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Bugdayda Sorun Olan Bazi Yabana Otlara Kargi Elektrostatik
Ilaclamanin Etkinliginin Arastiriimasi
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Ozet: Bu calisma EU Ziraat Fakiiltesinin Menemen Arastirma, Uygulama ve Uretim Ciftligi'ndeki
budday tarlasinda 2015 yilinda yapiimistir. Bugdayda sorun olan yabanci otlara karsi geleneksel ve
elektrostatik ilaglamanin 34 ve tam dozlan karsilastinimali olarak bu galismada denenmistir.
Denemede dar yapraklilara karsi pinoxaden 45 g I aktif maddeli ve genis yapraklilara karsi ise de
chlorsulfuron WP %10 aktif maddeli herbisitler kullaniimistir. Deneme sonucunda yabanci ot
populasyonlari dikkate alindidinda ana zararll yabanci otun Phalaris spp. oldugu bulunmustur. Diger
dar yaprakl yabanci otlarin sayisi oldukca az oldugundan dederlendirmeye alinmamigtir. Genis
yaprakli yabanci ot populasyonu da oldukca az seviyede bulunmustur. Phalaris spp. yabanci ot
yodunluguna gore; geleneksel ilaclama tekniginin 34 dozu % 53.7, geleneksel ilaclama tekniginin
tam dozu % 75.2, elektrostatik ilaglama tekniginin 34 dozu % 73.3 ve elektrostatik ilaglamanin tam
dozu ise % 77.3 oraninda etkili bulunmustur. Genis yaprakll yabanci ot yogunluguna gore;
geleneksel ilaglama tekniginin 34 dozu % 43.0, geleneksel ilaglama teknidinin tam dozu % 48.2,
elektrostatik ilaglama teknidinin 34 dozu % 38.3 ve elektrostatik ilaglamanin tam dozu ise % 56.7
oraninda etkili bulunmustur. Verimin kontrol parsellerine gére; geleneksel ilaglama tekniginin 3
dozu % 27.3, geleneksel ilaglama tekniginin tam dozu % 30.1, elektrostatik ilaglama tekniginin 34
dozu % 25.6 ve elektrostatik ilaglamanin tam dozu % 32.4 oraninda artig gosterdigi bulunmustur.
Anahtar kelimeler: Doz, verim, biyolojik etkinlik, geleneksel ilaclama.

Surveying the Efficiency of Electrostatic Spraying Against Some Weeds
in Wheat

Abstract: This study was done in wheat field at Menemen Research, Application and Farm
production belonging to EU Faculty of Agriculture. The 34 and full doses of conventional and
electrostatic spraying was compared against weeds in wheat. In this trial pinoxaden containing 45
g I'* active substance against narrow leaf and chlorsulfuron containing WP %10 active substance
against broadleaf were used. At the end of the trial, considering the weed population the major
weed was determined as Phalaris spp. The rest of narrow leaf weeds were counted few therefore
they were not evaluated. The population of broadleaf weeds was also counted in low levels.
According to the weed density of Phalaris spp.; 3 dose of the conventional spraying technique, full
doses of conventional spraying technique, 34 doses of electrostatic spraying technique and full
doses of electrostatic spraying technique were found to be effective 53.7%, 75.2%, 73.3% and
77.3% respectively. According to the density of broadleaf weeds; 34 doses of conventional spraying
technique, full doses of conventional spraying technique, 3z doses of electrostatic spraying
technique and full doses of electrostatic spraying technique were found to be effective in
comparison to control parcels 43.0%, 48.2%, 38.3% and 56.7% respectively. In comparison to
control parcels; 34 dose of conventional spraying technique, full doses of conventional spraying
technique, 3 dose of electrostatic spraying technique and full doses of electrostatic spraying
technique caused an increase in yield 27.3%, 30.1%, 25.6% and 32.4% respectively.

