel desen
kullanilmistir. Siif 6gretmenligi bolimiinde, ayn1 6gretmen tarafindan 8 haftalik bir siiregte 41 kisilik deneysel
gurupta yasam temelli yaklasim kullanilirken, 53 kisilik kontrol grubunda geleneksel 6gretim yaklagimi kullanil-
mistir. Basart testi ve bilimsel siireg becerileri testi her iki gruba da 6n test ve son test olarak uygulanmistir. Sonug-
larda, basar1 ve bilimsel siire¢ becerileri agisindan yasam temelli ve geleneksel dgretim yapilan gruplar arasinda
anlamli farklar gézlenmistir.
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INTRODUCTION

To improve the quality of the teaching-learning
process as well as the learning outcomes, primarily the
nature of learning has to be considered. Many learning
theories and models have been developed by using dif-
ferent approaches to learning until today. Context based
approach has been widely used a lot of country: Unit-
ed Kingdom, USA, Germany, Israel, Netherlands et al.
(Bennett and Holman, 2003); Pilot and Bulte, 2006;
Gilbert, 2006.)

Throughout the world, over the past 20 years or so,
science education has faced a number of inter-related
problems: Overload, Isolated Facts, Lack of transfer,
Lack of relevance, adequate emphasis. Each of these
problems poses a series of challenges. A major address
to these challenges has been through the use of “con-
text” as the basis for curriculum design and classroom
teaching. For this to be successful, the educational
model that embodies the meaning of “context” must be
such that it provides an effective answer to the associat-
ed curricular and social problems. The word originates
from the Latin language in the verb “contexere”, “to
weave together”. In its related noun “contextus”, the
word expresses “coherence”, “connection”, and/or “re-
lationship”. A context must provide a coherent struc-
tural meaning for something new that is set within a
broader perspective (Gilbert, 2006).

Contexts include personal, social, economic, envi-
ronmental, technological and industrial applications of
science. Contexts are normally selected on the basis of
their relevance to students’ everyday life, as perceived
by teachers and educators. One outcome of adopting a
context-based approach is that scientific ideas are intro-
duced on a ‘need to know’ basis. In other words, they
are needed to help develop understanding of features
of the particular context being studied (Bennett et al.
2005). The contexts chosen for the course are topical
and of interest to students, but are also enduring. There
is a wide variety of learning activities including a range
of practical work. Some activities involve model-build-
ing. Other activities include debates, discussions, re-
search and role plays (SNAB).

‘Student-centered’ or ‘active learning’ approach-
es give students a significant degree of autonomy over
the learning activity. Examples of ‘active learning’
activities include small-group discussions, group and
individual problem-solving tasks, investigations and
role-play exercises. The use of ‘student-centered’, ‘ac-
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tive learning’ approaches also stimulates interest and
motivation (Bennett et al., 2005). There is a wide vari-
ety of learning activities including a range of practical
work. Employing a wide range of teaching and learning
styles, activities introduce both content and experimen-
tal techniques. The activities are also designed to devel-
op wider skills including data analysis, critical evalua-
tion of information, communication and collaborative
work (SNAB).

There are three types of pedagogical activities.
Those activities identified as “Your Turn” are fairly
standard, straightforward drills and exercises, often
involving simple mathematics. Their major purpose is
to review scientific content, concepts, and calculations.
Some of the Your Turn problems include solutions or at
least answers, and thus they serve as instructional ex-
amples. “Consider this” activities relate more to the ap-
plications of scientific and the social issues under con-
sideration. Most are open-ended and usually without a
single “right” answer. Students may be asked to engage
in risk—benefit analysis, to evaluate opposing view-
points, to speculate on the consequences of a particular
path of action, or to formulate or defend a position. In
“The Sceptical Chemist” students are challenged to ex-
ercise their knowledge of science and their capacity for
critical thinking to check the accuracy and plausibili-
ty of assertions, especially those reported in the press
(Schwartz, 2006).

Consequently, scientists see an educational context
to have four attributes:

a) A setting, a social, spatial, and temporal frame-
work within which mental encounters with focal events
are situated;

b) A behavioral environment of the encounters,
the way that the task(s), related to the focal event, have
been addressed, is used to frame the talk that then takes
place;

c¢) The use of specific language, as the talk associ-
ated with the focal event that takes place;

d) A relationship to extra-situational background
knowledge (Gilbert, 2006).

The majority of studies of the effects of con-
text-based approaches to teaching science on students’
understanding have been comparative in nature, looking
at the understanding of selected scientific ideas demon-
strated by students who have followed context-based
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courses and students who have followed more conven-
tional courses (Bennett and Holman, 2003). Bennett
and Lubben (2006) indicate that students adapted to the
context-based approach develop levels of understand-
ing of chemical ideas comparable with those taking
more conventional courses.

In another study, context-based approach has been
practiced in teaching several control engineering cours-
es in a university with promising results, particularly in
view of student learning performances (Dong, 2005).
Gutwill-Wise (2001) worked with university students
following introductory chemistry courses. He compared
students who had followed the context-based approach
with matched groups of students who had followed a
traditional approach to chemistry. The study found that
in both institutions students who had followed the con-
text-based approach emerged with a better understand-
ing of chemistry than their peers who had followed a
traditional approach.

King et al. (2007) reported real-world connec-
tions between chemistry concepts and contexts, found
her engagement in the context-driven tasks interesting
and productive, and identified connected sequences of
concepts across the contexts studied. Despite difficul-
ties for teachers who are required to shift pedagogies,
the student’s lived experiences and outcomes from a
context-based program provide some encouragement
in working through these issues. Kegley et al. (1996)
compared to the regular laboratory students, the envi-
ronmental students also displayed a greater awareness
of the relationship of chemistry to everyday life and a
more sophisticated view of science.

From scientists discussions and preliminary out-
lines, for context based learning six goals emerged:

e To motivate students to learn science and under-
stand its societal significance.

e To teach them fundamental concepts of science.

e To lead them to discover the theoretical and prac-
tical significance of science.

® To equip them to locate information and address
technical issues.

e To develop analytical skills, critical judgment,
and the ability to assess risks and benefits and evaluate
information.

e To provide hands-on experience with scientific
phenomena (Schwartz, 2006).
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These aims of context based learning have indicat-
ed that it will be able to development scientific process
skill of students. Science process skills include observ-
ing, classifying, measuring, communication, inferring,
predicting, using time and space relationships, using
numbers, recorded of data, using of data and forming
model, interpreting data, to draw a conclusion, nam-
ing and controlling variables, formulating hypothesis,
making operational definitions, experimenting, inves-
tigating (Tan and Temiz, 2003; Harlen, 2000). The pu-
pils need the process skills both when doing scientif-
ic investigations and in their learning process (Harlen
2000; Taconis et al. 2000). Science process skills en-
able learners to learn how to learn by thinking critically
and using information creatively (Martin et al. 1994).

Purpose of Study

The purpose of this study was to investigate the
effects of context-based approaches to teaching biol-
ogy on students’ understanding and scientific process
skill by comparative students who have followed con-
text-based courses and students who have followed
more conventional courses. Research hypothesizes are:
1- H: there is a significant difference between the in-
tervention group (experimental group) and the control
group in the amount of change that occurs over time in
the undergraduates’ achievements of the chosen five bi-
ology topics. 2- H: there is a significant difference be-
tween the intervention group (experimental group) and
the control group in the amount of change that occurs
over time in the undergraduates’ scientific process skill.

METHOD
Research Design

In the research, quasi-experimental nonequivalent
pretest-posttest control group was used. This design is
very prevalent and useful in education, since it is often
impossible to randomly assign subjects. In the design,
the researcher uses intact, already established groups of
subjects, gives a pretest, administers the treatment con-
dition to one group, and gives the posttest (McMillan
and Schumacher, 2001). Repeated measures MANOVA
and t test were chosen as statistical analysis techniques.
While the separate repeated measures MANOVA was
performed for the data collected for the five biology
topics, scientific process skill scores was assessed using
t test. Experimental design is seen Table 1.
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Table 1. Experimental Design

Group Pretest Intervention Posttest
R 0 0

1
R 0 X 0

2

R, Experimental group
R, Control group

Participants

This study was applied to two groups’ first grade stu-
dents that include 53 students in control group and 41 stu-
dents ranging age of 17 to 19 in experimental group in de-
partment of elementary learning education in Bayburt Edu-
cation Faculty of Ataturk University at the first semester of
2007-2008 education years. Classes were randomly assigned
as experimental (class 1) and control (class 2) group.

Procedure

The data from the subjects were collected in the fol-
lowing manner:

Two weeks ago from the treatment, the achievement
tests developed by the researchers and scientific process
skill test were administered to experimental and control
groups as pre-test. While used only the traditional teach-
er centered instruction in the control group, context-based
learning was used in the experimental group. The tradi-
tional instruction was based on lecturing in class. It was not
designed explicitly to facilitate conceptual understanding
or conceptual change. All treatment was completed by the
same teacher in 8 weeks (two lecture hours per week and a

Table 2. Topics’ Contexts, Concepts and Time

lecture hours is 50 min). One week later after the treatment
with respect to the corresponding topic, the achievement
test of these topics was administered to both control and
experimental group as post-test. After 8 week, scientific
process skill test was administered to experimental and
control groups as post-test.

Contexts

The contexts require quite simple that students may
meet in daily life. Story-style contexts are structured
around social and environmental issues related to biology
rather than around predetermined biological concepts. For
example, AIDS, influenza used as a context to develop an
extensive range of foundation biology, including structure
properties, reproductive cycles, viral diseases, type of vi-
rus. The activities began with contexts. Teacher introduces
contexts. Questions and problems connection with contexts
were offered students. Small group sessions, large group
workshop, laboratory working, individual researches, team
working, short demonstrations and video-clips were used
in lesson as a different kind of context. The activities fin-
ished generalization and students’ feedback. In Table.2,
topics’ contexts, concepts and time are showed.

Contexts Basic concepts Time
Virus Alive and lifeless discussion, Structure properties, reproductive cycles, 1.
AIDS disease viral diseases, type of virus Week
Bacteria They are almost everywhere!, Structure properties, reproductive cycles, 2.
Making of Yogurt type of bacteria, economy of bacteria Week
. Ecologic workers, Making of Body structure, reproductive cycles, type 3.
Fungi . s
Bread of fungi, fungi in ecosystem Week
Movement . Type and function of skeletons, muscle. 4,
Asimo run robot .
Svstermn.] system Mechanism of movement. Week
stem-
Y Digestive Obesity, Cows that eat green gress  Organs of digestive system, main stages of 5.
system and produce white milk digestion Week
Circulatory Heart attack, heart massage S.tmctur.e of heart and blood vessel, blood 6.
system circulation . Week
System-II Respiratory Smoke Structure of lungs, breathing, gas 7.
system exchange. Week
Excretory Dialyzer, Kidney stone, drink beer  Structure of kidney, nephron and urine, 8.
system frequently urinate main stages of excretory, Week
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Data collection tools

Measuring of Students’ achievement about
the five biology topics.

Students’ achievement of biology was measured
using the five multiple choice test developed sepa-
rately for each topic by researchers. The tests were
piloted with a group of students in department of el-
ementary learning education in Bayburt Education
Faculty of Ataturk University at the second semester
of 2006-2007 education years. Then modifications
were made in terms of language and design of the
test. The virus test has 0.7172, the bacteria test has
0.7776, the fungi test has 0.6476, the system-I has
0.7824, the system-1I has 0.7158 a reliability coef-
ficient. This level of reliability coefficient obtained
for the achievement test indicated that the test could
be considered satisfactorily reliable (McMillan and
Schumacher 2001). The validity of multiple choice
academic science achievement tests were supplied

RESULTS

Undergraduates’ achievements of the five biology topics

Table 3. Means and Standard Deviations

by two professors of science education and three sci-
ence teachers. The five biology topics tests has total-
ly 107 questions and any question is a one point. The
range of possible total scores for achievement test is
between 0 and 107.

Scientific Process Skill Test (SPST)

The scale of scientific process skill was developed
by Okey et al.(1982) and adapted into Turkish by Geb-
an et al. (1992). It was used to control the effect of sci-
ence process skills on achievement. Five different sci-
ence processes were measured on the SPST: (1) identi-
fying variables, (2) identifying and stating hypotheses,
(3) operationally defining, (4) designing investigations,
and (5) graphing and interpreting data. The SPST is a
36 multiple choice item instrument that includes the
five aforementioned dimensions. The Cronbach alpha
reliability coefficient of the Turkish version of this in-
strument is 0.81 (Dogrudz, 1998).

Groups Mean SD N Skewness Kurtosis

Experimental 1.56 0.87 41 -0.317 -0.265
Virus pre test Control 1.52 0.84 53 -0.354 -0.208

Total 1.54 0.85 94

Experimental 9.12 2.85 41 -0.409 -0.078
Virus post test Control 5.55 2.50 53 0.203 -0.767

Total 7.11 3.19 94

Experimental 1.08 0.89 41 0.510 -0.025
Bacteria pre test Control 1.16 0.96 53 0.429 -0.380

Total 1.12 0.93 94

Experimental 9.05 2.06 41 -0.465 -0.641
Bacteria post test Control 6.53 2.68 53 0.261 -0.191

Total 7.63 2.72 94

Experimental 2.90 2.17 41 0.473 -0.724
Fungus pre test Control 3.08 2.17 53 0.355 -0.835

Total 3.00 2.16 94

Experimental 6.39 2.01 41 -0.665 0.968
Fungus post test Control 4.57 2.24 53 -0.730 -0.360

Total 5.36 2.32 94

Experimental 1.63 1.05 41 -0.111 -0.456
System1pre test Control 2.52 0.52 53 0.467 0.848

Total 2.13 0.91 94

Experimental 9.27 2.57 41 -0.081 -0.756
System 1 post test Control 5.94 2.50 53 0.136 0.002

Total 7.39 3.01 94

Experimental 1.76 0.99 41 -0.487 -0.086
System 2 pre test Control 3.07 0.65 53 0.352 0.241

Total 2.50 1.04 94

Experimental 12.54 3.30 41 0.357 0.545
System 2 post test Control 6.42 2.81 53 0.209 -0.384

Total 9.09 4.29 94
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Repeated measures MANOVA was conducted to as-
sess if there was a difference between participants in the in-
tervention group and participants in the control group over
time in the amount of change in their scores on the biology
achievements. Before the analysis, it was checked wheth-
er the assumptions of repeated measures MANOVA were
met. Box’s M test for the homogeneity of the covariance
matrices indicated that the homogeneity of the variance
matrices of dependent variables was met (Box’s M = 82.36;
F=1.32; df1=55, df2=23936; p= 0.056>0.05). In addition,
Levene’s test for homogeneity of variances showed that
the variances can be assumed as homogeneous because of
the significance levels ranging from 0.056 to 0.81. The box
plots created to explore whether the outliers are present in
data showed that there were outliers at seven data points.
These outliers was replaced the mean of data set. The sym-
metric shapes observed in the box plots and the skewness
and kurtosis values changing between -1 and +1 (see table
3) indicated that normality assumption of raw scores may
be accepted. The mean scores and standard deviations of
data for each dependent variable according to groups are
presented in Table 3.

Repeated measures MANOVA indicated there were
the significant multivariate effects of group, Wilks’A=0.461,
F(5.88) = 20.54, n*=0.539 p=0.000 and time, Wilks’A
=0.049, F(5.88) = 343.99, n=0.951, p=0.000, as well as
for the interaction between group and time, Wilks’A=0.275,
F(5.88) =46.29, 1>=0.725 p=0.000 according to liner com-
bination of dependent variables. Because Box test about
equality of covariance matrix of dependent variables meets
the requirements of this, Wilks’A statistic was chosen as an
appropriate statistic. In other words, the results mean that
according to the liner combination of dependent variables,
the difference between control and experimental group
differs from pre-test to posttest. The interaction effect in-

Table 4. Test of Within Subject Contrasts

dicated that the difference between the experimental and
control group on the linear combination of the five depen-
dent variables was different at pretest than it is at posttest.
The values of 12 (eta squared) for group main effect, time
main effect and interaction effect are quite high. The cor-
responding eta values are 0.734, 0.975 and 0.851, which
are very large effects. To determine which levels of de-
pendent variables these differences are, follow-up ANO-
VAs (Test of within subject contrasts) for each dependent
variable (see Table 4) were conducted. As can be seen from
this table, the main effect of time (change from pretest to
posttest) is significant for all five dependent variables and
also the interaction between group and time are statistically
significant for all dependent variables. This indicates that
the change over time is associated with the intervention.
Moreover, the profile plots were created separately for
each dependent variable clearly to reveal the statistically
significant time-group interactions (Figure 1-5). As seen in
figures 1-5, the lines of experimental and control groups
are nonparallel and the slopes of lines are dissimilar. It is
clear from the profile plots that there are the significant in-
creases in posttest scores in comparison with pretest scores
for all five dependent variables. Again, it can be inferred
from all plots that the increase in the posttest scores of the
experimental group is higher than that of the control group
and the difference between the groups is also statistically
significant, suggesting the developing effect of the inter-
vention in comparison with control group. The values of
1? (eta squared) for time main effect and interaction effect
indicating the practice significance of the factor or interac-
tion change from 0.116 to 0.866. The lowest values (0.116
and 0.197) belong to the topic fungus and bacteria in the
time-group interaction, respectively. The corresponding
Eta values are 0.34 and 0.44 which are about medium and
large effect sizes, respectively.

Sum of Freedom Mean of F 5
Square degree Square P N

Virus 1550.739 1 1550.739 415.378 0.000 0.819
Time Bacteria 2056.735 1 2056.735 595.269 0.000 0.866
Fungus 286.468 1 286.468 74.927 0.000 0.449
System1 1413.872 1 1413.872 406.034 0.000 0.815
System?2 2306.354 1 2306.354 492.696 0.000 0.843
Virus 144.714 1 144.714 38.763 0.000 0.296
. Bacteria 77.801 1 77.801 22.518 0.000 0.197
Time* Group 1 - os 46.106 1 46.106 12.059 0.001 0.116
System1 205.298 1 205.298 58.957 0.000 0.391
System?2 638.29 1 638.290 136.355 0.000 0.597
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Figure 1-5. Profile plots of dependent variables

Undergraduates’ Scientific Process Skill

A t test was used to see if experimental group and  perimental and control groups with respect to scientif-
control group scientific process skill. First, to explore  ic process skills prior to the treatment, t test was per-
whether there is a significant difference between ex-  formed. The findings are given in Table.5.

Tablo 5. Between Experimental and Control Groups Students’ Pre Test Scores

Group N Mean df t P
Experimental Group 41 20.05 3.77
1.137 .260*
Control Group 53 18.93 4.29
#p>0.05

T test showed no significant differences between ex-  pre test of control group is 18. 93. The differences among
perimental and control groups. Pre practice, mean pre test ~ experimental and control groups on post practice were
of experimental group is calculation as 20, 05 and mean = measured by t test. The results are given in Table.6.

Tablo 6. Between Experimental and Control Groups Students’ Post Test Scores

Group N Mean df t P
Experimental Group 41 20.30 3.89
7.357 .000*
Control Group 53 11.60 5.75
*p<0.05
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The p-value .000, less than 0.05, indicates that
there is significant different between experimental and
control groups. A scientific process skill of experimen-
tal group is higher than scientific process skill of con-
trol group.

DISCUSSION

In accordance with the first research hypothesis,
there are significant differences between experimental
and control group students regarding their academic
achievement. Repeated measures MANOVA revealed
that there are significant differences in favour of ex-
perimental group students (Table.4). Time * Group has
statistically significant F ratios for five biology subject
(virus F=38.763, p=0.000, partial n*=0.296; bacteria
F=22.518, p=0.000, partial n*=0.197; fungi F=12.059,
p=0.001, partial n>=0.116; system-1 F=58.957, p=0.000,
partial 1*=0.391; system-II F=136.355 p=0.000, partial
1n*=0.597). The experimental group students’ academic
achievement is higher than the control group’s (Table
3, Figurel-5). This difference may be the result of con-
texts used by experimental group students.

Context-based approach is gaining popularity
throughout the world. The results of this investigation
support the findings of several recent studies. Context
based learning indicate positive effects the teaching and
learning situation in the classroom and the professional
development (Nentwig et al. 2007). Holman and Pilling
(2004) suggest that the context based course succeeded
in increasing students’ interest. The results are backed
up by a comparison of the two groups of students’ per-
formance: the average mark was 48.5% with the tradi-
tional course in 2000 and 61.3% with the context based
course in 2001. Gutwill-Wise (2001), Bennett and Lub-
ben (2006), Murphy and Whitelegg (2006) indicate that
students who had followed the context-based approach
emerged with a better understanding of science than
their peers who had followed a traditional approach.

In accordance with the second research hypothesis,
there is difference between these groups regarding sci-
entific process skill test. First, there isn’t a significant
difference between experimental and control groups
with respect to scientific process skill prior to the treat-
ment and p=0.260 (Table.5). The differences among
experimental and control groups on post practice were
measured by t test. There are significant differenc-
es in favour of experimental group students p=0.000
(Table.6). This difference may be the result of contexts
used by experimental group students. Scientific pro-
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cess skills can be developed in a real-life environment
closer to that of practicing scientists (Chiu, 2002). Con-
text-based approach creates opportunities in the class-
room for connections between biology concepts and the
real world (Bennett, 2003).

Context based approach motivate students to learn
science and understand its societal significance, teach
them fundamental concepts of chemistry, lead them to
discover the theoretical and practical significance of
chemistry, equip them to locate information and ad-
dress technical issues, develop analytical skills, critical
judgement, and the ability to assess risks and benefits
and evaluate information, provide hands-on experience
with chemical phenomena (Schwartz, 2006).

Student comments indicated that context based
approach supplied a broadened perspective on the na-
ture and process of science and were more critical of
data obtained using scientific methods (Kegley et al.,
1996). The student reported real-world connections
between chemistry concepts and contexts, found her
engagement in the context-driven tasks interesting and
productive, and identified connected sequences of con-
cepts across the contexts studied. Despite difficulties
for teachers who are required to shift pedagogies, the
student’s lived experiences and outcomes from a con-
text-based program provide some encouragement in
working through these issues (King et al. 2007).

CONCLUSIONS

The aim of this study is to determine effect of con-
text based learning towards student’s biology success
and student’s scientific process skill. We found that stu-
dents in experiment group emerged with a better under-
standing of biology than their peers in control group.
Scientific process skill surveys found that students in
experiment group have more scientific process skill
than students in control group. They thought that the
learning method was effective, especially in compar-
ison to the more traditional. Moreover, context based
approach encourages group work and some additional
skills such as discussion, problem-solving, individu-
al researches, team working and self directed leaning
skills. We are encouraged by the results of the context
based approach and believe it provides a formula for
increasing the scientific process skill and understanding
of a biology subject without sacrificing rigor or quality
of learning. The context based approach is regarded as
being appropriate to achieve these objectives.
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Context-based approach has demonstrated their
utility and is generally well established. As a result of
these findings, it may advise to teach of biology using
context materials. Because increasing scientific pro-
cess skill and understanding for learning biology is the
reason for using this approach, appropriate contexts
for students should be selected. Teachers might give
well-defined research problems, completed questions,
obvious hypotheses, receipt-like methods, and needed
equipment to the pupils in order to save time. Teachers
should offer pupils the possibility to plan their own in-
vestigations, where they make their own questions and
hypotheses, choose methods and necessary equipment,
discuss about the means for ensuring reliability and the
ways of scientific reporting. In that way the pupils can
adopt scientific skills, which mean learning some fun-
damental features of the nature of science, and, conse-
quently, even deepen their conceptual understanding of
natural phenomena.
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Zaman Serileri Analizi ve Trafik Kazasi Verilerine Uygulanmasi

Senol CELIK'

OZET: Bu galismanin amaci, Tiirkiye’de trafik kazalarinin zaman serileri ile analizi edilmesi ve en uygun
zaman serisi modelinin belirlenerek gelecek doneme ait kaza sayis1 tahmininin yapilmasidir. TUIK kayitlarindan
1955-2012 yillar1 arasindaki Tiirkiye’de trafik kaza sayisi verilerinden bir zaman serisi olusturulmustur. Calismada,
serinin otokorelasyon fonksiyonu grafiginden kendisi ve birinci farkinin duragan olmadigi, ikinci fark alindiktan
sonra serinin duragan hale geldigi goriilmiisttir. Duraganlik testi i¢in genisletilmis Dickey-Fuller testi kullanilmistir.
Model uygunlugunun belirlenmesi i¢in otokorelasyon grafiginin beyaz giiriiltiiye sahip olup olmadigina ve Box-
Ljung testinin sonuglarina bakilmistir. Denenen modellerden parametre tahminleri anlamli bulunan ve Akaike bilgi
kriteri (AIC) ile Schwartz Bayesci bilgi kriteri (BIC) degerleri en kiigiik olan model tahminleri yapilmistir. Trafik
kazalari i¢in belirlenen en uygun tahmin modeli ARIMA (0, 2, 3) seklinde ifade edilen biitiinlesik {iglincii dereceden
hareketli ortalama modelidir. Bu modele gore 2013-2020 yillar1 arasinda Tiirkiye’de trafik kazalariin devamli artis
gostererek 2013 yilinda 1421791 ve 2020 yilinda ise 2049307 olacagi tahmin edilmektedir.

