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Anahtar Kelimeler

Geopolimer, Ugucu kiil,
Isil kiir, Basing dayanima.

ABSTRACT

Compressive strength development of class F fly ash geopolymer activated by
sodium hydroxide was compared between initial heat curing at 75°C for 24
hours and the ambient medium. Class F geopolymeric mortar was produced
with standard Rilem sand, sodium hydroxide, and water. Mortar mixtures
ratios were 3, 1, and 0.288 for sand, fly ash, and water, respectively. Some
samples were cured in laboratory conditions; some samples were heat cured
for 24 hours at 75°C. Ambient curing medium result with non-measurable low
compressive strength up to 7 days, however significant strength development
observed in longer curing time up to six months. Heat curing developed higher
strength at all times than ambient curing did. It was concluded that heat cured
geopolymer samples could be utilized in construction materials, while
utilization of non-heat cured samples was not practical due to its longer curing
duration needs.

Oz

Sodyum hidroksit ile aktiflestirilmis F sinifi ugucu kiil geopolimerinin basing
dayanimi gelisimi, 75°C'de 24 saatlik ilk 1s1l kiirleme ile laboratuvar ortami
arasinda karsilagtirillmigtir. F sinifi geopolimerik harg, standart Rilem kumu,
sodyum hidroksit ve su kullanilarak tiretilmistir. Har¢ karisim oranlart kum,
ucucu kiil ve su igin sirastyla 3, 1 ve 0.288 olarak kullanilmustir. Uretilen
numunelerin laboratuvar ortaminda ve 75°C'de 24 saat 1sida ayri ayri
bekletilerek kiir edilmistir. Ortam sartlarinda bekletilen numunelerde 7 giine
kadar 6lgiilemeyen diisiik basing dayanimlart elde edilmistir. Ancak alt1 aya
kadar daha uzun kiirleme siiresinde 6nemli bir dayanim gelisimi gézlenmistir.
Is1 ortaminda kiirlenen numuneler her zaman ortam kiiriine gore daha yiiksek
dayanim sonuglar1 vermistir. Is1 ile kiirlenen geopolimer numunelerin insaat
malzemelerinde kullanilabilecegi, 1s1 ile kiirlenmemis numunelerin
kullaniminin ise daha uzun kiirlenme siiresi ihtiyaglari nedeniyle pratik
olmadigi sonucuna vartlmustir.

*Sorumlu yazar
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1. INTRODUCTION

Geopolymers were presented as an alternative to the utilization of Portland cement (OPC) in the
concrete industry; mainly, geopolymers produced with fly ash got the high potential to be an alternative
to the application of Ordinary Portland Cement (OPC) [1].

Studies were carried out to investigate the properties of alkali-activated fly ash or fly ash-based

geopolymers; the number of studies is increasing and going on an accelerated manner.

Geopolymerization is a chemical process similar to polymeric reaction; as a result of chemical
reaction, it forms alumina and siliceous chain with strong binding properties. Geopolymeric reaction
takes place between amorphous silica and alumina in an alkali activator medium with a high pH value.
This reaction is generally called alkali activation, which converts the amorphous glass content of
geopolymeric source materials into the solid matter with strong binding properties [2,5].

Studies have shown that role of molarity of alkali activator materials in the process of
geopolymeric reaction is significant. Alkali medium with high pH value, primarily, dissolves the
amorphous glassy contents of geopolymeric source materials (i.e., fly ash, silica fume, metakaolin etc.),
at the end of a chemical reaction; geopolymer chains made of sodium, alumina, and silica are formed
[6,10]. In brief, amorphous glassy contents of geopolymeric source materials are dissolved in the
presence of high pH value provided by strong alkali activators (i.e. NaOH, KOH). Later on,

geopolymeric reaction forms a solid matter made of sodium-alumina-silicate with strong binding

property [6].

As it is stated before, geopolymerization is a chemical reaction and process; it takes place in
time. Apart from this, it is known that geopolymeric reaction of fly ash-based geopolymer mixtures at
ambient temperature is quite slow. For these reasons, the temperature of curing medium as well as curing
durations are prominent and dominant parameters that influence the reaction Kkinetics of
geopolymerization [1, 4, 6, 9, 11, 16]. In addition, amount of alkali or molarity of alkali medium is
another specific crucial parameter for geopolymerization process since geopolymeric reaction takes

place in the presence of strong alkali activating solution [10, 17, 19].

Researchers, working on alkali-activated geopolymeric binder using fly ash as geopolymeric
source material, obtained and reported compressive strength of geopolymer mortar and geopolymer
concrete in the range of 10 MPa and 120 MPa values depending on fly ash used, amount of alkali

activator, activator type, heat curing temperature and duration [8, 10, 18, 20, 25].
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Although it is reported that geopolymeric reaction of class F fly ash-based geopolymer is very
slow at ambient laboratory condition, there are no studies how curing duration influence the strength
development of fly ash-based and NaOH activated geopolymer mixture cured at laboratory condition.
This work focuses on long-term compressive and flexural strength development of fly ash-based alkali-
activated geopolymer mortar cured at ambient laboratory conditions and temperatures. To achieve this
target, fly ash based alkali-activated fresh geopolymer mixtures were prepared and cured in laboratory

conditions until six months of curing duration.

For the aim of comparison of the influence of heat curing and ambient temperature curing at the
laboratory, some mortar mixtures were initially heat cured for 24 hours at 75°C, some of the mortar
mixtures were cured at laboratory without initial heat curing. After 24 hours of initial heat curing,
geopolymer mortar samples were stored in laboratory conditions and further cured until six months
duration. At the end of the selected curing duration, compressive and flexural strength of samples were

measured and evaluated. Unit weight and workability of mixtures were also measured.

2. MATERIAL AND METHOD

In obtaining geopolymeric binder, class F fly ash was used. Fly ash was taken from Sugozu
thermal power plant in Yumurtalik county of Adana city in southern Turkey. Chemical oxide

compositions of fly ash were presented in Table 1.

Fly ash used has complied with the European Norm standard of [26] and American standard of
ASTM C 618 [27]. It is classified as class F fly ash according to ASTM C618 standard due to its total
amount of SiO+Al.Os+Fe,03 oxide value, which is higher than 70% and the amount of CaO which is
less than 10% (low lime). The specific gravity of fly ash used was 2.39, and the amount of remaining

on 45-micron sieve was 12%.

Sodium hydroxide is used as an activator; it was a technical grade chemical and its purity more
than 97%. The amount of activator was selected as 10% of the mass of fly ash in the mixture. For the
preparation of mortar mixture, standard Rilem sand was employed. The number of materials needed for

standard mortar mixture to obtain three 40x40x160 mm? sized prismatic samples were given in Table 2.

Table 1. Chemical compositions for fly ash

Oxide | SiO, | Al20; | Fe203 | CaO | SOs | Na,O
(%) | 6181 | 1954 | 7.01 |1.77 | 0.31 2.43
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Table 2. Mixture compositions (g)

Sand Fly ash NaOH Water
1350 450 78 150

3. RESULTS AND DISCUSSIONS

3.1 Unit weight and workability of geopolymer mortars

Fresh alkali-activated geopolymer mortar was measured as 200 mm from mini flow test for
mortar. There was no workability problem during the compaction of fresh mortar. Hardened mortar

unit weight was found to be about 2.2-2.4 g/cm3.

3.2 Compressive strength of geopolymer mortars

Compressive strength measurement results according to TS EN 1015-11 [28] obtained from
alkali-activated class F fly ash-based geopolymer mortar were presented in Table 3. Initial heat cured
samples showed satisfactory compressive strength development beginning from 24 hours till six
months. Initial heat curing for 24 hours at 75°C developed 32.4 MPa compressive strengths at the first
day. However, samples continued to development of strength for further curing duration until six
months at laboratory conditions. For further six months curing after 24 hours of first heat curing at

75°C, geopolymer mortar samples developed an average 45.5 MPa compressive strength value.

It is observed that geopolymer mortar samples cured at ambient temperature could not
develop proper compressive strength till the 7th day; however, it developed 2.1 MPa compressive

strength at 28 days curing duration.

In long term curing duration (90-day and 180-day) at ambient condition, geopolymer mortar
samples developed 17.2 MPa and 27.1 MPa compressive strength for 90-day and 180-day, respectively
(see Table 3 and Figure 1).

A comparison between initial heat cured samples and without heat cured samples were made.
The comparison showed that at the end of three months, curing duration, samples cured at ambient
conditions developed 40% of compressive strength of heat-cured mortar samples. In addition, at the end
of six months' curing duration, samples cured at ambient conditions developed 60% of the compressive
strength of heat-cured mortar samples. Geopolymer samples cured at ambient conditions could not
develop compressive strength in a short-term curing duration of up to 7 days; however, it developed

entirely satisfactory compressive strength in longer-term curing duration.
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Table 3. Compressive strength development of mortar (MPa)

Curing time Room Heat curin
interval temperature 9
. (75°C)
(day) curing
1 0 324
3 0 36.5
7 0 35.1
28 2.1 41.4
90 17.2 42.4
180 27.1 455

wow s Ay,
& & & U ©
L )

Compressive strength (MPa)
N [ =]
o w

=—#=—Room temperature curing

== Heat curing

0 50 100 150 200
Curing time (day)

Figure 1. Compressive strength vs curing time

In very long term curing duration (1 year or more), geopolymer mortar samples cured at
ambient conditions could develop equivalent compressive strength to heat-cured samples. Based on
compressive strength development, it can be concluded that heat-cured class F fly ash-based
geopolymer mortar with its adequate compressive strength can be employed in construction and
building areas as environmentally friendly material. However, utilizing a non-heat cured Class F fly ash-

based geopolymer in that area is not practical due to slow compressive strength development.

3.3 Flexural strength of geopolymer mortars

Flexural strengths of alkali-activated class F fly ash-based geopolymer mortar according to TS
EN 1015-11 [28] were given in Table 4. Flexural strength of 24 hours initially, heat cured samples was
9.2 MPa. Flexural strength of samples was increased by an increase of further curing time up to six
months. However, flexural strength development was found to fluctuate in time, attributed to

experimental variations.

83



C. D. Atis et al. / Dicle Universitesi Fen Bilimleri Enstitiisii Dergisi 9 (2) (2020) 79-88

For further six months curing after 24 hours of initial heat curing at 75°C, geopolymer mortar
samples developed an average 13.3 MPa flexural strength value. Moreover, geopolymer mortar
samples cured at ambient temperature could not develop proper flexural strength till the 7th day;

however, it developed 2.7 MPa flexural strength at 28 days curing duration.

In long term curing duration (90-day and 180-day) at ambient condition, geopolymer mortar
samples developed 8.9 MPa and 10.2 MPa flexural strength for 90-day and 180-day, respectively (see
Table 4 and Figure 2).

Table 4. Flexural strength development of mortar (MPa)

Curing time Room .
. Heat curing
interval temperature

. (75°C)

(day) curing
1 0 9.2
3 0 12.6
7 0 9.9
28 2.7 12.7
90 8.9 15.1
180 10.2 13.3

16
14 +
12 4
(1]
o
2 10 +
£
B
g 8
i
©
5 6
E3
2
o4
—4#=—PRoom temperature curing
2 .
—Hll—Heat curing
0 T T T 1
0 50 100 150 200
Curing time (day)

Figure 2. Flexural strength vs curing time

Comparison between initial heat-cured flexural strength and non-heat cured flexural strength
showed that at the end of three months and six months, curing duration, mortar cured at ambient

conditions developed mora than 50% of flexural strength of heat-cured mortar samples.
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Geopolymer samples cured at ambient conditions could not develop flexural strength in short
term curing duration up to 7 days; however, it developed entirely adequate flexural strength in longer-

term curing duration.

In very long term curing duration (1 year or more), it is expected that geopolymer mortar
samples cured at ambient conditions could develop equivalent flexural strength to heat-cured

samples.

Flexural strength development also proved that heat cured geopolymer mortar mixtures
studied in this work could be utilized in construction and building area with satisfactory flexural
strength development. However, utilizing non-heat cured geopolymer mixtures in that area is not

practical due to slow flexural strength development.

A comparison was made between strength obtained from the study and published work. This

is given in the following.

Olivia and Nikraz [20] activated class F fly ash with 14 molar concentration of sodium hydroxide
and sodium silicate solution at 75°C heat curing for 24 hours. They obtained compressive strength in

the order of 50-60 MPa, flexural strength in the order of 7-8 MPa.

Ryu et al. [21] activated class F fly ash with 9 molar concentration of sodium hydroxide and
sodium silicate solution at 60°C heat curing for 24 hours, they obtained compressive strength in the

order of 40, splitting strength in the order of 2-4 MPa

Vora and Dave [22] reported the compressive strength of geopolymer mixtures between 32
and 46 MPa at 7 days, the lowest value corresponds to 8 molar sodium hydroxide concentrations, and
the highest value corresponds to 14 molar sodium hydroxide concentrations. They reported 35 MPa
compressive strengths for 10 molar concentration of sodium hydroxide. The cured mortar samples at

75°C for 24 and 48 hours.

De Vargas et al. [23] reported compressive strength between 8 and 28 MPa, for alkali-activated
class F fly ash-based geopolymer mortar cured at 80°C for 24 hours initial heat curing. Further curing

at laboratory conditions was applied up to 3 months.

Skvara et al. [24] activated low calcium brown fly ash with sodium hydroxide and sodium
silicate solution and prepared geopolymer mortar. The compressive strength of the geopolymer

produced was 40 MPa at 28 days of laboratory curing after 12 hours of initial heat curing at 809C.
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Gorhan and Kurklu [15] reported compressive strength in the order of 15 and 25 MPa and
flexural strength in the order of 5, and 8 MPa for alkali-activated fly ash mortar. Molarities of activators

were 3, 6, and 9. Heat curing was applied at 65 and 852C for 24 hours.

Compressive and flexural strength obtained in the study was in the order of 40 MPa and 12
MPa, respectively. The compressive strength reported by Olivia and Nikraz [20] was obtained using 14
molar activators and was found to be somewhat higher than the current results obtained using 10
molar activators; thus, the difference was attributed to higher molarity of their work. Compressive
strength of this work was found to be in-line with results reported by Ryu et al. [21] and Vora and Dave
[22] and Skvara et al. [24] However, the current compressive strength value was higher than the

strength reported by De Vargas et al. [23] and Gorhan and Kurklu [15].

4. CONCLUSIONS

The following conclusions were made from the study.

1. NaOH activated geopolymer mortar mixtures made with fly ash and cured for 28 days at ambient
condition did not gain adequate compressive and flexural strength. Therefore, it is proved and
concluded that the geopolymerization reaction of alkali-activated class F fly ash-based
geopolymer is quite slow.

2. Samples cured at room temperature developed significant compressive and flexural strength at
long term curing duration.

3. It was seen that heat cured samples continuously developed high compressive and flexural
strength of 24 hours up to six months.

4. It is concluded that heat cured fly ash based geopolymer samples can be utilized in construction
materials area while utilization of non-heat cured samples is not practical due to its longer curing

needs.
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0z

Bu ¢alisma 18 adet silajlik misir ¢esidinin (Samada-07, Arifiye, Sakarya,
ADA-9510, ADA-9516, ADA-523, AGA, Kerbanis, Keravnos, Kolesseus,
Simpatico, Kilowatt, Kalideas, Larigal, SY-Antex, SY-Inove, SY-Gladius
ve Dragma) Bilecik ekolojik kosullarinda tarimsal 6zelliklerinin
belirlenmesi amaciyla 2019 ve 2020 yillarinda yiritilmiistir. Calisma
Tesadif Bloklart Deneme Desenine gore 3 tekrarlamali olarak
kurulmustur. Bitkiler hamur olum doéneminde hasat edilmis ve silajlik
musir gesitlerinde bitki boyu, govde ¢api, yaprak sayisi, kogan sayisi, ilk
kocan yiiksekligi, kogan agirlig1 ve kuru ot verimi belirlenmistir. iki y1llik
sonuglara gore; bitki boyu 2.98-3.78 m, gévde ¢ap1 1.75-2.76 m, yaprak
sayis1 11.70-16.53 adet, kogan sayisi kogan sayisi 1.41-2.44 adet, ilk kocan
yiiksekligi 0.99-1.52 m ve kogan agirligi 337.89-534.60 arasinda
degismistir. En yiiksek kuru ot verimi Samada-07 (4262.57 kg/da), Arifiye
(4086.03 kg/da), ADA-9516 (3634.06 kg/da) ve AGA (3644.14 kg/da)
cesitlerinde, en diigiik ise Simpatico (2503.62 kg/da) cesidinde tespit
edilmistir. Sonug olarak Bilecik ekolojik kosullarinda ¢esit se¢imi igin
FAO olum gruplarinin 6nemli oldugu, gegci ¢esitlerin orta ve erkenci
cesitlere gore daha iyi oldugu tespit edilmistir. Bu itibarla, morfolojik
ozellikler ile kuru ot verimi g6z 6niine alindiginda, Samada-07, Arifiye,
ADA-9516 ve AGA c¢esitleri diger musir ¢esitlerine oranla daha {istiin
performans sergilemistir.

ABSTRACT

The study was conducted to determine hay yield and some quality
characteristics of 18 silage maize varieties in the ecological conditions of
Bilecik during the 2019 and 2020 years. The experiments were arranged in
randomized blocks design with three replications. In the silage corn
varieties harvested at dough stage and, plant height, stem diameter, number
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of leaf, number of ear, first ear height, ear weight and hay yield were
investigated. According to the results of two years; plant height, stem
diameter, number of leaf, number of ear, first ear height, ear weight ranged
between 2.98-3.78 m, 1.75-2.76 m, 11.70-16.53, 1.41-2.44, 0.99-1.52 m
and 337.89-534.60 g respectively. The highest dry matter yield was
determined in Samada-07 (4262,57 kg/da), Arifiye (4086,03 kg/da), ADA-
9516 (3634,06 kg/da) ve AGA (3644,14 kg/da), while the lowest was in
Simpatico (2503,62 kg/da). As a result, it was determined that FAO groups
are important for variety selection in Bilecik ecological conditions, and
latest varieties are better than the median and earliest varieties. In this
respect, Samada-07, Arifiye, ADA-9516 and AGA varieties performed
better than other corn varieties in terms of the morphological
characteristics and hay yield.

1. GIRIS

Tirkiye’de hayvanciligiin en énemli sorunlarinin basinda kaliteli kaba yem ac1g1 gelmektedir.
Tirkiye’de 2018 yili verilerine gére 19 milyon biiyiikbas hayvan birimi (BBHB) bulunmakta olup, bu
hayvan varligimin yasama pay1 ihtiyaglarinin karsilanmasi i¢in yillik gerekli olan kaliteli kaba yem
ihtiyact 86 milyondur. Ulkemizde tarla tarimindan ve cayir-meralardan elde dilen kuru ot {iretimi 31

milyon ton, ortaya ¢ikan kaba yem agigi ise 55 milyon tondur [1].