Key words: Dose, yield, biological efficacy, conventional spraying

GIRiS 2017). Bugday yalniz basina diinya gida kaynaklarinin

Bugday, en fazla (retilen tarnm Urini olup  yaklasik % 20'sini ve tahil Gretiminin de % 30'unu
Dinya'da 2016 yilinda 758.1 milyon ton Uretimle  karsilamaktadir (Mizrak, 2011). Bugiin diinyadaki
tahillar icerisinde ilk sirada yer almaktadir (Anonim, tarm alanlarinin  biiyiik codunludu, tahil grubu
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bitkilerle ekilmektedir. Turkiye’ de islenen alanlarin
%?75" ine yakin boliminde tahil tarimi yapilmakta
olup, tahillar igcinde de budday, en genis ekim alanina
sahip bitkidir (TMO, 2012). Dinyada budday
dretiminin ilk sirasinda Cin yer alirken, Turkiye ise
15.5 milyon ton dretimi ile 8. sirada yer almaktadir.
Diinya budday uretimindeki ilk dort lke Cizelge 1'de
verilmigtir.

Cizelge 1. Diinya’da bugday liretici lilkeler
(TUSAF, 2013)

Table 1. Wheat producing countries in the World
(TUSAF, 2013)

Uretim (milyon ton)
Siralama Ulke 2010 | 2011 2012
1 Cin 115.2 117.9 593.8
2 Hindistan 80.78 86.79 94.9
3 A.B.D 60.1 54.4 61.7
4 Rusya 41.5 56.2 37.7
8 Tiirkiye 17.5 18.8 15.5

Insanoglunun istemedigi yerde yetisen, yararindan
¢ok zarari olan, 6zellikle tarim alanlarinda (irGnin
verim ve kalitesini azaltan bitkilere yabanci ot denir.
Yabanci otlar; bitkiler ile, besin elementleri, su ve sk
icin rekabete girmekte ve bunun yaninda zararl
boceklere ve patojenlere konukguluk
yapabilmektedirler. Yabanci otlar ayrica, vyetistirilen
Urtinlerin hasadini zorlastirdiklari gibi hasat islemlerini
de daha masrafli hale getirebilmektedirler. Kalitatif ve
kantitatif UrGn azalmasina; gerekli Kkiltirel islerin
siratle yapilamamasina; cesitli bdcek ve hastaliklarin
tasinmasina ya da konukguluk yaparak bu hastalik ve
zararllarin gelismelerine neden olurlar (Uygur ve
ark.,1984). Budday’in icinde en fazla zarar veren
yabancl ot tiirleri; Avena fatua L. (yabani yulaf), A.
sterilis L. (kisir yabani yulaf), Phalaris brachystachys
Link. (kisa basakli kus yemi), P. canariensis L.(uzun
basakli kusyemi), P. Minér Retz. (kiigik basakl
kusyemi), P. paradoxa L.(yumusak basakli kusyemi)
ve Sinapis arvensis L. (yabanihardal)'dir.

Yabanci ot miicadelesinde, kiiltiirel 6nlemlerden
en onemli yeri tohum temizligi almaktadir. Bunun
yaninda ekim ndbetini ihmal etmemek gerekir. Ayrica
tarla temizligine uyulmali, tarim alet ve makinalaryla
yabanci otlarin  yayimalarina engel olunmalidir
(Glncan, 2010).

Kimyasal savasimda basari saglanabilmesi igin
ilacin hedef alanda istenilen dozda ve homojen
dagilmasi gerekmektedir. Ilag dagiliminin  homojen
olmamasi, yabanci ot kontroliiniin istenen dilizeyde

gergeklesmemesine, ilag uygulamalarinin
tekrarlanmasina ve gevre kirliligine neden olmaktadir.
Tanmsal ilacin hedef disi alanlara siriiklenmesi ve
hedef alandaki dagiimi basta meteorolojik kosullar
olmak Uzere, ilacin damla buyuklugiine,
formilasyonuna ve birakilma yiiksekligi gibi faktorlere
bagh olarak degismektedir. Yapilan arastirmalar,
puskdrtilen ilacin yaklagik % 50-80'lik kisminin hedef
ylizeylere ulagamadigini, ya siiriiklenme yoluyla hedef
disina tagindidini ya da ayni alan icerisindeki toprak
ylizeyine ulastigini gostermektedir (Pergher et al.,
1997; Tosun ve ark., 2013a).