Igdir Universitesi Fen Bilimleri Enstitiisii Dergisi

Igdir University Journal of the Institute of Science and Technology

Anahtar kelimeler: Zaman serileri, otokorelasyon, ARIMA, trafik kazalari

Time Series Analysis and Its Applications to Data
on Traffic Accidents

ABSTRACT: The purpose of this study is to analyze the road traffic accidents in Turkey through time series and to
predict the number of the prospective road traffic accidents by determining the most appropriate time series model.
A time series was created with the data from the records of Turkish Statistical Institute related to the numbers of
the road traffic accidents happened in Turkey between 1955 and 2012. It was seen in the study that the difference
of the series itself and its first difference from the autocorrelation function graph were not stable and the series be-
came stable after the second difference was taken. Augmented Dickey-Fuller test was carried out for the stability
test. In order to define the model appropriateness, whether the autocorrelation graph had white noise or not and the
results of Box-Ljung test were taken into consideration. Model predictions were made from previously tested mod-
els whose parameter predictions were significant and Akaike Information Criterion (AIC) and Schwartz Bayesian
Information Criterion (BIC) values were the lowest. The most appropriate prediction model defined for the road
traffic accidents is the one called ARIMA (0, 2, 3) which is an integrated moving average model with a third de-
gree mobility. In accordance with this model, it is predicted that the road traffic accidents in Turkey will increase
consistently from 2013 to 2020 and the number in 2013 will be 1421791 and 2049307 in 2020.
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GIRIS
Zaman serileri, istatistik, ekonomi, jeofizik,
meteoroloji, tip, tarim, biyoloji alanlarinda elde edilen
zaman bagl verilerin analizinde yaygin kullanilan
bir analiz yontemidir. Aylik trafik kaza sayisi, aylik
enflasyon orani, yillik ihracat ve ithalat miktarlari,
yillik yatirim ve GSMH gelirleri, yillik issizlik oran,
aylik yagis miktari, hayvan sayisi gibi veriler zaman
serilerine birer 6rnektir. Biitce hazirliklarinda elde edilen
tahminler bir sonraki yil i¢in biitge plan1 hazirlanmasi
acisindan gereklidir. Faiz orani ile enflasyon arasindaki
iligkiyi incelemek i¢in zaman serilerinden faydalanilir,
Her tirlii devlet, yatinm ve ekonomik biiylime
programlarint  belirlemek i¢in ekonomik verilerin
zaman serilerine uygulanmasiyla elde edilen sonuglara
gore belirlemek ister. Bir bolgede yetistirilen {iriinlerin
mevsimlere gore iiretim ve satis miktarlar1 belirlenerek
buna gore iiretim ve satis planlamasi yapmak daha
uygun olur. Ayica trafik kazasi verilerinde de zaman
serisi modelleri uygulanarak sonraki yillar i¢in kazanin
azaltilmasi yoniinde ¢aligmalar yapilabilir.

Zaman serilerinde amaca ulagmak i¢in ¢ok sayida
ve gilivenilir veriye ihtiyag duyulur. Bu verilerden
iyl sonu¢ ¢ikarmak icin, zaman serileri i¢in gerekli
varsayimlarin saglanmasi gerekir. Zaman serileri
ile ilgili olarak simdiye kadar ekonomide, borsada,
dis ticarette, tarimda, hayvancilikta, meteorolojide,
ulagimda, trafikte ve diger bir¢ok alanda ¢esitli verilerle
yapilmig calismalar mevcuttur.

Zaman serileri ¢alismasinda modelin  iyi
belirlenmesi ve belirlenen modelin veriye uygunlugu
onemlidir. Yanlis belirlenen bir model iyi sonuglar
vermez. Model belirleme agamasindan sonra belirlenen
modelin veriye uygunlugu test edilmelidir. Uygun
modelin  olusturulmasiyla  saglikli  tahminlerde
(6ngoriide) bulunulabilir.

Verdigi zarar goz Oniine alindiginda, diger iilkelerde
oldugu gibi iilkemizin de en Onemli sorunlarindan
biri trafik kazalaridir. Trafik kazalar1 her yil binlerce
insanin dlmesine ve yiizbinlerce insanin yaralanmasina
neden olmaktadir. Trafik giivenligini saglamak igin
dogru ve tam hazirlanmig trafik istatistikleri; trafik
kazalarimi azaltmaya yonelik etkinliklere yol gosterici
olacaktir. Bu da yapilacak istatistik analizlerle miimkiin
olmaktadir.

Omegin  Akkaya ve Altintag’m  (2001)
caligmalarinda, karayollarinda kazalarin ve hasarlarin
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zaman serisi analizleri ile yillik ortalama artig trendleri
bulunmus; ayrica kaza sayilari ile yolcu ve tasit
sayilar1 arasinda karayollar1 i¢in regresyon analizleri
yapilmistir. 1989-1999 dénemi igin yapilan istatistik
zaman serisi analizi sonuglarina gore, son 11 yilda
trafik kazalar1 yilda ortalama yiizde 17 oraninda artig
gostermistir. Atalay, Tortum ve Gokdag’in (2012)
caligmalarinda, 1977-2006 yillar1 arasinda meydana
gelen aylik trafik kaza verileri (sehir i¢i ve sehir disi
toplami) kullanilarak zaman serisi analiz yontemi ile
modelleme yapilmigtir. Yapilan analizler sonucunda
calisma doneminde kullanilan verilere goére en uygun
modelin ARIMA (4, 1, 4) oldugu belirlenmistir.

Bu ¢alismanin amaci Tiirkiye’de trafik kazalarinin
zaman serilerinin analizinin yapilmasi, uygun zaman
serisi modelinin belirlenmesi ve gelecege yonelik
kaza tahmininin yapilmasidir.
belirlenmesi, tilkemizde trafik kazalarinin azaltilmasi,
trafik giivenliginin saglanmasi ve trafik i¢in yapilacak
projelerle ilgili genel trafik politikasina yon verilmesi
acisindan onemlidir.

Kaza tahmininin

MATERYAL VE YONTEM
Materyal

Arastirmanin materyali Tiirkiye Istatistik Kurumu
(TUIK)’nun internet adresinde yer alan ve yaymlanmis
olan “Istatistik Gostergeler 1923-2011” ve “Karayolu
Trafik Kaza Istatistikleri” adli kaynaklarda bulunan
1955-2011 yillart arasi trafik kazalaridir. 2012 yilina
ait Dbilgiler www.trafik.gov.tr internet adresinden
derlenmistir.

Yontem

Bu galigmada yillik verilere iligkin olarak ARIMA
modelleri kullanildigindan, s6z konusu modeller i¢in
kisa bir agiklama yapilacaktir. Zaman serileri kesikli,
dogrusal ve stokastik siire¢ iceriyorsa ARIMA modeli
olarak adlandirilir (Ozmen, 1989; Kutlar, 2005). Bu
modeller otoregresif, hareketli ortalama ve otoregresif
hareketli ortalama modeli olarak 3 sekildedir.
Otoregresif model,

X, =f X _ +f, X, +...+pr,_p +e,

seklinde (Wei 2006), hareketli ortalama modeli
(MA),

Igdir Uni. Fen Bilimleri Enst. Der. / Igdur Univ. J. Inst. Sci. & Tech.



X, =m+e -qe_ —qe,_,-...-q.€_,

seklinde (Montgomery et al., 1990) ve otoregresif

X, =f X +f, X ,+..+f X _,

seklinde gosterilir (Cryer, 1986). Zaman serileri
analizinin uygulanabilmesi igin serilerin duragan olmasi
ve tahmin edilen modelin hata terimlerinin beyaz giiriiltii

(white noise) ozelligini saglamasi gerekir. e, her biri
sifir ortalamal1 ve s f varyansli bir rasgele degiskenler

dizisiise, e, ayni kovaryans fonksiyonlu olarak bagimsiz

Zaman Serileri Analizi ve Trafik Kazas1 Verilerine Uygulanmast

hareketli ortalama modeli ise, hem AR (p) hem de
MA(q) bilesenleri olmak tizere ARMA (p, q) modeli
olarak (Seviiktekin ve Nargelecekenler, 2010)

+e -qe_ -6, —.. _qqel—q

ve ayn1 dagilima sahip seriler beyaz giiriiltii serisidir ve
e~ WN(0,s *) ile gosterilir (Brockwell and Davis,
1996). Herhangi bir X, zaman serisi, E(X,)=m,

V(X,)=s > ve Cov(X,,X,,,) kovaryansi sadece h’ye
bagh ise duragandir (Giinay ve ark., 2007). Duragan bir
zaman serisinin otokorelasyon fonksiyonu (ACF)

n (Xz _)?z)(XHh _)?z)

r (h) = t=h+l

Z(X’ -X,)

seklinde (Akdi, 2010), h’nci kismi otokorelasyonu (PACF) ise

P g(h)y-agh-1)-a,g(h-2)-..-a,_,9(1)

_r (hy-a;r(h--a,r(h-2)-..-a,r (1)

h

g(0)-ag()-a,9(2)-...-a,_9(h-1)

I-ar()-a,r(2)—..—a,;r(h-1)

seklinde (Wei, 2006) tanimlanir.

Duragan olmayan bir zaman serisini duragan hale
getirmek i¢in serinin genellikle 1 veya 2 defa farki
alinir. Boyle serilere uygulanan modellere entegre

modeller denir. Otoregresif entegre hareketli ortalama
modeli ARIMA (p, d, q) seklinde gosterilir (Box ve
Jenkins 1976). Genel olarak ARIMA (p, d, q) modeli

(-f,B-f,B*-..—f B")1-B)'X,=(1-q,B-q,B” -...-q,B")e,
seklinde olmaktadir (Kadilar, 2009). Daha agik sekilde, ARIMA(p,d,q) siireci

X, =(A+f)X _+(E, - )X, +(F, -f

DX s+e+(,-F DX - X_

+e, -9 —q,¢,_, _"'_qqet—q

seklinde yeniden yazilabilir (Cryer, 1986).

Modelin uygunlugu igin, en ¢ok kullanilan
testlerden Box ve Ljung tarafindan 6nerilen Box-Ljung

k r" 2 (h)
O testi, @ =n(n+ 2)2 Py ile yapilir (Brockwell
=] -
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and Davis, 2006). Burada h, gecikme sayisini, p ve q
ise ARIMA modelinin derecesini, n gdzlem sayisini,

r*(h) ise kalmtilarm otokorelasyon katsayisini ifade
eder (Bowerman and O’Connell, 1993). Hesaplanan

kalintilarin Q istatistigi n-p-q serbestlik derecesi ile ¢ *
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dagilimina sahiptir (Pindyck and Rubinfeld, 1991).
Modelin belirlenmesinde, seriye en uygun modelin
secimi i¢in Akaike bilgi kriteri (AIC) ve Schwartz
Bayesci bilgi kriteri (BIC) gibi kriterler gelistirilmistir.
Akaike bilgi kriteri, AIC =nlns"’ +2M formiilii ile
(Wei, 2006), Schwartz Bayesci bilgi kriteri (BIC),
BIC =nlns’} + M Inn formiiliyle (Cooray,
2008) veya BIC=Ins>+MInn/n seklinde
verilmektedir (Shumway and Stoffer, 2006). Burada,
M modelin parametre sayisidir ve M=p+q+1°dir.
Denenen modellerin i¢inde hangisinin AIC ve BIC
degeri kiiclikse en uygun model kabul edilir. Verilere
uygun bir modelde oOngoriiler yapilirken gecmis
zamanlardaki gozlem degerleri kullanilarak rasgele
degiskenin gelecekte alacagi degerler igin tahminde
bulunulur.

Zaman serisinde duraganligi belirlemek i¢in birim
kok testlerinin de uygulanmasinda fayda vardir. En
yaygin olarak kullanilan birim kdk testlerinden biri
Genigletilmis Dickey-Fuller testi (ADF)’dir. ADF
esitliginin genel hali Dickey ve Fuller (1981) tarafindan

h
ele alman vy —b +br+g X . + VX +e
denklemidir. 9t Zgz, -i T &

BULGULAR

Tiirkiye’de 1955-2012yillariarasindakitrafikkazasi
sayilariin zaman serisi modeli incelenmektedir. Once
zaman serisinin grafigi verilmistir (Sekil 1). Sekil 1°de
serinin bir trende sahip oldugu goriinmektedir. Daha net
sonug alabilmek icin Sekil 2 ve Sekil 3°de serinin ACF
ve PACEF grafikleri verilmistir. ACF grafiginden serinin
trende sahip oldugu goriinmektedir. Seriyi trendden
arindirmak i¢in serinin birinci farklart alinmstir. Sekil
4 ve Sekil 5°de verilen serinin birinci farklarinin ACF
ve PACF grafikleri elde edilir. Serinin birinci farkinin
ACF grafiginden serinin trendden arinmadigi ve serinin
duragan hale gelmedigi goriilmektedir. Bu nedenle
serinin ikinci farkinin da almmasi gerekir. Ikinci farki
alman serinin ACF ve PACF grafikleri Sekil 6 ve
Sekil 7°de sunulmus olup ACF grafigine gore serinin
duragan hale geldigi goriilmektedir. Serinin ikinci
farki alindig1 i¢in d=2 olmaktadir. ACF grafiginde ilk
3 deger giiven siirlarini astigindan dnemli olup 4’ncii
gecikme degerinden itibaren diisiise gegmektedir.
PACEF grafiginde ise 1’nci gecikmeden 2’nci gecikmeye
gecildigindeki iliski miktar1 azalmaktadir. Ancak ACF
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grafigindeki iliski miktarin1 azalis1 ve sifira yaklagsmasi
PACF grafigine gore daha hizlidir. Bu nedenle model
hareketli ortalama (MA) modelidir. Bu nedenle p=0 ve
q=3 olmaktadir. Dolayisiyla ACF ve PACF grafiklerine
gore seriye uygun model ARIMA (0, 2, 3) olmaktadir.
Ayrica duraganligi test etmek i¢in Genisletilmis Dickey-
Fuller (ADF) testi yapilmigtir. ADF testine gore benzer
sekilde orijinal serinin (Cizelge 1) ve serinin birinci
farkinin (Cizelge 2) duragan olmadigi yani birim kdk
icerdigi, serinin ikinci farkinin ise duragan hale geldigi
yani birim koklii seri olmadigi goriilmiistiir (Cizelge 3).
Cizelge 1’de 1955-2012 donem araliginda Tiirkiye i¢in
trafik kazalar1 serisi birim kok icermektedir. Yapilan
analizlerin istatistiksel anlamda giivenli olabilmesi
icin serinin birim kokten arindirilmasi gerekmektedir.
Bunun i¢in trafik kazasi serisinin birinci dereceden farki
alindiktan sonra yapilan birim kok testi sonuglari Cizelge
2’de verilmistir. Yapilan birim kok testi sonuglarma
gore, p degerinin yine bliylik oldugu goriilmektedir.
Bu durumda serinin birim kokten armmadigi ve ikinci
farkinin alimmasi gerekmistir. Serinin ikinci dereceden
farki alindiktan sonra yapilan birim kok testi sonuglar
Cizelge 3’te verilmigstir. Trafik kazasi serisinin ikinci
dereceden farki alindiktan sonra yapilan birim kok testi
sonuglarina gore, p degeri kii¢lilmiistiir. Dolayistyla seri
birim kokten arindirilmistir yani duragan hale gelmistir.

ARIMA (0, 2, 3) modelinin parametrelerini
olusturan katsayilar Cizelge 4’de verilmistir.
Bu cizelgeye gore MA terimi yani ¢ ’nin Dbiitiin
katsayilarinin anlamlilik degeri 0.05°ten kiiciik oldugu
icin parametre degerleri anlamli bulunmustur. Serinin
hata terimleri giiven sinirlart i¢inde yer aldigindan
beyaz giiriiltii serisidir (Sekil 8). Bu durumda seriye
uygun olan ARIMA (0, 2, 3) modeline ait denklem,

(1-B)’X, =(1-q,B-q,B> -q,B’)e,
seklinde olup, acik sekli ise,

Xt = 2Xt—l _Xt—z +t6 -Q6., —q€ , —Qs8;

dir. Elde edilen bilgiler
kondugunda,

denklemde yerine

X, =2X,,-X,,-0.405¢,_, +0.365¢,_,-0.67%, _, +e,

seklindeki biitiinlesik ii¢lincii dereceden hareketli
ortalama modeli elde edilir.

Bu modele gore, 2013-2020 yillar1 arasi trafik
kazas1 tahminleri Cizelge 7’te verilmistir.

Igdir Uni. Fen Bilimleri Enst. Der. / Igdur Univ. J. Inst. Sci. & Tech.
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Sekil 1. Tiirkiye’de 1955-2012 yillart arast trafik kazalari
serisinin zaman serisi grafigi
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Sekil 2. Tiirkiye’de 1955-2012 yillar1 aras: trafik kazas: serisinin
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Sekil 3. Tiirkiye’de 1955-2012 yillar1 arasi trafik kazasi serisinin
PACEF grafigi
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Sekil 4. Tiirkiye’de 1955-2012 yillar arasi trafik kazasi serisinin
birinci farkinin ACF grafigi
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Sekil 5. Tiirkiye’de 1955-2012 yillari arasi trafik kazasi serisinin
birinci farkinin PACF grafigi
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Sekil 6. Tiirkiye’de 1955-2012 yillari arast trafik kazas:
serisinin ikinci farkinin ACF grafigi
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Sekil 7. Tiirkiye’de 1955-2012 yillar1 arasi trafik kazasi serisinin ikinci farkinin PACF grafigi

Cizelge 1. Trafik kazalar serisi birim kok testi

t istatistigi Olasilik degeri”
Genigletilmis Dickey-Fuller test istatistigi 3.444763 1.0000
Test kritik degerleri % 1 diizeyinde -3.557472
% 5 diizeyinde -2.916566
% 10 diizeyinde -2.596116
*MacKinnon (1996) tek tarafli p degerleri
Cizelge 2. Trafik kazalar birinci fark serisi birim kok testi
t istatistigi Olasilik degeri*
Genigletilmis Dickey-Fuller test istatistigi -1.841239 0.3571
Test kritik degerleri % 1 diizeyinde -3.557472
% 5 diizeyinde -2.916566
% 10 diizeyinde -2.596116
*MacKinnon (1996) tek tarafli p degerleri
Cizelge 3. Trafik kazalar ikinci fark serisi birim kok testi
t istatistigi Olasilik degeri*
Genigletilmis Dickey-Fuller test istatistigi -11.85570 0.0000
Test kritik degerleri % 1 diizeyinde -3.555023
% 5 diizeyinde -2.915522
% 10 diizeyinde -2.595565
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Cizelge 4. Uygun modelin parametre tahminlerinin anlamliligt

Parametreler Katsayilar Standart hata tta Anlamlilik (p<0,05)
Sabit 1661.968 831.205 1.999 0.051
Fark 2
0.432 0.114 3.798 0.000
MA (D) (q;)
-0.360 0.127 -2.846 0.006
MA (2) (9,)
0.693 0.126 5.512 0.000
MA (3) (9;)
ARIMA (0, 2, 3) modeline iligskin hata deger- Bu otokorelasyon degerlerinden yararlanarak
lerinin yani artiklarin otokorelasyon degerleri asa-  0.05 6nemlilik diizeyinde Box-Ljung testi ile modelin
gidaki gibidir. uygunlugu test edilmigtir.

Cizelge 5. Hata terimlerinin otokorelasyon degerleri
h 1 2 3 4 5 6 18
F(h) -0.036 0.045 0.011 0.061 -0.081 -0.149 0.028

kP2 () formiilde yerine konarak hesaplandiginda 13,381<19,023

O=n(n+ 2)2 —h = 58(60)(0.0039) =13.381 oldugundan sifir hipotezi kabul edilir ve modelin uygun
S oldugu sonucuna ulasilir. Cizelge 4’te verilen parametre

tahminlerinin anlamhilig: ile birlikte serinin hangi modele

Cg,ozs;g =19.023 gir, Cizelge 5te  verilen hata  uygun oldugunun daha agik belirlemesi igin AIC ve BIC

terimlerinin otokorelasyon degerleri ile ilgili verilenler  degerleri hesaplanarak Cizelge 6’te verilmistir.

Cizelge 6. Modeli belirlemede hesaplanan AIC ve BIC degerleri

ARIMA Modeli AIC BIC

(0,2,1) 23.061 23.134
(0,2,2) 23.033 23.141
0,2,3) 22.763 22.908
(1,2,0) 22.972 23.009
2,2,0) 22.995 23.105
(3,2,0) 23.034 23.182
(12,1) 22.979 23.089
(1,2,2) 22.984 23.130
2,.2,1) 23.025 23.173
(2,2,2) 23.016 23.201

Bu sonuglara gore AIC veya BIC degerleri en kiigiik olan ARIMA (0, 2, 3) modeli, seri igin en uygun modeldir.
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Senol CELIK

Cizelge 7. 2012-2020 yillar1 arasi trafik kazasi tahmini (6ngoriisii)

Yillar 2013 2014 2015 2016 2017 2018 2019 2020
. 1421 14996 15870 16761 17669 18594 19535 20493
Tahmin
791 17 77 99 83 29 37 07
Residual ACF Residual PACF
24— O —_
23 (] I
22— _ 0
21-] [} 0
20— O O
19 O 0
18— I} O
17 |]|:I |:||]
a 16: | i
R O ]
Q13 /1  —
£ 11 1] O
= 11 O I
S 10 (| O
O 9o 1 | —
8- I} il
7 O |
6 — —
5— O O
4— O O
3 I I
2— 0 0
1 0 0
-1,0 —OI,5 O:O 035 1!0 -1,0 —OI,5 O:O 0:5 1:0
Hata terimleri (Residual)
Sekil 8. Hata serisinin ACF ve PACF grafikleri
SONUC vererek ¢esitli modeller denenmistir. Denenen modeller

Bu calismada, trafik kazalarina iliskin zaman serisi
analizi yapilarak kaza modeli olusturulmus ve gelecege
doniik kaza tahmininde bulunulmustur. Arastirmanin
sonuglar1 asagidaki gibi 6zetlenmistir.

Zaman serileri analizi olan ARIMA modelleri ile
elde edilen bulgularda, 1955-2012 donemi ig¢in trafik
kazalart ARIMA (0, 2, 3) seklinde modellenmistir.
Serinin otokorelasyon fonksiyonu grafigine bakilarak
serinin ve serinini birinci farkinin duragan olmadig,
ikinci farki alindiktan sonra duragan hale geldigi
goriilmiistiir. Daha iyi sonug alabilmek amaciyla serinin
duragan olup olmadigini belirlemek i¢in Genisletilmis
Dickey-Fuller (ADF) birim kok testi yapilmistir. ADF
testi sonucunda serinin ve birinci farkinin birim kokli
oldugu ancak ikinci farkinin birim kékten arindirildig:
yani duragan oldugu goriilmiistiir. ikinci farki alian seri
icin belirlenen ARIMA (0, 2, 3) modeline ait parametre
tahminleri anlamli bulunmustur. ikinci fark serisinin,
hata terimleri otokorelasyon grafiginden beyaz giiriiltii
serisi oldugu ve Box-Ljung testine gore elde edilen
modelin uygun bir model oldugu anlagilmistir. Ayrica
p ve q parametrelerine 0-3 arasinda cesitli degerler

arasinda parametre tahminleri anlamli bulunan ve
AIC ve BIC degerleri en kiigiik olan ARIMA (0, 2, 3)
modelidir. Biitiinlesik tiglincii dereceden hareketli
ortalama modeli olarak ifade edilen model

X, =2X,,-X,,-0.432¢,,+0.360¢,_,-0.693¢,_, +e,
seklindedir.

Bu modele gore trafik kazalarmin 2013 yilinda
1421791, 2014 yilinda 1499617 ve 2020 yilinda
2049307 olacag tahmin edilmektedir (Cizelge 7). Bu
sonuglara gore trafik kazalarinin her y1l artis gosterecegi
ve kazalarin 6nlenmesi i¢in ¢ok ciddi 6nlemler alinmasi
gerektirdigi anlagilmaktadir.

Bu g¢alismada, doneme ait en uygun
zaman serisi modeli ARIMA (0, 2, 3) seklinde

X, =2X,_, -X,,-0432¢_ +0.360¢_,-0.693¢, , +e,

olarak belirlenirken, Ogiit ve Iyinam (1998)’n
calismasinda, 1977-1996 donemi aylik trafik
kazalarmin zaman serileri ile modellenmesi i¢in
AR(1), MA(1) ve ARMA(1,1) modelleri gelistirilmis

ve bunlardan X, =e, +0.442e, , seklindeki MA(1)
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modelinin daha uygun oldugu belirlenmistir. Akkaya
ve Altintas (2001)’in  g¢alismasinda, 1989-1999
donemi icin yapilan istatistik zaman serisi analizi
sonuglarina goére, doneme ait trafik kazalar yilda
ortalama yiizde 17 oraninda artis gostermistir. Bayata
ve Hmislioglu (2010)’nun ¢aligmasinda, zaman serisi
analizinde kurulan modeller arasinda belirlenen en

uygun modelin ARIMA 0,1, 1)(0,0,2), oldugu
anlagilmistir. Elde edilen model ile gelecek aylarda
meydana gelmesi muhtemel trafik kazalarinin giivenilir
bir sekilde tahmin edilebilecegi goriilmiistiir. Codur
ve ark. (2013) caligmalarinda, karayolu giivenliginin
degerlendirilmesinde Genellestirilmig Lineer
Regresyon Modeli ile mevcut bdlinmiis yollarda
kazaya karigsan agir araglarin yiizdesi, yaz mevsiminde
olan kazalarin yiizdesi ve yatay kurp sayisi arttiginda
kaza sayilarinin azaldigi; buna karsin diisey kurp
sayisinin, yol kesim kilometresinin ve YOGT (Yillik
ortalama giinliik trafik)’nin artmasi ile kaza sayilarinin
artt1ig1 bulunmustur.