Tirkiye’de tahillar igerisinde bugday ve arpadan sonra iigiincii sirada gelen musir iiretiminin
%70’1 hayvan beslenmesinde kullanilirken [2], diinyada bu oran %73, gelismis iilkelerde ise %90’dir
[3]. Ureticilerin hayvancilikta bu kadar cok musir iiretimine ydnelmesinin bir¢ok sebebi olsa da, bitkinin
hem silaj hem de kuru ot olarak tiiketilmesi ile birlikte hayvanlarda siit verimi ve kalitesinde artig

saglamasi bitkinin asil tercih edilme sebebidir.

Bugiin diinyada oldugu gibi iilkemiz piyasasinda ¢ok fazla sayida misir ¢esidi bulunmaktadir ve
bu say1 giin gectikge daha da artmaktadir. Nitekim bu gesitlerin gostermis olduklar1 verim ve kalite
ozellikleri de birbirinden farklhidir [4,5]. Bitkinin verim ve kalite 6zelliklerini etkileyen faktorlerin
basinda ise genotipik farkliliklar ve ekolojik kosullar gelmektedir. Zira misir ¢esitlerinin farkli ekolojik
kosullarda biiytime 6zellikleri ve besin igerikleri degiskenlik gosterebilmektedir [6]. Bu nedenle, farkli
ekolojik kosullarda yapilacak olan calismalar ile o ekolojiye uygun gesit ya da g¢esitlerin belirlenmesi

biiylik 6nem arz etmektedir.

Marmara, Karadeniz, i¢ Anadolu ve Ege Bolgelerinin kesim noktalari {izerinde topraklari olan
Bilecik ilinin islenebilir tarim arazisi varligi 125.080 hektar olup, bu alanin %33,59’unda (42.015
hektar) sulu tarim, %66,41’inde (83.065 hektar) ise kuru tarim yapilmaktadir. Ilde toplam tarim
alanlariin %40,5’inde tarla tarimi1 yapilmakta olup, tarim alanlari igerisindeki yem bitkileri ekim orani
ise %5.29’dur. Yem bitkilerinde en fazla ekim alanina sahip yem bitkisi yonca (1.752 ha) iken, bunu
sirastyla yulaf (1.449 ha), fig (1.140 ha) ve silajlik misir (665 ha) takip etmektedir. Diger taraftan Bilecik
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ilinde toplam hayvan varlig1 44.997 BBHB olup, mevcut hayvan varliginin yillik kaba yem ihtiyaci
205.302 tondur. Ildeki kaba yem acig1 ise 135.958 tondur [7].

Bu calismada 18 farkl silajlik misir ¢esidinin baz1 morfolojik 6zellikleri ile kuru ot veriminin

belirlenmesi amaglanmigtir.

2. MATERYAL VE METOD

Calisma 2019 ve 2020 yillarinda Bilecik Seyh Edebali Universitesi, Ziraat ve Doga Bilimleri
Fakiiltesi, Tarimsal Arastirma ve Uygulama arazisinde yiiriitiilmiistiir. Arastirmada Tablo 1’de

ozellikleri verilen silajlik misir ¢esitleri kullanilmistir.

Tablo 1. Arastirmada kullanilan misir ¢esitlerine ait bazi bilgiler

No Cesit ad1 Cesit sahibi FAO olum grubu
1 Samada-07 Sakarya Misir Arastirma Enstitiisii 700
2 Arifiye Sakarya Misir Arastirma Enstitiisii 650
3 Sakarya Sakarya Misir Arastirma Enstitiisii 650
4 ADA-9510 Sakarya Misir Arastirma Enstitiisii 650
5 ADA-9516 Sakarya Misir Arastirma Enstitiisii 650
6 ADA-523 Sakarya Misir Arastirma Enstitiisii 650
7 AGA Sakarya Misir Arastirma Enstitiisii 720
8 Kerbanis KWS Tiirk Tarim ve Ticaret A.S. 550
9 Keravnos KWS Tiirk Tarim ve Ticaret A.S. 700
10 Kolesseus KWS Tiirk Tarim ve Ticaret A.S. 680
11 Simpatico KWS Tiirk Tarim ve Ticaret A.S. 300
12 Kilowatt KWS Tiirk Tarim ve Ticaret A.S. 700
13 Kalideas KWS Tiirk Tarim ve Ticaret A.S. 250
14 Larigal Agromar San. ve Tic. A. S. 600
15 SY-Antex Syngenta Tohumculuk Ticaret Ltd. Sti. 400
16 SY-inove Syngenta Tohumculuk Ticaret Ltd. Sti. 450
17 SY-Gladius Syngenta Tohumculuk Ticaret Ltd. Sti. 600
18 Dragma Syngenta Tohumculuk Ticaret Ltd. Sti. 450

Caligsmanin yiritiildigii Bilecik ilinin uzun yillar ile 2019 ve 2020 yillarina ait sicaklik, yagis
ve nispi nem degerleri Bilecik Meteoroloji Bolge Midiirliigii’'nden alimmistir. Uzun yillar sicaklik

ortalamasi 21.0 °C iken 2019 ve 2020 yillarinda sirastyla 20.8 °C ve 20.7 °C olarak tespit edilmistir. {lin
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uzun yillar ile 2019 ve 2020 yillar1 toplam yagis miktar ise 119.2, 236.6 ve 202.0 mm olmustur (Tablo
2).

Deneme alaninin toprak 6zellikleri, killi tinli biinyeye sahip, pH bakimindan hafif alkali (7,72),
orta seviyede kiregli (%7,67) ve hafif tuzlu (%0,036) bir yapiya sahiptir. Deneme topraginin fosfor
icerigi (24,94 kg/da) ve potasyum degeri fazla olup (161,7 kg/da), organik madde miktar1 ise az (%1,32)

olarak belirlenmistir.

Tablo 2. Bilecik ili uzun yillar ile 2019 ve 2020 vejetasyon donemlerine ait iklim verileri

Sicaklik (°C) Yagis (mm) Nispi nem (%)

Aviar uyo* 2019 2020 uyo* 2019 2020 uyo* 2019 2020
Mayis 16.7 17.9 16.7 46.1 324 55.2 64.7 60.1 62.0
Haziran 20.6 21.3 19.8 45.9 163.4 139.1 63.2 67.0 60.1
Temmuz 234 21.7 22.9 16.0 30.9 1.20 60.3 61.0 63.2
Agustos 23.5 22.4 233 11.2 9.9 6.50 62.0 60.9 57.7
Ortalama 21.0 20.8 20.7 62.6 62.3 60.8
Toplam 119.2 236.6 202.0

*UYO: Uzun yillar ortalamasi

Denemeler Bilecik ekolojik kosullar1 dikkate alinarak birinci yil 03.05.2019, ikinci yil ise
06.05.2020 tarihlerinde Tesadiif Bloklar1 Deneme Desenine gore, 3 tekrarli olarak kurulmustur.
Denemelerde sira aras1 70 ¢cm, sira tizere 17 cm, parsel uzunlugu 5 m ve 4 sira olacak sekilde ekim,
mibzer ile yapilmistir. Parseller arasinda 1 m, bloklar arasinda ise 2 m mesafe birakilmigtir. Tohumluk
miktar1 dekara 12000 adet tohum olarak hesaplanmistir. Ekim ile birlikte dekara 8 kg P,Os gelecek
sekilde DAP giibresi ve yarisi ekimle diger yarisi da bitkilerin 40-50 cm [8] boylandiklarinda olmak
tizere dekara toplam 10 kg N gelecek sekilde iire (%46 N) gilibresi uygulanmigtir. Denemede damla
sulama sistemi kullanilmus olup, bitkiler ihtiya¢ duydugunda sulama yapilmistir. Calismada ayrica 2 kez
de el ¢apasi yapilmustir. Hasat islemi hamur olum doneminde gergeklestirilmistir. Calismada bitki boyu,
govde capi, yaprak sayisi, ilk kogan yiiksekligi, kocan sayisi, kogan agirligt ve kuru ot verimi

belirlenmistir.

Elde edilen sonuglar SPSS 22.0 istatistik paket programi kullanilarak, Tesadiif Bloklar1 Deneme
Desenine gore analiz edilmistir. Islemler arasindaki farkliliklar Duncan ¢oklu karsilastirma testi ile

ortaya konulmustur.
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3. ARASTIRMA BULGULARI

Bilecik ekolojik kosullarinda 2019 ve 2020 yillarinda 18 farkl: silajlik misir ¢esidiyle yiiriitiilen
calisma sonucunda bitki boyu ve gdvde capi lizerinde yillarin ve gesitlerin etkisi 6nemli (p<0.01)
olmustur. iki yiln ortalama degerlerine gore en uzun bitki boyu 3,78 m ile Samada-07 ve 3,73 ile mile
Arifiye, en kisa ise 2,98 m ile Kalideas ¢esidinde tespit edilmistir (Tablo 3). Farkl1 aragtiricilar tarafindan
yapilan caligmalarda silajlik misirin bitki boyu 1,68 ile 3,15 m arasinda degismistir [9,10,11]. Bu
sonuglar silajlik misirin bitki boyu {izerinde genotip ile ekolojinin etkisinin dnemini agikga ortaya
koymaktadir. Calismada ayrica ikinci yilda belirlenen ortalama bitki boyu birinci yila oranla daha
yiiksek olmustur. Cesitlerin gévde ¢ap1 1,75 (Kerbanis) ile 2,76 cm (Kolesseus) araliginda degisim

gostermistir. Silajlik musir gesitleri iizerinde farkli ekolojik kosullarda yiiriitiilen ¢aligmalarda bitkilerin

gbvde cap1 1,72-3,26 cm arasinda degismistir [12,13,14].

Tablo 3. Silajlik musirlara ait bitki boyu ve govde ¢ap1

Bitki boyu (m) Govde ¢api (cm)
Cesitler
2019** 2020** Ortalama** 2019** 2020** Ortalama**
Samada-07 3.75a 38la 3.78a 2.66 bcd 247 a-e 2.56 a-d
Arifiye 3.66 ab 3.80a 3.73 ab 2.37 efg 2.56 a-d 2.47 cde
Sakarya 3.47 bed 3.60 a-d 3.53 cde 2.32 fg 2.16 ef 2.24 fgh
ADA-9510 3.49 bed 3.33 efg 3.41d-g 2.75 abc 2.31cAf 2.53 b-e
ADA-9516 3.39 cde 3.35 def 3.37 e-h 2.45d-g 2.21 def 2.33e-h
ADA-523 3.26 def 3.42 b-f 3.34 fgh 22749 2.00 fg 2.14h
AGA 3.57 abc 3.62 abc 3.59 bc 2.47d-g 2.31 c-f 2.39 c-f
Kerbanis 3.12 fg 3.06 h1 3.09 1 2.03h 1.48 h 1.751
Keravnos 3.52 abc 3.59 a-d 3.56 cd 2.52 def 182¢g 2.17 gh
Kolesseus 3.37 cde 3.61 abc 3.49 c-f 2.81ab 2.71 ab 2.76 a
Simpatico 3.00g 3.22 fgh 3.111 2299 2.20 def 2.25 fgh
Kilowatt 3.55 abc 3.57 a-e 3.56 cd 2.45d-g 2.72 ab 2.59 abc
Kalideas 3.02¢g 2.951 2.98i 2.40 efg 2.29 c-f 2.35e-h
Larigal 3.09 fg 3.10 ght 3.09 1 2.43 efg 2.62 abc 2.53 b-e
SY-AnteX 3.41 cde 3.67ab 3.54 cde 292a 247 a-e 2.70 ab
SY-inove 3.21 efg 3.29 fgh 3.25 ghi 2.58 cde 2.43 b-e 2.51 b-e
SY-Gladius 3.43 b-e 3.60 a-d 3.51 cde 1.90h 2.82a 2.36 d-g
Dragma 3.02¢g 341 c-f 321 2.84 ab 2.64 abc 2.74 a
Ortalama 3.35 B** 3.44 A** 2.4TA** 2.35 B**
(**p>0.01)
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Silajlik misirlarin yaprak ve kogan sayilarina ait veriler Tablo 4’de verilmistir. Yaprak ve kogan
sayilar1 bakimindan cesitler arasinda her iki yilda ve yillar ortalamasinda ¢ok énemli (p<0.01) diizeyde
farklilik olmustur. En fazla yaprak sayis1 16.53 adet ile Samada-07, en az ise 11.70 adet ile Kalideas
cesidinde tespit edilmistir. Silajlik musirin yaprak sayis1 Konya ekolojik kosullarinda yiiriitiilen bir
caligmada 13.00-18.46 adet [15], Kastamonu ekolojik kosullarinda ise 12.5-15.3 adet [16] arasinda
belirlenmistir. Birlestirilmis yillara gore silajlik misirlarin kogan sayisi 1.41 (Larigal)-2.44 adet (ADA-
9510) arasinda degismistir (Tablo 4).

Tablo 4. Silajlik misirlara ait yaprak ve kogan sayilari

Cesitler Yaprak sayisi (adet) Kocan sayis1 (adet)

2019** 2020** Ortalama** 2019** 2020** Ortalama**
Samada-07 1753 a 1553 a 16.53 a 1.80 bcd 250a 2.15d
Arifiye 14.40 c-h 15.37 abc 14.88 bcd 1.20e 2.08 abc 1.64 efg
Sakarya 15.53 bc 14.43 cde 14.98 b 1.53 cde 242a 1.98 b-e
ADA-9510 14.90 b-e 15.42 ab 15.16 b 2.39a 250a 244 a
ADA-9516 15.20 bed 15.33 abc 15.27b 2.07 ab 242 a 2.24 ab
ADA-523 14.70 b-f 13.38 f 14.04 e-h 2.03ab 2.33ab 2.18 abc
AGA 15.80b 14.50 b-e 15.15b 1.80 bcd 1.83 bcd 1.82 de
Kerbanis 13.83 e-1 14.00 ef 13.92 e-h 1.94 abc 2.00 abc 1.97 b-e
Keravnos 14.40 c-h 13.97 ef 14.18 d-g 120e 1.67 cd 1.43 fg
Kolesseus 14.53 c-g 14.67 a-e 14.60 b-e 1.80 bcd 1.67 cd 1.73 efg
Simpatico 13.00 1i 13.75 ef 13.38h 1.93 abc 1.75cd 1.84 cde
Kilowatt 14.33 ¢c-h 14.25 def 14.29 c-f 1.67 b-e 1.58 cd 1.63 efg
Kalideas 12.231i 11.17¢g 11.701 1.76 bcd 1.83 bed 1.80 de
Larigal 13.40 g-i 13.33 f 13.36 h 1.40 de 1.42d 1419
SY-AnteX 13.53 f-1 13.43f 13.48 gh 1.73 bed 2.00 abc 1.87 cde
SY-inove 13.13 hii 14.00 ef 13.57 fgh 1.47 cde 2.08 abc 1.78 ef
SY-Gladius 13.53 f-1 15.08ef 14.31 c-f 1.70 bcd 1.67 cd 1.68 efg
Dragma 13.93 d-1 14.42 a-d 14.18 d-g 1.47 cde 2.33ab 1.90 b-e
Ortalama 14.33 14.22 1.72 B* 2.00 A*

(**p>0.01; *p>0.05)

Silajlik musirlarin ilk kocan yiiksekligi ve kogan agirligina ait veriler Tablo 5°de verilmistir. Her
iki o6zellik iizerinde de cesitlerin etkisi ¢ok 6nemli (p<0.01) iken yillarin etkisi ilk kogan yiiksekligi
tizerinde 6nemli (p<0.05), kogan agirligi iizerinde ise 6nemsiz olmustur. En yiiksek ilk kocan yiiksekligi
1,52 m ile AGA ¢esidinde belirlenmis ancak Samada-07 (1,44 m) ve Arifiye (1,49 m) gesitleri de AGA
cesidi ile aym grupta yer almistir. Silajlik misirlarin ilk kogan yiiksekligine ait sonuglar arasinda

varyasyonun oldugu goriilmektedir. Bu durum ilk kogan yliksekliginin bitki boyunda da oldugu gibi,
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genetik yap1 ve ekolojik faktorlerden etkilendigini gostermektedir. Farkli arastiricilar tarafindan yapilan
calismalarda silajlik musir ¢esitlerinde ilk kogan yiiksekligi 0,65-1,20 m arasinda degisim gostermistir.
[17,18,19]. Silajlik musirlarin kogan agirhi@ 337,89 (Simpatico) — 534,60 g (Larigal) arasinda
degismistir. Kogan agirligimin gesitlere gore degisiklik gosterdigini bildiren Kara [20], Altiparmak [21]

ve Yildiz ve ark [22]’nin bildirdigi sonuglar, bulgularimiz ile uyum gostermektedir.

Tablo 5. Silajlik musirlara ait ilk kogan yiiksekligi ve kogan agirlig

Cesitler ik kogan yiiksekligi (m) Kocan agirhg (g)

2019** 2020** Ortalama** 2019** 2020** Ortalama**
Samada-07 1.50 ab 1.38 abc 1.44 abc 445.00 ab 451.73 a-d 448.37 cde
Arifiye 1.47 abc 151a 1.49 ab 523.33 a 521.83 ab 522.58 ab
Sakarya 1.24 def 1.24 b-f 1.24d-g 429.17 be 411.20 c-f 420.18 def
ADA-9510 1.32 cde 1.23 c-f 1.27 def 450.83 ab 453.50 a-d 452.17 cde
ADA-9516 1.35bcd  1.29b-e 1.32 cf 390.83 bcd 341.63 f 366.23 fgh
ADA-523 1.39 bed 1.21cf 1.30 def 394.17 bed 340.83f 367.50 fgh
AGA 158 a 1.45 ab 152a 416.67 bed 391.50 def 404.08 efg
Kerbanis 1.131g 1.07 fg 1.10 lu 452.50 ab 457.07 a-d 454.78 cde
Keravnos 1.32 cde 1.20 c-f 1.26 def 422.50 bcd 443.10 b-e 432.80 cde
Kolesseus 1.39 bcd 1.32 a-d 1.36 cde 415.50 bed 423.63 b-f 419.57 def
Simpatico 1.23 def 1.26 b-f 1.25 def 336.67d 339.11f 337.89h
Kilowatt 1.35 bed 1.40 abc 1.37 bed 480.00 ab 465.40 a-d 472.70 bed
Kalideas 1.03¢g 0.95¢ 0.991 345.00 cd 349.63 ef 347.32 gh
Larigal 1.14 efg 1.07 fg 1.11 ght 525.00 a 544.20 a 534.60 a
SY-AnteX 1.31 cde 1.11d-g 1.21 fgh 397.50 bed 393.30 def 395.40 e-h
SY-inove 1.35 bed 1.10 efg 1.22 e-h 480.00 ab 498.63 abc 489.32 abc
SY-Gladius 1.26 def 1.16 d-g 1.21 fgh 412.50 bed 428.63 b-f 420.57 def
Dragma 1.34 bed 1.28 b-f 1.31 def 422.50 bed 449.87 a-d 436.18 cde
Ortalama 1.32 A* 1.24 B* 429.98 428.05

(**p>0.01; *p>0.05)

Incelenen 18 farkli silajlik misira ait kuru ot verimi degerleri Tablo 5°de verilmistir. Buna gore
cesitlerin etkisi kuru ot verimi lizerinde %1 diizeyde 6nemlilik ihtiva ederken, yillarm etkisi ise nemsiz
olmustur. En yiiksek kuru ot verimi Samada-07 (4262,57 kg/da), Arifiye (4086,03 kg/da), ADA-9516
(3634,06 kg/da) ve AGA (3644,14 kg/da) cesitlerinde, en diisiik ise 2503,62 kg/da ile Simpatico

cesidinde tespit edilmistir. Kuru ot verimi bakimindan ¢esitler arasinda farkliliklar ortaya ¢ikmistir. Bu
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durum cesitlerin genetik 6zellikleri ile ¢evre faktoriiniin bir sonucudur [23]. Diger taraftan silajlik
musirlara ait kuru ot verimleri ile bitki boyu arasinda yiiksek ve pozitif bir iliski bulundugu [24] ve bitki
boyun fazla olan gesitlerin verim bakiminda da distiin olduklar1 goériilmektedir. Farkli ekolojilerde

yiritiilen ¢caligmalarda silajlik misir ¢esitlerinin ot verimi 4000 ile 10558,3 kg/da [25,26,27,28] arasinda

degismistir.
Tablo 6. Silajlik misirlara ait kuru ot verimi
Kuru ot verimi (kg/da)

Cegsitler

2019** 2020** Ortalama**
Samada-07 4251.30 a 4273.8a 4262.57 a
Arifiye 4016.98 ab 4155.1 ab 4086.03 a
Sakarya 3052.98 bed 3283.4 bed 3168.21 b-e
ADA-9510 3119.94 a-d 2928.4 cd 3024.19 b-e
ADA-9516 3848.17 abc 3419.9 a-d 3634.06 ab
ADA-523 3379.53 a-d 3327.1ad 3353.30 he
AGA 3568.33 a-d 3720.0 abc 3644.14 ab
Kerbanis 2464.25d 2594.7d 2529.49 de
Keravnos 2674.21d 2824.8 cd 2749.51 cde
Kolesseus 2833.64 cd 3100.2 cd 2966.91 b-e
Simpatico 2501.67 d 2505.6d 2503.62 ¢
Kilowatt 2707.98 cd 2847.4 cd 2777.68 cde
Kalideas 2518.01d 2626.7 d 2572.38 de
Larigal 3304.35 a-d 31324 cd 3218.38 b-e
SY-Antex 2593.20d 2605.8d 2599.52 cde
SY-inove 3016.38 bed 3098.4 cd 3057.39 b-e
SY-Gladius 3127.88 a-d 3470.5 a-d 3299.19 b-d
Dragma 2499.31d 2806.6 cde 2652.96 cde
Ortalama 3082.12 3115.20

4. SONUCLAR

Bilecik ili gerek ekolojik kosullar1 gerekse sulama imkanlari ile silajlik musir yetistiriciligi
acisindan oldukga uygun bir bolgede yer almaktadir. Nitekim ¢aligmada kullanilan gesitlerin kuru ot
verimleri, Tlrkiye’deki ¢ogu yere gore daha yiiksek olmustur. Ayrica FAO olum gruplarina gore geggi
gesitlerin orta ve erkenci ¢esitlere gore daha iyi oldugu tespit edilmistir. Bu itibarla, morfolojik 6zellikler
ile kuru ot verimi g6z 6niine alindiginda, Samada-07, Arifiye, ADA-9516 ve AGA ¢esitleri diger misir

cesitlerine oranla daha {istiin performans sergilemistir.
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ABSTRACT

In this study, the usability of essential oils as fuel additives in internal
combustion diesel engines was investigated.Salvia candidissiman was
preferred as essential oil raw material due to its oil efficiency.The essential
oil of salvia candidissima plant biomass was obtained by hydro distillation
method.The essential oil obtained was then converted into biofuel by
transesterification reaction.Biofuel is added to diesel fuel at a rate of 10%
by volume and is named [SB-10].DF] and [SB-10] fuels were tested in a
variable compression ratio diesel engine at fixed 1550 rpm.Results: It
showed that the [SB-10] fuel produced 2.46 Nm more torque and 4.29 HP
more power than DF fuel. When looking at the combustion data, 4.99% in
the pressure values of the fuel [SB-10], 16.72% in gas temperatures, % in
the rate of increase in pressure. 22.84 and 2.85% more in cumulative heat
release values.

OZET

Bu ¢alismada, ugucu yaglarin i¢ten yanmali dizel motorlarinda yakit katki
maddesi olarak kullanilabilirligi arastirilmistir. Ugucu yag hammaddesi
olarak, yag verimliliginden dolayi, salvia candidissimani tercih
edilirmistir. salvia candidissima bitki biokiitlesinin ugucu yagi hidro
distilasyon yontemi ile elde edilmistir. Elde edilen ugucu yag daha sonra
transesterifikasyon reaksiyonu ile biyoyakita doniistiiriilmiistiir. Biyo
yakait, dizel yakitina hacimsel olarak % 10 oraninda ilave edilmistir ve [SB-
10] olarak isimlendirilmistir. DF] ve [SB-10] yakitlari, sabit 1550
devrinde, degisken sikistirma oranina sahip bir dizel motorda test
edilmistir. Sonuglar: [SB-10] yakitinin DF yakitindan 2.46 Nm daha fazla
tork, 4.29 HP daha fazla gii¢ iirettigini gostermistir. Yanma verilerine
bakildiginda [SB-10] yakitiin basing degerlerinde % 4,99, gaz
sicakliklarinda % 16.72C, basing artis oraninda % 22.84 ve kiimiilatif 1s1
salinim degerlerinde ise %2.85 daha fazla olustugu belirlenmistir.
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1. INTRODUCTION

The total population of the world stands at around 8 billion. Experts estimate that this number
will reach approximately 10 billion by the middle of the 21st century and 11 billion by the end of the
century. Furthermore, reports by the International Energy Agency predict that energy use and demand
will increase by about 50 percent within a quarter of a century[1]. While the amount of energy consumed
by countries depends on various factors, such as the level of industrialization, the level of technology
usage and the population of the world, it is well recognized that the demand for energy from all countries
is increasing[2]. Fossil fuel stocks, which have a large share of the energy types currently used, will
continue to decline and, with this rising demand, stocks will rapidly decline [3]. In addition to the fact
that fossil fuels are exhaustible, the damage they do to the atmosphere and life during use is at a level
that can not be ignored. Renewable energy sources are becoming increasingly important for the
environment and living conditions, taking into account these existing shortcomings. Renewable energy
sources account for 5 percent of today's total energy production in the world. However, these resources
are known as the energy resources of the future. It is anticipated that investments in sectors where $155.4
billion was invested in 2008 alone would cross $600 billion by 2020. The source of renewable energy
is defined as "the energy source that may be present the next day in the natural cycle"[4]. They are often
not depleted by their use[5]. Conventional energy sources are not regarded as green energy sources by
definition. [4]. Renewable energy sources are therefore making promising strides in meeting the world's
energy demand, at least in the near future, and have begun to step up their activities and policies in this
area. These new renewable energy policies have given priority to solar energy, wind energy and
biodiesel obtained from vegetable oils[6]. The alternative diesel fuel derived from renewable sources
such as animal or vegetable oils is biodiesel. Chemically, mono alky! ester can be classified as a long-
chain fatty acid [7]. Compared to other renewable sources of energy, such as wind and solar energy, the
fact that biodiesel production is less expensive and easy to produce has enabled its production to become
more widespread. Contributing. However, the rapid growth of biodiesel technology is triggered by the
fact that biodiesel production enables, in particular, the agricultural, manufacturing and environmental
sectors to work together and offers additional jobs and income opportunities for those sectors. [8]. In
this research, apart from conventional biodiesel sources, essential oil has been used as an innovation.
Due to its high percentage of oil yield, Salvia candidissima has been used as an essential oil plant. In
nature, this plant develops spontaneously. It is ample and its oil production is higher than other herbs of

essential oil.
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2. MATERIAL AND METHOD

2.1 Essential oils

Essential oil, plants, animals and species such as microorganisms. The substances created are
volatile. "As they look like oil, these compounds, which are usually fragrant, are called" essential oil
"or" ethereal 0il[9-10]. Distillation of essential oils by boiling or moving water vapor through the
material with water from the material in which they are contained, cold pressing and organic solvents
or liquefied It can be obtained through the consumption of gases. Essential oils float on water, with the
exception of a few, such as clove oil, since they are lighter than water and are obtained after distillation
by being quickly removed from water. Air, light and heat are negatively affected by essential oils, As
they lose their properties, they should be stored in a cool position, full and tightly closed in colored glass
or aluminum containers. Chemical drying and filtration methods often strip away the water found in the
essential oil. The most substantial variations between essential oils and fixed oils are They are dropped
on absorbent paper and when exposed, they travel without leaving any traces. The consistency of the
essential oil is established by the volatile compounds it contains. A Unpredictable Hundreds of
chemicals, large and small, can often be contained in the oil's composition. These Gas Chromatography
/ Mass Spectrometry compounds Separated by a sophisticated technique called (GC / MS) from each
other They can be characterized The key variables influencing consistency are odor and chemical
composition. The sales. What gives each essential oil its characteristic, therefore, To be present in certain

quantities, natural chemicals are required [20].

2.2 Critical Oils composition

In the composition of essential oils, terpenic or non-terpenic components exist. There are
hydrocarbons and their derivatives oxygenated by them. Nitrogen or sulfur can be present in certain
materials. There are alcohol, acid, ester, epoxy, aldehyde, ketone, &mine, sulfide, and form
compositions. Terpenes are structures that are formed by isoprene units being connected to each other.
The composition of essential oils contains the bulk of monoterpenes, sesquiterpenes and diterpenes. In
addition, the essential oil composition can also be composed of fatty acids and esters and their

degradation products [11].Table 1. Key types containing essential oil are presented.

Table 1. Key species containing essential oils

1. Zingiber officinale. 6. Lavandula angustifolia.
3. Pinus spp. 7. Salvia officinalis.

4. Cinnamonum cassia. 8.  Cuminum cyminum.

5. Mentha piperita. 9. Zingiber officinale.

6. Origanum vulgare. 10. Pinus ssp.
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2.3 Salvia family

Turkey species[12] are represented in warm temperate regions with herbaceous species and
genus Salvia, such as bush 88. In our country, salvia species consist of either bushy or herbaceous
species. Bushy animals can grow to about 1.5 m. S. With wiedemannii, S. Examples of shrubby species
can be provided as tchihatcheffii from the Central Anatolia Region. In all regions of our nation,
herbaceous species are distributed. All of our country's recognized species of Salvia are biennial or
perennial, except for S. (one year old) viridis. One of the most important characters used in the
differentiation of species is the feathers contained in the leaves, calyx and flowers. In the Salvia genus,
a wide range of feather forms are observed [13]. Figure 1. Images and features of Salvia Candidissima
is presented.

Figure 1. Salvia candidissima

2.4 Hydrodistillation — HD

Distillation is called the method of separating two or more liquid components from a mixture
depending on the difference in boiling point or volatility[33].It is a conventional method of extracting
volatile compounds that is widely used. Process. Water distillation, fresh and dry vegetables that do not
deteriorate can be added to the substance when boiled. Not appropriate for essential ester-containing
oils. The basis of the method; water and plant material are boiled for 2 to 8 hours in a glass flask
connected with the cooler, and the oil molecules pass with the water vapor are boiled. It is based on
condensation and isolation from water in the cooler. In water distillation, vegetable matter is still in
close contact with water [34, 35, 25]. The distillation process, which is produced in small-scale
production with a Clevenger-type apparatus, is carried out in industrial applications in large distillation
boilers (retort). The volumetric quantity of essential oil obtained is expressed. For powdered materials,
water distillation works best.[14]. Clevenger instruments have been used in this process. The herbal

biomass and water were boiled together in a glass flask for 2-8 hours for the extraction of Salvia
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candidissima oil. The shaped molecules of water vapor and plant oil come to the cooler and He was

isolated from the water as it condensed. By volume, the amount of essential oil obtained was 7-9 g / ml.

Among plants having essential oil, this value is high. The method of hydro-distillation is shown in Figure

2, and the vegetable oil components are shown in Table 2.

Figure 2. Ground biomass, hydro distillation essential oil samples

Table 2. Essential oil components

Salvia Sp

Pk Rt AT Librarynd Qual
1 7,78 0,36  Tricyclene $$ Tricyclo[2.2.1.0(2,6)]Heptane, 1,7,7-Trimethyl- (Cas) 96
5 803 0,28 .(égpst)wa.-ThUJene $$ Bicyclo[3.1.0]Hex-2-Ene, 2-Methyl-5-(1-Methylethyl)- 94
3 8,28 15,24  .Alpha.-Pinene $$ 2-Pinene 97
4 8,84 8,54 Camphene (Cas) $$ Bicyclo[2.2.1]Heptane, 2,2-Dimethyl-3-Methylene- (Cas) 98
5 10,03 4,82 .Beta.-Pinene $$ Bicyclo[3.1.1]Heptane, 6,6-Dimethyl-2-Methylene- 97
6 10,27 0,51 1 Octen 3 Ol $$ 1-Octen-3-0Ol $$ Oct-1-En-3-0l1 $$ Octan-3-One 90
7 1058 0.16 ?lzgg'r[]a(\enone (Cas) $$ Eak $$ Octan-3-One $$ N-Octanone-3 $$ Amyl Ethyl 96
8 10,79 1,13 .Beta.-Myrcene $$ 1,6-Octadiene, 7-Methyl-3-Methylene- (Cas) 97
9 11,86 0,28 .Alpha. Terpinene $$ Para-Mentha-1,3-Diene 98
10 1253 43,20 Eucalyptol 99
11 13,83 0,54 .Gamma.-Terpinene $3$ 1,4-Cyclohexadiene, 1-Methyl-4-(1-Methylethyl)- (Cas) 97
12 14,18 0,11 Trans-Sabinene Hydrate $$ 4-Thujanol, Stereoisomer 94
13 1521 0,21 .Alpha.-Terpinolene $$ Cyclohexene, 1-Methyl-4-(1-Methylethylidene)- (Cas) 97
14 17,74 11,67 Camphor 98
15 18,80 6,65 Endo-Borneol $$ Endo-2-Hydroxy-1,7,7-Trimethylnorbornane 97
16 19,34 0,96 3-Cyclohexen-1-0l, 4-Methyl-1-(1-Methylethyl)- (Cas) $$ 4-Terpineol 96
17 2023 056 E/Il%(élr?o[f.l.l]Hept-2-Ene-2-MethanoI, 6,6-Dimethyl- $$ 2-Pinen-10-O1 $$ 96
18 2434 1,75 Bornyl Acetate $3$ Bicyclo[2.2.1]Heptan-2-Ol, 1,7,7-Trimethyl-, Acetate, Endo- 99
19 30,03 0,99 Caryophyllene 99
20 30,92 0,32 Alpha.-Guaiene 95
21 3142 0,19 .Alpha.-Humulene (Cas) 97
22 3174 019 %ggycloprop[E]Azulene, 1a,2,3,4,4a,5,6,7b-Octahydro-1,1,4,7-Tetramethyl-, 96
23 3256 0,16 Germacrene-D 97
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2.5 Fuel conversion with transesterification

Due to its short reaction time and high efficiency, the chemical transesterification method has
been favored in biodiesel production. Transesterification is the ester and glycerol-forming reaction of
oil with alcohol [Figure 3.]. Fatty acid methyl esters and glycerin are formed as the main product through
the reaction of monohydric alcohol ( ethanol or methanol) and catalysts (acidic and basic catalyst
enzymes). [28], [29-30]. Because of the economic nature of the transesterification reaction of salvia oil,
methanol was chosen in the experiments as alcohol and potassium hydroxide ( KOH) as the catalyst.
The catalyst volume was 1.5 percent, the alcohol / oil ratio was 6: 1 and the reaction time was 60 minutes
in our experimental sample. At a steady stirring speed of 500 rpm, all experiments were performed. The
temperature of the reaction was kept constant at 60 ° C [31]. Alcohol and catalyst are combined with an
appropriate blender in this process, then the alcohol catalyst mixture is added to the heated vegetable
oil. After 60 minutes of mixing this total mixture together, it is left to stand for 24 hours and the process
is completed.[16-15]. The shaped biodiesel and glycerin are separated by centrifugation from the gravity
differences and the excess alcohol is extracted by flash evaporation or distillation process in each step.
From the glycerin obtained, water and alcohol are extracted and purified for other uses. Finally, in order

to eliminate residual catalysts and soaps, biodiesel is washed with warm water. [32].

i pumwiond  §
| -
cH,Ho-c-r, |7 CH;—0-C-R, CH, - OH
T ot T 0
CH HO-C-R, |+ 3CH;OH ——— |CH;-0-C-R; |+| CH -OH
NaOH
5 Catalyst 0
CHz"O'—C"'R3 ,’ ﬁH3—O—'C—R3 CHZ—OH
| j A
| Triglyceride Methanol Mixture of Fatty Esters | Glycerin
P — J

Figure 3. Esterification reaction[26]
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3. EXPERIMENTAL SETUPS

The fuels of the study were tested using a Kirlaskor brand diesel engine. While doing this work,
the engine speed was kept constant at 1550 rpm. Each test fuel was tested at 8 kg (16%) loading. 10
cycle maximum values and crank angles at which these maximum values were obtained for each test
fuel were taken. The study was done firstly with diesel fuel [DF] used as reference fuel and then with
mixed fuel. Engine power in operation. Engine torque and combustion analysis data were obtained. The

technical characteristics of the test engine used in the study. Tab 3. The photo of the test setup is given

in figure 4.
r— Loading Unit Computer :‘ ’lCombustion Dat
= 1 i
Emission ‘ ] Fuel _ T )
Measurement [~ oke Metér B Cylinder Pregsure
| | =0
A 4 =) .
Exhaust Line A A B 2N\ =ty
D =]
BES
Mag netic
Receiver
\
Figure 4. Experimental setup [27]
Table 3. Specifications of the diesel engine
Model Kirlaskor TV-1
Motor Power (Kw) 3.5 kW
Engine Capacity (cc) 661
Cylinder Diameter (mm) 87
Stroke Length (mm) 110
Compression Rate 17/1
Number of Srok 4
Number of Cylinders 1
Cooling Type Water
Dynamometer Type Eddy Current
Load Indicator Digital, 0-50 kg

105



E. Cilgin / Dicle Universitesi Fen Bilimleri Enstitiisii Dergisi 9 (2) (2020) 99-114

4. EXPERIMENT RESULTS

4.1. Motor Control and Motor Torque

The power determined at the crankshaft end of the engine by a brake mechanism from the pulley
or flywheel is called brake power. The effective power of the engine is this energy received. It is less
than that of the engine 's internal power[16]. The explanation is that friction, pumps and dynamos are
reserved for some of the internal strength. [llustration 5. It was shown that SC-10 mixed fuel provided
3.4 HP percent more engine power and 1,98 Nm percent more engine torque values when effective
power and engine torque values were examined. Higher cylinder pressure values[17] depend on the
increase in the power and moment curves in favor of the SC-10. Biodiesel fuel has a greater enthalpy of

evaporation than diesel fuel; this increases the density of air fuel, which increases[18].