Sonug olarak, bu ¢alismada ve benzer ¢alismalarda
goriildiigi gibi, trafik kazalar1 zaman serileri ile
modellenebilmektedir. Calismada olusturulan
ARIMA (0, 2, 3) modeli ile ileriye yonelik kaza
tahmini yapilabilmektedir. Trafik ile ilgili iilkesel
projeksiyonlarda yararli olmast umulur.
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Adsorption Equilibrium of Pb** Removal from Aqueous Solutions
Using Spent Batteries

Isaiah Adesola OKE!

ABSTRACT: The main goals of water treatment at adequate quantity and quality are to improve the living con-
ditions, reduce poverty among the people and to ensure human and economic development. This paper presents
a report on removal of lead using a household waste (spent batteries). Spent batteries were collected, sectioned,
carbon rods (cathode) were removed washed with distilled water and characterized. Carbon rods were ground into
powder and sieved into different particle sizes. Properties of the powdered carbon rods (PCR) were studied. Ad-
sorption properties of PCR were studied using synthetic lead solutions, typical raw water and domestic institutional
wastewater with a particular attention to its equilibrium isotherms.

The study revealed that PCR has pores, it adsorbed Pb** from aqueous solutions (synthetic lead solution, raw water
and domestic institutional wastewater). Equilibrium isotherms for Pb** adsorption from aqueous solutions can be
grouped into two based on the values of correlation coefficient (R?) as follows: equilibrium isotherms with R>>0.95
(Langmuir, Freundlich, Sips, Langmuir- Freundlich, Crombie-Quilty and McLoughin, Temkin,Koble- Corrigan,
Fritz and Schlunder models) and R?< 0.95 (Hasley and Redlich- Peterson). Applicability of the process to lead ion
removal from aqueous solutions showed that PCR can be used as an adsorbent for Pb** ions removal from aqueous
solutions.
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It was concluded that PCR is a good adsorbent for Pb?* ions removal from aqueous solutions.

Keywords: Spent batteries, cathode, powdered carbon rods (PCR), adsorption properties, lead removal, equilibri-
um isotherms

Atik Pilleri Kullanarak Sivi Cozeltilerden Kaldirilan Pb* nin
Absorbsiyon Denklemi

OZET: Yeterli miktar ve kalitede su temin etmenin amaglari, yasam kosullarin1 gelistirmek, insanlar arasindaki
yoksullugu (sefaleti) azaltmak, ve insant ve ekonomik gelisimi garanti altina almaktir. Bu makale, evdeki atik
maddeleri (atik pilleri) kullanarak kursunun giderimi ile ilgili bir rapor sunmaktadir. Kullanilmis piller toplanildi,
bdliimlere ayrilds; katotlar, distile edilmis suyla yikandi ve 6zellikleri belirlendi. Karbon g¢ubuklar, toz haline geti-
rilip, farkli partikiil biiyiikliige sahip eleklerden gegirilmistir. Toz haline getirilmis karbon ¢ubuklarinin (THGKC)
ozellikleri arastirildi. THGKC’ nin denge izotermlerine olan ilgiden dolayi; sentetik kursun ¢6zeltisi, tipik ham su
ve yerli kurumsal atik kullanarak THGKC nin absorbsiyon &zellikleri incelendi.

Bu calismada, gozenekleri olan THGKC, sulu ¢ozeltiden (sentetik kursun ¢ozeltisi, tipik ham su, ve yerli
kurumsal atik) Pb** absorbe edildigi ortaya ¢ikmustir. Sulu ¢ozeltisindeki Pb?* absorbsiyonu i¢in korelasyon
katsayilar1 baz alinarak denge izotermleri iki gruba ayrilabilir. Bunlar, R*> 0.95 (Langmuir, Freundlich, Sips,
Langmuir- Freundlich, Crombie-Quilty and McLoughin, Temkin, Koble- Corrigan, Fritz and Schlunder models) ve
R?< 0.95 (Hasley and Redlich- Peterson) seklinde ifade edilebilir.

Bu calismada, sulu ¢dzeltiden kursun iyonunun giderimi (kaldirilmasi) ile ilgili bu prosesinin uygulanabilirligi,
THGKC nin, sulu ¢ozeltilerden Pb?* iyonlarinin giderilmesini saglayan bir absorbent olabilecegini gostermistir.

Anahtar Kelimeler: Absorbsiyon 6zellikleri, atik piller, denge izotermler, katot, kursun giderimi, THGKC
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INTRODUCTION

Metals and their compounds are indispensable to
the industrial, agricultural and technological advance-
ment of any nation. The numbers of applications of
metals for commercial uses continue to grow with the
developments of modern Science and Technology. In-
evitably, industrial processes and spent commercial
(metallic) products generate large quantity of metallic
waste products, which are discharge into the water or
land-dump sites. It has been estimated that the toxicity
due to metallic discharge annually, into the environ-
ments far exceeds the combined total toxicity of all ra-
dioactive and organic wastes as measured by the quanti-
ty of waste required to dilute such wastes to the drinking
water standard (Ismail et al., 2009). This phenomenon
gives rise to the growing concern on the gradual build-
up of toxic metals such as lead, cadmium, chromium,
arsenic etc in the ecosystem. It is well known that Lead
in wastewater comes mainly from the discharge of bat-
tery manufacturing, printing, dying and other industries
(Li et al., 2002). Other major sources of lead in the en-
vironment include lead-based paint, household dust and
food containers. Lead has been found to be acute toxic
to human beings when present in high amounts in wa-
ter. Studies have shown that young children, infants and
pregnant women are particularly susceptible to unsafe
lead levels. For adults, increased levels of lead have
been linked to high blood pressure and damaged hear-
ing. Drinking, eating, inhaling even at low level of lead
can cause other serious health effects.

Lead is a soft highly malleable, bluish-gray me-
tallic element of poor electrical conductor and high re-
sistant to corrosion. Lead (Pb) is used primarily in the
storage of batteries, cable covering, plumbing ammuni-
tion and in the manufacture of lead tetraethyl (used as
an anti-knocking compound in gasoline). It has been in
use as a radiation shield from nuclear reactor to X-ray
equipment, in glass industries and in paints manufac-
turing. The most known compounds of lead are galena
(PbS), anglesite (PbSO,), cerussite (PbCO,) and min-
im (Pb,O,). Lead contamination of the environment is
primarily due to anthropogenic activities making it the
most ubiquitous toxic metal in the environment. Re-
search on Pb has become a dominant topic for environ-
mental and medical scientists for two obvious reasons:
It has no known biological use and it is toxic to most
living things. Lead readily bioaccumulates in the hu-
man-rich surface layer of the soils due to its complex-
ation with organic matter. It is the least mobile heavy
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metal in soils under reducing or non-acidic conditions.
Furthermore, it is one of the most common trace metal
contaminants in urban soils due to atmospheric depo-
sition from industries and automobile emission. The
health effects of lead on man and animals can be sum-
marised as follows: lead is not considered as an essen-
tial nutritional element; lead is a cumulative poison to
human with typical symptoms as anaemia, constipation,
gastrointestinal disturbance, tenderness and gradual pa-
ralysis in muscles; it impairment of haemoglobin and
porphyrin synthesis; and when Pb is ingested, there is
rapid uptake into red blood cells forming PbB, then into
soft tissues (kidney, bone marrow, liver and Brain) and
followed by a slower redistribution to mineralizing tis-
sues (bones and teeth, Oke et al., 2011).

However, most technologies presently employed
for lead removal are based on physicochemical pro-
cesses, such as dilution, adsorption, coagulation and
flocculation, chemical precipitation, oxidation, ion-ex-
change, reverse osmosis and ultra-filtration. Among
these processes, adsorption technology is attractive for
the lead treatment from the wastewater, due to its easy
availability, simplicity of design, high efficiency, ease
of operation, and ability to treat dyes in more concen-
trated form. Also, lead ions can be removed from solu-
tions by using pH adjustment, chemical treatment, ad-
sorption, electrochemical, ion exchange, precipitation,
evaporative recovery, and membrane processes.

Out of all these treatment processes, adsorption
has been found economical and applicable at all lev-
els. Also, the main advantage of adsorption is that it
is a cheap process with good metal recovery results.
Since lead ions can be found in groundwater and sur-
face water (which is the main source of water in rural
area of developed and developing countries). It is ad-
visable to study its removal using low cost adsorbents
such as powdered corn cobs, other agricultural products
and domestic wastes. In previous studies by various re-
searchers various agricultural products and solid wastes
have been studied. For examples, leaf mould, activat-
ed groundnut husk carbon, coconut husk and palm
pressed fibres, coconut shell activated carbon, coconut
shell, wood and dust coal activated carbons, coconut
jute carbon, coconut tree sawdust carbon, sawdust and
used tyres carbon, sawdust, cactus, olive stone/cake,
wool, charcoal and pine needles, rice husk carbon,
moss, sphagnum moss peat, coconut fibre compost,
maize cob, sugar beet pulp and cane bagasse, hazelnut
shell activated carbon, almond shell carbon, corncob,
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quaternized wood, cow dung carbon, waste slurry, iron
hydroxide, other materials such as different types of al-
gae, wheat bran, powdered eggshell, and carbon slur-
ry have been reported in literature (Oke et al., 2011).
Natural biomasses have been used as adsorbents, either
ones that are abundant locally or residual by-products
from industrial plants (Oke et al., 2011), algae, bacteria,
fungi, higher plants, and products derived from these
organisms, have been the potential to remove certain
chemicals species.

Also, many reports have appeared on the devel-
opment of low-cost activated carbon adsorbents de-
veloped from cheaper and readily available materials.
Khashimova et al. (2008) reported that the use of ad-
sorption for separation of pollutants from mixtures has
been increasing continuously and that the main advan-
tages of adsorption are its high selectivity compared
with other separation techniques and relatively high
capacity of the adsorbents for the pollutants even at low
concentrations. The importance of adsorption as water
purification process has been documented in literature.
Ho (2007) reported that about 9058 articles have been
published on adsorption of materials. Figure 1 presents
cumulative number of publications, total page counts,
number of authors and number of reference cited by
year. Activated carbons are widely used as adsorbents
because of their high adsorption abilities for a large
number of organic compounds (Oke et al., 2011).

However, the price of activated carbons is relative-
ly high, which limits their usage. Biosorption process-
es, which can be defined as the uptake of contaminants
through various physico-chemical mechanisms by inac-
tive/dead biological materials, are relatively easy to op-
erate and posses several inherent advantages, including
low cost, operation over a wide range of conditions and
possible reuse of biosorbents. Many biosorbent, includ-
ing bagasse pith, maize cobs, sunflower, peat, orange
peel, saw dust, coryne bacterium glutamicum, benton-
ite, steel-plant slag, fly ash, China clay, waste slurry,
and rice husk have been used to remove contaminants
from wastewater. In biosorption processes, numerous
groups presented that for certain biosorbents, carbox-
yl, carbonyl, sulphonate, sulphydryl, phosphonate, and
hydroxyl groups have proposed to contribute to binding
contaminants. These indicate that adsorption process is
an important process in environmental pollution con-
trol, but adsorption of lead ontopowdered carbon from
used dry cells is rare in literature, which calls for docu-
mentation of lead adsorption onto this house hold waste
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considering effects of lead on human’s health and on
the environment and availability of dry cells as solid
waste in developing countries such as Nigeria (Oke,
2007; Oke et al., 2007 a and b); Iran (Zand and Abduli,
2008; Almeida et al., 2009). The main aim of this study
was to investigate removal of lead from synthetic wa-
ter using house hold waste (carbon rods from dry cells,
cathode).

MATERIALS AND METHODS

Spent (Used) dry cells (R, Size D UM-1) were
collected from 2002 to 2009 from dustbins, solid waste
dump site and street collections. The batteries (dry
cells) were characterized, dismantled (sectioned ver-
tically) and the carbon rod (cathode) were removed,
washed with distilled water and air dried. The cathodes
removed were characterized and ground into powder.
Powdered Carbon Rods (PCR)were sieved into differ-
ent particle sizes. Properties of the powdered carbon
rods (moisture content, water solubility, acid solubili-
ty, ash, and volatile solid and metallic contents) were
determined. Structures (micrograph) of the adsorbent
were examined to ascertain its nature and porosity.
Adsorption properties of the adsorbent were studied
using synthetic lead solution and typical wastewaters
(raw water and domestic institutional wastewater) with
a particular attention to equilibrium isotherms. Envi-
ronmental economics analysis of PCR processing was
conducted based on literature. PCR was selected based
on availability in developing countries as solid wastes.

Moisture content: A well mixed samples of PCR
were evaporated in a weighed dishes to a constant
weight in an oven at 105°C (APHA, 1998). In detail,
the samples were weighed initially, dried in the oven
at 105 °C for 24 hours, cooled in desiccators and re-
weighed. The decreased in the weight of the PCR rep-
resents the moisture content as follows:

_ (D)
o= ")

1

Volatile Solid And Ash Content: Known masses
of dried samples used for moisture content determi-
nation were placed in crucible dishes and transferred
into a muffle furnace. The furnace was heated to 550°C
for 2 hours (APHA, 1998). The samples were cooled
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in desiccators to balance the temperature and the final
weights were measured. Volatile solid and ash content
of PCR were calculated as follows (APHA, 1998):

_ (2)
VS (%) = 100(M)
W

2

- (3)
Ash (%) = 100 (—3]
w

1

Water and acid solubilities:Known dried masses
of the samples were soaked in 300 ml of distilled water
and in 300 ml of 0.25 M of HCI (hydrochloric acid)
for 24 hours respectively. The samples were filtered out
using pre-dried and weighted filter paper (Number 1).
The samples and the filter paper were dried in the oven
at 105°C for 24 hours, cooled in desiccators to balance
the temperature and the final weights were measured.
Water and acid solubilities of PCR were calculated as
follows (APHA, 1998):

WS (%) = 100(%) “)

2

2

_ ®)]
AS (%) = 100(M)

Metal concentrations: A known mass of the PCR
was digested using nitric acid digestion method (APHA,
1998) and chemical components of the adsorbent were
determined using standard methods (APHA, 1998).
Specifically, 1.0 gram of PCR was digested using nitric
acid and total metal concentrations were determined
using spectormetry method. Metal concentrations were
computed as follows:

(6)
M, (mg/L)= (A*B)

1

In the preparations of lead solutions, procedures
specified in Standard Methods for the Examination of
Water and Wastewater (APHA, 1998) were followed.
Specifically a known mass (1.599g) of lead nitrate
(Pb(NO,),) was dissolved in 200 ml of distilled water,
10 ml of concentrated trioxonitrate (V) acid (HNO,)
was added, diluted to 1000ml mark using distilled wa-
ter and working solutions were prepared from the stock
solution. In the determination of adsorption capacities,
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300 ml of the lead solutions containing a known con-
centration (mg/L) of Pb*" were taken into five different
beakers and known masses (0.3, 0.5, 0.7, 1.0 and 1.2g)
of the adsorbent were added at a known initial pH. The
mixture was stirred at 60 revolutions per minute (rpm)
for 2 minutes and allowed to settle for 18 hours (when
equilibrium concentrations have been reached). The
supernatant of the samples taken were filtered through
Whatman filter paper number 40 to prevent particulate.
Determinations of lead concentrations were conducted
using spectrophotometer method (APHA, 1998) and
spectrophotometer facilities available at Central Sci-
ence Laboratory ObafemiAwolowoUniversity, Ile-Ife,
Nigeria. Equilibrium and kinetics parameters and per-
centage lead adsorbed were computed by using equa-
tions (7 and 8) as follows:

(¢ -C,) (7)
q =~ __"¢ )
e M

0 (Co -C1)
RR(A)) = IOOT (8)

Effects of pH, initial Pb** concentration and particle
size of the PCR on adsorption properties were studied.

RESULTS AND DISCUSSION

The results of this study have been presented and
discussed in the following ways: types of spent batter-
ies collected characterization of the cathode, selected
properties of PCR and adsorption properties (equilibri-
um models) of Pb*onto PCR. Comparison between the
result and other results from literature.

TypesofSpentBatteries: Figure 2 (a and b) pres-
ents various R, Size D UM-1 batteries collected. Out
of about 150, 000 spent batteries collected the orders
of their numbers are as follows: Tiger > flash >XionlJi-
an>Berec (England and Nigeria) > Duracell > Tudor >
others. Figure 2(c, and c,) presents vertical section (dis-
mantled) batteries as presented in another paper (Oke

et al., 2010).

Characterisation Of The Cathode :Table 1 pres-
ents physical properties and chemical composition of
the cathode. From the table it can be seen that it con-
tains no cadmium (Cd), arsenic (As), chromium (Cr)
chloride (CI'), sulphate (SO,*), lead (Pb’*+), manganese
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(Mn) and zinc (Zn). This indicates that utilization of
PCR as an adsorbent cannot impose any danger or harm
on the environment and human’s health rather it will
help in cleaning the environment as follows:

Removal of Pb** by PCR (as it is known that lead
is toxic and harmful to man);

Removal of spent batteries reduces solid wastes
disposal problem as in developing countries there is no
law against disposing the waste in the municipal waste.
Figure 3 presents environmental economic analysis of
spent batteries removal from the environment. Litera-
ture such as Almeida et al (2006) present properties of
AA household alkaline batteries [Table 1 (a)]

Properties of PCR: Figures 4 - 9 present micro-
graphs of the PCR of different particle size recorded
at same magnification of using Accu-scope micro-
scope of 0524011 model. The Micrographs clearly
revealed the surface texture and porosity of the ad-
sorbent with holes and small openings found on the
surface indicating that it would increase the contact
area and facilitate pore diffusion during adsorption.
Availability of these pores (opens) makes it possible
for PCR to accommodate Pb*" through settlement of
the pollutants on PCR. Literature such as Wu et al
(2006) provides SEM of graphite (Figure 10 pres-
ents SEM as obtained from literature).

Table 1. Selected properties of carbon rods and powdered carbon rods

Property Mean Maximum Minimum Standard Deviation
Ash (%) 99.78 99.82 99.77 0.02
Volatile Solids (%) 0.22 0.23 0.18 0.02
Moisture content (%) 0.25 0.26 0.25 0.00
Water Solubility (%) 3.43 3.49 3.37 0.05
Acid Solubility (%) 5.98 6.09 5.87 0.08
Density (g/cm?) 1.48 1.50 1.45 0.02
Mass (g) 5.53 5.63 5.43 0.08
Sulphate(mg/g) 0.00 0.00 0.00 0.00
Chloride (mg/g) 0.00 0.00 0.00 0.00
As (mg/g) 0.00 0.00 0.00 0.00
Cd (mg/g) 0.00 0.00 0.00 0.00
Chromium (mg/g) 0.00 0.00 0.00 0.00
Copper (mg/g) 0.00 0.00 0.00 0.00
Lead (mg/g) 0.00 0.00 0.00 0.00
Manganese (mg/g) 0.01 0.01 0.01 0.00
Zinc (mg/g) 0.05 0.05 0.05 0.00
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Adsorption Equilibrium Of Pb?* Removal from Aqueous Solutions Using Spent Batteries

Adsorptionproperties (equilibriummodels) of
Pb?**onto PCR: Adsorption properties can be expressed
in two ways as equilibrium isotherms and kinetics mod-
els.

Equilibrium is otherm models: It is well known
that isotherm data are basic requirements for the design
of adsorption reactors and analysis of adsorption iso-
therm is an important thing in environmental pollution
control. The key thing is to develop an equation which
will accurately represent the results and which can be
used for design purposes (Aksu, 2002). This informa-
tion can be used to study the adsorption kinetics of a
single component, adsorption equilibria of multicom-
ponent systems, and adsorption kinetics of multicom-
ponent systems. There are many basic adsorption equi-
librium isotherm models, which include: Langmuir,
Freundlich, Crombie-Quilty and McLoughin (activat-
ed sludge), BET, Nerst and activated sludge isotherms
(Oke et al., 2008), Temkin and Redlich- Peterson iso-
therms (Otun et al., 2006 (a) and (b); Ho and Mckay,
1998(a) and(b), Gile’s classification isotherms (Esmaili
et al., 2005), Toth (Toth, 1983) ; Dubinin—Radushkev-
ich (Nameni et al., 2008); Khan (Kim et al., 2002); Fritz
and Schlunder (Kim et al., 2002) . Langmuir, Freun-
dlich, Temkin, Dubinin—Radushkevich, (Nameni et al.,
2008), Sips, Radke-Prausnitz (Olarinoye et al., 2011),
ideal adsorbed solution theory (I4ST) and Redlich-
Peterson isotherms are some of the isotherms that are
commonly used in engineering applications. Literature
such as Hwang et al., (1991); Moon et al., (1989); My-
ers and Prausnitz (1965) provides information on IAST
and on vacancy solution theory (VST). Table 2 shows
various adsorption equilibrium isotherms for single
component solutions.

Langmuir model: Langmuir isotherm is physi-
cally plausible isotherm, which was developed from a
theoretical consideration, which is based on three as-
sumptions, namely: adsorption cannot proceed beyond
monolayer coverage, all surface sites are equivalent
and can accommodate at most one adsorbed atom; and
the ability of a molecule to adsorb at a given site is in-
dependent of the occupation of neighbouring sites. At
equilibrium there is no net change of surface coverage,
the rate of change of concentration due to adsorption
should be equal to the rate of change of concentration
due to desorption. As a result the Langmuir isotherm is
expressed as (Oke et al, 2008):
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_ab,C, 9)
1e l1+a,C,

Rearranging equation (9) to give equations (10 and
11) make the equation to be linearised, from which the
values of a and b can be determined from slope and
intercept respectively.

1 1+a,C, (10)
q. ab,C,

1 1 1 1
= — 4 — (11)
q. b, ab, C,

Table 3 shows results of the adsorption capacity
analysis of Pb* onto PCR using equilibrium models.
The estimated adsorption parameters by the Langmuir
model are shown in Table 3 (Figure 11a). The values of
Langmuir constants a, and b, (0.276 L/ mg and 6.039
mg/mg respectively) and the squared of regression co-
efficient (R? = 0.964) suggested that the adsorption of
lead ion onto PCR can be modelled by the Langmuir
isotherm. The value of b, indicates that PCR as an ad-
sorbent that would be effective when initial concentra-
tions of lead ion are high. It (b ) relates adsorption of
lead ion to the sorption potential of the PCR. Also, the
value of b shows that with an increase in PCR dose,
the equilibrium adsorption capacity,(q,), will decrease
[Adie et al., 2010]. These values of parameters (a, and
b ) were lower than the values obtained for HSAC at
pH of 1, 1.5, 2.0 and 3 but higher than values at pH of
6 and 8, which indicate that PCR is a valuable adsor-
bent as HSAC (hazenut shell activated carbon). Also,
the value of adsorption capacities were higher than
adsorption capacities of some materials such as china
clay, coke, spruce sawdust, illite clay, soil kaolinite clay
and linden saw dust (Table 4). Furthermore, the value
of'b, revealed that 6.039mg of lead ion was removed by
1.00 gram of PCR. This adsorption value indicates that
adsorption of lead ion onto PCR was not only based
on physical adsorption but involved flocs formation and
charges attraction (involved both chemical and physi-
cal adsorptions). Applicability of the technique on raw
water and domestic institutional samples revealed that
the technique is applicable with Langmuir parameters
(b, and a,) found to be 5.461 mg/g (that is 5.461mg of
lead ion was removed by 1.0g of PCR from raw wat-
erand 22.779 mg/g, that is 22.779 mg of lead ion was
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removed by 1.0g of PCR from domestic institutional
wastewater which are known to be multi-component
systems), and 0.278 L/mg and 0.076 L/mg respective-
ly. Although, the values for raw water were lower than
expected values (from synthesis Pb*" aqueous solution),
this might be attributed to heterogenic nature of the raw
water. These results revealed that PCR as an adsorbent
that will be applicable in the separation of pollutants
from aqueous solutions as it is known that adsorption
processes in wastewater treatment and water treatment
plants as well as in the aquatic environment take place
in multi-components (Adie et al., 2010).

It has been well documented that the essential char-
acteristic of the Langmuir isotherm may be expressed in
terms of the dimensionless parameter (R,). R, has been
defined as the isotherm shape that predicts if an adsorp-
tion system is favourable or unfavourable. Literature
(Adie et al., 2010; Oke et al., 2008) states that R indi-
cates the isotherm shape according to the following ad-
sorption characteristics, R > 1 (is unfavourable), R, =1
(linear adsorption), R = 0 (is irreversible) and 0<R <1

(is favourable) It has been expressed as follows:

1

- (12)
1+b,C,

Ry

For lead ion adsorption onto PCR the value of R
was found to be 0.014; 0.268 and 0.049 (0< R, <1) for
synthetic wastewater, raw water and domestic-institu-
tional wastewater respectively. These values of R, indi-
cate that adsorption of lead on PCR is favourable (Adie
et al., 2010), but the adsorption will be influenced by
higher initial lead ion concentrations and adsorption ca-
pacities may increases at higher adsorbent mass .