Effective Power [HP] and Engine Torgue[Nm]

16,00
14,00
12,00
10,00
8,00
6,00
4,00
2,00
0,00

DF - SB-10 - DF - SB-10 -

Torque Torqu Effective Effective

[Nm] Power Power
[HP] [HP]

Figure 5. Load dependent variation of Nm / HP

4.2. Cylinder Pressure [bar]

Maximum cylinder pressure is determined as the highest point in the pressure diagram obtained with the
aid of a pressure sensor placed in the combustion chamber of the internal combustion diesel engine. The
maximum pressure values in the cylinder at a fixed motor speed of 1550 are shown in Figure 6. Here, a
difference between the cycles of each fuel occurs because of cyclical differences. The crank angles at
which the maximum cylinder pressure values of the experimental fuels were obtained were seen to be
similar, occurring after the upper death point. When the values were examined between the experimental
fuels, it was seen that the pressure values of the SC-10 fuel cylinder were higher than those of the DF
fuel values. The increase in the maximum cylinder pressure values in favor of the mixed fuel depends
on the increase in the filling quantity of the latent evaporation heat of the biodiesel fuel taken into the

combustion chamber[19].
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66 64,76 65,29
65 = 63,39 63,26

Cylinder Pressure [Bar]

CYCLES

—4—SB-10 CPMAX —l=—DF /CP MAX

Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Average
1 2 3 4 5 6 7 8 9 10 Cycle
Angle / 370
SC-10 369 370 370 370 370 370 370 369 369 370
Angle
/DF 369 369 369 369 368 368 369 369 368 369 360

Figure 6. Load-dependent variation of Cylinder Pressure [bar]

4.3. Gas Temperature [°C]

Illustration 7. The study reveals that the fuel [SB-10] generates higher average gas temperature
values than the fuel [DF] in all ten cycles. In support of SB-10, the difference between the averages of
the temperature values formed by the experimental fuels is 16.72 percent. These higher average gas
temperatures were assumed to occur because the combustion was more stable due to the excess oxygen
content of biodiesel] [fuels[19]. In addition, it was determined that the highest average gas temperature
values occurred in both test fuels at approximately 18-22 crank angles after the upper dead point. The
crank angles at which the maximum gas temperature values of the SB-10 fuel are produced are close to

the crank angles where the maximum gas temperature value of the DF is given.

107



E. Cilgin / Dicle Universitesi Fen Bilimleri Enstitiisii Dergisi 9 (2) (2020) 99-114

— 1600 1420,97 1416,72 1491,651413,32
Q' 1400 129972 1340,8,1320,61362,76 1326,891361,64.375.11
g 1200
‘® 1000 1199,531203,911186,881213,291196,631190,531191,181151,411090091160,671178,08
2 800 ’
S 600
E 400
é 200
= 0
§ e\ @% @rb @v @6 @b @l\ @oo e;o, W° ©

N N N\ N N N N N N o o

o o o o o o o C o N ¢

O O L O e O oL L O &

46@
?,
CYCLES
——MGTMax /SB-10 —#—MGTMax /DF
Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Average
1 2 3 4 5 6 7 8 9 10 Cycle

Angle / 381 380 382 380 381 380 381 380 380 380 381
SC-10
Angle /DF | 378 378 378 377 379 379 380 379 379 379 379

Figure 7. Load-dependent variation of MGT

4.4. Net Heat Release [NHR — j / deg |

Depending on the crank angle, Figure 8 shows the changes in the net heat release values, which

are formed by taking the maximum values of 10 cycles. While the difference between the highest value

and the lowest value was 21.68 % between the cycle values of the DF fuel, the SC-10 fuel cyclical

difference was 17.75%. This is because the content of oxygen makes combustion more stable[erdal].

With the SC-10 fuel usage, the difference between the average maximum values of the experimental

fuels was 2.53 percent higher. The high biodiesel fuel evaporation enthalpy reduces the ambient

temperature and increases the filling. The amount of oxygen also improves the level of combustion [21]-

[ 22].
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Net Heat Release

450

o 375

§ 300

™ 225

150

75

0

DF/ Angle SB-10/ Angle
NHRMax NHRMax

= Cycle 1 38,95 358 0 46,13 357
e Cycle 2 39,22 358 0 42,25 358
Cycle 3 45,47 357 0 41,8 357
—Cycle 4 43,14 358 0 41,65 357
e CyCle 5 41,74 357 0 38,92 358
Cycle 6 46,71 357 0 42,77 358
= Cycle 7 43,76 357 0 39,63 357
= Cycle 8 43,86 357 0 37,94 357
= Cycle 9 37,82 358 0 41,63 358
e Cycle 10 36,58 359 0 42,42 358
— Average Cycle 40,25 358 0 41,27 357

Figure 8. Heat release graph

4.5. Rate of Pressure Rise [ RPR - dp/dQ]

The rate of increase in pressure [23] is an indicator of the energy released during the combustion
process in internal combustion engines. Changes in the rate of increase in pressure depending on the
crank angle (Figure 9) are provided. The pressure increases the difference between the lowest value and
the highest value of 10 cycles obtained with SC-10 when Figure 9 is examined. Increased rate values
between fuels in comparison to pressure The difference was 18.59 percent between the mean values.
Higher pressure rise values were created by the mixed fuel than by DF fuel. Therefore, as the rate of
increase in pressure increases with the sudden combustion of the amount of mixed fuel accumulated in

the cylinder, the engine will operate as a stroke and will increase the temperature in the cylinder.
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Rate Of Pressure Rise

= 400
o

350

S 300

S 250

B, 200

150

100

50

0

sb-10/ Angle DF/ Angle

RPRMax 9 RPRMax g
——Cycle 1 4,34 358 0 3,17 360
——Cycle 2 4,02 358 0 3.15 360
Cycle 3 3,04 358 0 2,96 360
——Cycle 4 3,55 359 0 3,17 360
——Cycle 5 3,73 359 0 3,13 360
Cycle 6 3,79 358 0 275 361
—Cycle 7 3,84 359 0 2,89 360
——Cycle 8 3.4 359 0 286 360
——Cycle 9 3,59 359 0 3,16 360
——Cycle 10 3,68 359 0 2,96 360
Average Cycle 3,71 358 0 3,02 360

Figure 9. Pressure increase rate graph

4.6. Cummulative heat release [CHR - kJ]

The sum of the heat emissions released during the combustion process forms the cumulative
value for internal combustion four-stroke diesel engines[24]. When the graph of the cumulative heat
release values [Figure10.] is examined, the crank shaft angle, where the maximum values of the sc-10
fuel are formed, is seen after the upper dead point [ATDC] 46 crank shaft angle. It was observed that,
with a delay of 30 [CA] compared to SC-10 blended fuel, the average crank angle at which maximum
values were formed for DF fuel was [ATDC] 49 crank angle [CA]. Furthermore, it was seen that the
cumulative temperatures were 2.77 percent higher with the use of SC-10 fuel than DF fuel. This
difference is due to the prolongation of the delay in ignition [ID] and the increase in the amount of filling

received depending on the height of the latent heat vaporization of the fuel mixture [25].
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Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Cycle | Average
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Angle /| 409 408 408 405 405 405 415 402 402 407 406
SC-10
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Figure 10. Cumulative Heat release graph

5. CONCLUSION

The data obtained by testing the essential oil obtained in a diesel test engine from the Salvia
candidissima plant is given below. In comparison with the engine torque values produced by the DF and
SC-10 fuels burned in the test engine, higher values of 1.9 Nm were obtained by using SC-10 fuel. It
was shown that there was an improvement of 3.4 HP in the comparison of motor effective power values,
which is one of the engine output values, and it was in favor of SC-10 petrol. 4.99 percent at the full
cylinder gas pressure value of the SC-10 mixture gasoline fuel, when the combustion data are analyzed
in detail, In their values, the maximum cumulative heat release is 2.85 percent The rate of maximal
pressure increase in its values is 22.84 percent. At a maximum net heat release rate of 2.53 percent, And
at average gas temperature levels of 16.72 per cent. If all the data obtained from the studies are analyzed
as a whole, it can be seen that this new source of biodiesel fuel derived from essential oils provides the

whole study with substantial overall improvements.
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ABSTRACT

Sustainability and energy efficiency in building design are considered as
important topics in today's architectural world. The purpose of this paper
is to examine their opinions, requirements, current knowledge level,
perception, and awareness regarding the energy efficient buildings on a
group of architectural students from two universities. Results shows that
architectural journals covering several general subjects were more
preferred than academic journals by students. It was also revealed that there
is a need for architect-oriented design guideline supported with visual
expressions about the subject and students are familiar with some of the
related terminologies. Therefore, this study can help the program
coordinator in determining the course content and its sources of
information related to energy efficient buildings in architecture schools.

0z

Bina tasariminda siirdiiriilebilirlik ve enerji verimliligi gliniimiiz mimarlik
diinyasinda 6nemli konular olarak kabul edilmektedir. Bu ¢alismanin
amaci, iki tniversiteden bir grup mimarlik 6grencisinin enerji verimli
binalar hakkindaki goriislerini, gereksinimlerini, mevcut bilgi diizeylerini,
algilarint ve farkindaliklarini incelemektir. Sonuglar, ¢esitli genel konulart
kapsayan mimarlik dergilerinin 6grenciler tarafindan akademik dergilere
gore daha ¢ok tercih edildigini gostermektedir. Konuyla ilgili gorsel
anlatimlarla desteklenen mimar odakli tasarim kilavuzuna ihtiyag oldugu
ve dgrencilerin ilgili bazi terminolojilere agina oldugu ortaya ¢ikmistir. Bu
calisma mimarlik boliimlerindeki enerji verimli binalarla ilgili ders
icerigini belirlemede program koordinatorlerine yardimei olmasi agisindan
onemlidir.
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1. INTRODUCTION

Energy and its use are a versatile subject that concerns the whole world today. Nonrenewable
energy resources are in the stage of exhaustion, and efforts to seek and create alternative sources are
inevitable. Preservation and efficient use of the existing energy resources is important. Industry,
transport and household are the main sectors responsible for high energy consumption globally [1].
Today, there are many studies focusing on the use of energy efficiency in the building sector because
an important part of the energy and resources consumption belongs to buildings. Approximately 40%
of the total energy consumption and about 36% of greenhouse gas emissions in Europe come from
buildings [2].

In Turkey energy consumption in the building sector has grown strongly in recent years. It has
increased from 19.5 mtoe in 2000 to 32.4 mtoe in 2015 and the annual average increment for energy
demand has been 4.4% [3]. Fossil fuels are still a major energy source for all sectors today. Dependency
on fossil fuels has not died out completely because the amount of energy production from renewable
energy sources cannot meet demand. Fossil fuels are non-renewable and limited in supply and will
eventually run out. The usage of fossil fuels has several disadvantages such as global warming and
environmental pollution. These make energy efficiency and saving compulsory. All these indicate major
necessities for energy efficient buildings urgently. In other words, energy efficiency is an important
requirement from a building design perspective. Evidence of increased interest in energy efficient
buildings can also be seen in academic literature. A search in Scopus [4], using the terms ‘energy
efficiency’ AND ‘building’ appearing in the title, abstract or keywords, revealed several papers. Figure
1 shows this trend with the number of documents published worldwide between 1970 and 2018.
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Figure 1. The number of documents published on the topic of ‘energy efficiency’ and ‘building’ between 1970
and 2018
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Energy efficient building can be defined as a building designed to provide a comfortable and
healthy indoor condition with minimum energy consumption [5]. It can also be stated as a building using
substantially less fossil fuel energy and high renewable energy to ensure the same comfort conditions
as a typical building [6]. Therefore, energy efficient buildings require a special design approach. It is
clear that energy efficient buildings can require 10-30% lower energy than typical houses [7]. Moreover,

annual specific final heating demand of a passive house is lower or equal to 15 kW h/m? [8].

Architects are responsible for building design. They also have an important role in reducing
energy consumption in buildings. Architecture is accepted as a significant profession that shapes the
built environment together with human life and plays an important role in providing basic human needs
[9, 10, 11]. Thus, architects should have enough knowledge about energy efficiency for buildings.
However, some architects prioritize aesthetic concerns and have little knowledge about energy efficient
buildings [12]. All architects should play an important role in the efficient usage of energy in buildings.
The existence of architects who have sufficient knowledge, experience and skills in this regard provides
a significant contribution to the protection of the environment and saving energy. Energy usage in
buildings based on a combination of convenient architectural and energy HVAC design, and effective
operations and maintenance of active systems. Therefore, it is important that architecture students who
will practice the architecture profession have information about energy efficient building design and
show awareness and sensitivity in this regard. Architectural students can contribute to the correct and

efficient use of resources with their knowledge, skills and designs in professional life.

Education plays a key role in preparing students for their profession, and education for architects
begins at university. The capability and basic knowledge of architects in a specific context profoundly
depend on education [13]. Architectural students in universities are trained mostly by academician
expert on the different aspects of architecture such as design, structure, engineering, history and practice.
It is known that the qualification for a subject require a certain level of knowledge and skill. Therefore,
courses in architecture programs are helpful to create basic skills of architectural students [14, 15,16].
Architectural students need enough knowledge about energy conservation principles and techniques,
site planning, building form, space organization, material selection, renewable energy usage etc. to be
able to design comfortable and energy efficient buildings. Ismail et al. [17] stated that there is no clear
framework on how architectural knowledge is integrated into the course plan, what kinds of courses are
given, and how students associate this knowledge into practice during building design. Therefore, a
conscious approach is needed to provide information for architects during the training phase. High-
quality and helpful knowledge is also significant, particularly for decisions at the early stage of design
process by the architects and others [18]. Information that is weak, incomplete, unclear or misunderstood

may have negative effects on overall building design and its energy performance. An understanding of
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students' perceptions of energy efficient buildings may give insight into how they are likely to engage
in course practices. The findings help us understand the attitudes and behavioral dispositions of
undergraduate architectural students and could help guide the development and delivery of curriculum
content for energy efficient buildings. The novelty of this study lies in understanding expectations and
perceptions of future architects about course content, format and sources of information, which related
to energy efficient buildings. This research specifically aims to better understand architectural students’
current knowledge level, requirements, beliefs and perceptions concerning energy efficient buildings. It
has focused on the students of architecture because of their important roles as designer for built

environment. The other objectives of the study are to:

 Investigate formats of information sources about a specific subject for architectural students,
» Give direction to energy efficient building design for academicians and architectural students from a

scientific background.

This study also can fill a knowledge gap in the existing literature and provides a valuable
contribution to the training process and program coordinators for Architecture schools about energy
efficient buildings.

It is known that there are a few studies in literature regarding the needs of architectural students
for energy efficient buildings. Sustainability has become an important issue in architectural education
in order to be more sensitive to the environmental impact of architecture and to raise awareness of future
generations [19]. Most studies have been carried out on integrating sustainability knowledge into
architectural education. In this sense, Boarin et al. [20] investigated undergraduate and postgraduate
architectural programmes offered by three tertiary education providers in different continents (Oceania,
Europe and North America) and examined how different architectural programmes applied
sustainability education within their course plans. The results show that almost all students see
sustainability as an important part of their education; however, student views on sustainability in design
differ greatly depends on its goals and design focus of each program. Porras Alvarez et al. [21] analyzed
the curricula of 20 selected architecture schools in 11 Asian countries to define and summarize
sustainability-related courses. It was found that the percentages of sustainable courses varied from less
than 5% to 25% in their curricula. The study by Ismail et al. [17] focused on the type of models that
have been used in architectural course plans in selected schools of architecture and examine the level of
emphasis in integrating sustainability knowledge in the curriculum. It was found that 10 sampled
architecture schools in the United Kingdom and the United States of America have different approaches
in associating sustainability knowledge in their plan. Dabaieh et al. [22] investigated a relatively new
experience in teaching and learning sustainable architecture trends in a living urban lab environment.

The results showed that solving environmental problems and challenges in the building industry is hard
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without the knowledge in architecture education necessary to apply suitable climatic conscious design
principles. Yeang [23] provided important solutions that adapt environmentally friendly design and
energy efficiency systems to architecture to create a design guide. Ceylan [24] was intended to provide
a road map for revision of vision of architectural institutions in Turkey, philosophies, programs, and
course content on the use of energy resources in an accurate and efficient way. Accordingly needs of
architectural education in Turkey a model for an undergraduate program is proposed. The proposed
program is valid for Turkey's present conditions and higher education laws. Kayihan and Toniik [25]
discussed the basic principles of sustainable design, sustainable development economically and
ecologically and they draw attention to concepts such as sustainability, and also explained the
relationship between these concepts and education. Baeumle and Hunt [26] defined the information
needs of architectural students who want to design energy efficient and, naturally ventilated buildings.
The results showed that architectural students preferred design regulations and case studies rather than
technical journals. A design guidance in a visual format using conventions and terminologies was
necessary for architects. Gaulmyn and Dupre [27] investigated usage of an energy performance
simulation tool, called Easy Approach for Sustainable and Environmental Design (EASED) to train
architectural students about innovative sustainable design. The results showed that individual studies
were not convincing, and success was achieved during group work. Mavromatidis [28] developed a
didactic approach to bring together sustainability and building applied energy efficient methodology in
architectural education. It was seen that the applied approach gives trusted results for the pedagogical

aim in the nine projects.

Elective courses are an opportunity for students to tailor their professional portfolios privately
and support to students' professional and personal improvement and increase their motivation to perform
well on selected topics [29]. Ghonim and Ewede [13] studied on providing a basis for associating
elective courses into the architectural curriculum by researching the component of elective courses in
30 architectural programs worldwide. This paper raised new questions that broaden the impact of
architectural programs on quality and investigate their benefits for those related with architectural
accreditation. The study of Hedges et al. [30] provides a research designed specifically to provide a
better understanding of the factors that contribute to student’s elective module preferences. The results
suggest that programs should increase their knowledge of the factors affecting students' choice of
elective courses. Also Ting and Lee [31] examined the characteristics that affect students' choice of
university elective courses. The results showed that students worry most about the perceived difficulties
of the elective course and avoid enrolling in such an elective course. The reviewed literature showed
that research on energy efficient buildings in terms of educational perspective lacks common studies.
As a result of this literature review, we may argue that there is a need to understand and examine

requirements of architectural students for energy efficient buildings within architectural education.
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2. MATERIAL AND METHOD

This paper is organized in the following way: firstly, an introduction and literature survey,
secondly, the general methodology is defined. In section 3 the key findings from the survey and
recommendations are discussed to potentially better engage architects with scientific information. A
detailed analysis was also conducted on the views and preferences expressed by the students. Finally,

the results are summarized, and the main conclusions presented.

For the purpose of this research study, an exploratory approach was taken. The survey was
selected as a type of main methodology. The basic concern was to keep the questionnaire as short as
possible and to obtain reliable information. Thus, a clear and short survey was prepared for B.Sc.
architectural students. At the undergraduate level, official course outlines of available Turkish
architecture programs at state universities were reviewed and total number of ECTS (The European
Credit Transfer and Accumulation System) credits of compulsory courses exclusively and specifically
focused on energy efficiency was calculated to see rate in curriculum. It was found that the average
ECTS credit of the courses in the programs was 5.7 (The standard deviation: 2.2). Then two architectural
programs including related courses having average credit value were selected: Balikesir and Trakya
Universities. The students from two universities have also similar mean scores to be able to obtain
registration rights for architecture according to YOK statistics. The survey was applied to gather
information directly on energy efficient building and its design from the students. They were conducted
during the courses and questionnaires were collected before students left classrooms to reach a high
response rate. The questionnaire was applied to second, third and fourth-year architectural students in
the 2018-2019 fall term.

The survey, totaling 18 questions, consisted of four parts: personal information (1), the general
knowledge and perception of participants on energy efficient building (2), preferred information
resources together with their format about energy efficient building and its design (3) and barriers for
energy efficient building (4). The questionnaire includes mostly closed-ended and a few open-ended
questions which were developed in view of the findings of similar studies previously conducted such as
Baeumle and Hunt (2018) and are specifically designed to measure architecture students' awareness and

needs about energy efficient buildings [26].

Main views and preferences of students were taken by answering the following questions:

» Which journals have you read or are interested in reading?

» Have you attended a seminar, conference and/or presentation about energy efficient buildings?

» Have you heard the following terms before?

» When designing an energy efficient building, which of the following sources would you use to help
your design?
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»  Which expert(s) would you like to consult when designing an energy efficient building?

» If a design guide was to be written specifically for architects on energy efficient buildings which
subjects should be included?

» Which of the following presentation style(s) is suitable for design guide?

*  Where should the design guide be published?

The authors conducted a preliminary survey to test the research instrument and to identify items
that should be revised and to check the sequencing of the questions. It was applied to sixteen randomly
chosen architectural students in the study population. As a result, no major adverse comments were
received from the students. Then the pilot study questionnaire, after slight modifications was prepared

as the final questionnaire for the main study.

Once all changes were made, the survey questionnaires were deployed in two universities,
Balikesir and Trakya. A total of 479 respondents (303 from Balikesir University and 176 from Trakya
University) participated voluntarily in the survey. 460 were acceptable, representing a usable response
rate of 98 percent. The collected data was analyzed and interpreted by using Statistical Package for

Social Science (SPSS) version 22. The Quantitative survey data was reported statistically.

The demographics characteristics of the respondents are shown in Table 1. In Balikesir
University (BAUN), the sample consists of 303 students of which 136 (44.9%) were female and 167
(55.1%) were male. In Trakya University (TU), the number of female respondents was 97 (55.1%),

while the male respondents humbered 79 (44.9%).

Table 1. Subject demographics

Balikesir University Age Number Proportion
Ave Min Max SD
Male 21.40 18 30 1.711 167 55.1%
Female 20.95 18 33 1.926 136 44.9%
Second year student 19.64 18 33 1.651 86 28.4%
Third year student 20.86 19 26 1.008 84 27.7%
Fourth year student 22.42 20 30 1.426 133 43.9%
Trakya University Age Number Proportion
Ave Min Max SD
Male 22.11 19 41 3.385 79 44.9%
Female 20.82 19 27 1.354 97 55.1%
Second year student 20.51 19 28 1.423 71 40.3%
Third year student 21.41 20 32 1.768 85 48.3%
Fourth year student 24.55 21 41 5.042 20 11.4%
Bahkesir + Trakya Age Number Proportion
University Ave Min Max SD
Male 21.6 18 41 3.115 246 51.3%
Female 20.6 18 33 1.122 233 48.7%
Second year student 19.8 18 33 1.501 157 32.7%
Third year student 21.2 19 32 1.456 169 35.2%
Fourth year student 23.9 20 41 4.796 153 31.9%
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3. THE RESEARCH FINDINGS

This section shows the main results of the survey parts. The opinions and preferences of
architectural students are highlighted by using charts and tables.

3.1 The General knowledge and awareness of participants

The questions of this part refer to the general knowledge of participants on energy efficient
buildings. Firstly, three different journals were determined regarded as either of a technical, an
interdisciplinary and a design-related nature. “Megaron” which is an interdisciplinary journal was
preferred as they span a broad spectrum of architecture research topics. “Yap1” journal is a magazine
that gives ample space to new projects and applications from Turkey and around the world. “Thermal
Science and Technology” is an academic journal that enables the publishing of original, theoretical,
numerical and experimental studies in the field of heat science and technique. Later, which journal
articles that were read and interesting to read were inquired about. The results show that in Balikesir
University, Yap: Journal was the most read paper by participants (Figure 2). The vast majority of the
participants expressed willingness to read Journal of Thermal Science and Technology and Megaron
Journal whereas only a small percentage, 13-14% read at all. It shows that the students from Balikesir
University were mostly interested reading journals related to energy efficient buildings. A similar
situation was encountered with students from Trakya University. Yapi Journal was the most widely read
journal. Journal of Thermal Science and Technology and Megaron Journal were papers interesting to
read. The reason for the high read rate of Yap: Journal can be related to its scope because it covers a
wide range of topics such as new projects from Turkey and around the world, environment, urbanism,
architectural theory and history, technology and materials, industrial design and art. Other journals
generally publish scientific papers. These mean that mostly architectural journals about general subjects

appeals to architectural students.

Understanding of perceived knowledge of architectural students about energy efficient buildings
is significant. Therefore, their knowledge levels were directly asked to the participants. The results were
evaluated according to the educational year (Table 2). It was found that 8.2%, 4.7% and 5.2% of the
participants from second, third and fourth educational year students in Balikesir University selected no
information about energy efficient buildings. According to the syllabus of Balikesir University for
architecture, building physic course (compulsory) are given to the third year students and one elective
course about climate conscious building design in the third year. Thus, minimum rate for “none” may
be happened in that year. The rate increased little in the fourth year. This may be because students have
difficulty remembering the knowledge learned previously and there are not many elective courses for

fourth year students. In Trakya University, we may deduce that the number of the participants voted
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none is decreasing in years. Nobody from the fourth-year students choose none. It was seen in the

syllabus of Trakya University for architecture that building physic course is in the third year and there

is one more elective course related to energy efficiency in the fourth year. As a result, when a particular

topic or issue in a course is given to students, they may be familiar with that subject. Most of the students

from the two universities voted little and very little. Also, the number of students who voted much and

too much did not reach a high rate. These results can reflect the importance of courses or activities

related to a specific subject.

BAUN BAUN BAUN
Journal of Thermal Science and Technology Yapi Journal Megaron Journal

B Have read M Interested to read ® Have read M Interested to read mHaveread M Interested toread
TU TU TU
Journal of Thermal Science and Technology Yapi Journal Megaron Journal

4%

mHaveread M Interested to read M Have read M Interested to read W Haveread M Interested toread

Figure 2. Reading percentages of related journals

Table 2. Knowledge level of the students on energy efficient design

Second year Third year Fourth year
Balikesir Trakya Balikesir Trakya Balikesir Trakya
University University University University University University
None 8.2 11.3 4.7 4.7 5.2 0
Very little 55.4 42.3 345 24.7 33 20
Little 36.4 40.8 58.6 64.7 514 65
Much 0 5.6 1.1 4.7 6.7 15
Too much 0 0 1.1 1.2 0.7 0
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The familiarity of technical terms can be associated with knowledge level at the same time. For
that reason, 16 terms commonly used in energy efficient buildings determined from the literature was
asked to the students to select the most familiar. The results were listed from most familiar to least in
Figure 3. In Balikesir University, ‘Solar shading’, ‘Insulation’ and ‘Thermal comfort’ were selected by
over 200 students. Also, these terms are major issues for energy efficient buildings. Among the 16 terms
‘Trombe wall’, ‘Sun space’ and ‘Photo Voltaic (PV)’ were marked as little-known terms by
approximately 75 students. An interesting result is that ‘PV’ was among the least familiar terms,
although it is a common tool to produce electricity from the sun. The majority of architectural students
in Trakya University selected ‘Insulation’, ‘Heat gain from the sun’ and ‘Solar shading’ as the most
familiar terms. The least rated terms ‘Sun space’ ‘Airtightness’ and ‘Heat pump’ were marked by the
students. It is clear that there are minor changes in ranking of terms between universities. This may be

due to differences in course content.

Other,

pro
Architectura

I journals standards...

18%

Building

Architectural
journals
14%

TU ' ot BAUN

Figure 3. Reading percentages of related journals

Moreover, familiarity of terms was also investigated based on education years. The results
(Table 3) shows that familiarity for terms has mostly increased in the fourth year compared to the second

year. This finding is understandable as students are more likely to encounter these terms over time.

The next two questions deal with information sources and advice from the experts on energy
efficient buildings. Thus, the participants were asked to select, from a variety of options, their preferred
type of sources with reasons. Options related to sources are the journal papers, standards, previously

built buildings and others. All responses were demonstrated in the pie chart (Figure 4).
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Table 3. Percentage of voted terms related to energy efficient buildings based on education years

Second year Third year Fourth year
Terms Balikesir Trakya Balikesir Trakya Bahkesir Trakya
University University University University University  University
Thermal comfort 52.3 60.6 69 94.1 85 95
Heating/cooling load 31.4 40.8 36.9 65.9 54.9 70
Thermal bridge 40.7 18.3 27.4 91.8 39.1 80
Heat gain from sun 60.5 73.2 52.4 95.3 74.4 95
Wind chimney 16.3 43.7 44 64.7 45.9 60
Trombe wall 8.1 11.3 21.4 88.2 19.5 90
Solar shading 91.9 85.9 84.5 92.9 96.2 95
PV 15.1 21.1 33.3 69.4 36.1 80
Heat pump 46.5 23.9 36.9 45.9 58.6 55
Heat transfer coefficient 36 42.3 36.9 84.7 70.7 75
Thermal mass 26.7 40.8 32.1 90.6 53.4 90
Heat transfer 51.2 66.2 52.4 91.8 80.5 85
Insulation 91.9 90.1 81 95.3 91.7 100
Sunspace 15.1 21.1 33.3 42.4 33.1 55
Airtightness 29.1 26.8 23.8 41.2 41.4 70
Smart glass 51.2 66.2 64.3 74.1 74.4 80
Solar chimney 12.8 39.4 40.5 69.4 36.8 75

BAUN
ACADEMICIANS ARCHITECTS ENGNEERS ACADEMICIANS ARCHITECTS ENGINEERS
mYes ®No HYes ®No

Figure 4. The preference for particular types of resource for energy efficient building design

Most of the participants (31% and 32%) selected the existing building as a reference and
example for energy efficient building design. The potential reason of this preference may be the fact
that current buildings can provide evidence-based information for design of energy efficient building.
Another most preferred option with 18% (TU) and 23% (BAUN) is experience and personal expectation
as information source. Maybe the students consider the experience as a helpful tool to gain practical
knowledge and to develop key skills on a specific subject. Almost 18% of the participants from Balikesir
University preferred the Architectural Journal whereas the ratio in Trakya University was 14%. These
journals can serve as an archive of information in fields of several subjects. Another information

resource is building standard. They cover a wide range of rules from design to construction. The
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preference ratio of building standard was 15% (BAUN) and 12% (TU). Articles in scientific journals
were preferred by a small number of the participants where the ratio was %8 - %11. Perhaps scientific
journals are read generally by scientists and are mostly the final output of academic studies. There was
a distinct difference between votes given by BAUN and TU students for conference, proceedings and
website preferences. The ratio at Balikesir University was 4% while it was 14% at Trakya University.
This can be associated with several issues such as the number of organizations in these universities,
distance to various organizations based on the location of two universities and access to conference
papers. Trakya University is closer to Istanbul compared to Balikesir University. It is known that many
conferences and different activities are organized in Istanbul. Moreover, International Sinan Symposium
is organized every two years by the Faculty of Architecture in Trakya University. More research is

necessary to able to obtain accurate reasons for this difference.

The survey also investigated experts preferred for consultation during the design of energy
efficient building. As can be seen in Figure 5, 89.5% of Balikesir University participants evaluate their
colleagues as a source of information. In Trakya University, almost all students (95.7%) voted architects.
It shows that architectural students accept architects as expert and the most reliable knowledge source
when designing an energy efficient building. Engineers were voted in the second order as a consultant,
the ratio is 93. 5% (TU) and 85.6% (BAUN). The students think that close relationships between
architects and engineers are essential to provide information for energy efficient buildings. Only the
mean 77% of the students from two universities admits academicians as a knowledge source for energy
efficient buildings. According the general reasons expressed by students who voted academicians; they
have more theoretical information and little practical skills and experience in the field of a subject. This
means that academics need to improve their knowledge on practical topics.

TU BAUN
Sunspace IEEEE——— Trombe wall I
Airtightness Sunspace IEEE———
Heatpump IEEES— PV I
PV e — Solar chimney EEEE————
Trombe wall I Airtightness I
Heating/Cooling load m——— Thermal bridge I
Thermal bridge IEEE———————— Wind chimney ——
Solar chi Thermal mass =—————m—————oun
Wind chimney I Heating/Cooling load I————
Heat transfer coefficient Heat pump
Thermal mass Heat transfer coefficient
Thermal comfort Heat transfer
Smart glass Heat gain from sun
Heat transfer Smart glass
Solar shading Thermal comfort
Heat gain from sun Insulation
Solar shading
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%

Figure 5. Percentage of architectural students who want to get advice from experts
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Other questions focus on the understanding of willingness of the architectural students to design
energy efficient buildings. A high percentage, 88.1% of the participants from Balikesir University
seemed assertive in designing energy efficient buildings whereas a small part of them were reluctant.
The rate of willingness for energy efficient building design is very high with 96.6% in Trakya
University. The major reason for the negative respondents expressed by participants was similar and
they mostly concentrated on high construction expenditure and lack of demand for energy efficient
buildings. A complementary question for design of energy efficient building was about the expected
building stock in the future; would you like to see more energy efficient buildings in the next 5-10 years.
Almost all of the participants (95.7%-BAUN and 98.9%-TU) want to see more energy efficient buildings
in the building stock. Very few students have opposite opinions. These are also consistent with the

previous results.

Keskin and Erbay [32] stated that architecture discipline has an important responsibility for
building sustainability and construction of environmentally friendly buildings. The authors consider that
architects should believe that energy needs of buildings can be reduced with energy efficient
architectural strategies and they have an important role to save energy in buildings. For this reason and
to support previous questions related to energy efficient building design, a new one was prepared. It
examined students' perceptions about whether it is possible to reduce the energy consumption of
buildings with architectural strategies. While the vast majority (82.8%) of Balikesir University
participants agree that energy saving is possible with architectural solutions, 17.2% of students think
that this is not possible. In Trakya University 91% of the students believed architectural solutions could
be helpful to reduce energy demand in buildings. One of the reasons behind the negative belief is as
follows; architects do not have sufficient knowledge; another is that the contractors are the main
determinants of the construction and decision process. In addition, the lack of energy efficient building

samples is also stated as a negative situation.

Regulations, standards and codes can contain mandatory instructions that affect the architectural
design process. Thus, the following question focuses on the rules on energy efficiency in these
documents that limit the architectural design process and creativity of architects. 67.7% of the
participants in Balikesir University think that designing a building with rules as energy efficient does
not affect the freedom and creativity of the architects and process. However, 32.3% of the students
disagree. According to the results of the survey from Trakya University, 75.8%, of students consider
that the criteria does not limit the design and architects but 20% of them believe that it can restrict
architects and the design process. The general reason explained by the students is that the rules can make
the design process more complicated. This may also be accepted as a barrier for increasing the number

of energy efficient buildings. To clarify this situation, the nine potential barriers listed in the
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questionnaire were asked to the participants. The results revealed that the five greatest perceived barriers
were the same for Balikesir and Trakya Universities (Figure 6). They are unknown importance of subject
adequately, increasing construction costs, lack of demand, no legal obligation and insufficient
architectural expertise. They were found as major barriers and adversely affect the increase in the
number of energy efficient buildings. These concerns can be mitigated by explaining the energy saving
potential of energy efficient buildings and their financial and environmental benefits. In other words, all
gains from the energy efficient buildings could be used as the main argument by policy makers and all
stakeholders to eliminate hesitation or anxiety. On the other hand, lack of resources/knowledge and lack

of Turkish resources/knowledge on the subject are the least rated obstacles.

BAUN

Lack of Turkish information/resources on energy efficient building design  I————

Lack of information/resources on energy efficient building design I

Lack of engineers having sufficient knowledge I
Lack or lack of relevant courses in the undergraduate education process IEEEEEE————
Lack of architects having sufficient knowledge I
No legal obligation I
Lack of demand I
Increase construction costs

Unknown importance of sulbject 15mmmm s —

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

TU

Lack of Turkish information/resources on energy efficient building design  I—
Lack of information/resources on energy efficient building design  I—————
Lack or lack of relevant courses in the undergraduate education process IEE——————
Lack of engineers having sufficient knowledge IEEEEEEE—————
Lack of architects having sufficient knowledge IEEEEEEE———————_
Lack of demand I
No legal obligation
Increase construction costs

Unknown importance of subject 1 —

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Figure 6. Potential barriers to increasing the number of energy efficient buildings

The last question deals with participation in activities such as seminars, conferences and/or
lectures about the subject. This question was formulated in this way; “Have you been involved in any
activity on energy efficient buildings?”. 61.4% of the students in Balikesir University joined activities
but this rate was only 48.5% in Trakya University. It can be related to the number of activities organized
by the universities. When the results are examined based on the educational year, it is clear that
participation rate increases towards upper classes (Table 4). It means that interest, awareness and actions

for energy efficient buildings increases over time.
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Table 4. Percentage of the students joining to the activities related to energy efficient buildings

Second year Third year Fourth year
Balikesir Trakya Balikesir Trakya Balikesir Trakya
University University University University University University
Yes 52.3 29.6 57.1 44 69.9 80
No 47.7 70.4 42.9 56 30.1 20

3.2 Content and format of information resources

It is not possible to learn everything about a subject through the courses. Paper based documents
can be helpful for the learning process. Generally, scientific papers consist of mostly theoretical
information, technical terms and mathematical equations. They can be easily understood by
academicians, but it can be unfamiliar to audience from other disciplines having professional
qualification such as architects. This type of resources may prevent the application of study findings
during the design process. For these reasons, the last part of the questionnaire deals with information
resources in terms of different aspects such as preferred styles and formats. Initially, we investigated
whether available resources about energy efficient buildings were adequate for students. Only 16.2% of
the respondents in Balikesir University believed existing resources were enough. This rate is
surprisingly higher at 30.3% for Trakya University. This result indicates that there is not a consensus
among students from Trakya and Balikesir University. The rest of participants consider that there is not
enough resource about the subject. The possible reason of this can be related to lack of Turkish resources

in literature and difficulties in access to information resources.