Freundlich Model: The Freundlich isotherm is an
empirical relationship, which often gives a more satis-
factory model of experimental data (Oke et al., 2008). It
can be expressed as shown in equation (13). Figure 12
(a, b and c) showsFreundlich model of the adsorption,
while Table 3 presents values isotherm parameters by
Freundlich model.

q.= K, (13)
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From figures it can be seen that non-linear relation-
ship was used, this was done based on literature (Ho,
2006). From the figures the values of K and N (Freun-
dlich constants) can be obtained by plotting adsorption
capacities against equilibrium concentration. The esti-
mated adsorption parameters by the Freundlich mod-
el are as shown in Figure 12. The values of K, (1.486,
5.051 and 0.914 mg/g) andN values (0.393, 0.936 and
1.926 L/mg) from the Freundlich isotherm (Figure 12)
suggests that the adsorption capacities of PCR were
high and that any large change in the equilibrium con-
centration of lead ion would not result in a remarked
change in the amount of lead ion adsorbed by PCR. The
correlation coefficients (R?) for Freundlich isotherm are
0.999, 0.999 and 0.956 for synthetic, raw water and do-
mestic institutional wastewater representing goodness
of fits of the observed data. These high squared cor-
relation coefficients confirm literature on Freundlich
isotherm (Oke et al., 2008). The values of K. and N,
were different from the values documented in Mamd-
outh et al (2004) and in Kobya (2004), which indicate
that adsorption onto materials with carbon or agricul-
tural materials is different from adsorption onto PCR
and adsorption capacities is a function of the material
used and its components. Figures 13, 14 and 15 pres-
ent relationships between pH and Freundlich isotherm
parameters, particle size and Freundlich parameters,
initial lead concentration and Freundlich parameters re-
spectively.A study on effects of, pH, particle sizes and
initial Pb* concentration on the adsorption capacities
revealed that adsorption of Pb** onto PCR depends on
particle size of PCR and initial concentration of lead
ion (Figures 13, 14 and 15). These phenomena can be
attributed to increases surface area and availability of
charged pore.

Crombie-Quilty and McLoughin model: Oke
et al (2008) reported that the Crombie-Quilty and Mc-
Loughin isotherm was developed by Crombie-Quilty
and McLoughin, the model describes floc formation
at an equilibrium concentration. The model (Crom-
bie-Quilty and McLoughin model) is known as activat-
ed sludge model. The activated adsorption equation is
as shown in equation (14).

1
C\N, (14)
q. = Km( )

M
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Like Freundlich isotherm model, non-linear rela-
tionship was used based on the same reason. From the
figure the values of K and N were obtained by plot-
ting adsorption capacities against equilibrium concen-
trations. The estimated adsorption parameters by the
activated adsorption model are as shown in Figure 16
(a, b and ¢) and Table 3. A low level of K_ (4292.30)
from the activated sludge isotherm suggests that the
tendency of floc formation during adsorption is possi-
ble but at a higher rate. A higher 1/N_value of 1.111
(greater than 1) from the activated sludge isotherm
suggests that any large change in the equilibrium con-
centration of lead ion would result in a change in the
amount of lead ion floc formation by PCR. The squared
correlation coefficient (R?) for activated sludge iso-
therms (0.969) also represents an excellent fitness of
the observed data for synthetic wastewater. The test for
applicability revealed that the technique is applicable
with Crombie-Quilty and McLoughin parameters (K
and N ) were found to be 22.287 mg/g and 2.198L/mg,
and 0.253 mg/g and 1.435 L/mg for raw water and do-
mestic institutional wastewater respectively.

Hasley model: Literature reported that the Has-
ley isotherm was developed by Hasley, the model de-
scribes floc formation at an equilibrium concentration.
The Hasley adsorption equation is as shown in equation
(15).

1

K, \Ny
o[

(15)

Like Freundlich, Crombie-Quilty and McLough-
in isotherm models, non-linear relationship was used
based on the same reason. From the figure the values of
K,, and N,, were obtained by plotting adsorption capac-
ities against equilibrium concentrations. The estimated
adsorption parameters by the activated adsorption mod-
el are as shown in Figure 17 (a, b and c) and Table 3. A
high level of K, (15.55)from the Hasley isotherm sug-
gests that the tendency of floc formation during adsorp-
tion is possible but at a higher rate. A higher 1/N, value
0f 0.125 (less than 1) from the Hasley isotherm suggests
that any large change in the equilibrium concentration
of lead ion would result in a change in the amount of
lead ion floc formation by PCR. The squared correlation
coefficient (R?) for Hasley isotherms (0.845) also rep-
resents an average fitness of the observed data for syn-
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thetic wastewater. The test for applicability revealed
that the technique is applicable with Hasley parameters
(K and N ) were found to be 6.580 mg/mg and 14.577
L/mg, and 0.552 mg/mg and 13.62 L/mg with R* of
0.999 and 0.795 for raw water and domestic institution-
al wastewater respectively. These results disagree with
literature on comment on Hasley isotherm model.

The Temkin isotherm model: The Temkin iso-
therm model is an empirical relationship, which often
gives a more satisfactory model of experimental data
(Adie et al., 2010). It can be expressed as shown in
equation (16). Figure 18 (a, b and c¢) shows Temkin iso-
therm model of the adsorptions.

q.= a, + 2.3b logC, (16)

From the figure, the values of a and b, (Temkin’s
constants) were obtained by plotting of adsorption ca-
pacities against equilibrium concentrations. Estimat-
ed adsorption parameters by the Temkin model are as
shown in Figure 18 (Table 3). The values of a (3.685L/
mg) and b, (18.853 mg/g) from the Temkin isotherm
suggests that the adsorption capacity of PCR was high
and that any large change in the equilibrium concentra-
tion of Pb*" ions would not result in a marked change in
the amount of Pb** ions adsorbed by PCR. The squared
correlation coefficients (R*) for Temkin isotherm is
0.967 representing a good fitness (R*> 0.95) of the ob-
served data [Adie et al., 2010; Ismail et al., 2009]. This
high squared correlation coefficient indicates that Tem-
kin isotherm model can be used to model adsorption
of Pb* ions onto PCR correctly. The values of R?, a
and b, were different from the values documented in
literature such as Otun et al [2006b], which indicate
that adsorption of Pb?** PCR can be model by Temkin
equation like adsorption of lead ion onto synthetic hy-
drous stannic oxide, unlike Pb*" unto PCC (Ismail et
al., 2009). Figure 18 (b and c) presents the parameters
by Temkin model using raw water and domestic institu-
tional wastewater samples respectively.

The disadvantage of the Freundlich model is that
it does not reduce to Henry’s law as the concentration
approaches zero. Redlich—Peterson, Sips, Langmuir-
Freundlich, Koble- Corrigan and Fritz- Schhundler
modelsfulfil this condition. These models have a linear
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dependence on concentration in the numerator and an
exponential function in the denominator. It may be rep-
resented by the equations (17 - 21) as follows:

e
q,= —L¢ (17)
¢ 1+b,C8
atscg’b (18)
de =
1+ B,,CErs
K
qmk, CELF
g = Imtie (19)
1+ K,C,
a,. Cgk( (20)
de =
(1+bk_ oL )
v @1
qm/_soc féce‘
de = -
Y /
(1 +oc'beefg’ ]

The Redlich- Peterson isotherm is an empirical re-
lationship, which often gives a more satisfactory model
of experimental data. Figure 19 (a, b and c) and Table
3 show Redlich- Peterson model of the adsorption and
their values respectively.

(17)

Ce
1+ BICZ

For 3, = 1, the equation converts to the Langmuir
isotherm; for 1 >>B C' it simplifies to Henry’s law;
and for 1 <<f3 C, it is identical with the Freundlich iso-
therm. The linear form is given in equation (17a) from
which the constants ., y and 8, which characterized the
isotherm can be determined.

e . 1, by (17a)

de O Oy

Plotting ratio of equilibrium concentration and
equilibrium parameter on the left hand side against
equilibrium concentrations the unknown parameters
were found (Figure 19). From the figure the values of
a., v and B, were obtained. The estimated adsorption pa-
rameters for the Redlich- Peterson model are shown in
Figure 19 and Table 3. The values of a,(1.451 L/mg);
Y (0.634mg/g) and B, (0.140mg/g) by the Redlich- Pe-
terson isotherm for synthetic wastewaters, o, (4.184 L/
mg); y (0.086mg/g) and B, (1.247mg/g) for raw water
and a.(17.057 L/mg); y (0.353 mg/g) and B, (15.157
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mg/g) for domestic institutional wastewater suggest
that the adsorption capacity of PCR was high and that
any large change in the equilibrium concentration of
Pb*" ions would not result in a remarked change in the
amount of Pb** ions adsorbed by PCR. The squared
correlation coefficients (R?) for Redlich- Peterson iso-
therm are 0.822, 0.818 and 0.839 for synthetic waste-
water, raw water and domestic institutional wastewater
respectively. These values of R? represent media fitness
(0.75 < R2<0.95) of the observed data for adsorption
Pb** ions adsorption onto PCR. The value of o and 3,
for this model are different from the values documented
in literature such as Mamdouth et al [2004], Oke et al
[2008] and in Kobya [2004], which indicate that ad-
sorption onto carbon is different from adsorption onto
PCC and PES.

The Sips, Koble- Corrigan, Fritz- Schhundler or
Langmuir- Freundlich isotherm also contains three pa-
rameters like Redlich- Peterson isotherm. The Sips iso-
therm can be represented as

(18)

o _ o, CZ ts
e = —=
I+ B, CYs

Like Redlich- Peterson isotherm model, for § =
1, the equation converts to the Langmuir isotherm; for
1>>p C it simplifies to Henry’s law; and for 1
<<B, C' it is identical with the Freundlich isotherm.
The linear form is given in equation (18a) from which
the constants a. , v and B which characterized the
isotherm can be determined.

I
qe ats

Plotting ratio of equilibrium concentration and
equilibrium parameter on the left hand side against
equilibrium concentrations the unknown parameters
were found (Figure 20). From the figure the values of
o, v and 3, were obtained. The estimated adsorption
parameters for the Redlich- Peterson model are shown
in Figure 20 and Table 3. The values of o (1.445 L/
mg); v, (2.576mg/g) and B (0.036mg/g) by the Sips
isotherm for synthetic wastewaters, o (4.810 L/mg);
Y, (0.967mg/g) and B_ (0.108mg/g) for raw water and
0, (2.974 L/mg); vy, (1.376 mg/g) and B (0.045 mg/g)
for domestic institutional wastewater suggest that the

(18a)
J b

C§’S s
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adsorption capacity of PCR was high and that any large
change in the equilibrium concentration of Pb*" ions
would not result in a remarked change in the amount
of Pb*" ions adsorbed by PCR. The squared correlation
coefficients (R?) for Sips isotherm are 0.988, 0.962 and
0.956 for synthetic wastewater, raw water and domestic
institutional wastewater respectively. These values of
R? represent high fitness (R* > 0.95) of the observed
data for adsorption Pb** ions adsorption onto PCR.

The Koble- Corrigan isotherm can be represented
as

(20)

A e CZ ke
de = ————
(1 + Bkc CZ ke )

Like other three parameters models, for = 1,
the equation converts to the Langmuir isotherm; for 1
>>B C . it simplifies to Henry’s law; and for 1 <<
C'_ it is identical with the Freundlich isotherm. The lin-
ear form is given in equation (20a) from which the con-

stants o, v, and 3, . which characterized the isotherm
can be determined.
B (20a)
1 1 1
N y ke
qe o ke C ¥ ke a ke
e

Plotting equilibrium parameter on the left hand
side against equilibrium concentrations the unknown
parameters were found (Figure 14). From the figure the
values of o, , v, and B, were obtained. The estimated
adsorption parameters for the Koble- Corrigan mod-
el are shown in Figure 21 and Table 3. The values of
o, (1.445 L/mg); v, (2.576mg/g) and B, (0.036mg/g)
by the Koble- Corrigan isotherm for synthetic waste-
waters, o, (4.810 L/mg); vy, (0.967mg/g) and B,
(0.108mg/g) for raw water and o (2.974 L/mg); vy,
(1.376 mg/g) and B, (0.045 mg/g) for domestic institu-
tional wastewater suggest that the adsorption capacity
of PCR was high and that any large change in the equi-
librium concentration of Pb*" ions would not result in a
remarked change in the amount of Pb*" ions adsorbed
by PCR. The squared correlation coefficients (R?) for
Koble- Corrigan isotherm are 0.988, 0.962 and 0.956
for synthetic wastewater, raw water and domestic in-
stitutional wastewater respectively. These values of R?
represent media fitness (R?> 0.95) of the observed data
for adsorption Pb*" ions adsorption onto PCR.
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The Fritz- Schhundler isotherm can be represented
as

21

oY s
e

Y s
(1+oc_ﬁ,C e )

e

D ings & £

de =

Like other three parameters, for o = 1, the equa-
tion converts to the Langmuir isotherm; for 1 >>a, C'_
it simplifies to Henry’s law; and for 1 <<o., C'_ it is
identical with the Freundlich isotherm. The linear form
is given in equation (21a) from which the constants o, ,
Yy, and q . which characterized the isotherm can be de-
termined.

(21a)

1 1
+

CY fst qus
e

LI !
9, D@ 4

Plotting ratio of inverse of equilibrium concentra-
tion and equilibrium parameter on the left hand side
against equilibrium concentrations the unknown pa-
rameters were found (Figure 22). From the figure the
values of o, v, and q_, were obtained. The estimated
adsorption parameters for the Fritz- Schhundlermodel
are shown in Figure 22 and Table 3. The values of q_,
(0.728 mg/g); v, (2.542 mg/g) and o, (2.045 L/mg) by
the Fritz- Schhundler isotherm for synthetic wastewa-
ters, q_. (2.165 mg/g); v, (1.086 mg/g) and o, (2.410
L/mg) for raw water and q_. (0.734 mg/g); v, (0.716
mg/g) and a, (1.776 L/mg) for domestic institution-
al wastewater suggest that the adsorption capacity of
PCR was high and that any large change in the equi-
librium concentration of Pb*" ions would not result in a
remarked change in the amount of Pb?* ions adsorbed
by PCR. The squared correlation coefficients (R?) for
Fritz- Schhundler isothermare 0.999, 0.999 and 0.945
for synthetic wastewater, raw water and domestic in-
stitutional wastewater respectively. These values of R?
represent good fitness (R> 0.95) of the observed data
for adsorption Pb** ions adsorption onto PCR.

The Langmuir- Freundlich isotherm can be repre-
sented as

QmKtCeKLF

e = (22)

K,
1+K,Cor

For K = 1, the equation converts to the Langmuir
isotherm; for 1 >>K C*'* it simplifies to Henry’s law;
and for 1 <<K C*'* it is identical with the Freundlich
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Table 2. Adsorption equilibrium isotherm for single component aqueous solutions (Source: Oke et al., 2011)

7+ (b, C.) 1/k)

Type Relationship Parameters
. _ ab,C,
Langmuir q., = m aand b,
1/N
: = f
Freundlich q, = Kf Ce K and N,
O‘tCe
Redlich—Peterson e = . ﬁ,CZ o, yand
Temkin q, = a, + 2. 3bz log Ce a and b,
C 1/N,,
Crombie-Quilty and McLoughin q. = K, ( A; ) K andN_
. — ats Cg -
Sips de = 71 B, Clos a, v, and B
4K CE
Langmuir- Freundlich = — , K _and K
: 1+ K CKr o Ky and K,
g 1 ttgt C.
e 7 z o and
(1+euctn )(7) o o A
Toth
g _ a,C,
e
(b + 9 )(g],, ) att, 6(( and Yn
z e
(%), P
qe Ce (CY rp ) (er’ erand I3rp
e
Radke-Prausnitz
I, Ce
q - __w °
¢ (1 + arp CZ “ ) arp’ Ymand qrp
q. = Gk ) Ce
Khan e ( I+oy Ce) Y o, yandq_,
g
D@ g ¢ eﬁ ‘
Fritz and Schhunder e = S or O Ygand q
(1 +a ¢ - )
- e
Linear de = K p Ce k,
(1/k;)
b,,C 4
Loading ratio g = L (CH=P) q, b and k,

Four parameters

Ce = 070, (Otgqm +a3)

o, o, oy and g,

Koble - Corrigan

de D —
(1+bk Cgk )

Dubinin—Radushkevich q, = X . Exp (— ke? ) X, kande
kC_ + (kC_)°T,
Statistical qe = ( L KC. + (K r2 ) k
1
Halsey de = (@J”H k,and n,
Ce
agz c«

akc, |3kc and ch
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isotherm. The linear form is given in equation (22a)
from which the constants q_, K, . and K, which charac-
terized the isotherm can be determined.

(22a)
1
qﬂl Kt

1 1
+ —

KE

e

C Im

Plotting ratio of inverse of equilibrium concentra-
tion and equilibrium parameter on the left hand side
against equilibrium concentrations the unknown pa-
rameters were found (Figure 23). From the figure the
values of q_, K . and K were obtained. The estimat-
ed adsorption parameters for the Langmuir- Freundli-
chmodel are shown in Figure 23 and Table 3. The values
of q_(0.728 mg/g); K, (2.542 mg/g) and K (2.045 L/
mg) by the Langmuir- Freundlich isotherm for synthet-
ic wastewaters, q_(2.165 mg/g); K, . (1.086 mg/g) and
K, (2.410 L/mg) for raw water and q_(0.734 mg/g); K,
(0.716 mg/g) and K (1.776 L/mg) for domestic institu-
tional wastewater suggest that the adsorption capacity
of PCR was high and that any large change in the equi-
librium concentration of Pb*" ions would not result in a
remarked change in the amount of Pb** ions adsorbed
by PCR. The squared correlation coefficients (R?) for
Langmuir- Freundlich isotherm are 0.999, 0.999 and
0.945 for synthetic wastewater, raw water and domes-
tic institutional wastewater respectively. These values
of R? represent good fitness (R*> 0.95) of the observed
data for adsorption Pb** ions adsorption onto PCR. The
value of q_, K|, and K for this model are different from
the values documented in literature such as Mamdouth
et al [2004], Oke et al [2008] and in Kobya [2004],
which indicate that adsorption onto carbon is different
from adsorption onto PCC and PES.

Comparison with previous studies on Pb*" ad-
sorption on to other adsorbents: Ho (2007)

Ho(2007) reported that over 9000 articles either as
journal articles, conference proceedings or as a book
contributions have presented data on adsorption of pol-
lutants from aqueous solutions. Adie et al (2010) is one
the such articles, which provides information on ad-
sorption. Adie et al (2010) provides information (sum-
mary) on adsorption of Pb*" onto various adsorbents.
For some of these adsorbents Langmuir constant were
determined for comparison purpose. Table 4 presents
summary of the Langmuir constant for Pb* adsorption
onto selected materials as provided in literature, From
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the table the values of the constant varies from 0.368
mg/g (fly ash) to 1380 mg/g (waste slurry as an adsor-
bent). This result indicates that PCR is a better adsor-
bent than wollastonite, china clay and fly ash.

Table 3 shows results of the adsorption capacity
analysis of Pb?* onto PCR using equilibrium models.
From the table it can be seen these equilibrium isotherm
models can be classified into two groups based on the
value of their correlation coefficients (R?).

The classifications are as follows:

Isotherm with correlation coefficients (R?) less
than 0.960: These are Hasley and Redlich—Peterson
models. Lower correlation coefficients than 0.960 by
these equilibrium isotherm models indicate that they
cannot be used to predict adsorption of Pb** onto PCR
accurately.

Isotherm with correlation coefficients (R?)
greater than 0.960: These are Freundlich, Sips, Lang-
muir- Freundlich, Crombie-Quilty and McLough-
in, Temkin,Koble- Corrigan Fritz and Schlunder mod-
els. Higher correlation coefficients than 0.960 by these
equilibrium isotherm models indicate that they can be
used to predict adsorption of Pb* onto PCR accu-
rately. It also means that there is a good relationship
between the data (Oke et al., 2011). This observation
is similar to adsorption of Pb* onto some adsorbents
documented in literature and agrees with statements in
literature (Okeet al., 2011).

CONCLUSION
It can be concluded based on the study that:

PCR can be used to remove Pb?* from aqueous
solution, typical raw water and wastewaters;

Adsorption equilibrium isotherms of Pb*" onto
PCR can be grouped into two based on correlation
coefficients;

Adsorption equilibrium isotherms fit well into
Freundlich, Sips, Langmuir- Freundlich, Crom-
bie-Quilty and McLoughin,Temkin, Koble- Corri-
gan, Fritz and Schlunder models.
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Material R, (mg/g) Material R, (mg/g)

Waste slurry 1380 Kaolinite clay 9.37
Amberlite IR -120 1039 Kaolinite clay 6.46
Focus vesiculosus 600 Kaolinite clay 3.93
Ascophyllumnodosum 478 Wollastonite 1.68
Sargassumfluitans 378 China clay 0.411
Absidiaorchidis 351 Fly ash 0.368
Oxidized anthracite 259 Peat 122
Ascophyllumnodosum 257 Tea leaves 78.7
Algae 251 Sago 46.6

Spruce sawdust (phosphorylated) 224 Groundnut husks 39.4
Rhizopusnigricans 166 Grain 35.5
Peat 150 Sphagnum moss peat 30.7

Zoogloearamigra 110 Tree fern 40
Resting cells 110 HB leaf powder 46.73
Blast furnace sludge 79.9 HeveaBrasiliensis leaf powder 46.73
Inactivated cells 79.5 Sago waste 46.64
Tea leaves 78.7 Phosphatic clay 37.20
Montmorillonite clay 71.8 Live biomass 35.69
Penicilliumchrysogenum 63 NaOH treated spent grain 35.50
Sphagnum peat moss 61.9 Morroccanstevensite 34.16
Rhizopusarrhizus 55 Sawdust pinussylvetris 22.22
High carbon content sludge 55 Activated carbon (coconut shell) 26.51
Groundnut husks 39.4 Activated carbon (apricot stone) 22.85
Sphagnum moss peat 30.7 Granular activated carbon 21.50
Coke 19.1 Carbon nanotubes 16.14

Spruce sawdust 15 Powdered corn cobs 49.9
Mllite clay 14.1 Powdered carbon rod (synthetic 14.0

Soil 12.6 wastewater, this study) :
Linden 12 Powdered carbon rod (raw water) 26.8
Pov&./der.ed carbon rod (domestic 490
institutional wastewater) ’
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SYMBOLS

afs’ st&and qus

ak’ Ykand qu

akc, Bkc and ch

o, vand q

Vi am,and By

o and B,

o, and B,

(x'ts, [3[5 and Yts

aand b,

K and N,

k,and n,

K andN_

k

p

qm’ att, and Yn

68

: the mass of the adsorbent added (g),
.the percentage pollutant adsorbed (%);

: the volume of the sample used
(300ml) = 0.3L;

: the equilibrium solid-phase
concentration of sorbate (mg/mg);

: the initial concentration of arsenic

in the solution (mg/1);

: the experimental concentration in the
solution at equilibrium (mg/1)

: the experimental concentration in the

solution at time t (mg/1).

: theRedlich—Peterson isotherm
exponent(mg/g);

: Fritz and Schhunder’s isotherm parameter
(L/mg; mg/g; mg/g respectively);
. Khan’s isotherm parameter

(L/mg; mg/g; mg/g respectively);
: Koble-Corrigan’s isotherm parameters;

. Radke-Prausnitz’s isotherm parameter

(L/mg; mg/g; mg/g respectively);

the Radke-Prausnitz’s isotherm
exponent (mg/g) and parameters
(L/mg and mg/g) respectively;

: Temkin adsorption constants
(L/mg) and isotherm parameter
(mg/g)respectively;

: Redlich—Peterson isotherm parameters
(L/mg and mg/g);

. Sips isotherm parameters (L/mg);

: Langmuir adsorption constant

(L/mg) and Langmuir isotherm
parameter (mg/g) respectively;

: Freundlich isotherm exponent
(g/mg) and Freundlich isotherm
parameter (L/mg) respectively;

: Hasley’s isotherm parameters;

: constants for activated sludge
model t(1/g) and exponential constant
for activated sludge model
(mg/g) respectively;

: the isotherm constant for linear model;

. Toth isotherm parameters
(mg/g; L/mg; mg/g respectively);

q,,K and K  Langmuir - Freundlich isotherm
constants;

q,, b andk : Loading ratio’s isotherm parameters
(L/mg; mg/g; mg/g respectively);

X ,kande : Dubinin-Radushkevich’s isotherm

parameters;

a, 0,a,andq : Four parameters’ isotherm
N > m

parameter (L/mg; mg/g; mg/g

respectively)
A : concentration of the metals (mg/L)
AS and WS : acid and water solubility (%)
M_ and Ash : moisture and ash contents (%)
W, and W, : initial and final weight of PCR

after oven dry at 105°C

W, : final weight of PCR after 2 hours
burnt in the furnace at 550°C

W, and W, : dry weight of PCR after soaked
in water and acid respectively (mg)

VS : volatile solids (mg/g)

M, : metal concentration (mg/g)

R, : Langmuir constant

B : metal concentration of obtained from
AAS (mg/L)
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Kinetics of Adsorption of Lead onto Low Cost Adsorbents:
Comparison of Linear and Non-Linear Regression Methods

Isaiah Adesola OKE!

ABSTRACT: The purpose of this paper is to utilize common solid wastes (carbon rods from used batteries, egg
shells and corn cobs) as adsorbents for lead removal from aqueous solution. For this purpose, linear and non-linear
regression methods of widely used kinetics models were compared. Solid wastes (specifically, egg shells, corn cobs
and used dry batteries) were collected from selected location in Nigeria. The materials collected were washed with
distilled water, air-dried, ground into powder and classified using British Standard sieve. The mineral contents of
these adsorbents were determined. Adsorption capacities of powdered adsorbents were examined on synthetic lead
solution prepared by using standard method. The results of adsorption capacities analysed using linear and non-lin-
ear techniques were evaluated statistically. The present study reflected that these materials are good adsorbents
based on the micrograph and adsorption capacities. In the result of the statistical evaluations, non-linear regression
method is the best method to be used for: analysis adsorption kinetics model(intraparticle diffusion and pseudo sec-
ond order) based on high MSC (2.54, 2.34 and 2.57; 4.45, 4.15 and 4.22) and CD (0.960, 0.951 and 0.961; 0.994,
0.992, 0.992); low error (0.375, 0.325 and 0.213; 2.994, 2.604 and 2.909) and Chi squared value (0.030, 0.030 and
0.020; 0.180, 0.190 and 0.200) and determination of engineering parameters to prevent failure of adsorption reac-
tors. Cost analysis showed that these adsorbents are cheaper compared to the cost of producing other adsorbents
such as pen con shell based activated carbon (2.72 USD kg') and sugar cane based granular activated carbon by
steam (3.12 USD kg-).
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Kursunun Diisiik Maliyetli Absorbent ile Absorbsiyonunun
Kinetigi: Dogrusal ve Dogrusal Olmayan Regresyon Modellerinin
Karsilastirilmasi

OZET: Bu makalenin amaci, s1vi ¢ozeltiden kursun giderimini saglamak amactyla absorbentler olarak siradan
kat1 atiklardan (atik pillerin karbon ¢ubuklari, yumurta kabuklar1 ve misir koganlari) yararlanmaktir. Bu amag igin,
kinetik modellerde yaygin olarak kullanilan dogrusal ve dogrusal olmayan modellerin karsilastirilmistir. Bu kati
atiklar (atik kuru pillerin karbon ¢ubuklari, yumurta kabuklar1 ve misir koganlar) Nijerya’nin belli bolgelerinden
toplanmistir. Toplanan materyallar, distile su ile yikanildiktan sonra hava ile kurutulmus ve toz haline getirildikten
Ingiliz elek standartlar ile siniflandirilmistir. Toz haline getirilen absorbentlerin absorbsiyon kapasiteleri, standart
metotlar kullanarak hazirlanan sentetik kursun ¢ozeltisi ile incelenmistir. Absorbsiyon kapasiteleri, dogrusal ve
dogrusal olmayan analiz teknikleri ile degerlendirilmis, elde edilen sonuglar istatistiksel olarak degerlendirilmistir.
Calisma sonuglari, mikrograf ve absorbsiyon kapasitelerine bagli olarak incelenen materyallerin, iyi absorbent-
ler oldugunu gostermistir. Yapilan istatistiksel degerlendirmeler sonucunda, dogrusal olmayan modellerin, yiiksek
MSC (2.54, 2.34 ve 2.57; 4.45, 4.15 and 4.22) and CD (0.960, 0.951 ve 0.961; 0.994, 0.992, 0.992); diisiik hata
(0.375, 0.325 and 0.213; 2.994, 2.604 and 2.909) and ki-kare degerleri (0.030, 0.030 ve 0.020; 0.180, 0.190 ve
0.200) temelinde absorbsiyon kinetik modelleri (intra-partikiil difiizyon ve pseudo ikinci mertebe) i¢in kullanilan
ve absorbsiyon reaktorlerinin basarisizligini dnleyen en iyi metot oldugu saptanmistir. Maaliyet analizi, bu ab-
sorbentlerin diger absorbentlerden (aktive edilmis karbona dayali atiklar (2.72 USD kg') ve buharli taneli aktif
karbona dayali seker kamigi (3.12 USD kg-')) daha ucuz oldugunu géstermistir.

Anahtar Kelimeler: Cevre kirliligi, Pb** giderimi, regresyon modeller, sivi ¢6zelti, Toz haline getirilmis misir
kogan1 (THGMK).
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INTRODUCTION

Population growth and higher living standards
will cause ever increasing demands for good quality
municipal and industrial water, and ever increasing
sewage flows. At the same time, more and more potable
water will be needed to meet increasing demands for
food and for growing populations. Also, more and more
water will be required for environmental concerns such
as aquatic life, wildlife refuges, recreation and scenic
values. Thus, increased competition for quality water
and effective wastes management are expected. This
will require intensive management and international
cooperation. Since almost all liquid fresh water on the
planet occurs underground, groundwater will be used
more and more and, hence, must be protected against
depletion and contamination, especially from various
sources like intensive agriculture and solid waste
disposal (Bouwer, 2003).

Water resources management should be flexible
so as to be able to cope with changes in availability
and demands for water. This calls for integrated water
management where all pertinent factors are considered
in the decision making process. Such a holistic approach
requires not only supply management, but also demand
management (e.g., water conservation and transfer of
water to uses with higher economic returns), water
quality management, recycling and reuse of water,
economics, conflict resolution, public involvement,
public health, environmental and ecological aspects,
socio-cultural aspects, water storage (including long-
term storage or water “banking”), conjunctive use of
surface water and groundwater, water pollution control,
flexibility, regional approaches, weather modification
and sustainability. Proper solid wastes and water
management increasingly must be integrated with other
wastes management and environmental objectives such
as water and wastewater treatments.

Wastewater and water treatment processes are
pH adjustment, chemical treatment, adsorption,
electrochemical, ion  exchange, precipitation,
evaporative recovery and membrane processes. Out of
all these treatment processes, adsorption has been found
economical and applicable at all levels (Sa and Kutsa,
1995; Bhide et al., 1996; Ozer et al., 1997). Khashimova
et al (2008) reported that the use of adsorption for
separation of pollutants from mixtures has been
increasing continuously and that the main advantages
of adsorption are its high selectivity compared with
other separation techniques and relatively high
capacity of the adsorbents for the pollutants even at low
concentrations. Ho (2007) reported that about 9058
articles have been published on adsorption of materials.
It is well known that adsorption dynamics relationship
between sorbents and sorbates are described by
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sorption kinetics models. Table 1 presents adsorption
kinetics models. Adsorption kinetics models give
the capacity of a sorbent for a sorbate. Kinetics can
be obtained by examining batch reactions at fixed
operational conditions. Linear regression methods are
frequently used to determine the best-fitting isotherm
and kinetics. The linear least-squares method with
linearly transformed kinetics equations has also been
widely applied to confirm experimental data (kinetics)
using coefficients of determination.

In recent years, literature has highlighted the use of
non-linear regression methods in solving environmental
engineering problems (Oke and Akindahunsi, 2005;
Ho, 2006; Oke et al., 2006; Yeh and Chen, 2009; Oke,
2009). These call for statistical evaluation of non-
linear and linear regression methods to ascertain their
accuracy, reliability, good fitting and predictability
to prevent engineering failure of adsorption reactor,
which is a common phenomenon in both developed and
developing countries. There are several error analysis
methods, such as the coefficient of determination
(CD), the sum of the errors squared (SES), the Squared
Euclidean Distance, average relative standard error,
average relative error, sum of the absolute errors, sum
of the squares of the errors, a hybrid error function
(HEF), Marquardt’s percent standard deviation, the
average relative error (ARE), the sum of the absolute
errors (SAE), model of selection criterion (MSC) and
Chi-square have been used to determine the best-fitting
isotherm equation (Monte et al., 2003; Subhash, 1996;
Han et al., 2009; Kundu and Gupta; 2006; Han et
al., 2007; Allen et al., 2003; Ho, 2006; 2002). In this
study, the linear least-squares and non-linear regression
methods of widely adsorption kinetics models were
compared in an experiment examining lead sorption
onto low cost adsorbents (specifically, powdered corn
cobs, powdered egg shell and powdered carbon rods).
A software (SPSS 15) was used for both linear least-
squares and non-linear regression methods..

MATERIALS AND METHODS

Selected solid wastes (specifically, egg shells, corn
cobs and used dry batteries) were collected from selected
location in Nigeria. They (the materials collected)
were washed with distilled water, air-dried, ground
into powder and classified using British Standard (BS)
sieve. These adsorbents were selected on the basis of
their availability (Figure 1.) and their lower initial cost
of production. Powdered adsorbents with sieve sizes of
300-425 wm, 212-300 um, 75-150 um and 150-212 pum
were separated and stored in different desiccators. The
mineral contents of these adsorbents were determined
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by using AAS after acid digestion of 2 g samples of
the adsorbents (APHA, 1998) . Structures (Micrograph)
of the adsorbent were examined to ascertain its nature
and porosity. Adsorption capacities of powdered
adsorbents were examined on synthetic lead solution
prepared by dissolving a known mass of lead salt in
distilled water (APHA, 1998). Specifically, a known
mass (1.599g) of lead nitrate (Pb(NO,),) was dissolved
in 200ml of distilled water and 10 ml of concentrated
HNO, was added. The mixture was diluted to 1000ml
mark using distilled water and working solutions were
prepared from the stock solution. In the determination
of adsorption capacities 300ml of the lead solutions
containing 150.00 mg L -'of Pb?* each were taken into
different beakers and known masses of the adsorbent
were added at a known initial pH. The mixtures were
stirred at 60 revolutions per minute (rpm) for 3 minutes
and allowed to stand for 24 hours. The supernatants were
filtered through a filter paper Number 40 (Whatman)
to remove suspended solids and lead concentration
in the filtrate was determined (Concentration of Pb*
in the solution was determine hourly). The laboratory
determination of lead concentrations in synthetic
solutions were conducted by using procedures as
specified in APHA (1998) using the Alpha 4 Atomic
Absorption Spectrophotometer (AAS) (Chem Techn
Analytical) at the Central Science Laboratory,
Obafemi Awolowo University, Ile-Ife, Nigeria. The
final concentrations of Pb** were determined using
standard curves (not presented). The amount of solute
removed (adsorbed) was calculated using equation (1).
The percentage of lead ion removed (R, %) from the
solution was calculated using equation (2).

_(Co _Ct)
q, = TV (1

(¢, -c)

0

R, = 100 (2)

All the data presented are the average of the
replicates. The adsorption capacities of the adsorbent
through adsorption kinetics models were analyzed
using Levenberg Marquardt algorithm (1963) through
linear least-squares and non-linear regression methods.
The statistical evaluations of these adsorption kinetics
models (Pseudo second order and intraparticle diffusion)
were expressed as coefficient of determination (CD),
sum of the squares ofthe errors (SSE), model of selection
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criterion (MSC) and Chi-squared. Cost analysis of
producing these adsorbents was conducted. The lower
the value of total error the higher the accuracy, validity
and good fitness of the methods. Total error (Err?) can
be computed using equation (3):

n

Err? = E(Y ’

obsi — Yeali ) A3)
=1

The coefficient of determination (CD) can be
interpreted as the proportion of expected data variation
that can be explained by the obtained data. Higher
values of CD indicate higher accuracy, validity and
good fitness of the device. CD can be expressed as
follows:

" 2
E (Yobsi - Ycali)
i=/

The model selection criterion (MSC) is interpreted
as the proportion of expected data variation that can be
explained by the obtained data. Like, CD the higher the
value of MSC, the higher the accuracy, validity and the
good fitness of the device. MSC can be computed using

equation (5) as follows:

2p (5)

MSC = In~ _
n
(Yobsi - Yca/i )

n 2
2 (Yohsi -7 obs)

Chi squared, which is the sum of the squares of
the relative errors between the obtained adsorption
capacity and the expected adsorption capacity can
be interpreted as a measure of variation in the values
expected left unexplained by the values obtained. The
lower the value of Chi squared the higher the accuracy,
validity and good fitness of the device. Chi squared (y?)
can be computed as follows (Oke et al., 2008; Ismail et
al., 2009):

. 2 _ igl[(Yobsi —Tcali )2] (6)

Yobsi

73



Isaiah Adesola OKE

RESULTS AND DISCUSSION

Results of this study will be presented and
discussed in the following ways: the adsorbents and
their properties, adsorption of lead, kinetics models and
statistical evaluation of the kinetics models.

The Adsorbents: Figure 2 presents the
adsorbents. From the figure it can be seen that these
adsorbents are available as either agricultural waste,
household (domestic) waste or both, which indicates
that utilization of the wastes would be a method of
reducing environmental problem often caused by rapid
urbanization and industrialization.

Properties of these adsorbents: the study
revealed that powdered egg shells; powdered corn
cobs and powdered carbon rods were made of pores,
carbon, nitrogen, hydrogen, aluminum, iron and
calcium, without cadmium, chromium and lead. These
compositions make these materials good adsorbents.
Figure 3 shows some of the micrograph structures of
these important adsorbents. From these micrographs
it can be seen that there are pores on the adsorbents,
which are common features of adsorbents on the wastes
materials. These indicate that these wastes materials
can be used as adsorbents for pollutants in water and
wastewater purification. More on structures of the
adsorbents can be found in literature such as Oke et al
(2008) ; Ismail et al (2009) ; Oke (2007) .

Adsorption of Lead onto these adsorbents:
Adsorption kinetics is an important ingredient in
environmental pollution control. Figure 4 (a and
b) presents adsorption kinetics of lead onto these
adsorbents.

In order to investigate in detail the mechanism
of adsorption rate for the adsorption of Pb** onto the
adsorbents, the rate constants were determined by
applying the equations of Lagergren (pseudo first order),
pseudo second order, Elovich and intraparticle diffusion
mechanisms. Literature reported (Alam et al., 2007,
Erhan et al., 2004; Yasmin et al., 2009; Olarinoye et al.,
2012) that pseudo second-order adsorption kinetic rate
equation is expressed as shown in equation (7):

dq

o -k q.-4,)

(7
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Yasmin et al (2009) reported that integrating
equation (8) and rearrangement gives equation (8)

k2(g)%1
1+kp(qe)t (8)

Equation (9) can be lineralized as:

t 1 1
—_— = — + —t
(q,) ky(q.)° 4. (9
The plot of (#/gf) and ¢ of equation (9) should
give a linear relationship from which g, and £, can be
determined from the slope and intercept of the plot
respectively. Table 1 shows more about the model.
The values of £, and g, in pseudo second-order range
from 0.200 to 0.315g mg' . h and 4.928 t0 6.330 mg g
respectively.

The intraparticle diffusion model is expressed as
equation (10)

(10)

Erhan et al (2004) and Oke et al (2008) reported
that “ a” depicts the adsorption mechanism and &, may
be taken as a rate factor (per cent pollutant adsorbed per
unit time). Higher values of &, illustrate an enhancement
in the rate of adsorption, whereas larger k., values (>
1.00) illustrate a better adsorption mechanism, which is
related to an improved bonding between pollutant and
the adsorbent particles. Table 1 presents more on this
dynamic model. These two parameters (a and k, ) were
found to be in the range of 0.551 to 0.595 %/ h and
17.469 to 21.434 1/h respectively. These indicate that
better adsorption mechanisms and improved bonding
occurred between Pb*" and the adsorbents.

Statistical Evaluation of the models: The total
errors for the methods were from 0.293 to 2.994
and 0.309 to 3.142  (Table 2)for non-linear and
linear regression respectively. The coefficient of
determination (CD) for the methods were from 0.941
to 0.991 and 0.951 to 0.992 (Table 2) for linear and
non-linear regression methods respectively. Model
selection criterion (MSC) for the methods ranges
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from 2.17 to 4.25 and 2.34 to 4.45 (Table 2) for linear
and non-linear regression methods respectively. Chi
squared for the methods were from 0.020 to 0.200 and
0.020 to 0.200 for linear and non-linear regression
methods respectively. In summary, from the table it can
be seen that in all case non-linear regression method
has the least error, the highest MSC and CD, but the
same range of Chi squared. This indicates that non-
linear regression method provides higher accuracy,
best fitting and higher validity than linear regression
method. The same Chi squared indicates that there is no
significant difference between the methods

Estimated Cost of Producing these adsorbents:
Costs of producing these adsorbents were based on 95%
yield from every dry cells collected, assuming that 320
days per year, 100 kilogram of these adsorbents were
produced per day and 6 men per a shift of 8 hours.
Tables 3 and 4 show the breakdown of the estimated
cost. From the table average cost of producing a
kilogram of these adsorbents was found to 1.404USD
and 1.804 USD using public and commercial electricity
sources respectively. It can then be said that the study
has identified the estimated cost of 1.404 or 1.804 USD
kg! of these adsorbents. The cost is dearer compared
to the cost of producing empty fruit bunches (0.50USD
kg!, Alam et al., 2007), but cheaper than the cost of
producing pencon shell based activated carbon (2.72
USD kg') and sugar cane based granular activated
carbon by steam (3.12 USD kg™).

CONCLUSION

This study examined adsorption of Pb** onto three
agricultural wastes as adsorbent. Adsorption capacities
were evaluated. Kinetics of the adsorption of the
adsorbate unto these three adsorbents were examined as
well. In addition, techniques (linear and non- linear) for
adsorption kinetics analysis were evaluated statistically.
It was concluded that:

* Powdered corn cobs, Powdered egg shells and
Powdered carbon rods can be used to remove lead from
aqueous solutions.

* Utilization of these wastes as adsorbents will
reduce solid waste disposal problems encountered in
Nigeria’s cities.
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* Based on high MSC and CD, low total error
and Chi squared, non-linear regression method is the
best method to be used in the determination adsorption
kinetics In the design of adsorption rectors parameters
obtained by using non-linear regression method should
be used to prevent failure of the reactor, although it
might be argued that solutions to non-linear regression
are complex, but availability of software such as SPSS,
Microsoft excel, Probstat for engineers and others have
minimized this limitation.
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NOMENCLATURES and SYMBOLS

¥ Chi squared

MSC model selection criterion;
n number of data points

p number of parameters

CD  coefficient of determination;
expected values of each fitting procedure

average of obtained (experimental) values
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obtained (experimental) values

average of obtained (experimental) values

Err?  squared total error ;
A% volume of solution (0.3L)
q, the adsorption capacity at time t (mg g'), the
per cent pollutant adsorbed (%)
M adsorbent mass (mg)
C, initial liquid-phase concentration of sorbate
C, experimental concentration in the solution at
time t (mg 1-")
t the contact time (h)
k, the rate constant of pseudo second-order
adsorption.
y the intraparticle diffusion rate constant (/h)
a constant for intraparticle diffusion model
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Bolgeler Arasindaki Dengesizliklerin Giderilmesinde Giclii Bir
D1s Ticaret Araci: Simir Ticareti

Yakup Erdal ERTURK', Ahmet DENiZ2, Melahat BATU AGIRKAYA?

OZET: Tiirk ekonomisi, uzun yillardir ihracata dayali biiyiime modelini benimsedigi igin, Tiirkiye diinyanin en
¢ok giimriik kapis1 olan iilkelerinden birisidir. Tiirkiye’de 1978-79 yillarinda baslayan sinir ticareti, 6zellikle Dogu
ve Giineydogu bdlgesinin gelismesi i¢in 6nemli bir kaynak ve istihdam araci olmustur. Sinir ticareti, komsu tilkele-
rin sinir bolgelerinde yasayan insanlarin bolge kalkinmasinda karsilikli igbirligi yapmalarini ve iki toplum arasinda
kiiltiirler aras1 aligverigin olusturulmasina katki saglamasinin yanisira mallarin kolay ve ucuz tedarik edilmesine
imkan vermektedir. Baslatildig1 giinden itibaren kapsami konusunda tartigmalarin siirdiigli ve vergi kayiplarina
sebep oldugu iddia edilen sinir ticareti, bu tartismalar baglaminda farkl1 yasal diizenlemeler ile zaman zaman kap-
sami1 daraltilarak, zaman zamanda devlet tarafindan avantajlar ve tesvikler saglanarak giliniimiize kadar varligim
stirdiirmiistiir. Bu ¢calismada, sinir ticareti, bolgeler arasi farkliliklarin giderilmesindeki 6nemli rolii dikkate alinarak
biitiin boyutlartyla incelenmistir.

Igdir Universitesi Fen Bilimleri Enstitiisii Dergisi

Igdir University Journal of the Institute of Science and Technology

Anahtar Kelimeler: Dis Ticaret, Sinir Ticareti, Smir Kapist

To Eliminate Imbalances Between The Regions A Powerful
Foreign Trade Method: Border Trade

ABSTRACT: As Turkish economy has adopted growth model based on export for many years, Turkey is one of
countries that have the most customgates of the world. Border trade starting during the years 1978-79 in Turkey
has been a significant source and employment in the development of the eastern and southeastern Anatolia regions.
The border trade give sopportunity for people cooperative in border regions of neighboring countries, and procu-
ring goods easily as well as cross-cultural trading between two societies. The border trade, which is disputable on
the subject of its scope from starting time until this time and conducive to tax loss, has subsisted its existence by
reducing its scope at times with different legal reforms in the context of the discussions, and by providing advanta-
ges and promotions of the government. In this study, all aspects of border trade were examined by considering its
significant role on diminishing differences in between regions.

Keywords: Foreign Trade, Border Trade, The border crossing
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GIRIS

Dis ticaret,iilkelerin kalkinmasinda kullanilacak-
yollarindan birisidir. Ulkeler arasida vyiiriitiilen her
tirlii mal ve hizmet ticareti ile sermaye hareketlerini
kapsamaktadir. Bir iilkede belirli mallarin hig {ireti-
lememesi ya da yerli mallarin ihtiyaglar1 kargilamaya
yeterli olmamasi, buna karsilik bazi mallarin arzinin
ihtiyactan fazla olmasi dis ticareti ortaya cikarmak-
tadir. Dig ticaretin 6zel bir tiirii olan sinir ticareti bir
tilkenin ithalat rejiminin diginda kalan bir uygulamadir
(Tasliyan ve Hirlak, 2012). Dig ticaretin 6zel bir seklini
olusturan sinir ticareti, iki iilkenin sinir illerinde yasa-
yan halkin giinliik bélgesel ihtiyaclarinin daha kolay
ve ucuz karsilanmasi, komsu iki iilke arasindaki baris
ve huzur ortaminin olusturularak, karsilikli giivenin
saglanmas1 amaciyla uygulanan ticaret tiiriidiir (Tasli-
yan ve Hirlak, 2012). Ulkeleri smir ticaretine ydnelten
nedenlerin baginda yakin komsuluk iligkilerinin bu-
lunmasi, tasima giderlerinin diisiik olmasi1 ve {ilkele-
rarasindaki fiyat farkliliklar1 gibi konular gelmektedir
(Karabulut, 2005).

Dogu ve Giineydogu Anadolu bolgelerinin kalkin-
dirilmas1 hiikiimetlerin en biiyiik hedefi olmustur. Iklim
kosullarinin olumsuzlugu, sahip olduklar: {iretim fak-
torlerinin yetersizligi ve sanayilesmis bolgelere uzak-
lig1 s6z konusu bolgelerin kalkindirilmasimi zorlagtir-
mustir. Ozellikle bu bolgelerde yasayan halkin biiyiik
cogunlugunun tabiat sartlarinda yiiriitiilen, belirsizligin
yiiksek, karliligin diisiik oldugu tarima dayali faaliyet-
lerle gegimlerini saglamalari, temel ge¢im kaynagi olan
hayvanciligin ¢esitli nedenlerle gerilemesi, alternatif
gelir kaynaklarmin ve istihdam alanlarinin bulunma-
masininyanisira devlet tarafindan kurulan isletmeler-
den verim almamamasi ve birgok isletmenin atil halde
bekletilmesi ve bolgelerarasi esitsizligin ortadan kal-
dirilabilmesi gerekmektedir. Bolgelerarasi dengesiz-
liklerin ortadan kaldirilmasi ve s6z konusu bdlgelerin
ilke geneline entegrasyonun saglanmasi sosyal devlet
anlayiginin bir geregidir (Kara, 2005). Sinir ticareti ile
bolge ekonomisine canlilik getirilmesi, bolge insaninin
refah seviyesinin yiikseltilmesi, mal kagak¢iliginina-
zaltilmasi, isttihdamin artirilmast ve gociin engelleme-
siamaclanmaktadir. Tiirkiye‘de sinir ticareti yapmaya
yetkili sinir illerinin tamaminda kisibagina diisen gelir
tilke ortalamasinin altindadir. Bu sebeple alternatif gelir
kaynaginin olusturulmasi agisindan sinirticareti 6zel-
likle Dogu ve Giineydogu Bolgesi halki i¢in dnemlidir
(Karluk ve Dural, 2010).Yapilan arastirmalar, 6zellik-
le sinir ticareti ile mesgul olan kesimin dnemli serma-
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ye birikimi elde ettikleri ve birmiiddet sonra ihracatci
veya ithalat¢i konumuna geldiklerini gostermektedir.
Sinir ticareti lilkeye sermaye birikimisaglanmasinda da
yardimci olmaktadir (Kdkee, 2005). Daha dnce gegim-
lerini kagakcilik yaparak siirdiiren bolge halkinin yasal
zeminde yiiksek gelirler elde etmesine dolayisi ile re-
fah seviyesinin yiikselmesine yol agmistir. Sinir ticareti
bolge kalkinmasinda en 6nemli ara¢ olmasindan dolay1
stirdiiriilmesi gerekli 6zel bir ticaret rejimidir.