Type or format of information resources can directly change its intelligibility. Thus, its style is
very important and should be determined based on the audience. To examine existing resources’ type in
literature from the perspective of students, it was asked whether their design format is suitable for use
and understood by architects or not. Almost half of the students (46.2% -BAUN, 46.8% -TU) think it is
appropriate, while the rest think it is not. The answers from two questions show that the architectural
students need resource in a suitable format. Content for information resource is another significant issue.
It was asked if a design guide is prepared for architects and which of the 13 topics should be included
in this guide. Figure 7 summarizes the responses according to the topics. The results showed that
‘Renewable energy sources’, ‘Natural ventilation’, ‘Natural daylight’, ‘Principles of energy efficient
building design’ and ‘Insulation’ were the most desired topics included in the design guide for students
of both universities. ‘Photovoltaics (PV)’, ‘Heat pump’, ‘Passive strategies for building design’ were

the least desired topics in the design guide.
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Natural ventilation
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Figure 7. Preferred topics in the design guide

90%

90%

Once the topics have been decided, the next question has been prepared regarding the style and

format of the design guide, because they are as important as the topics in the design guide. We inquired

in our questionnaire which presentation style is better. Survey findings in Figure 8 indicated that the

greatest preference by students (90%) was diagrams, pictures and descriptions for design guide. This is

generally valid for all architects because, as is known, architects have the ability to reflect their design

and comments visually [33]. It was also seen that almost 50% in BAUN and 60% in TU of the students

prefer a design guide consisting of mathematical equations and calculation examples. This is an
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important result because a significant part of the students believes the necessity of mathematical
equations. In our opinion, students are interested in usage of mathematical equations and calculation
examples, but as an architect candidate still mostly prefer a design guide consisting predominantly of
visual materials. It is clear that there is no one certain style for design guide. As a result, a design guide

should be a combination of one or more styles desired by the architectural students.

BAUN

Mathematical equations and calculation
examples showing how to use in practice

Checklists to make the necessary design
actions and decisions

Design graphs and data sheets

Diagrams, pictures and descriptions

0% 20% 40% 60% 80% 100%

TU

Mathematical equations and calculation
examples showing how to use in practice

Checklists to make the necessary design
actions and decisions

Design graphs and data sheets

Diagrams, pictures and descriptions

0% 20% 40% 60% 80% 100%

Figure 8. Preferred presentation styles

The survey results also showed preferred level of detail for a design guide. A short and concise
guide for energy efficient building design was scored as 63.7% (BAUN) and 50.2% (TU). The
participants emphasized the importance of shortness and clarity for the design guide. Several participants
expressed the main reasons behind their choices as follow;

« Short guide can be more easily understood.
» Avoiding confusion is good.
+ Details can make it boring.

By contrast, the rest of the students wanted a comprehensive guide including detailed

instructions and arguments on energy efficient buildings. They commented that:
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« Even if we know nothing, we can learn something.

» If we learn more, we can use it more effectively.

» Designing will be easier when all the details are learned.
* More information can lead to more accurate results.

* A detailed guide is required.

Finally, the participants were asked where the design guide should be published. The findings
showed that over 80% of participants in two universities preferred the internet to publish the design
guide. More than 50% of the students would prefer a design guide to be published as journal articles and

books.

4. CONCLUSION

This study was conducted to investigate future architects’ requirements, current knowledge
level, perception, and awareness regarding the energy efficient buildings on a group of architectural
students from Balikesir and Trakya Universities. The findings of the survey were examined to give idea
and raise awareness about energy efficient buildings through the architectural students. When the
participants are considered as an architect in the future, their vision is more important for academicians

and professionals.

The main results of survey conducted in two universities were summarized as follows:

» There is no dominant distinction between answers of students in Balikesir and Trakya Universities.

» The respondents seem generally very optimistic towards reading publications about energy efficient
buildings.

» Familiarities of the terms show students' good awareness on energy efficient buildings. Terms
generally took similar vote rates in Balikesir and Trakya Universities. By using the most preferred
terms, academicians can determine course content to meet the needs and expectations of architectural
students.

» According to students, unknown importance of subject, construction costs, lack of demand and lack
of legal obligation are the most important barriers for increasing the number of energy efficient
buildings. Therefore, the development of solutions for these issues should be priority.

+ Architecture students mostly prefer existing buildings as a learning tool. This presents importance
and need of good practical applications for the specific subjects and they can provide proven and
helpful information to architectural students.

» Visual presentation techniques instead of theoretical terms are preferred as a design guide style. A
design guide should also be in a short format with intelligible and visual explanations. It can be
concluded that visual representation of theoretical knowledge and clear mathematical notation are

vital requirement for architectural students.
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» It is essential that efforts to increase architectural students’ knowledge about energy efficient
buildings give a positive effect, e.g. towards increasing the number of buildings consuming low
energy.

« Almost all of the students wanted accessible design guideline on the internet. This indicates that web
platform is very important and an easy tool to reach the audience. An interactive design guideline on

an online platform or blog can be helpful for the architectural community in the future.

To conclude, this study reveals personal views and opinions of architectural students that will
contribute to the educational and professional process. The above results are expected to be useful and
guiding for developing information resources for architectural students. It was also revealed that they
should be prepared with attractive visual format and content for energy efficient buildings and case
studies of current buildings should be a part of the architectural education in a practical manner. In view
of these results, department managers can set up coherent course content and sources of information,
ideally in an atmosphere that fosters interdisciplinary solution and collaboration. Indeed, well-designed
courses may even constitute solutions to the problems related to energy efficient buildings that many

architects are facing nowadays.

The main limitation of this study is that the survey took place in two architecture schools. Thus,
the results can likely not be generalized to all architectural students. They express opinions and
perception of a small sample of architectural students. Hence, future studies with much larger sample
size would be required to ensure more generalization of the findings of the study. Content of study could
be expanded to evaluate the effectiveness of the architectural education process in terms of the

sustainable building design by reviewing curriculum in schools of architecture.
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Elastin prolin, valin ve glisin aminoasitlerinin yogun olarak yer aldig1
hidrofobik bolge ve alanin aminoasitinin yer aldigi ¢capraz baglanma
bolgesinden olusan ve omurgali canlilarin dokularina esneklik ve
hareketlilik saglayan bir protein ¢esididir. Elastinde meydana gelecek
hasarlar pek ¢ok hastaliga neden oldugundan elastin proteini {izerine
cok sayida aragtirma yapilmistir. Fakat toksik bir maddeye maruz
kalan elastinde olusacak hasarla ilgili ¢alismalar literatiirde sinirl
sayidadir. Bu amagla 6nemli kalici organik Kirleticilerden biri olan
Aroclor 1254°e maruz kalan elastin proteininin yapisinda meydana
gelen degisiklikler histopatolojik olarak incelenmis ve olusan hasarin
konsantrasyona bagli oldugu tespit edilmistir.

ABSTRACT

Elastin is a type of protein consisting of a hydrophobic region where
proline, valine and glycine amino acids are densely located and a
cross-linking region where alanine amino acids are located, and
provide flexibility and mobility to the tissues of vertebrate organisms.
Since the damage to the elastin causes many diseases, a lot of research
has been done on elastin protein. However, studies on damage to
elastin exposed to a toxic substance are limited in the literature. For

*Sorumlu Yazar

E-posta Adresleri: ozdem22@gmail.com (Ozlem DEMIRCI), pelin1356@gmail.com (Pelin UGURLU),
nurcandogan80@gmail.com (Nurcan DOGAN BINGOLBALI), oacer21@gmail.com (Omer ACER),

kilincersin@gmail.com (Ersin KILINC),


https://dergipark.org.tr/tr/pub/dufed
https://orcid.org/0000-0001-9511-2010
https://orcid.org/0000-0002-4790-2533
https://orcid.org/0000-0002-5689-2250
https://orcid.org/0000-0002-5314-0475
https://orcid.org/0000-0001-5223-9919

O. Demirci et al. /| Dicle Universitesi Fen Bilimleri Enstitiisii Dergisi 9 (2) (2020) 137-146

this purpose, changes in the structure of the elastin protein exposed to
Aroclor 1254, one of the important permanent organic pollutants,
were examined histopathologically and it was determined that the
damage occurred was concentration-dependent.

1. GIRIS

Kalici organik kirleticiler (KOK), uzun siire ¢evre i¢inde bozulmadan kalan kimyasallardir [1].
Poliklorlu bifeniller (PCB), KOK grubunun iiyesidirler, toksik dzelliklere sahiptir, kalici ve biyobirikim
yetenegine sahip olan PCB’ler ayrica ¢esitli ortamlarda uzun mesafeli tasinma kapasitesine sahiptir.
PCB'ler biyolojik olarak en tehlikeli kanserojenlerden biridir ve topraga veya suya girdikten sonra,
burada bulunan organizmalarin yag dokularinda birikir [2]. Yapilan ¢alismalarda anne siitiinde bile
oldukga yiiksek miktarda PCB kalintisina rastlanmistir [3,5]. PCB’ler ¢evrede yaygin olarak bulunan
mikro-kontaminantlardir ve bilinen tiim kimyasal maddeler arasinda dogada en kalic1 olanlaridir. Hem
lipid ¢Oziiniirliigli hem de organizmalarda yeterli metabolik yolun bulunmamasi nedeniyle PCB’ler,
besin zinciri boyunca biyolojik birikim egilimi gosterirler. PCB’ler, endokrin, sinir ve bagisiklik
sistemlerini etkileyebilirler ve biyolojik aktiviteleri kimyasal yapilar1 ile ilgilidir. Insanlarmm PCB

maruziyetinin %90'mmdan fazlas1 hayvansal besinlerden kaynaklanmaktadir [6].

PCB!'ler, balast direnglerinde, floresan lambalarda, hidrolik ve dielektrik sivilarda, elektrik
kablolarinda, yapistiricilarda, plastiklestiricilerde, metallerin koruyucu bilesimlerinde, ahsap
verniklerinde, boyalarda, plastik dolgu maddelerinde, kagit emprenye islemlerinde, metal isleme
sirasinda sogutma sivisinda, insektisitlerde ve bakteri preparatlarinda, kaucguklar da dahil bir¢ok
endistriyel ve ticari uygulamalarda yaygin sekilde kullanilmaktadir [7,8]. PCB'ler, Kalic1 Organik
Kirleticilerin yasaklanmas: ile ilgili ilk uluslararasi anlasma olan Stockholm Soézlesmesi'ne 2002°de

dahil edilmistir.

PCB’lere maruz kalan insanlarda kanser, dogumsal bozukluklar, immunotoksisite,
norotoksisite, kardiyotoksisite, tireme bozukluklari, gocuklarda gelisim bozuklugu, yiiksek tansiyon ve
astim gibi bir¢ok olumsuz etkiler gézlenmektedir [9]. PCB’lerin etkilerini ortaya koymak igin yapilan
caligmalardan ¢ogu teknik PCB karigimlari ile yapilmistir [6]. Bu karigimlar ticari olarak Araclor,
Asbestol, Hydol vb. sekilde isimlendirilmistir.

Calismamizda kullandigimiz Aroclor 1254 bifenillerin klorlanmasi ile elde edilmis kompleks
PCB karisimidir [10]. Oldukga yaygin olarak kullanilan Aroclor’lardan biri olan 1254, agirlikga %54
klor igerir. Aroclor 1254 her bir bifenil molekiilii bagina 5 klorin igermektedir [11,12]. Aroclor’lar,

diizinelerce klorlanmis PCB bilesenlerinden olustugu igin, biyodegredasyonlar1 oldukg¢a zordur [13].

Elastin; prolin, valin ve glisin aminoasitlerinin yogun olarak yer aldig1 hidrofobik bolge ve
alanin aminoasidinin yer aldig1 ¢apraz baglant1 bolgesinden olusan bir proteindir [14]. Bu proteinin

mekanizmasini anlamak i¢in yapisinda 9 kere tekrarlanan VPGVG (Valine-Proline-Glycine-Valine-
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Glycine) motifi iizerinde bir¢ok galigma yapilmistir. Elastin, hiicre dis1 matristeki arterlerin de dahil
oldugu bag dokularina esneklik ve hareketlilik 6zellikleri saglayan bir proteindir [15]. Bu &zellikler,
arterlerin fizyolojik fonksiyonlar sirasinda karsilagilan deformasyonlara uyum saglamasina ve tiim

viicuttaki diizenli kan akiginin sabit bir basing saglamasina izin verir [16,17].

Yaptigimiz galigmada gevresel faktorler nedeni ile siklikla maruz kaldigimiz 6nemli kalici
organik kirleticilerden olan PCB karigimi, Aroclor 1254°{in elastin proteinine etkileri histopatolojik

veriler yardimiyla arastirilmigtir.

2. MATERYAL VE METOT

2.1 Elastin Orneklerinin Hazirlanmasi ve PCB uygulamasi

Anatomik olarak insana en fazla benzerlik gostermesinden dolay1 segilen, domuza ait torasik
aort’tan ornekler alinmigtir [18]. Domuz aort 6rnekleri yerel bir domuz ¢iftliginden saglanmigtir. Elde
edilen bu ornekler kan, yag gibi maddelerden temizlendikten sonra saf su ile yikanmistir. Elastin,
siyanobromid (CNBr) muamelesi ile drneklerden ayrilmistir. Ornekler 50 mg/mL CNBr soliisyonun
icine batirilarak oda sicakliginda 19 saat boyunca ve 60°C de 1 saat manyetik karistiricida
karistirllmigtir. Daha sonra yapilacak olan deneyler i¢cin 6rnekler Phosphate Buffered Saline (PBS)
soliisyonunun icine aktarilmuistir. Ug tekrarli olarak Aroclor 1254 uygulamasi yapilan orneklerin
hazirlanmasi igin kolesterol soliisyonu agagida belirtilen adimlara gore hazirlanmistir: 100 mL %1 sulu
torodeoksikolik asidin sodyum tuzu %0.1 ve %1 oraninda Aroclor 1254 soliisyonuna ilave edildikten
sonra aseton (1 mL) i¢cinde 4 giin boyunca karistirma islemi uygulanmigtir. Daha once tespit edilen
cevresel kalintt miktarinin tizerinde (%0.1 ve %1) Aroclor 1254 konsantrasyonlarinin kullanilmasinin
nedeni bu ksenobiyotigin uzun yarilanma 6mrii (4.8 yil) ve yiiksek biyolojik birikim kapasitesidir
[19,21].

2.2 Histolojik Preparatlarin Hazirlanmasi

Elastin 6rnekleri %10’luk formalin fiksatifi ile tespit edilmistir. Tespitten sonra her gruptan {i¢
tekrarli alman 6rnekler, 1 gece boyunca akarsu altina birakilarak fiksatifin elastinden uzaklagmasi
saglanmistir. Ornekler artan etil alkol serilerinden (%30, 50, 70, 80, 90, 96, 100) gecirilerek
dehidratasyon igslemi yapilmistir. Ksilende saydamlastirilan 6rnekler, parafin banyolarindan sonra 58-
60 °C’de erimis parafin bloklara alinmistir. Her grubun ti¢ tekrarindan alinan parafin bloklardan LEICA
rotary mikrotom ile her grup ve tekrar igin 5 er lam tizerine 4 pm kalinliginda kesitler alinmustir. Ksilen
ile parafinden kurtarilan kesitler, Hematoksilen-Eozin ile boyanmistir. Hazirlanan biitiin preperatlar,

Dicle Universitesi Hidrobiyoloji Arastirma Laboratuvari’nda bulunan Nikon NIS-Elements ECLIPS
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SE80i marka 151k mikroskobu ile incelenerek, Nikon Digital SIGHT-DS2MV marka fotograf makinesi

ile fotograflanmistir.

3. ARASTIRMA BULGULARI

Kontrol ve aseton kontrol gruplarinda herhangi bir histopatolojik degisiklik meydana
gelmemistir (Sekil 1- Sekil 2). %0.1°lik PCB (Aroclor) konsantrasyonuna maruz birakilan elastin
orneklerinin hepsinde elastin deformasyonu ve yer yer elastin kayiplarina rastlanmigtir (Sekil 3). Artan
PCB (%]1) konsantrasyonu ile birlikte elastin dokularinda meydana gelen histopatolojik degisikliklerin
siddeti artmistir (Sekil 4). Bu konsantrasyonda elastin deformasyonu ve kayiplarina ek olarak 6rneklerde

elastin kirilmalar belirlenmistir.

Sekil 1. Kontrol grubuna ait elastin dokusu: Elastin iplik¢igi (E), (HE), (40X).

Sekil 2. Aseton kontrol grubuna ait elastin dokusu: Elastin iplik¢igi (E), (HE), (40X).
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Sekil 3. %0.7 'lik PCB’e maruz kalan elastin dokusu: Elastin deformasyonu (ED), Elastin kaybi (EK), (HE),
(40X).

Sekil 4. %1 ’lik PCB’e maruz kalan elastin dokusu: Elastin deformasyonu (ED), Elastin kaybi (EK), Elastin
karimasi (EKr), (HE), (40X).

4. SONUCLAR

Kanin kalpten sistemik dolasima gegmesinden sorumlu kan damari olan aort, normalde yiiksek
bir elastikiyete ve kanin iletilmesine yardimci olan bir mikroyapiya sahiptir [22]. Aort damarina elastik
ozelliklerini ve mukavemetini veren bu mikroyapi elastin ve kollajen igindeki bag liflerinden
olugmaktadir. Genellikle, bu liflerin miktarinin ve mimarisinin degismesi aortik hastalik ile iligkili
mekanik ve dolayisiyla fonksiyonel degisikliklere yol agmaktadir [23,25]. Bu degisiklikler aort
damarinda anevrizma ve atreroskleroz gibi hastaliklara sebep olabilir. Elastik lifler, daha diisiik
omurgalilar harig, tiim omurgali elastik dokularina direng ve esneklik kazandirir [26]. Bu 6zellikler, bu

dokularm uzun siireli fonksiyonu i¢in kritiktir. Elastik lifler biiylik arterler, akciger, ligament, tendon,
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cilt ve elastik kikirdak dahil olmak iizere bir¢ok omurgali dokusunda bulunur [27]. Elastik lifler,
morfolojik ve kimyasal olarak farkli iki bilesen olan elastin ve mikrofibrillerden olusur. Elastin, elastik
fiberin yaklagik %901 olusturur [28]. Elastin, son derece dayanikli, ¢6ziinmez bir biyopolimerdir.
Elastinin yarilanma 6mriiniin yaklasik 70 y1l oldugu tahmin edilmektedir [29] ve bu protein aortun %30-
57'sini olusturmaktadir [30]. Dolayisiyla bu protein yapisinda meydana gelecek herhangi bir degisiklik

aort damarina biiylik zararlar verebilir.

Elastin, glisin, prolin ve valin bakimindan zengin hidrofobik bolgeler ve ayrica genellikle
poliamin ile ¢evrelenmis desmosin ve izodesmosinden olusan c¢apraz baglama alanlarindan olusur
[26,31]. Organoklorlu bilesiklerin, basit ve kompleks amino asitler dahil olmak {izere birincil ve ikineil
amin tlrevleri ile etkilesime girdigi ve bu etkilesim sonucunda, suda c¢oziinebilen ve ya
biyotransformasyona ugrayabilen kompleks aromatik amino asit tipinde riinler meydana getirdigi
bilinmektedir [32]. PCB’ler de organoklorlu bilesikler arasinda yer almaktadir [33,34]. Yapilan bir
calismada, PCB’lerin bu 6zelliginden faydalanilarak, PCB’ler ile kirlenmis topraktan bu kimyasallar
amino asit tuzlari kullanilarak uzaklastirilmistir. Bu ¢alismada, reaksiyon sonucu olusan —C— ikameli
bifenil poliamino poliasetik asitler ve bunlarin tuzlarinin suda ¢6ziiniir oldugu ve poliklorlu bifenillerin
adsorbe edildigi yiizeydeki partikiillerden ekstrakte edilerek topraktan uzaklastirildig1 rapor edilmistir
[32]. Bu galismalar 1s181nda, ¢aligmamizda elastin yapisinda meydana gelen kirilmalarin ve kayiplarin
(Sekil 3 ve 4) bir oragnoklorlu bilesik olan PCB’nin elastinin yapisinda bulunan amino asit gruplariyla
etkilesime girmesinden dolay1r meydana geldigi diisiiniilebilir. Poliklorlu bifeniller (PCB'ler), kalici
organik kirleticiler (KOK'lar) grubuna aittir, toksik 6zelliklere sahiptir, kalicidir ve biyolojik olarak
birikebilir ve gesitli ortamlarda uzun mesafeli tasinma kapasitesine sahiptir [32]. PCB'ler biyolojik
olarak tehlikeli kanserojen Kirleticilerden biridir ve en 6nemlisi, topraga veya su kiitlelerine girerek,
canlilarin yag dokusunda birikebilir [2]. Bu birikim sonucu olarak canlilarin birgok organinda
histopatolojik lezyonlar meydana gelebilir [35,36]. Kirleticilere maruz kalmanin bir gdstergesi olarak
histolojik inceleme, 6zellikle subletal ve kronik etkiler i¢in kirlilik derecesini degerlendirmek i¢in yararl
bir yontemdir [37]. Kirleticilere maruz kalmanin yol agtig1 en biiyiik yapisal hasarlar hedef organlarda
olabilir. Kirleticilere maruz kalmanin bir sonucu olarak, histolojik yap1 degisebilir ve fizyolojik stres
olusabilir. Bu stres metabolik fonksiyonlarda bazi degisikliklere neden olabilir. PCB’ler de dokularda
hasara neden olan organoklorlu kirleticiler arasindadir. Bu kimyasalin canlilarin dokusunda birgok
histopatolojik degisiklige neden oldugu yapilan ¢esitli ¢alismalarda gosterilmistir. Bumb ve ark. [38]
tarafindan yapilan bir caligmada sigara dumaninda poliklorlu dibenzo-p-dioksinler (PCDD'ler) ve
poliklorlu dibenzofuranlar (PCDF'ler) tespit edilmistir. Sonraki yillarda yayimlanmis dort raporda,
sigara dumanindaki PCDD'ler ve PCDEF'lerin etkisi incelemistir [39,42]. Yapilan c¢aligmalar
patofizyolojik olarak, sigara igmenin hem hava yollarinda hem de pulmoner parankimde nemli yapisal
degisikliklere neden oldugu oldugunu gostermistir [43]. Bu degisiklikler, hava yolu mukus bezlerinin

hipertrofisi ve hiperplazisini igerir, bu da mukus iiretiminde artisa ve buna eslik eden artan okstiriik ve
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balgam pervanlasina yol agar. Hava yollarinin kronik iltihab1 brongiyal tikanmaya neden olabilir.
Bununla birlikte, hava yolu daralmasi, alveolar duvarlarin tahrip olmasina ve bunun sonucunda akciger
elastikiyetindeki azalmaya ve sentrilobiiler amfizemin gelismesine neden olabilir [44]. Organoklorlu
bilesiklerin amino asitler ile reaksiyona girmesi goz 6niine alindiginda akciger elastikiyetindeki bu
azalma sigara dumaninda bulunan PCB bilesiklerinden kaynaklaniyor olabilir. Bu alanda baliklarla
yapilan ¢aligmalardan toplanan veriler, PCB'ye maruz kalmanin sonuglarimin tespit edilmesi zor olsa da
bu kimyasallarin canlilar tizerinde fizyolojik etkileri olabilecegini gostermektedir. Bu etkilerin bazilari
laboratuvar deneyleri ile dogrulanmistir ve ilerleyici kilo kaybi, lipid metabolizmasinin degismesi,
hepatotoksisite, immiinotoksisite, endokrin sistem fonksiyonu ve canli iiremesinde degisiklik,
teratojenite ve gelisimsel toksisite ve tiimor gelisimini igerir [45,50]. Yapilan bir diger ¢alismada ise
Danio rerio bireyleri balik bagina giinliik 10, 40, 100 and 270 konsantrasyonlarinda TCDD (2,3,7,8-
tetrachlorodibenzo-p-dioxin) icerikli besinle beslenmislerdir [51]. Calismanin sonucunda TCDD’ye
maruz kalan bireylerde, diisiikk konsantrasyonlarda, balik solungaglari, 6dem ve mikro kanamalarla
sonuclanan kilcal damarlarin endotelyumunda ilerleyen erozyonla birlikte hiperemi sergilemistir.
Yiiksek konsantrasyonlarda ise klorid hiicrelerinde hipertrofi ve mukus hiicrelerinde hiperplazi
gbzlenmistir. Bu c¢aligmalar gostermistir ki PCB’ler insanlar da dahil olmak {izere canlilarda 6nemli
patofizyolojik ve histopatolojik degisiklikler meydana getirmektedir. Sonug olarak, ¢alismada Aroclor
1254’¢ maruz kalan elastin proteininin yapisinda meydana gelen degisiklikler histopatolojik olarak
incelenmis ve konsantrasyona bagli bir hasar artist tespit edilmistir. Calismada kullanilan domuzdan
elde edilmis elestinin yapisal olarak insan elastinine dnemli 6l¢iide benzerligi nedeniyle, elde ettigimiz
sonuglar basta insan olmak iizere elestin proteinine sahip diger canlilarda da PCB’lerin benzer etkilerinin

olabilecegi sonucuna varilabilir.
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Oz

Hayvansal iiretimin en temel girdilerinden birisi olan kaba yemler,
hayvanlar i¢in vazgegilmez besin kaynaklaridir. Hayvanlardan elde
edilecek triinlerin kalitesi, kaba yemler ile yapilan dogru ve yeterli bir
beslenmeden geger. Bundan dolay1 kaliteli yem temini hayvan beslemede
¢ok fazla 6nem arz eder. Kahramanmarag tarima uygun ekolojik yapisi ve
yeterli su varligtyla yem {iretiminde biiyiik bir potansiyele sahiptir. Bu
potansiyel ilin hayvanciliktaki yem ihtiyacini karsilayabilecegi kanaatini
dogurmaktadir. Ancak mevcut hayvan varligi ve iiretilen yem miktarina
bakildiginda, durumun daha farkli oldugu ve biiyiik bir kaba yem agig1
bulundugu goriilmektedir. Kahramanmaras ilinin hayvan varligi 276.576
BBHB olup, bu hayvanlarin kaliteli kaba yem ihtiyact 1.262 milyon
ton/y1l’dir. Cayir meralar, yem bitkileri ve silajla birlikte toplam 355.126
ton yem {iretimine sahip olan Kahramanmaras’in kaba yem ac1g1 926.874
tondur. Uretilen kaba yemin ihtiyaci karsilama oram %36,16 olarak
hesaplanmistir. Bu rakamlar, ciddi bir yem acig1 oldugunu
gostermektedir. Yeterli diizeyde yem bitkileri ekimi ile bu agigm
giderilecegi ve ihtiyacin karsilanacagi dngoriilmektedir. Bu ¢aligma farkli
bir bakis agis1 ile Kahramanmaras’in yem bitkileri tiretim durumu, hayvan
varligl ve yem bitkileri ihtiyacinin degerlendirilmesi ayrica tespit edilen
sorunlara oneriler sunmak iizere yapilmistir.

ABSTRACT

Roughage, one of the most basic inputs of animal production, is an
indispensable food source for animals. The quality of the products to be
obtained from animals is directly related to roughage and depends on an
accurate and adequate diet. Therefore, both forage supply and its quality
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are very important in animal feeding. Kahramanmaras has great potential
in forage production by means of ecological structure and adequate
agriculture grade water resources. It gives rise to the belief that this
potential province can meet the need for age in livestock. However,
considering current animal existence and the amount of forage produced,
it is seen that the situation is different and there is a large roughage deficit.
Kahramanmaras province has 276,576 LU (Livestock Unit) animal
existences which are in need of 1.262 million tons of roughage.
Kahramanmaras has a total production of 355,126 tons of fodder
produced from meadow pastures, forage crops and silage, and the
roughage deficit of Kahramanmaras is 926,874 tons. Roughage's
requirement coverage rate is calculated as 36.16% of total need. This
result indicates that there is a serious fodder deficit. It is anticipated that
this gap will be addressed and the need will be met with sufficient
cultivation of forage crops. This study was conducted with a different
perspective to evaluate Kahramanmaras' forage crops production status,
animal presence, forage crops need and offer recommendations to
problems.

1. GIRIS

Niifus artis1 ve tiiketim hiziyla dogru orantili olarak insanoglunun hayvansal iiriinlere olan talebi
artmaktadir. Talebi karsilayabilmek icin hayvanlarin yeterli, ucuz ve diizenli olarak karsilanan bol
miktarda Kaliteli yemler ile beslenmesi gereklidir. Hayvan beslemede, yem bitkileri besin degerleri,
ekonomik olarak ulasilabilirligi ve siirdiiriilebilir tarim agisindan ¢ok 6nemli bir yere sahiptir. Hayvansal
iiretimin en 6nemli girdilerinden biri olan yemin temin edilmesi yaninda, topragin fiziksel ve kimyasal
ozelliklerine, kendisini takip eden kiiltiir bitkilerinin verim ve kalitesine olumlu etkilerde bulunurlar [1].
Hayvansal iiretim yapan bir isletmede toplam masraflarin yaklagik olarak %70’ini yem giderleri
olustururken bu yem giderlerinin %78’i kaba yem, %22’si ise kesif yem kaynaklhidir [2]. Hayvan
beslemede cesitli endiistri artiklari, kiispeler, posalar ve bazi tahil taneleri kullanilsa da, bunlarin miktari
yem bitkileri ve cayir mera tarimindan saglanan yeme gére oldukea diisiik seviyelerdedir [3]. Ulkemiz
hayvanciliginin en 6nemli sorunlarindan biri isletmelerde yem giderlerinin biiyiik bir kismini olusturan
kaliteli kaba yemin yeterli miktarda iiretilememesidir. En ucuz ve kolay kaliteli kaba yem
kaynaklarimizdan biri olan dogal c¢ayir ve meralarimizin uzun yillardir siiregelen erken ve asiri
otlatmalar, kontrolsiiz kullanim ve bakimsizlik sebebi ile verimi dnemli dlgiide azalmistir. Ilkbaharda
erken veya sonbaharda ge¢ otlatma, mera kapasitesi lizerinde hayvan otlatma sonucu zarar géren mera
vejetasyonu zamanla seyrek ve az sayida tiir barindiran zayif mera sonucunu karsimiza ¢ikarmaktadir
[4]. Aym1 zamanda hizla gelisen tarimsal mekanizasyon yer yer mera alanlarinin hizla tarlaya
doniismesine sebep olmaktadir. Bir diger kaliteli kaba yem kaynagimiz olan yem bitkileri tarimina
gereken Onem verilmedigi i¢in bu alanda yeterli bir ilerleme kaydedilememektedir. Tarimsal {iretim
icerisinde ¢ok dnemli bir yer teskil eden yem bitkileri tarim1 hem bitkisel hem de hayvansal iiretimin

sigortas1 konumunda olup siirdiiriilebilir ve kaliteli kaba yem iiretiminin en 6nemli yoludur [5].
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Hayvanlarin beslenme taleplerinin karsilamasi igin kaliteli yemlere ihtiya¢ vardir. Ekonomik
getirisi agisindan diigiiniildiigiinde kaliteli yem kolay sindirilebilen ve zengin besin maddesi igerigine
sahip yem demektir. Ulkemizde kaba yem temininde hayvanlarin beslenmesinden ziyade sadece
doyurmak amaciyla kullanilan ve yedirildiklerinde zor sindirilmeleri nedeni ile enerji kaybina sebep
olan saman gibi tarla atiklar1 hala hayvan beslenmesinde 6nemli bir yer isgal etmektedir [6]. Tarla
atiklarinin hayvan beslemede kullanilmas1 yem bitkileri kiiltiiriiniin {ilkemizde ciddi bir sorun olduguna

dair acik bir gdstergedir.

Gerek hayvan varligr ve gerekse hayvancilik kapasitesi agisindan Tiirkiye’de onemli bir
potansiyele sahip olan Kahramanmaras’ta yillik olarak 1.262.000 ton kaba yeme ihtiya¢ oldugu
hesaplanmigtir. Hem c¢ayir meralarin yiikiiniin azaltilmasi hem de kaliteli kaba yem ihtiyacinin
karsilanabilmesi i¢cin yem bitkilerine ayrilan ekim alanlariin genisletilmesi gerekmektedir. Bu
calismanin amaci; Kahramanmaras’ta yem bitkilerinin genel durumu, problemleri, hayvan varlig1 ve
yem bitkileri ihtiyacini belirlemek amaciyla arastirmacilara, yayimcilara ve karar alicilara yapacaklar

calismalarda yardimei olmak ve yon gostermektir.

2. KAHRAMANMARAS EKOLOJiSi VE ARAZIi VARLIGI

Anadolu’nun en eski sehirlerinden ve kiiltiir merkezlerinden birisi olan Kahramanmaras, ii¢ ayri
bolgenin (Akdeniz Bolgesi, Dogu Anadolu Bolgesi, Glineydogu Anadolu Bdlgesi) birbirlerine en ¢ok
yaklastig1 alanda yer alir. Kahramanmaras 14.346 km?1ik yiiz dl¢iimii ile Tiirkiye nin 11. biiyiik vilayeti
durumundadir (Tablo 1) [7]. Merkezi deniz seviyesinden 568 m yiikseklikte olup, ilin kuzey kesimleri
oldukga dagliktir. Arazi yiiksekligi 350 metreden 3000 metreye kadar ¢ikar. Bundan dolay1 yiikseltisi
750 m’ye kadar olan yerlerde Akdeniz iklimi, daha yiiksek alanlarda ise karasal iklim hakimdir. Yeryiizii
sekilleri genellikle Giliney Dogu Toroslarin uzantilar1 olan daglarla bunlar arasinda kalan ¢okiintii
alanlarindan olusmaktadir. Hidrografik agidan en 6nemli akarsu Ceyhan nehridir. ilk kaynak yeri
Elbistan Ovasin1 ¢evreleyen daglardir. Uzunlugu 590 km’dir. Orta Toroslar'da Nurhak Dagindan

Sogitlii deresi adi ile ¢ikar. Hurman ve Goksun ¢aylarinin birlesmesinden sonra Ceyhan adini alir [7].

Tablo 2°de Kahramanmaras ili tarim alanlarinin dagilimina bakildiginda %70,89’luk oran ile
tarla bitkileri ilk sirada yer almaktadir. Bunu sirasiyla meyvelik alanlar (%17,05), nadas alanlari

(%9,50), sebze ekili alanlar (%2,55) ve siis bitkisi (%0,0005) alanlari izlemektedir [7].
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Tablo 1. Kahramanmaras ili Arazi Varligi

Arazilerin Niteliklerine Gore Dagilimi (ha)

Tarim Alam 351.362
Orman-Fundalik Alan 525.563
Cayir-Mera Alan 171.319
Diger 365.472
Su Yiizeyi 20.884
Toplam 1.434.600

Tablo 2. Kahramanmaras Ili Tarim Alanlarini Dagilimi

Tarim Alanlarmin Dagilimi (ha) Orani (%)

Tarla bitkileri 249.075 70,90
Meyvelik alan 59.916 17,05
Sebze 8.987 2,55
Nadas alanlar1 33.382 9,50
Siis Bitkisi 2 0,0005
Toplam 351.362 100

Tablo 3 incelendiginde, Kahramanmaras’in tarim alaninda 6nemli bir potansiyele ve tiretime
sahip oldugu goriilmektedir. Bu degerler elbette yeterli goriilmeyip azimsanmayacak miktarlarda oldugu
anlagilmaktadir. Cizelgeden hareketle Tiirkiye’de ve Kahramanmaras’ta ekim alanlarinin biiyiik
cogunlugunu tahillar ve diger bitkisel {irlinler olusturdugu goriilmektedir. Aym sekilde ikinci sirada
meyve igecek ve baharat bitkilerinin tigiincii sirada nadas alanlarinin, dordiincti sirada sebze ekili
alanlarin ve son sirada ise siis bitkisi ekili alanlarmn yer aldig1 dikkat gekmektedir (Tablo 3) [7]. Tlgelerin
toplam tarim alanlarina bakildiginda en genis tarim alanina sahip ilgenin Ekinézii ilgesi oldugu bunu
Afsin ve Elbistan ilgelerinin izledigi, en diisiik tarim alanina sahip ilgenin ise Goksun il¢esi oldugu

goriilmektedir. Toplam tarim alanlar iginde yem bitkilerinin ekilis oranlar1 Tablo 4’te verilmistir [7].
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Tablo 3. Kahramanmaras Ili Tarim Alanlarmin Ilgelere Gore Dagilimi ve Tiirkiye’deki Paylar:

Tahillar ve
Meyveler,
Diger .
o Sebze Icecek ve Siis
Bitkisel
Toplam . Nadas Bahgeleri Baharat Bitkileri
Uriinlerin
. Alan Alam Alam Bitkilerinin Alam
Ilge Ad Ekilen Alam
(da) (da) (da) Alani (da) (da)
(da)

Afsin 625.893 496.233 100.000 17.600 12.060 0
Andirmn 220.800 168.374 27.000 5.220 20.206 0
Caglayancerit 45.361 18.286 243 290 26.542 0
Dulkadiroglu 47.162 30.841 5.300 540 10.481 0
Ekin6zii 931.424 693.924 120.000 16.500  101.000 0
Elbistan 420.368 338.799 36.429 6.190 38.950 0
Goksun 32.291 19.830 9.770 369 2.322 0
Nurhak 363.782 230.490 3.497 3571  126.224 0
Onikisubat 218.385 176.350 697 7.667 33.670 1
Pazarcik 309.102 175.978 4.500 12.764  115.845 15
Tiirkoglu 299.053 141.643 26.386 19.164  111.860 0
Toplam 3.513.621 2.490.748 333.822 89.875  599.160 16
Tiirkiye’deki Pay1 (%) 1,52 1,62 0,99 1,14 1,70 0,03
Tiirkiye 230.949.238  153.873.226 33.873.817 7.899.063 35.250.703 52.429

Tablo 4. Kahramanmaras ilinde Yem Bitkileri Ekili Alanlarin Tarim Alanlar1 I¢indeki Oranlar (%)

Ilge Ad1 Tarim Alani1 (da) Yem Bitkileri Alani (da) Oran (%)
Afsin 625.893 41.360 6,6
Andirin 220.800 29.900 13,5
Caglayancerit 45.361 18.200 40,1
Dulkadiroglu 47.162 881 1,9
Ekindzii 931.424 25.500 2,7
Elbistan 420.368 72.455 17,2
Goksun 32.291 1.050 33
Nurhak 363.782 18.550 51
Onikisubat 218.385 8.886 4,1
Pazarcik 309.102 7.044 2,3
Tirkoglu 299.053 2.175 0,7
Toplam 3.513.621 226.001 6,4
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3. KAHRAMANMARAS ILININ KABA YEM URETIM POTANSIYELI

Kahramanmaras ilindeki kaliteli kaba yem kaynaklar1 ¢ayir-mera alanlarindan ve tarla tarim
icerisinde yer alan fig, yonca, korunga, silajlik misir, miirdiimiik ve diger yem bitkilerinden elde
edilmektedir. Kahramanmaras ili yem bitkileri ekim alanlarinin yillara gére degisimi Tablo 5 ve Sekil
1’de gosterilmistir [8]. Yine yem bitkilerinin ilgelere gore ekilisi ve elde edilen kaba yem miktarini

gosteren degerler Tablo 6 ve Tablo 7’de verilmistir [7].