SINIR TiCARETI

Sinir ticareti, iki komsu iilke arasinda anlagsmalara
bagl olarak yapilan 6zel bir dis ticaret rejimidir. Sinir
ticaretinin sinirlarin denizlerle ayrilmis olmasi duru-
mundaki karsilig1 kiy1 ticaretidir (Oztiirk, 2006). Smir
ticareti, sinir ve kiyi illeri ile bunlara komsu illerin ihti-
yaglarinin karsilanmas1 amaciyla karsilikli olarak yapi-
lan ticari islemlerdir. Sinir ticareti yasal diizenlemeler-
de, Dogu ve Giineydogu Anadolu cografi bolgelerinden
yapilacak ihracat sayesinde bu illerde sinai ve ticari
gelismenin saglanmasi, sinir illerinin ihtiyaglarinin bir
boliimiiniin ithalat yoluyla daha diisiik maliyetle karsi-
lanmas1 ve bu bolgelere ekonomik canlilik getirilmesi
amactyla karsilikl olarak yapilan ticari islemler olarak
da tanimlanmaktadir (Tan ve Altundal, 2008). Sinir ti-
caretinin amagclari agagidaki sekilde siralanabilir (Kok-
¢e, 2005; Tan ve Altundal, 2008):

Bolge halkinin ihtiyaglarmin mahallinde sinir bol-
gelerinden kisa siirede temin ve tedarik edilerek bolge
ekonomisine canlilik getirmek,

Ulkenin i¢ bolgelerine oranla nakliyat ve fiyat
farklar1 gibi nedenlerle bdlge insanmin daha ucuza mal
temin etmesini saglamak,

Dis ticarette formalitelerin basitlestirilmesi ve bii-
rokratik igslemlerin azaltilmasi yoluyla ticaret hacmini
genisletmek,

Bir takim avantajlar saglayarak kagake¢iligin oniine
gecmek,

Dis ticaret formalitelerini azaltmak,
Bolge insaninin refah diizeyini ylikseltmek,
Istihdami artirmak,

Sinir iki tilkenin o bolgelerinde yasayan halkin mii-
tesebbis ruhunun olusumuna katkida bulunmak,

Bolgeler aras1 gelismislik farkini en aza indirmek.

Ulkemizde simir ticareti yapilan iller Cizelge 1°de
gosterilmistir.
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Cizelge 1. Sinir Ticareti Yapilan Sinir Kapilari ve fller (Deniz, 2013)

SINIR KAPISI BULUNDUGU iL ULKELER

Giirbulak Agri Iran

Tiirkgdzii (Posof) Ardahan Giircistan ve Diger B.D.T. Ulkeleri
Sarp Artvin Giircistan ve Diger B.D.T. Ulkeleri
Karkamig Gaziantep Suriye

Esendere Hakkari fran

Cilvegozii Hatay Suriye

Dilucu Igdir Nahgivan

Onciipinar Kilis Suriye

Nusaybin Mardin Suriye

Akgakale Sanlrurfa Suriye

Habur Sirnak Trak

Kapikoy Van iran

Tiirkiye’de Sinir Ticaretinin Gelisimi

Sinir ticareti, ilk kez kavram olarak 01.08.1972
tarih ve 14263 sayili Resmi Gazetede yayimlanan
1615 sayili Glimriik Kanununda yer almistir (Alkan,
2011). Konuyla ilgili ilk yasal diizenleme 1979 yilin-
da 79/17493 sayili Di1s Satim Diizenleme Karari ile ol-
mustur. Bu karara istinaden ¢ikarilan 09.06.1979 tarih
ve 7/17793 sayili Bakanlar Kurulu Karariyla baz1 si-
nir bolgelerinde sinir ticareti yapilmasi dngoriilmiistiir
(Orhan, 2000).

Tiirkiye’de ilk sinir ticareti uygulamasina, 1978-79
yillarinda yasanan petrol krizi ve doviz darbogazina ¢6-
ziim bulabilmek igin, Agr1 Valiligi ve Iran’in Bat1 Azer-
baycan Genel Valiligi arasinda varilan mutabakat tizeri-
ne; canli hayvan, sigara gibi muhtelif tiiketim mallarina
karsilik motorin, fueloil ve benzin alimi ile baslanmistir
(Sugdzii ve Atay, 2010). 1978’de yapilan aragtirmalar;
o tarihlerde Tiirkiye’den mal gétiiriip karsiiginda Iran-
petrolii getiren tliccarlarin, devletin kendilerine vermis
oldugu kar marjinin yiiksekolmasindan dolay1 oldukca
fazla miktarda sermaye birikimi sagladiklar1 ve daha
sonrakiyillarda birer ihracat¢1 ve ithalatgi olduklarini
gostermektedir (Sonmez, 1995).Simur ticareti baslangic-
ta merkeze bagl gorevlilerce yapilmis ve bu iglemler
yaklasik iki yil stirmiistiir. Daha sonra siir ticareti is-
lemlerinin valiliklerce yiiriitiilmesinin daha uygun ola-
cag diislincesine varilmis ve Agr1 Valiligi biinyesinde,
“Sinir Ticareti Biirosu” olusturulmustur (Deniz, 2013).

1980°de yayimlanan Sinir Ticareti YOnetmeligi
ile Iran ile Agri-Giirbulak simir kapisindan sinir ticareti
yapilmasi bir yonetmelik maddesi haline getirilmistir
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(Giines ve Ark., 2010).1982 yilinda yayimlanan Thracat
Rejimi Karari ve Thracat Yonetmeligi ile sinir ticaretine
ayrica yer verilmesi, sinir ticareti agisindan 6nemli bir
gelisme olmustur (Tan ve Altundal, 2008).

Tiirkiye’de sinir ticareti ilk defa Agr1 - Glirbulak
sinir kapisinda baglatilmis, Agr1 Valiligi’nin 13.02.1985
tarih ve 1/222 sayili talebi lizerine; 85/9113 sayil1 Ba-
kanlar Kurulu Karar1 Eki, Smir Ticareti Yonetmeligi
gercevesinde, Gilirbulak sinir kapisindan simnir ticareti
yapilmasi iglemlerini belli bazi kurallara baglamistir
(Oztiirk, 2006; Tan ve Altundal, 2008). Buna gére, is-
teyen herkes hicbir belge aranmaksizin bir ¢ikista en
cok 10.000 $ karsihigr Tirk Lirasi degerinde esyayi
yurt digina ¢ikarabilecek ve bunun % 80’ini déviz ola-
rak yurda getirecek veya ayni1 degerdeki bir mali ithal
edebilecektir (Glines ve ark., 2010).

Sinir ticareti faaliyetleri ise baslangigta sadece
Agri ilinde yiriitiilmekteyken hizli bir geligsme ile diger
sinir ve komsu illere de yayilmistir. 1985 yilinda Gazi-
antep Onciipinar ve Karkamig sinir kapilarindan Suriye
ile sinir ticareti yapilmasina izin verilmistir (Giines ve
ark., 2010).

1986 yilinda Hatay-Cilvegdzii sinir kapist Suriye
ile 1987 yilinda ise Van-Kapikdy sinir kapisi Iran ile
sinir ticaretine acilmustir (Oztiirk, 2006). 1988 yilinda
ise Hakkari-Esendere, 1989 yilinda da Artvin-Sarp sinir
kapis1 sinir ticaretine agilmistir. 1989 yilinda Erzurum
ilinin komsu il statiisiinde Agri-Giirbulak sinir kapisin-
dan Iran’la, Artvin-Sarp smir kapisindan ise Giircistan
ile sinir ticareti yapilmasina karar verilmistir (Oztiirk,
2006). 1990 yilinda Kars ilinin komsu il statlisiinden
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yararlanarak Agri-Giirbulak smir kapisindan Iran’la,
Artvin-Sarp sinir kapisindan ise BDT ile sinir ticareti
yapmalarina izin verilmistir. Yine ayn1 yilin ortalarinda
Mardin, Hakkari ve Sirnak illerinin Habur sinir kapi-
sindan Irak ile sinir ticareti yapmalarina karar verilmis-
tir. (Oztiirk, 2006). 1992 yilinda Igdir ili Dilucu sinir
kapisindan Nahgivan ile komsu (Miicavir) il statiisiin-
den yararlandirilmak suretiyle de Giirbulak smir kapi-
sindan Iran ile sinir ticareti yapmaya yetkilendirilmistir
(Oztiirk, 2006).

1996 yilinda Bagbakanlik Dis ticaret Miistesarli-
ginm 96/7782 Sayili Sinir Ticaretine iliskin Tebligi ile
Sanlwrfa ili Akgakale sinir kapisindan Suriye ile sinir
ticareti yapmaya yetkilendirilmistir (Oztiirk, 2006). Ay-
rica Bakanlar Kurulunun 31.01.1996 tarihli ve 22540
sayili Resmi Gazetede yayimlanan Sinir Ticaretinin-
Diizenlenmesine iliskin karar1 ile Igdir’in Dilucu Sinir
Kapisindan Nahgivanla, Ardahan’in Tirkgdzii Simir
kapisindan Giircistan ve diger BDT filkeleri ile sinir
ticaretinin yapilmasina izin verilmesiyle, sinir ticareti
ozellikle Dogu ve Giineydogu Anadolu Bolgesinde 6ne
cikmis 6zel bir dis ticaret seklini almigtir (Alkan, 2011).
Dis ticaret Miistesarligi’nca ¢ikarilan 96/7782 Sayih
Sinir Ticareti Karari’na Iliskin Tebligin 12. maddesi-
ne gore; “ihraci ve ithali ilgili mevzuatla yasaklanmis
maddeler” ve “ithali belli kurum ve kuruluglara bira-
kilmis maddeler’in sinir ticaretine konu edilemeyecegi
belirtilerek, bu maddelerin ancak ilgili mercilerin izni
ile sinir ticaretine dahil edilebilecegi belirtilmistir (Oz-
tirk, 2006). 1997 yilinda 97/9113 nolu Bakanlar Ku-
rulu Karari ile de Edirne ili Kapikule siir kapisindan
Bulgaristan ile sinir ticareti yapmaya yetkilendirilirken,
kota, gbzetim ve diger ticaret politikalar1 uygulamasina
tabi iiriinlerin sinir ticaretine konu olamayacaklar kara-
ra baglanmustir (Oztiirk, 2006).

Uygulanmaya baslandig1 yillar sonrasinda 6zellik-
le 1990’11 yillarda, bdlge halkina destek saglama ama-
cindan giderek uzaklasan uygulamalar ve basta akarya-
kit, tarim ve hayvancilik sektorleri olmak iizere genel
olarak {ilke ekonomisine verdigi zararlar neticesinde
1998-2002 yillariarasinnda sinir ticaretine dnemli kisit-
lamalar getirilmistir (Giines ve Ark., 2010).

Smir  Ticaretinin  Diizenlenmesine  Iliskin
26.12.1996 tarih ve 96/9025 sayili Bakanlar Kuru-
lu Karar1 ve bu Kararda Degisiklik Yapilmasima Dair
04.06.1998 tarih ve 98/11160 sayili Bakanlar Kurulu
Kararlar ile toplam 13 ilin (Agr1, Ardahan, Artvin, Ga-
ziantep, Hakkari, Hatay, Edirne, Igdir, Kilis, Mardin,
Sanlwurfa, Sirnak, Van) BDT/ Giircistan, Bulgaristan,
Iran, Suriye, Nahcivan ve Irak’la smir ticareti yapma-
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s1 kararlastinlmistir (Oztiirk, 2006). Ancak 17 Hazi-
ran 1998 tarihinde Bakanlar Kurulunun ¢ikardigi bir
genelge ile, sinir ticareti ile ithal edilen fueloil, mazot
ve diger mallarin il sinirlar1 disina ¢ikarilmamasi, sinir
ticaretinin ticaret amacli degil tiiketim amagli olarak
yapilmasi, sinir ticareti kapsaminda ithal edilen fueloil-
den alian vergilerin% 60’dan % 80’e, diger mallardan
alinan vergilerin % 40’dan % 60’a ¢ikarilmasi, malla-
rin ithalatinda “mense sahadetnamesi aranarak ticiincii
tilke mallarinin bu yolla yurda girisinin engellenmesi
kararlastirilmistir (Giines ve Ark., 2010). S6z konusu
Karar gercevesinde, sirket merkezi sinir ticareti kapsa-
mindaki illerde olan tiizel kisilerle, bu illerde yerlesik
ve tek vergi numarasina sahip gergek kisilerce, ayda
dortden fazla olmamak tizere, her seferinde 50.000
ABD Dolart karsiligr Tiirk Lirasini agmayacak esya
ithaline izin verilmistir (Oztiirk, 2006). Ayrica, anilan
Kararin 8 inci maddesinde gore “Sinir ticareti kapsa-
minda ithal edilen maddelerin il disina ¢ikarildiginin
tespiti halinde, gergek ve tlizelkisiler adina diizenlenen
sinir ticareti belgesi ile daha once verilmis uygunluk
belgelerinin iptal edilecegi, yeni sinir ticareti belgesi
verilmeyecegi” hitkkmii de yer almistir. Bu cercevede,
sinir denetim ve kontrolleri yapma gorevi il valilerine
verilmistir (Oztiirk, 2006). Kararm Temmuz 1998 ba-
sindan itibaren uygulamaya sokulmasiyla Dogu ve Gii-
neydogu Anadolu illerinden yapilan sinir ticareti durma
noktasina gelmis, Ardahan’dan, Hatay’a kadar 10’a ya-
kin ilde etkisini gdstermis, bu iller arasindan 6zellikle
ekonomisi sinir ticaretine bagli olanlarinda ticari hayat
durgunlasmustir (Oztiirk, 2006).

1998’de sinir ticaretiyle ilgili bir diger kisitlama;
Tiirkiye’de 13 sinir ilinde yapilan sinir ticaretinde Va-
liliklerde olan yetkinin, 23.12.1998 tarih ve 98/12254
sayili Bakanlar Kurulu Karariyla Dis Ticaret Miistesar-
ligma (DTM) devredilmesidir (Oztiirk, 2006).

Bakanlar Kurulu Karar1 uyarinca petrol iiriinlerine
iligkin il ihtiyaclari, Enerji ve Tabii Kaynaklar Bakan-
liginin goriisii alinarak DTM tarafindan belirlenecek-
tir. Diger trlinlere iligkin ihtiyaglar ise her yi1l Ekim
ay1 sonunda Valiliklerce DTM’na gonderilecek, Miis-
tesarlikca yapilan degerlendirme sonucundauygunluk
belgelerinin diizenlenmesine esas olmak iizere “Il Ihti-
yaglar1 Nihai Listesi” valiliklere bildirilecektir. Kararda
il ihtiyac1 digindaki tiriin ve mallarin ithalat1 yaninda,
hasat donemi tarimsal iiriinlerin ithalatina da artik izin
verilmeyecegi de belirtilmistir (Tan ve Altundal, 2008).

27.01.2000 tarihinde TBMM’de 4481 Sayili Ka-
nunda Degisiklik Yapilmasma Dair Kanun’un gegici
2.maddesi uyarinca Bakanlar Kurulu, sinir ticareti kap-
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saminda ithal edilen mallara iligkin olarak tahsil edilen
Akaryakit Tiiketim Vergisi’nin % 5’ine kadarlik kismi-
n1, siir ticareti yapilan illerin 6zel idarelerine aktarma-
ya yetkili kilmmustir. Ozel idarelerin de kamu harcama
disiplini ¢ercevesinde bu kaynakla ilin ihtiyaci olan
yol, okul vb. yatirimlar ger¢eklestirmesi beklenmistir.
Bu uygulama simir illerinin kalkinmasi i¢in son derece
olumlu bir gelisme olmustur (Oztiirk, 2006).

Baslatildig1 giinden bu yana kapsami konusunda
tartismalar bitmeyen ve vergi kayiplarina neden olan
sinir ticaretine 28.04.2000°de ¢ikarilan Bakanlar Kuru-
lu Kararnamesi ile yeni kisitlamalar getirilmistir. Geti-
rilen diizenleme ile “Komsu 11" kavrami kaldirilirken,
sadece Artvin’den Hatay’a kadar olan sinir illerinde
sinir ticareti yapilabilmesi karara baglanmistir. Sinir
ticaretine imkan tanman il sayist 7’ye diisiiriiliircken
Edirne ili sinir ticareti yasaklanan iller arasina girmis-
tir (Glines ve Ark., 2010). Kararname ile simir ticareti
kapsaminda, genellikle Tiirkiye’de iiretilmeyen, kara-
biber, kakule, karanfil, kimyon, kina, mahlep, sahlep,
sumak gibi baharat tiirii tarim {iriinlerinin ithalatina izin
verilmistir (Tan ve Altundal, 2008). Bu kapsamda ithal
edilebilecek sanayi iiriinleri ise ham alimiinyum, kiilce
alliminyum, kiilge bakir, bakir siis esyasi, hurda bronz,
kaya tuzu, ham veya kaba yontulmus mermer, naylon
terlik, semaver ve odun ile smirlandirilmistir (Tan ve
Altundal, 2008). Diizenleme ile ¢ogunlukla Irak’tan
getirilen deterjan hammaddesi olan “lap” ile hurda
demir-gelik ve hurda bakir ithalatinda uygulanan kota
da kaldirilmistir. Sinir ticareti kapsaminda getirilen bu
mallarin sadece siir illerinde degil, Tiirkiye genelinde
satilmasina izin verilmistir. Bu tirlinler disinda sinir ti-
careti kapsaminda ithal edilen {irtinler ise eskiden oldu-
gu gibi il disina c¢ikarilamayacaktir. Ayrica Kararname
ithal edilen motorin miktarina da kisitlama getirmistir
(Oztiirk, 2006).

01.09.2002 tarihinde ise Milli Giivenlik Kuru-
lu’nun tavsiye kararina uygun olarak sinir ticareti kap-
saminda motorin girisi yasaklanmigtir (Giines ve ark.,
2010). Kararname ile sinirdan ticaretin 6nemli boyutu-
nu olusturan motorin ticaretinde giimriik muafiyeti de
azaltilmistir. “Tasit {izeri motorin ticareti” olarak ad-
landirilan sinirdan mutad (ilave) depo ile motorin tica-
retinde, daha once ylizde 60 olarak uygulanan mevcut
glimriik vergilerinin ylizde 80 oraninda uygulanmasi
karara baglanmistir. Ayrica mutad depo disinda sinir
ticareti kapsaminda ithal edilecek motorin miktar1 yil-
lik toplam 169 bin ton ile sinirlandirilmistir (Giines ve
ark., 2010). Yas sebze ve meyve ithalati tamamen ya-
saklanmis ve ithalat1 yapilabilecek iiriin sayis1 254’den
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31’e diisiirtilmiistiir (Giines ve ark., 2010). 1 Eyliil 2002
tarihi itibariyle smir ticareti kapsaminda yapilan moto-
rin ticareti yeni bir diizenleme yapilana kadar tamamen
yasaklanmigtir. Yasaklanma gerekgesi olarak motorin
ticaretinin amacindan saptigi belirtilmistir (Oztiirk,
2006; Tan ve Altundal, 2008).

1998-2002 yillarinda asamali olarak kapsami da-
raltilan sinir ticaretine 2003 yilina gelindiginde, 5408
sayili Bakanlar Kurulu Karar1 ile yeni bir diizenleme
getirilmistir (Giines ve ark., 2010). Bu diizenleme ile
mevcut smir ticaretine bir alternatif olarak Dogu ve
Gilineydogu Anadolu bélgelerinde komsu iilkelere si-
nir1 bulunan Artvin, Ardahan, Kars, 1gdir, Agri, Van,
Hakkari, Sirnak, Mardin, Sanlurfa, Kilis, Gaziantep ve
Hatay’dan olusan 13 ilde sinir ticaret merkezleri kurul-
masinin kararlagtiritlmasi sinir ticaretinin tarihi geligimi
icinde en dnemli doniim noktalarindan biridir (Gtlines
ve ark., 2010). Bu kararmn getirdigi en énemli yenilik,
Sinir Ticaret Merkezleri uygulamasinda bir kisim ille-
re yeniden miicavir (komsu) il statiisiiniin taninmasi-
dir. Bu sinir illerine komsu Erzurum, Mus, Bitlis, Siirt,
Batman, Diyarbakir ve Adiyaman illeri de “miicavir il”
olarak belirlenmistir. Miicavir iller sinir ticaret merke-
zi kurulacak iller arasinda yer almamakla birlikte, bu
Karar ¢ergevesinde sinir ticaret merkezlerinden ticaret
yapabilecek iller arasinda yer almaktadir (Hanoglu,
2011). Boylece 2000 yilinda kaldirilan “miicavir il”
statiisli, sinir ticaret merkezlerinde gegerli olmak iizere
yeniden taninmuistir (Giines ve ark., 2010). Bu sayede,
Dogu ve Giineydogu Anadolu Bolgelerindeki ekono-
mik ve ticari faaliyetlere ivme kazandirilmasi, kagakei-
l1gin azaltilmasi dolayisi ile kayit disi ticaretin asgariye
indirilmesi, bolgedeki esnaf ve tacirlerin sinirda tesis
edilecek ticaret merkezleri vasitasiyla komsu tilkelerle
yapacag ticaret sayesinde, hem ihracatin arttirilmas,
hem de saglanacak vergi kolayliklar ile 8 il ihtiyaglar
dahilinde ithalat yapilmasina imkén saglanmasi amacg-
lanmistir (Giines ve ark., 2010). Kararin getirdigi diger
yenilik de Degerlendirme Komisyonu’nun olusumudur.
Buna gore ithal edilecek esyaya iliskin il kotalar1 ve
ithal edilen egyanin Uygunluk Belgesi sahiplerine da-
gitimina dair esaslar; Vali veya Vali Yardimcisi baskan-
liginda Defterdar, Giimriik Miidiirii, Sanayi ve Ticaret
11 Miidiirii, Ticaret Odas1 veya Sanayi ve Ticaret Odasi
ile Esnaf ve Sanatkarlar Odas1 temsilcilerinden olusan
Degerlendirme Komisyonu iiyelerinin oy birligi ile tek-
lifi izerine D1s Ticaret Miistesarliginca belirlenecektir
(Giines ve ark., 2010). Daha 6nce Sinir Ticareti Koor-
dinasyon Kurullarinda bulunmayan esnaf ve sanatkarlar
odalar1 temsilcileri, Degerlendirme Komisyonlarinda
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gorev almaya baglamistir.Sinir ticaret merkezi, bulun-
dugu ildeki 11 Ozel Idaresi, Esnaf ve Sanatkarlar Odalar
Birligi, il ve Ilge Ticaret Odalar1 veya Il ve Ilge Ticaret
veya Sanayi Odalar1 ile en az iki Thracat¢1 Birliginin
katilimiyla olusturulan anonim sirket tarafindan isleti-
lecektir. Dolayisiyla ticari faaliyetlerde insiyatif, idare
ile meslek kuruluslar arasinda paylastirilacaktir (Kara,
2005). Gerek sinir ticaret merkezi isleticisi, gerekse
sinir ticaret merkezlerinde yer alan magazalar; ihracat
yapmaya, komsu tilkelerden sinir ticaret merkezlerine
esya getirmeye ve ithal etmeye yetkili olacaktir. Indi-
rimli tarifeden yararlanmak suretiyle giimriik islemleri
gerceklestirilerek serbest dolasima giren esyanin, ilgili
ilde asgari 3 yildir faaliyet gosteren ve Degerlendirme
Komisyonu tarafindan uygunluk verilmis olan esnaf ile
gercek ve tiizel kisi tacirlere, sinir ticaret merkezi isle-
ticisi veya magazalar tarafindan dagitimi yapilarak, bu
hizmetten yaralanmalari saglanacaktir (Hanoglu, 2011).
11 ihtiyaglar1 dahilinde getirilerek ithal edilecek esyaya
iligskin “miktar kotas1” uygulamas1 baslatilacak ve kota-
lar, Degerlendirme Komisyonu iiyelerinin oy goklugu
ile teklifi iizerine DTM tarafindan belirlenecektir. Tarim
tiriinleri ile ilgili olarak hasat donemi de dikkate alina-
rak Tarim ve K&y Isleri Bakanhigmin goriisii aliacak-
tir. Ayrica, ihraci ve ithali ilgili mevzuatla yasaklanmig
veya ithali belli kurum ve kuruluslara birakilmis mad-
deler ile kota, gozetim ve diger ticaret politikalar: uygu-
lamasina tabi tirlinler bu karar kapsaminda dis ticarete
konu edilemeyecektir (Glines ve ark., 2010).

Bununla birlikte, simir ticaret merkezlerinin kurul-
masi Tirkiye’ nin tek tarafl1 olarak uygulamaya koyaca-
g1 bir islem olmayip, konunun kars1 iilkelerle miizake-
re edilmesi ve miizakereler sonucunda bir mutabakatin
saglanmasi1 gerekmektedir (Tan ve Altundal, 2008). Bu
itibarla, sinir ticaret merkezleri kurulmasina yonelik ilk
adim, 30 Eyliil-2 Ekim 2003 tarihleri arasinda Tiirkiye-I-
ran Ortak Ticaret Komitesi II. Toplantisi ile saglanmis-
tir. Toplant1 sonucunda varilan mutabakat kapsaminda
Agrni-Sarisu, Hakkari-Esendere ve Van-Kapikdy“de sinir
ticaret merkezleri kurulmus ve isletilmeye baglanmigtir
(Hanoglu, 2011). Ancak Gircistan ve Suriye ile yapilan
miizakerelerde sinir ticaret merkezleri kurulmasi konu-
sunda bir mutabakat saglanamazken, bu iilkeler serbest
ticaret anlasmalarina Oncelik vereceklerini agiklamislar-
dir. Bu iilkelere sinir1 olan illerdeki meslek kuruluglari-
nin sinir ticaret merkezleri kurulmasi konusunda 6zel-
likle finansman agisindan aktif destek gostermemeleri
ile Suriye sinirindaki arazinin mevcut hukuki ve fiziki
durumu da sinir ticaret merkezlerinin kurulma siirecini
olumsuz etkilemistir (Glines ve ark., 2010).
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Nahgivan’da orta ve biiylik dlcekli tiretim yapacak
sanayi kuruluslarinin olmamasi ve ithal edilebilecek
diriinlerin sinirli olmast nedeniyle sinir ticaret merkezi
kurulmasina gerek goriilmezken, Irak ise, devlet yapisin-
daki sorunlar nedeniyle Tiirkiye“nin sinir ticareti kurma
talebine karsilik vermemistir. Sonugta sinir ticaret mer-
kezleri projesi ile beklenen ticari hareketlilik saglana-
mamugtir (Giines ve ark., 2010). 2005 yil1 Eyliil ayinda
Suriye’ye iletilen Siir Ticaret Merkezlerinin kurulma-
sina iligkin ¢erceve anlagma taslagi, Suriye makamlarin-
ca 19.01.2006 tarihinde kabul edilmistir (Tan ve Altun-
dal, 2008). Gegen siire igerisinde Van Kapikoy, Hakkari
Esendere ve Agn Sarisu’da STM kurulusu tamamlan-
mustir. 5 adet sinir ticaret merkezinin daha kurulmasi
planlanmaktadir (Deniz, 2013).

Sinir ticaretinin tarihi gelisimi i¢inde yapilan bir di-
ger diizenleme ise; 16.06.2009 tarihinde yiiriirliige giren
“Siir Ticaretinin Diizenlenmesine Iliskin 01.12.2008
tarihli ve 2008/14451 sayili Bakanlar Kurulu Karar1”
ve “Simir Ticaretinin Uygulanmasina Iliskin 2009/7 sa-
yili Teblig”dir (Giines ve ark., 2010). S6z konusu Ka-
rar, Dogu ve Giineydogu Anadolu Bolgesindeki 12 si-
nir ilimiz; Artvin-Ardahan (Giircistan), Igdir (Nahgivan
ve Iran), Agri-Van-Hakkari (Iran), Sirnak (Irak), Mar-
din-Sanlurfa-Gaziantep-Kilis-Hatay’1 (Suriye) kapsa-
maktadir. Agri-Sarisu, Hakkari-Esendere ve Van-Kapi-
koy sinir ticaret merkezlerine ilaveten Igdir Dilucu simir
hattinda sinir ticaret merkezi kurulmasi kararlagtirilmig
ve simir ticaret merkezlerinin idaresi, isletici A.S.’den il
0zel idarelerine devredilmistir.Bu Kararla, sinir ticareti
uygulamasimdan yetkili sinir illerinde yerlesik daha faz-
la sayida esnaf ve tacirin yararlanabilmesi hedeflenerek,
karar kapsamindaki illerde en az iki yildan beri yerlesik
olarak faaliyet gdsteren esnaf ve tacirin uygulamadan
faydalanabilmesi sart1 getirilmistir. Bu ¢ercevede, sinir
ilinde yerlesik tacir ve esnaf, komsu {ilkeyle dogrudan
ihracat ve ithalat yapabilecegi gibi, sinir ticaret merke-
zinde (STM) magaza kiralama suretiyle de sinir ticareti
yapabilme imkanina kavusmustur. 2008/14451 Karar’da
belirtildigi tizere; “bir esnaf veya tacir” ya da “STM ma-
gazas1” tarafindan, ayda toplam 50 bin dolara kadar esya
ithal edilebilir; bu, s6z konusu esnaf ve ya tacir ya da
STM magazasi igin aylik maksimum degerdir(Dural ve
Goktepe, 2010).

16.06.2009 tarih ve 27260 sayili Resmi Gazetede
yayimlanarak yiriirliige giren Sinir Ticaretinin Uygu-
lanmasina Iliskin 2009/7 Sayil1 Teblig, Dogu ve Gii-
neydogu Anadolu Boélgesindeki 12 sinir il ve komsu
5 ilkeyi kapsamaktadir. Artvin-Ardahan (Gfircistan),
Igdir (Nahgivan, iran), Agri-Van-Hakkari (Iran), Sir-
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nak (Irak), MardinSanlurfa-Gaziantep-Kilis-Hatay’1
(Suriye) kapsamaktadir. Karar kapsaminda s6z konusu
smir illerinde yerlesik tacir ve esnaf, komsu tilkelerle
belirlenen limitler ¢ergcevesinde dogrudan ihracat ve it-
halat yapabildigi gibi, smir ticaret merkezinde (STM)
magaza kiralama suretiyle de sinir ticareti yapabilmek-
tedirler. Karar ile 4 noktada Sinir Ticaret Merkezi ku-
rulmasina da karar verilmistir: Agri-Sarisu, Van-Kapi-
koy, Hakkari-Esendere (Iran); Igdir-Dilucu (Nahgivan)
(Dural ve Goktepe, 2010).

20.05.2010 tarihli 2010/393 sayili “Sinir Ticareti-
nin Diizenlenmesine Iliskin Kararda Degisiklik Yapil-
masina Dair Karar” ile 01.01.2011 tarihinde yiiriirliige
girmek tiizere, sektorel degerler, 50 milyon ABD Dola-
rina kadar tarim triinleri ve 50 milyon ABD Dolarina
kadar sanayi iiriinleri olarak degistirilmistir. Ayrica sek-
torel degerlerin sinir illerine paylastirilmasinda sadece
ilgili sinir illerinin niifuslarinin g6z 6niinde bulundurul-
masina karar verilmistir (Deniz, 2013).

Sinir Ticaretinin Uygulama Esaslar

Sinir ticaretini yapabilme sartlar1 agagidaki gibi si-
ralanabilir (Kokge, 2005):

Iki iilkenin birbirine kara smirinin bulunmasi ge-
reklidir (S6z konusu olan kiy1 ticareti ise; kara siniri
olmas1 sart degildir).

Diger ekonomik anlagmalarla birlikte iki iilke ara-
sinda bir dis ticaret rejimi anlagmasi ve uygulamasinin
bulunmast

Ulkelerin komsu olmasi, iyi komsuluk iliskileri-
ni yiiriitmesi ve her iki {ilkenin de siyasi iradesinin bu
yonde olmasi,

Sinirin her iki yakasindaki insanlarin ihtiyaglarinin
saptanmasi, karsilanmasi i¢in mal ve hizmet alim sati-
minin yapilmast,

Ithalat ve ihracatgilardan belge istenmez ancak
bunlarin sinira ¢ok yakin ydrelerde ikamet etmeleri ge-
rekir,

Sinir ticareti iilke geneline yonelik degil sadece
bolge ve sehirsel alanlara yoneliktir.

Sinir Ticareti Belgesi

Smir ticareti yapabilmek icin sekil ve esaslar1 Dig-
Ticaret Miistesarliginca belirlenen Sinir Ticareti Bel-
gesi alinmasi zorunludur (Kokge, 2005). Sinir ticareti
yapilan illerde en az iki yildir yerlesik olarak faaliyette
bulunan basit veya gercek usulde vergiye tabi gergek
kigiler ile karar kapsamindaki illerde en az iki yildir
yerlesik olarak faaliyette bulunan Tiirk Ticaret Kanu-
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nuna gore kurulmus tiizel kisi tacir ve esnaflardan Sinir
Ticareti Belgesi almis olanlar Sinir Ticareti yapabilirler
(Ozgiloglu ve Sakar, 2011). Sinir ticareti belgesi talebi
Vali veya ilgili Vali Yardimcis1 Baskanhiginda il Jan-
darma Komutanlig1 veya 11 Emniyet Miidiirliigii Tem-
silcisi, Defterdar, Giimriik Miidiirii, Sanayi ve Ticaret
Il Miidiirii, Tarim Il Miidiirii, Il Ticaret ve Sanayi Odasi
ile esnaf ve sanatkarlar odalar birligi temsilcilerinden
olusan Il Degerlendirme Komisyonu sekretaryasina
yapilir. 11 Degerlendirme Kurulunca uygun goriilenle-
re ilgili Valilik tarafindan bir y1l gegerli Siir Ticareti
Belgesi verilir. Sinir Ticareti Belgeleri higbir surette
devredilemez. Egerbelgenin devredildigi tespit edilirse,
bu belge siiresiz olarak iptal edilir ve birdaha belge dii-
zenlenmez (Kokge, 2005).

Uygunluk Belgesi

Uygunluk belgesi, Sinir Ticaret Merkezlerine
komsu iilkeden getirilerek ithal edilen ve ilgiliil dahi-
linde dagitim1 yapilan esyay1 satin alan esnaf ile ger¢ek
ve tiizel kigitacirler (vakiflar, dernekler ve belediyeler
ile bunlar tarafindan kurulan veyabunlarin ortak olduk-
lar1 firmalar hari¢) adina diizenlenen belgedir (Tan ve
Altundal, 2008).

Uygunluk Belgesi almak i¢in ilgili kisiler ilin Ti-
caret veya Ticaret ve Sanayi Odasina bagvurur. Odalar
talepleri Degerlendirme Komisyonu’na iletir. Deger-
lendirme Komisyonu, bagvuru tarihinden itibaren 5 is-
giinii igerisinde miiracaatlari inceleyerek sonuglandirir.
Miiracaatlar1 uygun goriilen ve basvuru tarihi itibariyle
ilgili ilde asgari ii¢ yildir faaliyet gdsteren esnaf ve ta-
cirlere her bir iiriin i¢in bir Uygunluk Belgesi verilir.
Uygunluk Belgesi dagitiminda, isletme biiytikligi, bir
onceki yilin cirosu, esnaf ve tacirin faaliyet alani, kota-
larda belirtilen ithalatin yapilabilecegi donemler ile ko-
talarin hedeflenen sosyal fayday1 saglamasi gibi kistas-
lar1 g6z 6niinde bulundurulur (Tan ve Altindal, 2008).

Smir Ticareti Kapsamina Girmeyen Uriinler

Sinir ticareti kapsaminda ithali ve ihraci yasaklan-
mig, siir ticareti kapsamina girmeyen lriinler asagida
siralanmistir (Ozgiloglu ve Sakar, 2011):

Ithaliveihraciilgilimevzuatlayasaklanmisolaniiriinler,
Ithali belli kurumvekuruluslarabirakilnusmaddeler,

Ithalikota, korunma, damping vesiibvansiyonakar-
stvergionlemlerinetabiiiriinler,

Silah, mithimmat, patlayicimaddeler,
5201 sayilikanunkapsamindadenetimetabiiiriinler,

Petrol ve petrol {irlinleri,
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Cay, seker, findik, antepfistigi,
Canli hayvan, et ve et iiriinleri, siit ve siit lirtinleri,

Dis Ticaret Miistesarliginca ithalatinin durdurul-
masi istenilen Uriinler,

Gida Tarim ve Hayvancilik Bakanliginin hasat do-
neminde oldugunu bildirdigi tarim triinleri,

Transit ticaret kapsaminda yapilan ticaret,

Ithali ve ihraci izne tabi iriinler, sinir ticaretine
konu edilemez.

Smir Ticaretinin Olumlu Yonleri

Sinir ticaretinin baglica avantajlar1 asagida siralan-
mistir (Ozgiloglu ve Sakar, 2011):

Sinirticaretiyoluylayapilacakithalattatekvemaktu-
vergiuygulanmaktadir.

Sinir ticareti kapsaminda ithal ve ihrag edilen
iiriinler “Dis Ticarette Teknik Diizenlemeler ve Stan-
dardizasyon RejimiKarari”na istinaden yapilan ihracat
ve ithalat denetimlerinden muaftir. Ancak sinir ticareti
kapsaminda ithal edilen iiriinlerin giivenli olmasindan
ithalat¢1 sorumludur.

Sinir ticaretinin kaideleri basitlestirilmis formalite-
lerden ve biirokratik islemlerden arindirilmistir.

Sinir ticareti komsu tilkeden yapildig1 i¢in ulagim
ve anlagim kolaylig1 mevcuttur.

Normal ithalat-ihracat islemleri belirli bir tecriibe,
birikim ve yeterli sermaye ile yapilmasina ragmen, si-
nir ticareti herkes tarafindan ve kii¢lik bir sermaye ile
yapilabilmektedir.

Sinir Ticaretinin Olumsuz Yonleri
Sinir ticaretinin olumsuz yonleri asagida siralan-
mistir (Ozgiloglu ve Sakar, 2011):

Biitiin {iriinler simir ticareti kapsamina girmemek-
tedir.Sadece Dig Ticaret Miistesarliginin belirlemis ol-
dugu ve tahsis olunan kotalarla sinirlandirilan {irtinler
siir ticareti kapsamina girmektedir.

Sinir Ticaret Belgesi alabilmek i¢in ilgili esnaf ve ta-
cirin kapsam igerisindeki smur illerinde en az iki yildan
beri yerlesik olara faaliyet gdstermesi gerekmektedir.

Hizmet sektoriinde faaliyet gdsteren esnaf ve tacir
adina sinir ticareti belgesi diizenlenmemektedir.

Sinir ticareti yapan firmalar birayda azami 50 bin
dolarlik ithalat yapabilmektedir.
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Sinir ticaretine konu esya,sinir ticareti kapsamin-
daki komsu iilke menseli olmas1 gerekmektedir. Uciin-
cii tilke menseli liriinlerin sinir ticareti kapsaminda itha-
latina izin verilmemektedir.

Esnaf ve tacirler ticari faaliyeti kapsamina girme-
yen iriinleri sinir ticareti kapsaminda ithal edemezler.

Sinir ticareti kapsaminda ithal edilen trlinler an-
cakyetkili siir illerinde yerlesik esnaf ve tacire satila-
bilir. Ulkemizin her tarafinda serbest dolasimi miimkiin
degildir.

SINIR TICARETi UYGULAMASINDAKI

SORUNLAR

Smir Ticaretinin Sebep Oldugu Ekonomik So-
runlar

Sinir ticaretinin sebep oldugu kayiplari dogrudan
ve dolayl kayiplar olarak iki baslikta incelenebilir (Oz-
tirk, 2006):

Dogrudan  Kkayiplar:Birincisiugranilanvergika-
yiplaridir. ikincisi ikili fiyattan kaynaklanan iki ayri
piyasanin ortaya ¢ikmasidir. Uglinciisii smir ticareti
yiiziinden disaridan ithal edilen iiriinlerin igpiyasaya
satilmamasidir.

Dolayh kayiplar:ithal edilen iiriinlerin negative
etkileridir. Ornek olarak iilkemize sinir ticareti yoluy-
la ithal edilen akaryakitin araglarda yol actigi hasardan
kaynakli ekonomik kayiplar 6rnek olarak gosterilebilir.
TSE standartlarina gore iilkemiz rafinerilerinde iireti-
len motorinin kiikiirt oran1 maksimum binde 7 olmak
zorundadir. Sinir ticareti yoluyla gelen Irak motorini-
nin kiikiirt oram1 binde 9,5’tir. Bu miktar AB iilkeleri-
nin standart degerinden 5 misli daha fazladir. Kiikiirt
oranindaki bu yiikseklik ¢evre kirliligine biiyiik ol¢iide
olumsuz etki yaptig1 gibi bu motorini kullanan aragla-
rin motorlarinda da korozyon nedeniyle biiyiik dlgiide
hasarlara yol agmaktadir.

Smir Ticaretinin Dis Ticaret Rejimini Bozma
Sorunu

Snir ticareti 6zel bir dis ticaret rejimi olmasindan
dolayi ihracat ve ithalat siirecleri ve iglemleri normal
dis ticaret rejimine gore farkliliklar gostermektedir. Si-
nir ticaretinde denetimin yetersiz olmasi halinde; hangi
mallarin ne kadar ve ne tutarda ihrag¢ ve ithal edildi-
gi bilinemeyecektir. Dolayisiyla Dogu ve Giineydogu
Anadolu illerinin kalkinmasi amaciyla getirilen bu 6zel
diizenleme zamanla dig ticaret rejimini bozmaktadir.
Ozellikle son donemde smir ticareti ve Sinir Ticaret
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Merkezleri yoluyla gerceklestirilen ihracatta artis, itha-
latta da azalma goriilmektedir. Thracattaki bu artis, ic
giimriikleme sorunlar1 nedeniyle ihracatin sinir ticareti
seklinde yapilmasinin tercih edilmesinden kaynaklan-
maktadir (Tan ve Altundal, 2008).

Simir Ticareti ile Gelen Mallarin Mensei Sorunu

Sinir ticareti ile yapilan ihracatta gelen mallarin
mengei, sinir ilin {ilkesine ait olmalidir. Ancak; {i¢iin-
cii lilkelerden gelen mallarin ithal edildigi gézlemlen-
mistir. Buna Hindistan pirincinin ve Malezya ¢ayinin
[ran’dan sinir ticareti yoluyla ithal edilmesi rnek gos-
terilebilir. Bu durum birbirine sinir iki tilke ilinin kal-
kinmasimi amaglayan simir ticaretinin maksat disinda
baska tilkelerden gelen mallarin satilmasi yoluyla ama-
cinin disinda bir islev gérmesine neden olmaktadir (Tan
ve Altundal, 2008).

Sinir Ticaretinde Karsihkhilik Sorunu

Sinir ticareti yoluyla dogrudan siur illerinin ihti-
yaclarinin kargilanmasi amaglanmaktadir. Ancak uy-
gulamaya bakildiginda sinir ticaretinin bu amacindan
sapildigi, ihtiyaglarin giderilmesi yerine agirlikli olarak
ucuz emtia ithal etmek yoluyla yiiksek gelir elde etme
yoluna sapildig1 yaygin olarak goriilmektedir (Tan ve
Altundal, 2008).

Kotalarda Yasanan Sorunlar

Sinir ticareti kapsaminda ithal edilmesi gereken
iriin gruplari, her yil ilgili il Valiliklerince diizenlen-
mekte ve son sekli Dis Ticaret Miistesarligi tarafin-
dan belirlenmektedir. Ancak ithal edilecek bu {iriinler,
belgesi sahibi kisi ve firmalara tarafindan ayni {iriinii
ithal ettiginde kar azalmaktadir. Bu nedenle bu firiinle-
rin ithalatindan vazgec¢ilmekte ve kotalar genelde dol-
durulamamaktadir. ithalatin giderek azalmasi, ticaret
yapilan diger iilkenin de sinir ticaretine yeterince onem
vermemesine neden olmakta, karsilikli olarak ticaret
hacminin diismesi sinir ticaretinden beklenen faydanin
saglanamamasi seklinde kendini gostermektedir (Tan
ve Altundal, 2008).

Komsu Ulkelere Olumsuz Bakis Acisinin Getir-
digi Sorunlar

Ulkemizin cografi konumu ve yillardir siiren terér,
komsu tilkelerde yasanan gelismeler ticari iligkileri de
belli bir sinirda tutmustur. Sinir ticareti yapilabilecek
iilkeler hakkinda sakincali iilke olduguna dair, gerek
devletin biirokrasisinde, gerekse halkta olumsuz kana-
atler bulunmaktadir. Sinir komsularimiza karsi olan bu
olumsuz bakis agisi, ticareti de olumsuz yonde etkileye-
bilmektedir (Tan ve Altundal, 2008).
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Ulasim Sorunu

Bazi sinir kapilarinda ulagim imkanlarinin yetersiz
olmas! ticareti olumsuz etkilemektedir. lgili iilkelerin
ozellikle de Iran’in smir bolgesine olan ulasim kanalla-
rin1 yeterince modemize etmemesinden dolay1 sorunlar
yasanmaktadir. Bazi sinir kapilarinin transit gegise agik
olmamasi ise diger baska bir sorundur(Tan ve Altundal,
2008).

Sinir Ticaret Merkezlerinin Yeterli Diizeye Gel-
memesi Sorunu

Kayit dis1 sinir ticaretinin Oniine gegmek amaciyla
yiirlirliige giren Sinir Ticaret Merkezleri, Tiirkiye’nin
Dogu ve Gilineydogu Anadolu Bolgesindeki 13 ili kap-
samaktadir. Ancak Siir Ticaret Merkezlerinin tam an-
lamiyla calismaya baglamasi igin Merkez agilacak bolge
ile komsu tilke arasinda karsilikli mutabakat gerekmek-
tedir. Su an sadece Agr1 Sarisu, Van Kapikoy ve Hakka-
ri Esendere’de Sinir Ticaret Merkezi bulunmaktadir.Su-
riye, Giircistan, Irak ve Nahgivan Ozerk Cumhuriyeti
ile Sinir Ticaret Merkezi goriismeleri heniiz tamamlan-
mamigtir. Komsu iilkelerin Tiirkiye’nin kendilerine mal
satacagimi fakat mal almayacagmi diisiindiiklerinden
Sinir Ticaret Merkezlerine sicak bakmamasi ve Sinir
Ticaret Merkezi kurulmasi dngoriilen illerimizde sinir
ticareti kavraminin anlagilamamis olmasi yani bolge
insaninin petrol ticareti olmayan ticarete yanagsmama-
st sinir ticaretinin istenilen diizeye gelmemesine neden
olmaktadir (Tan ve Altundal, 2008).

Sinir Ticaretinde Yasanan Sorunlara Kars1 Al-
nan Onlemler

Dogu ve Giineydogu Anadolu Bélgelerinin diger
bolgelerle arasinda olan gelismislik farklarinin gide-
rilmesi amaciyla uygulamaya sokulan Sinir ticareti,
zaman i¢inde bazi olumsuzluklar1 beraberinde getir-
mistir. Sinir ticaretinin igleyisinde yasanan sikintilar
yaninda daha ¢ok sinir ticaretinin amacini asan sekilde
uygulamalar baglamistir. Siir ticaretinin uygulamaya
girmesinden sonra yasanan sikintilar sonrasinda cesitli
donemlerde farkli 6nlemler alinmistir. Alinan 6nlemler
asagida siralanmistir:

Sinir Ticaretine Konu Mallarin Kapsaminin Daral-
tilmas1

Miicavir llerin Sinirlandirilmasi
Glimriik Muafiyetinin Sinirlandirilmasi

Sinir Ticaret Merkezlerinin Kurulmasi
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II ihtiyag Listelerinin Dig Ticaret Miistesarliginca
Onaylanmast

Uriinlerin 11 Disina Cikarilmasinin Engellenmesi

Ithal Edilecek Mallara Kalite Standardinin Getiril-
mesi

SONUC VE ONERILER

Sinir Ticareti, Dogu ve Giineydogu Anadolu Bol-
gesinin ekonomik olarak kalkinmasinda, refah dii-
zeyinin artirllmasinda ve bolgeden go¢ probleminin
¢oziilmesinde oynadigi rolden dolayi, siirdiiriilmesi
gerekli bir ticari model olarak géondemdeki yerini ko-
rumaktadir. Ayrica her iki bolgede uzun senelerden beri
siirmekte olan terdr problemine kaynaklik eden igsizlik
ve yoksullugun giderilmesi agisindan dnemli imkanlar
sundugu goriilmektedir.

Siirdiiriilebilir bir sinir ticareti i¢in dncelikle {il-
kenin normal dis ticaret rejiminin yerine alternatif ol-
mamasi1 gerekmektedir. Ciinkii herhangi bir bolgenin
kalkinmasi, tilkenin toplam kalkinmasinin 6niinde yer
almamalidir. Bunun i¢in yapilan ve yapilacak diizen-
lemelerin {ilkenin ekonomik sistemini tamamlayici
nitelikte olmasi gereklidir. Bu yiizden alinacak tedbir-
lerin sinir ticareti kavraminin amaglarindan herhangi
bir sekilde sapmaya neden olmamasi, zaman zaman
ortaya ¢ikan sapmalarinda olusturulacak siki kontrol
ve denetim mekanizma ve diizenlemeleri ile gideril-
mesi elzemdir.

Bu bakimdan sinir ticareti ithalat kotalar: illerin
gercek ihtiyaclarindan kaynakli olmasi yoniinde has-
sasiyet gosterilmelidir. Ancak kii¢iik illerin de sinir ti-
careti vasitasiyla ekonomilerini gelistirmesi igin, sinir
ticareti kapsaminda ithal ettikleri iiriinleri gene sinir
ticareti kapsamu igerisindeki diger illere satig yaparak
ekonomilerini giiglendirmeleri de saglanmalidir.
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Erzurum ili’nde Organik ve Konvansiyonel Tarim Yapan
Isletmelerinin Biiyukliik Kriterleri Bakimindan Karsilastirilmasi

Koksal KARADAS!, Semiha KIZILOGLU?

OZET: Bu galisma Erzurum ilinde organik ve konvansiyonel tarim yapan isletmelerin biiyiikliik kriterleri agisindan
karsilagtirmasini yapmak, hangi isletme tiirlinlin biiylikliigiin sagladig1 avantajlara sahip oldugunu belirlemek
amaciyla yapilmistir. Erzurum’da organik tarim yapan isletmelerin arazi varliklar1 dikkate alinarak 120 tarim
isletmesi ile anket yapilmistir. Karsilastirmada kullanilan biiyiikliik kriterlerinden arazi genisligi, isgiicii miktart,
bitkisel iiretim degeri ve ikametgah kira bedeli degerleri hem organik tarimyapan isletmelerde (A tipi) ve hem de
konvansiyonel tarim yapan isletmelerinde (B tipi) birbirlerine yakin bulunmustur. Hayvan varligit BBHB cinsinden
Atipiisletmelerde 15.79 olup B tipinden (9.55) biiyiiktiir. Hayvansal iiretimin degeri A tipi isletmelerde 13184.13 TL
ile digerinden (10968.80TL) biiyiiktiir. Benzer sekilde envanter kiymet artislari, isletme disi tarimsal faaliyet
gelirleri, gayrisafi hasila ve 6z sermaye degerleri de A tipi isletmelerde yiiksek bulunmustur. Biiyiikliik kriterleri
bakimindan organik tarim yapan isletmelerin daha yiiksek degerlere sahip olmasi, konvansiyonel tarim yapan
isletmelerinde organik tarima gecerek bu avantajdan yararlanabilecegini gostermektedir.