Tablo 5 incelendiginde son on bes yillik periyotta, miirdiimiik haricindeki tiim yem bitkilerinin
ekim alanlar1 artmig ve bu artis yonca ve korungada diizenli bir sekilde devam etmistir. Misir silajinda
goriilen artis son dort yillik donemde ¢ok az bir miktar diisiise gegmistir. Figin 2010 yilinda 110 bin
da’a ulasan ekim alaninda 2015 yili itibar1 ile hizli bir diislis meydana gelmis ancak gectigimiz dort
yillik donemde bu egilim yerini artisa birakmistir (Sekil 1). Toplam yem bitkisi ekilen alan
incelendiginde diizenli bir artis géstermis ancak fig, miirdiimiik ve musir silaji1 ekilen alanlardaki diistise

bagli olarak son dort yillik periyotta tekrar bir miktar diisiis meydana gelmistir.

Tablo 5. Kahramanmaras ili Yem Bitkileri Ekim Alanlarmin Yillara Gore Degisimi (da)

Bitki Ad1 2005 2010 2015 2019
Fig 52.340 114.340 65.854 70.640
Yonca 28.140 29.279 40.188 53.781
Korunga 660 2.235 5.950 24.000
Miirdiimiik 102.020 45.000 66.530 11.090
Mastr Silaji 8.450 20.590 68.770 64.490
Toplam 191.610 211.444 247.292 224.001

2019 yili itibar1 ile yem bitkileri ekilis ve iiretim miktarlar incelendiginde ilk siray1 64.490 da
alandan 357.880 ton iiriin ile musir silaji almaktadir. Daha sonra sirasiyla yoncadan 53.781 da alandan
78.141 ton, figden 70.640 da alandan 49.112 ton, korungadan 24.000 da alandan 21.440 ton ve
miirdiimiikten 11.090 da alandan 3.665 ton yesil ot elde edilmektedir. 226.001 da ekili alanda {iiretilen
toplam kaba yem iiretimi 510.238 tondur (Tablo 6 ve 7).
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Sekil 1. Kahramanmaras Ili Yem Bitkileri Ekim Alanlarimn Yillara Gore Degisimi
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Tablo 6. Kahramanmaras Iline Ait ilge Bazl1 Yem Bitkileri Ekim Alanlar1 (da)

flce Ad: Fig Yonca Korunga Miirdiimiik Misir Toplam
(Yesil ot) (Yesil ot) (Yesil ot) (Yesil ot) Silaj1

Afsin 5.900 4.000 11.500 9.460 10.500 41.360
Andirin 7.500 6.000 2.400 - 14.000 29.900
Dulkadiroglu 9.500 1.600 100 - 7.000 18.200
Ekinozii 101 50 - 530 200 881
Elbistan 1.000 2.000 7500 - 15.000 25.500
Goksun 27.130 36.725 2.000 600 6.000 72.455
Nurhak 400 150 - 500 - 1.050
Onikisubat 12.950 1.900 500 - 3.200 18.550
Pazarcik 4.310 736 - - 3.840 8.886
Tiirkoglu 564 480 - - 6.000 7.044
Caglayancerit 1.285 140 - - 750 2.175
TOPLAM 70.640 53.781 24.000 11.090 64.490 226.001

Tablo 7. Kahramanmaras Iline Ait Ilge Bazl1 Yem Bitkileri Uretim Miktarlar1 (ton)

ilce Ad: Fig Yonca Korunga Miirdiimiik Misir Toplam
(Yesilot)  (Yesil ot) (Yesil ot) (Yesil ot) Silaj1
Afsin 4.130 5.600 9.200 2.365 94.500 115.795
Andirin 4.875 7.800 2.160 - 53.500 68.335
Dulkadiroglu 11.400 1.440 80 - 30.100  43.020
Ekin6zi 71 21 - 1.060 1.200 2.352
Elbistan 650  10.000 7500 - 97.500 115.650
Goksun 10.174  47.743 2.000 180 27.000 87.097
Nurhak 140 30 - 60 - 230
Onikisubat 15.540 3.800 500 - 12.800 32.640
Pazarcik 1.293 664 - - 17.280  19.237
Tirkoglu 139 960 - - 21.000  22.099
Caglayancerit 700 83 - - 3.000 3.783
TOPLAM 49.112  78.141 21.440 3.665 357.880 510.238
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4. KAHRAMANMARAS iLi HAYVAN VARLIGI

2019 yili verilerine gore Kahramanmarag’ta kiiltiir sigir1, yerli sigir, melez sigir ve manda
toplam1 olmak tizere 220.163 biiyiikbas hayvan bulunmaktadir. Koyun ve keci sayilarinin toplamina
gore kiigiikbas hayvan varligi 925.327°dir. Ilin biiyiikbas ve kiiciikbas toplam hayvan varhig ise
1.145.490°dir. Tablo 8’de Kahramanmaras iline ait hayvan sayilar ilgelere gore ayrintili olarak

verilmistir [7].

Tablo 8. Kahramanmaras Iline Ait Hayvan Sayilar1 (bas)

. Sigir Sigir Sigir
ILCE ADI . Manda Koyun Kegi TOPLAM
(Kaltar)  (Yerli)  (Melez)

Afsin 26.557 192 6.550 89 72.611 5.485 111.484
Andirm 15.699 1.409 5.269 164 15.483 46.313 84.337
Dulkadiroglu 20.475 104 7.280 11 39.300 75.015 142.185
Ekinozii 4.079 106 3.157 - 2.363 2.563 12.268
Elbistan 29.510 1.225 8.815 34 58.099 10.152 107.835
Goksun 13.778 116 3.067 39 37.773 25.309 80.082
Nurhak 1.447 - 453 - 9.350 24.772 36.022
Onikigubat 29.340 471 9.539 25 38.180 120.285 197.840
Pazarcik 8.915 1.039 3.262 5 151.374 72.944 237.539
Tirkoglu 13.934 10 1.855 - 55.624 25.520 96.943
Caglayancerit 1.524 - 619 - 18.756 18.056 38.955
TOPLAM 165.258 4.672 49.866 367 498.913 426.414 1.145.490

Tablo 8’e gbre biiyiikbas hayvan varligi incelendiginde Kahramanmaras’ta en fazla 165.258
basla kiiltiir s1gir1 yetistirildigi goriilmektedir. Tlelere bakildiginda ise en fazla kiiltiir sigir1 29.510 bas
olarak Elbistan il¢esinde yetistirilmektedir. Yerli sigir 1.409 basla en fazla Andirin’da, melez s1gir 9.539
basla en fazla Onikisubat’ta, manda ise 164 basla yine Andirin’da yetistirilmektedir. Kiiciikbas hayvan
sayilari mukayese edildiginde ilk sirayr 498.913 basla koyun yetistiriciligi almaktadir. Koyun
yetistiriciliginde en fazla varliga sahip olan ilge ise 151.374 basla Pazarcik’tir. En fazla keci

yetistiriciligi de 120.285 bagla Onikisubat ilgesinde yapilmaktadir.
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5. KAHRAMANMARAS ILININ BUYUKBAS HAYVAN BiRiMi (BBHB)
KAPASITESI

Tablo 9°da izlendigi gibi biiyiikbas hayvan birimi hesabinda Acar ve ark. [9]’nin kullandig:
katsayilar kullanilmistir. Bu degerler kiiltiir sigir1 i¢in 1,0, yerli sigir i¢in 0,75, melez sigir igin 0,50,
manda i¢in 0,90, keci i¢in 0,10 ve koyun i¢in 0,08’dir. Hayvan sayilar1 ve hayvan birimlerinin ¢arpilmasi
ile elde edilen degerler toplanmis ve BBHB hesaplanmistir. Kahramanmarag ili i¢in toplam hayvan

sayisina karsilik gelen BBHB degeri 276.579°dur.

Tablo 9. Kahramanmaras Ili Biiyiikbas Hayvan Birimi (BBHB) Degerinin Hesaplanmasi

Hayvan tiriic  Hayvan Sayis1 ~ Hayvan Birimi Biiyiikbas Hayvan Birimi (BBHB)

Kiltir sigir 165.258 1,00 165.258
Yerli sigir 4.672 0.75 3.504
Melez Sigir 49.866 0.50 24.933
Manda 367 0.90 330
Kegi 426.414 0.10 42.641
Koyun 498.913 0.08 39.913
Toplam 1.145.490 Toplam BBHB 276.579

6. KAHRAMANMARAS iLi KURU OT URETIMI MIiKTARI

Yesil ot miktar1 kullanilarak kuru ot miktar1 hesaplanirken, yem bitkileri ve silaj i¢in Acar ve
ark. [9] tarafindan kullanilan kuru madde orani (sirasiyla %30 ve %33) dikkate alinmistir. Cayir ve mera
kuru ot verimi i¢in ise Cagan ve Yiiksel [10] tarafindan kullanilan 100 kg/da degeri esas alinmistir (Tablo
10).

Tablo 10. Kahramanmaras ili Kuru Ot Uretimi (ton)

Fig Yonca Korunga Mirdiimik Misir Silaji  Cayir ve meralar
Yesil Ot Uretimi (ton) 49.112 78.141 21.440 3.665 357.880 17.319 ha
Kuru Madde Orani (%) 30 30 30 30 33 100 kg/da
Kuru Ot Miktar1 (ton)  14.733,6 23.442,3  6.432 1.099,5 118.100,4 171.319
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Kuru madde orani %30 (0,3) olarak alinan yem bitkilerinin Kahramanmaras’ta iiretim miktart;
figde 14.733,6 ton, yoncada 23.442.3 ton, korungada 6.432 ton ve miirdimiikte 1.099,5 ton olarak
hesaplanmustir. Yine kuru madde orani %33 (0,33) olarak alinan silajda tiretim 118.100,4 tondur. Ayrica
Tablo 1’de 171.319 ha olarak belirtilen ¢ayir ve mera arazilerinden elde edilen kuru ot miktar1 171.319

ton olarak hesaplanmistir (Tablo 10).

7. KAHRAMANMARAS ILINDE URETILEN KABA YEMIN MEVCUT HAYVAN
VARLIGININ iHTiYACINI KARSILAMA DURUMU

Hayvanlarm giinliik kuru kaba yem ihtiyaci kendi canli agirhiginin %2,5’u kadardir. 1 BBHB,
500 kg canli agirlik olarak esas alindiginda giinliik kaba yem ihtiyact 12,5 kg’a tekabiil etmektedir.
Cizelge 10’da goriildiigii iizere, iiretilen kaba yemin ihtiyaci karsilama durumuna bakildiginda gayir ve
meralardan 171.319 ton kuru ot, yem bitkilerinden 45.707 ton kuru ot, silajdan 118.100 ton kuru ot
olmak {izere Kahramanmaras’ta toplam 355.126 ton kuru ot elde edilmektedir. Yillik kaba yem ihtiyaci
= BBHB x 12,5 kg/giin kuru ot x 365 giin formiiliinden hareketle, 276.579 x 12,5 x 365 = 1.262 milyon
ton olarak hesaplanmistir. Hesaplanan kaba yem ihtiyacindan, iiretilen toplam kuru ot miktar
cikartildiginda, 1.262.000 ton - 355.126 ton = 926.874 ton ilave kuru ota ihtiyag oldugu goriilmektedir.
Bu verilerden hareketle iiretilen kaba yemin ihtiyaci karsilama oranmin sadece %36,16 oldugu

anlasilmaktadir (Tablo 11).

Tablo 11. Kahramanmaras ilinde Uretilen Kaba Yemin Ihtiyaci Karsilama Orani

Cayir ve meralardan elde edilen kuru ot 171.319 ton
Yem bitkisi ekiliginden elde edilen kuru ot 45.707 ton
Uretilen silajlarn kuru ot degeri 118.100 ton
Toplam 335.126 ton
Toplam hayvan varligt 276.579 BBHB
Gerekli kaba yem ihtiyact 1.262 milyon ton
Kaba yem acig1 926.874 ton
Uretilen kaba yemin ihtiyaci karsilama orani %36,16

8. SONUC VE ONERILER

Cayir meralar ve yem bitkileri hayvanlarin beslenme ihtiyacin1 karsilamak i¢in énemli yem

kaynaklaridir. Yukarida yapilan tespit ve degerlendirmeler 1518inda Kahramanmaras ilinin gerek mera
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alanlar1 gerekse yem bitkileri {iretimi agisindan yeterli araziye sahip oldugu goriilmektedir. Ancak buna
ragmen lretilen kaba yemin ihtiyact karsilama oranit %36 olan Kahramanmaras’in, mevcut hayvan
varligini besleme ve kaba yem iiretimi yoniinden ihtiyaci karsilamada yetersiz kaldig1 anlagilmaktadir.
Boyle bir durumun veya sonucun ortaya ¢ikmasinda bir¢ok faktoriin etkili oldugu diisiiniilmektedir.
Tohum, yakit, giibre, alet-ekipman maliyetleri, tarimsal desteklerin yetersizligi, bitkisel ve hayvansal
tiretim yapan isletmelerin hem sektorel olarak is birligi yapmamasi hem de birlikte hareket etmemesi
gibi hususlar bu sorunlardan sadece bazilar1 arasinda yer almaktadir. Yem girdi maliyetlerinin
diisiiriilmesinde ¢ok fazla 6neme sahip olan silajin da il genelinde yayginlastiriimasi hem kaba yem
kalitesine hem de ekonomik olarak isletmelere katki saglayacaktir. Hayvancilikta verimli ve karli bir
tiretim yapabilmek i¢in kaliteli kaba yem tretiminin artirtlmasina ihtiya¢ oldugu asikardir. Konu ile
ilgili alimacak birgok tedbir ve yapilmasi tavsiye edilecek bircok uygulama bulunmaktadir.
Kahramanmaras’ta kaba yem iiretimini tesvik etmek ve yayginlastirmak iizere alinacak tedbirler ve
yapilmast gereken bazi uygulamalar tavsiye olarak asagida siralanmistir. Bu asamada her ne kadar
sadece Kahramanmaras i¢in ihtiya¢ duyulan uygulamalara yer verildigi ifade edilmis olsa da mevcut
hayvan varligim1 besleme sorunu ve kaba yem {iretimi ihtiyaci olan tiim bdlge ve iller i¢in istifade
edilebilecek genel bir yaklagimi da ortaya koymaktadir. Bu bilgiler 1s1ginda mevcut durum ortaya
konmali, gelecege yonelik projeksiyonlar yapilmali, projeler planlanmali ve bunlar1 hayata gecirecek

tarim politikalari iiretilmelidir.
1. 11 genelinde ¢iftcilere hayvan besleme, kaba yemin kalite ve 6nemi, yem bitkileri
tarimi ve tiretim teknikleri ve benzeri konularda egitimler verilmelidir.

2. Yem bitkileri tohumculugu ve tohum iiretimi tesvik edilmelidir.

3. Kahramanmaras’a uygun yem bitkisi gesitleri belirlenmeli, bu gesitlerin ekimi ve

sertifikali tohumluk kullanimi tesvik edilmelidir.

4. Miinavebede yem bitkilerinin yer almasi siirdiiriilebilir tarim agisindan biiylik 6nem
arz etmektedir. Ozellikle baklagil yem bitkilerinin rotasyona alinmasi topragin

organik maddesine ve yabanci ot ile miicadeleye katki saglayacaktir.
5. Yem bitkileri ekim alanlar1 ve {iretiminin artirilmasi i¢in nadas alanlarinda, kuru tarim

alanlarinda ve meyve bahgelerinde ara tarim seklinde tek yillik yem bitkileri ekimi ve

karisik ekim yayginlastirilmalidir.
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6. Silaj iiretiminin yayginlastirilmasi ve teknik destek saglanmasi i¢in silaj konusunda

uygulamali egitimler verilmelidir.

7. Ogzellikle sulu tarim yapilan arazilerde birden ¢ok bigilebilen tek yillik ¢im (Lolium
multiflorum) gibi serin iklim ve yaz otu (Eragrostis tef) gibi sicak iklim bugdaygil
yem bitkileri tarimi tesvik edilerek birim alandan elde edilen {iriin miktar

artirilmalidir.

8. Cayir meralarin tespit, tahdit, tahsis ve 1slah ¢alismalar1 ivedilikle tamamlanmalidir.

9. Cayir meralarda otlatma, teknigine uygun yapilmali ve asir1 otlatmanin Oniine

gecilmelidir.
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