Igdir Universitesi Fen Bilimleri Enstitiisii Dergisi

Igdir University Journal of the Institute of Science and Technology

Anahtar Kelimeler: Organik tarim, igletme analizi, igletme biiyiikligi, karsilastirma

Comparison of Agricultural Enterprises that Perform Organic
Agriculture and Conventional Agriculture in the City of Erzurum
in Terms of Their Sizes

ABSTRACT: The goal of this study is to compare the agricultural farms that are performing organic agriculture
with the ones performing conventional agriculture in terms of their sizes and to determine which one of these two
has the advantages due to its size. 120 agricultural firms are surveyed considering the land assets of the firms that
are performing organic agriculture in Erzurum. The criteria in terms of size used in this study are the size of the
land, the amount of manpower, herbal manufacture value, and the rental value of the property. These criteria are
found to be close for both organic (type A) and conventional (type B) agricultural firms. The animal assets in terms
of BBHB is 15.79 in type A firms and greater than that of type B firms (9.55). Animal production is 13184.13 TL
in type A firms and greater than that of type B firms (10968.80TL). Similarly, increase in inventory value, income
from external agricultural business, gross output and capital stock are found to be higher in type A firms. The fact
that types A firms has the advantage in terms of size criteria shows that conventional agricultural firms can also have
similar advantages if they switch to organic agriculture.
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GIRIS

Konvansiyonel tarim uygulamalarinin insan sagli-
gina ve ¢evreye olan olumsuz etkilerinin daha da belir-
ginlestigi giiniimiizde, ¢evre korumaya yonelik duyar-
lilik ve saglikli gida tiiketmeye yonelik tercihler de gi-
derek artmaktadir. Bu baglamda konvansiyonel tarimin
cevreye ve canlilara olan olumsuz etkilerini gidererek
cevreye ve canlilara dost, siirdiiriilebilir olan organik
tarima gegis biiyiik 6nem kazanmistir (Sarikaya, 2007).
Tiim diinyada oldugu gibi {ilkemizde de organik tarima
verilen 6nem her gegen giin artmakta ve bu konuda fa-
aliyet gosteren isletmelere destek verilmektedir. Diinya
organik tarim alanlar1 1999 yilinda 11 milyon hektar
iken 2009 yilinda 37 milyon hektara ulasmis olup (Reh-
ber, 2011), Tiirkiye’de ise 2011 yilinda 614 bin hektar
alanda organik tarim yapildig1 belirlenmistir (Anonim,
2013). Her gegen giin organik tarim yapilan alanlarin
artmastyla beraber organik tarim yapan isletmelerin
yapilarinin incelenmesi, konvansiyonel tarim yapan is-
letmelere gore daha avantajli ve yetersiz olduklar ko-
nularin belirlenmesi, isletme yapist ve faaliyetleri ara-
sindaki iliskilerin ortaya konmas1 gerekmektedir. Islet-
medeki etkinlik ve toplam verimlilik faktorleri isletme-
nin tipi, biiyiikliigli ve baslangi¢ sartlar1 gibi faktorlere
bagl oldugundan (Lissitsa and Odening, 2005) ayrica
bu faktorler de aragtirllmalidir. Yapilan bir ¢alismada
tiziim iiretiminde bulunan daha biiyiik igletmelerin daha
kiiciik isletmelere gore {iriin bagina daha diisiik isgiicii
maliyetine sahip olduklar1 ve ihracatta daha avantajli
konumda olduklar1 belirlenmistir (Collins, 1995). Ka-
radas ve ark. (2006) yaptiklar1 ¢aligmada organik ve

organik olmayan bugday tiretimindeki briit kar’1 karsi-
lastirdiklarinda organik iiretimden elde edilen bugdaym
briit karimi daha fazla bulmuslardir. Bu ¢alismanin ama-
c1 organik ve konvansiyonel tarim isletmelerini biiyiik-
likk kriterleri bakimindan karsilagtirarak hangi isletme
tipinin daha avantajli oldugunu ortaya koymaktir.

MATERYAL VE YONTEM

Aragtirmanin materyalini, Erzurum Merkez, Ispir
Karakamis ve Coruh Vadisi, Horasan, Uzundere, Tor-
tum, Olur, Pasinler, Pazaryolu, Hinis, Askale, Cat ve
Ilica ilgelerinde faaliyet gdsteren tarim igletmelerinden
2003 yilinda Dogu Anadolu Besiciler Birligi koordina-
torliigiinde organik tarim faaliyetine gegen 633 tarim
isletmesi ile ayn1 bolgede benzer tarimsal yapiya sahip
olup organik tarim faaliyetinde bulunmayan tarim islet-
meleri ile yapilan anket ¢caligmasi ile elde edilen veriler
olusturmaktadir.

Dogu Anadolu Besiciler Birligi ile yapilan 6n ¢a-
lismada; Birlige iiye isletmelerin bulundugu ilge ve
koyler, isletmelerin arazi varliklar, tirettikleri iriin ¢e-
sitleri ve tarimsal yapilar1 hakkinda bilgiler alinmistir.
Alman bilgiler 15181nda birlige iiye isletmelerin bulun-
dugu Erzurum Merkez, Ispir Karakamis ve Coruh Va-
disi, Horasan, Uzundere, Tortum, Olur, Pasinler, Pazar-
yolu, Hinis, Askale, Cat ve Ilica il¢elerine gidilerek 6n
calisma yapilmistir.

Cizelgel. Populasyonu olusturan isletmelerin bulundugu ilgeler, isletmesayilar1 ve toplam arazi biiyiikliikleri

Ilceler Isletme sayis1 (adet) Toplam arazi varligi (da)
Ispir-Coruh Vadisi 28 451
Ispir-Karakmis 19 459
Horasan 12 767
Uzundere 7 124
Tortum 16 507
Olur 10 597
Pasinler 27 4060
Pazaryolu 10 740
Hinis 12 415
Askale 10 2095
Cat 214 6962
Ilica 185 27772
Merkez 82 9946
Toplam 633 54444
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Arastirma populasyonunu olusturan
isletmelerin bulundugu koyler Cizelge 1°de verilmistir.
Tabakali Ornekleme Yontemine gore ornek sayisi
saptanmistir (Kiziloglu, 1999).

Tabakali Ornekleme Yontemine gore ornek sayisi
saptanirken kullanilan formiil;

N3N
N’D*+3N,S;

Formiilde ; n = Ornek sayisi,

N = Ana Kkitleyi olusturan isletme
sayis,

N, = h. Tabakadaki isletme sayist,

S? = h. Tabakadaki varyans,

Cizelge 2. Organik tarim yapan isletmelerde 6rnek sayisinin hesabi

p-¢4
z
(d : drnek ortalamasi ile ana kitle ortalamasi arasindaki
farkin hata payi, z: kabul edilen hata payma gore
standart normal dagilim g¢izelge degeridir) %5 hata
paytyla (%95 giiven sinirlari igerisinde) calisildigi kabul
edilerek, 6rnek sayisi n = 60 olarak hesaplanmustir.

Calismada  biyiiklik  kriterleri ~ bakimindan
karsilastirma yapilirken 6rnege giren koylerde organik
tarim faaliyeti yapan isletmelerle, aymi kdylerde
organik tarim isletmelerinin tarimsal yapisina benzer
organik tarim yapmayan isletmeler karsilastirma igin
secilmistir. Organik tarim yapan isletmeler A tipi ve
diger isletmeler B tipi olarak siniflandirilmistir.

Isletmeler arazi varliklarina gore 3 tabakaya ayrilmis
tabakalar ve bu tabakalar i¢in belirlenen populasyon ve
ornek biiyiikliikleri Cizelge 2’de verilmistir.

Ortalama
Tabakalar Populasyon Arazi )
(arazi Sayisi Genisligi z Ornek Sayis1 %10 Yedek
genigligi-da) (adet) (da) Standart Sapma (%5) (adet) Anket
1-60 190.0 26.0 18.3 1.96 18.0 2.0
61-120 245.0 87.0 20.1 1.96 23.0 2.0
120+ 198.0 186.0 24.3 1.96 19.0 2.0
Toplam 633.0 99.7 60.0 6.0
Buna gore, her ii¢ tabakada bulunan isletmelerden BULGULAR

arazi varliklarina goére 60 organik ve 60 organik
olmayan ayrica %10 (6+6=12) fazla olmak iizere
toplam 132 anket 2006 yili hasat dénemi sonunda
yapilmis, degerlendirmede ise 120 anket kullanilmistir.

Cizelge 3. Isletmelerin toplam arazi varliklari

Arazi genisligi: Cizelge 3’te isletmelerin miilk,
kira ve toplam arazi varliklar1 verilmistir.

Miilk Arazi Kiralanan Arazi Toplam Arazi
) Varlig Varlig1 (da) Varlig1 (da)
Isletme Tipi Tabaka (da) () I1) (I+11)
A 1 26.30 24.50 50.80
2 87.40 32.00 119.40
3 186.20 87.10 273.30
Ortalama 100.00 47.90 147.90
B 1 31.30 27.50 58.80
2 91.30 23.20 114.50
3 171.70 94.30 266.00
Ortalama 98.10 48.30 146.40
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Her iki tip isletmenin toplam arazi varligi yakin
olmasina karsin A tipi isletmelerin arazi varlig1 (147.90
da) B tipi igletmelerin arazi varligindan (146.40 da)
fazladir.

Hayvan miktari: Cizelge 4’ten goriildigi gibi
incelenen igletmelerin hayvan varliginin (BBHB)
biiyiik boliimiinii irat hayvanlar1 olusturmaktadir. irat
hayvanlarinin ¢ogunlugunu olusturan inek varligi A tipi

Cizelge 4. Isletme basina hayvan varhg: (BBHB)

isletmelerde ortalama olarak 9.50 adet iken B tipi
isletmelerde ortalama 6.64 adettir. Kii¢iikbas hayvan
varligindan koyun varligi da A tipi isletmelerde (1.15)
B tipi isletmelerden (0.11) daha fazladir. BBHB
olarak toplam hayvan varlig1 dikkate alindiginda her
ii¢ tabaka da ve ortalama toplamda A tipi isletmelerde
daha fazla olup A tipi isletmelerin daha basarili
olduklar1 anlagilmaktadir.

, Irat Hayvanlar
Hayvan Varlig1 Is Hayvanlar
Biiyiikbas Kiiciikbas
At Boga Inek Dana Tosun-Diive Ko¢ Koyun Kuzu  Toplam
A 1 0.22 0.00 7.30 1.13 1.40 0.06 0.06 0.00 10.17
2 0.15 0.35 8.90 1.80 221 0.09 0.32 0.43 14.25
3 0.08 0.26 12.30  1.67 1.33 2.74 3.07 1.49 22.94
Ortalama 0.15 0.20 9.50 1.53 1.65 0.96 1.15 0.64 15.79
B 1 0.11 0.81 5.74 1.32 032 0.13 0.08 0.01 8.52
2 0.04 0.04 6.78 1.17 1.03 0.04 0.16 0.16 9.42
3 0.05 0.05 7.40 1.48 1.58 0.00 0.09 0.07 10.72
Ortalama 0.07 0.30 6.64 1.32 098 0.06 0.11 0.08 9.55

Isgiici miktari: Isletmelerdeki niifus miktar1 EIB
cinsinden ¢izelge 5’te verilmistir. B tipi isletmelerde
ortalama olarak niifus A tipi isletmelerden daha fazla

Cizelge 5. isletme basina niifus ve EiB

olmasina karsin EiB cinsinden A tipi isletmelerde (4.00)
daha fazladir. Her iki isletme tipi icinde arazi miktar
arttikca isletmelerdeki niifus miktar1 da artmaktadir.

Isletme Tipi Tabaka Bilyiikliigii . Niifus _
Miktari EiB
A 1 5.80 3.80
2 6.60 4.10
3 7.20 4.20
Ortalama 6.50 4.00
B 1 6.10 750
2 6.30 3.50
3 7.30 4.10
Ortalama 6.60 3.70

92

Igdir Uni. Fen Bilimleri Enst. Der. / Igdur Univ. J. Inst. Sci. & Tech.



Erzurum ili’nde Organik ve Konvansiyonel Tarim Yapan Isletmelerinin Biiyiikliik Kriterleri Bakimindan Karsilastiriimast

Bitkisel iiretim degeri: incelenen isletmelerde
bitkisel iiretim degeri gizelge 6’da verilmistir. A tipi
isletmelerin bitkisel iiretim degeri ortalama olarak
(11473.03TL) B tipi isletmelerinkinden (11099.13TL)
daha fazladir. isletmelerin arazi varhiklari biiyiidiikce
direttikleri iiriin ¢esitliligi ve miktartyla birlikte bitkisel
iriin degerleri de artmaktadir. A tipi isletmeler diger
isletmelere gore {irettikleri bugdayr kilogramin
Istanbul Halk Ekmek Anonim Sirketine ortalama

Cizelge 6. Isletmelerin bitkisel iiretim degerleri (hububat-TL))

0.37 TL den verirken diger isletmeler 0.30 TL den
fabrika veya TMO’ya vermektedirler. Benzer sekilde
A tipi isletmeler fasulyeyi 4.50 TL den diger isletmeler
2.53 TL den satmaktadirlar. Ayrica A tipi isletmeler
ciftlik giibresi kullanmalar1 nedeni ile bazi firiinlerde
daha fazla verim almaktadirlar. A tipi isletmelerin
kullandiklart ¢iftlik giibresinde de yeterince azot, fosfor
ve potasyum bulunmasi (Gaur 1992) bu isletmelerin

organik giibreleme yaptiklarini géstermektedir.

. < Bugda Arpa avdar .\ Tritikale
ITsifitme Tabaka }lg)ueggi? Sar%lan?ll D[t:g?ri Sarl;lr;ql CDigel:erlir gamam T[r)lélgkee;lie Samam
Degeri Degeri Degeri Degeri
A 1 456.50 343.70 75.80 140.30 14.60 20.80 0.00 0.00
2 1630.60 1103.40  381.50 271.20  100.20 130.60 19.30 13.90
3 2790.50 2960.20 2519.30 978.90 21.60 23.70 0.00 0.00
Ortalama 1625.87 1469.10 992.20 463.47 45.47 58.37 6.43 4.63
B 1 664.60 753.80  230.30 167.80 53.10 31.70 0.00 0.00
2 1185.80 1561.70  207.60 179.10 49.00 50.90 0.00 0.00
3 2587.80 2167.50  731.20 520.80 181.50 95.30 0.00 0.00
Ortalama 1479.,4 1494,3 389,7 289,2 94,5 59,3 0,0 0,0
Cizelge 6. (Devam) Isletmelerin bitkisel iiretim degerleri (endiistri bitkileri-TL))
Isletme Tipi Tabaka Patates Degeri Sek]gregzilican I{Sﬁe;(;ésfi)?)n:g;i Aycicegi Degeri M1]s)12§'lajl
A 1 226.70 0.00 0.00 0.00 10.90
2 260.90 421.40 0.00 65.20 326.10
3 0.00 1149.50 48.40 2000.50 0.00
Ortalama 162.53 523.63 16.13 688.57 112.33
B 1 588.90 235.70 49.40 0.00 0.00
2 19.60 127.40 33.30 173.70 0.00
3 247.40 300.00 23.90 813.70 0.00
Ortalama 285.30 221.03 35.53 329.13 0,00

Cizelge 6. (Devam) Isletmelerin bitkisel iiretim degerleri (yem bitkileri-TL)

Isletme Tipi Tabaka Fig Degeri Flz(];)igg;?m gggg:i I%:ggﬁa Cayir Degeri ];{;l g};fi
A 1 25.00 225.00 347.30 147.10 474.70 0.00
2 716.30 12.50 2407.50 103.50 1066.90 47.80
3 282.90 33.30 1611.10 11.60 1467.50 238.20
Ortalama 341.40 129.15 1455.30 87.40 1003.03 95.33
B 1 234.70 27.80 713.00 23.60 334.90 0.00
2 128.00 0.00 1955.40 338.70 784.40 281.10
3 470.00 3.30 1804.90 94.70 1059.10 0.00
Ortalama 277.57 10.37 1491.10 152.33 726.13 93.70
Cilt/ Volume: 3, Say1/ Issue: 4,2013 93



Koksal KARADAS ve Semiha KIZILOGLU

Cizelge 6. (Devam) Isletmelerin bitkisel {iretim degerleri (baklagiller-TL)

: . L - Nohut Samant Top!am Top!am
Isletme Tipi Tabaka Fasulye Degeri Nohut Deg. Deg. Merqm_ek Mer01me1< .
Degeri Saman1 Degeri
A 1 318.10 10.00 8.90 379.90 6.70
2 0.00 7.60 2.70 383.90 47.40
3 0.00 0.00 0.00 1033.80 2.50
Ortalama 106.03 5.00 0.00 599.20 47.40
B 1 213.30 0.00 0.00 248.60 3.90
2 0.00 15.80 3.90 228.10 72.00
3 373.70 16.60 0.00 705.50 19.70
Ortalama 195.67 10.80 0.00 394.07 45.85
Cizelge 6. (Devam) Isletmelerin bitkisel iiretim degerleri (meyve ve sebze-TL)
Isletme Tipi Tabaka Bostan Degeri Cilek Degeri Meyva Degeri Bitk};zlggrietim
A 1 0.00 0.00 4493.80 7725.60
2 0.00 0.00 0.00 9520.30
3 0.00 0.00 0.00 17173.20
Ortalama 0.00 0.00 1497.93 11473.03
B 1 0.00 36.10 2550.00 6961.10
2 110.90 0.00 1217.30 8723.60
3 0.00 0.00 4596.30 17612.70
Ortalama 36.97 12.03 2787.87 11099.13

Hayvansaliiretim degeri: Cizelge 7°de Isletmelerin
hayvansal iiretim degeri verilmistir. A tipi isletmelerin
1., 2. ve 3. tabakalarinda bulunan isletmelerin toplam
hayvansal iiretim degeri, arazi varligtyla birlikte artis
gostermis ve B tipi isletmelerdeki tabakalardan daha
fazla bulunmustur. Isletme ortalamasi olarak A tipi
isletmelerin hayvansal {iretim degeri (13184.13TL)
B tipi isletmelerinkinden (10968.80TL) yiiksek
bulunurken A tipi isletmeler hayvansal iiretim yoniinden
daha basarili durumdadirlar.

Envanter kiymetinde meydana gelen artislar:
Isletmelerdeki  envanter  kiymetinde  meydana
gelen artiglar Cizelge 8°de verilmistir. A tipi
isletmelerdeki envanter kiymet artis1 (5211.43TL) B
tipi isletmelerdekinden (3019.30 TL) daha fazladir.
A tipi isletmelerde dana envanter kiymet artisinin B
tipi isletmelerden asir1 fazla olmasimin nedeni A tipi
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isletmelerin sene basi ve sene sonu degerleri arasindaki
fark 421.00 TL iken B tipi isletmelerde 144.00 TL fark
olmas1 ve A tipi isletmelerin hayvan satisindan dogan
kiymet artigidir.

Isletme dis1  tarimsal  faaliyet  gelirleri:
Isletmelerdeki isletme disi tarimsal faaliyet gelirleri
Cizelge 9’da verilmistir. A tipi isletmelerin isletme
dis1 tarimsal faaliyet ve alet-makina kirasindan olusan
isletme basina ortalama diger tarimsal faaliyet gelirleri
(22.50 TL) B tipi isletmelerinkinden (7.96TL) daha
fazladir.

Ikametgih Kira Bedelleri: Isletmede calistirilan
yabanci is¢ilere ikametgdh olarak verilen binalarla
ciftcinin kendisine ait ikametgahinin kira karsiliklaridir
ve bina degerinin %10u kira bedeli olarak alinmigtir
ve hesaplanarak Cizelge 10°da verilen ikametgah kira
bedelleri burada tekrar verilmemistir.
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Cizelge 9. Isletme dis1 tarimsal faaliyet gelirleri (TL)

) Isletme Dis1 Tarimsal Alet Makina Kira Toplam Isletme Dis1 Tarimsal Faaliyet
Isletme Tipi Tabaka Faaliyet Geliri Geliri Gelirleri
A 1 53.30 0.00 53.30
2 0.00 10.00 10.00
3 0.00 4.20 4.20
Ortalama 17.76 4.70 22.50
B 1 0.00 17.10 17.10
2 0.00 0.00 0.00
3 0.00 6.80 6.80
Ortalama 0.00 7.96 7.96
Isletmelerin GSH degerleri gizelge 10°da verilmistir.
Cizelge 10. Isletmelerin gayrisafi hasila degerleri (TL)
Bitkisel Toplam Isletme
. Uretim Toplam Toplam ) Dis1 Tarimsal
Isl. Toplam Hayvansal Envanter Ikametgah Kira Faaliyet Gayrisafi
Tipi Tabaka Degeri Uriin Degeri  Kiymet Artist Bedelleri Gelirleri Hasila
A 1 7725.60 4106.20 3614.70 1876.70 53.30 17376.50
2 9520.30 9588.20 4312.70 2395.40 10.00 25826.60
3 17173.20 25858.00 7706.90 4630.50 4.20 55372.80
Ort. 11473.03 13184.13 5211.43 2967.53 31.65 32858.63
B 1 6961.10 3140.40 2657.20 2764.20 17.10 15540.00
2 8723.60 7904.10 3428.60 2419.10 0.00 22475.40
3 17612.70 21861.90 2972.10 3666.60 6.80 46120.10
Ort. 11099.13 10968.80 3019.30 2949.97 7.90 28045.17

A tipi isletmelerin hem tabakalar itiban ile ve
hem de isletme ortalamalar1 itibar1 ile Gayrisafi
Hasila degerleri B tipi igletmelerinkinden daha fazla
bulunmustur. Cizelge 10’dan goriildigi GSH’y1
olusturan unsurlarm tamami A tipi isletmelerde daha
fazladir. A tipi isletmelerde ikametgah kira bedelleri
diger isletmelerden 17.56TL daha fazladir. Envanter
kiymet artis1 ise 2192.13TL daha fazladir. GSH’lar
arasindaki farkliliga neden olan en biiyiikk neden

Cilt / Volume: 3, Say1/ Issue: 4, 2013

toplam hayvansal {iriin degeri arasindaki farkliliktir
(2215.33TL) ve bdylece A tipi isletmelerin diger
isletmelerden daha fazla hayvansal iriin degeri elde
ettikleri anlasilmaktadir.

Sermaye miktari: Sermaye miktar1 tarim
isletmelerinde kullanilan diger bir biyiklik
olgiisiidiir. Isletmelerdeki sermaye durumu gizelge
11°de verilmistir.
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Cizelge 11. Isletmelerin sermaye durumu

] Aktif Toplami Borg Toplamu Oz Sermaye
Isletme Tipi Tabaka (TL) (TL) (TL)
A 1 52933.68 6264.30 46669.38
2 135300.29 18745.70 116554.59
3 243613.30 10300.00 233313.30
Ortalama 143949.09 11770.00 132179.09
B 1 66820.31 22900.00 43920.31
2 101559.79 24700.00 76859.79
3 226295.24 23618.30 202676.94
Ortalama 131558.45 23739.43 107819.01
A tipi isletmelerin 6z sermayeleri (132179.09TL) KAYNAKLAR

B tipi isletmelerin 6z sermayelerinden daha fazla
bulunmustur. Isletmelerin arazi biiyiikliikleri arttikca
0z sermayeleri de artmaktadir.

TARTISMA VE SONUC

Biiyiikliik kriterleri degerlendirmesine gore arazi
genisligi, isglicii miktari, bitkisel iiretim degeri ve
ikametgah kira bedeli degerleri hem A tipi ve hem de B
tipi isletmelerde birbirlerine yakin bulunmustur. Hayvan
varligi BBHB cinsinden A tipi isletmelerde 15.79 olup B
tipinden (9.55) biiyliktiir. Hayvan varliginin fazlaligina
paralel olarak hayvansal {iretimin degeri A tipi
isletmelerde 13184.13 TL ile digerinden (10968.80 TL)

biliyiiktiir. Hayvan gilibresinin organik iiretimde
kullanilmasinin hayvan sayisinin fazla olmasina etki
ettigi anlasilmaktadir. Benzer sekilde envanter kiymet
artiglari, igletme dig1 tarimsal faaliyet gelirleri, gayrisafi
hasila ve 6z sermaye degerleri de A tipi isletmelerde
yiiksek bulunmustur. Biiyiik isletmelerin pazarlamada
rekabet avantajma sahip olduklar1 (Koester, 2005),
isletme kapasitenin artmasinin maliyetler ve is giicli
istihdam1 tiizerinde onemli bir etkiye sahip oldugu
(Dinger ve Fidan, 2011) ve {iriin maliyetlerinin ve riskin
azalmasinin, finansman kolayliklarinin saglanmasinin
ve teknolojik degisikliklerin yakindan takip edilmesinin
isletme biiylikliigiiniin artmast ile gergeklestirilebilecegi
diisiiniildiigiinde ~ (Iskenderoglu, 2008) biiyiikliik
kriterleri bakimindan daha yiiksek degerlere sahip olan
organik tarim yapan isletmeler belirtilen konularda daha
avantajli durumdadirlar. Konvansiyonel tarim yapan
isletmelerinde organik tarima gecerek bu avantajlardan
yararlanmas1 saglanabilir.
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