Uygulayiciya ve gevreye olan risk potansiyelini en
disiik seviyeye indirerek ilag kullaniminda maksimum
etkinlik elde etmek igin yeni yontemler ve ekipmanlar
gelistirilmistir. Bu gelismelerden birisi de elektrostatik
yiikleme teknididir. Elektrostatik ylikleme tekniginde,
sivi ilag damlalari statik elektrikle yiklenmekte ve
yiklenmis damlalar bitkiye yaklasirken bitkiden
topraga bir kisim elektron akisi olmakta ve bitkide zit
bir yik olusmaktadir. BoOylece damlalar ve bitki
ylzeyleri arasinda elektrostatik ¢ekim  kuvveti
olusturularak yukli damlalarin bitki ylzeyleri Gzerine
cokelmesi saglanmaktadir. YUkl damlalar bitki
Uzerindeki zit yUkli iyonlar tarafindan cekilmekte ve
bdylece daha iyi bir penetrasyon ve yapraklarin da her
iki ylzeyinde iyi bir tutunma ve kaplama sadlanmis
olur (Tosun ve ark., 2013b).

Elektrostatik yiiklemenin faydalarn su sekilde

siralanabilir:

o Tlac damlalan (izerine etkili olan yercekimi kuvvetine
ek olarak bir elektriksel kuvvet uygulandidi igin,
bitkiler lizerinde daha fazla ilag birikmektedir.

e Elektriksel kuvvet, riizgarin siriklenme etkisini
azaltmada yardimcr olmakta hem ilag kayiplarinin
hem de c¢evre kirliliginin azalmasina olanak
saglamaktadir.

e Ayni elektriksel yikle ytiklenmis damlalarin dodal
olarak birbirlerini itmesi nedeniyle bitki yuzeyleri
Uzerinde daha dlizgtin bir ilag dagilimi gordildir.

e Elektriksel bir yukle yiklenmis damlalar, elektriksel
alan cizgilerine badli olarak degisik yo6riingeler
izledikleri icin yaprak altlarinin da yeterli miktarda
ilag almasi saglanmig olur (Dursun ve ark., 2005).

Bu calismada, Izmirde bugdayda sorun olan
yabanci otlara karsi elektrostatik ve geleneksel
ilaglama tekniklerinin etkililikleri arastirilmigtir.



MATERYAL ve YONTEM

Bu calisma Izmir'in Menemen ilcesindeki EU Ziraat
Fakiiltesi Menemen Arastirma, Uygulama ve Uretim
Ciftliginde yurutilmistir. Deneme alanina 20-20-0-36
SO; taban giibresi 20 kg da™ dozda, amonyum nitrat
(%26'lik) ise 25 kg da oraninda st giibresi olarak
atilmigtir. Ceyhan 99 ekmeklik bugday gesidi ekilmistir.
Deneme alanina fungisit ve insektisit atiimamistir.
Parselasyon, 20 Ocak 2015 tarihinde yapilip kaziklar
cakilmistir (Sekil 1).

Sekil 1. Menemen’deki deneme alanindan genel bir
goriiniim
Figure 1. An overview from the experimental area in
Menemen

Denemede kullanilan preparatlar

Calismamizda bugdayda sorun olan yabanci otlara
karsi ruhsath pinoxaden (dar yaprakl yabanci otlara
karsi) ve chlorsulfuron (genis yaprakli yabanci otlara
karst) kullaniimistir. Denemede kullanilan herbisitler,
birbiriyle karistinlarak tek uygulama seklinde atilmistir.
Denemede kullanilan herbisitlerin  bazi  6zellikleri
Cizelge 2'de verilmigtir.

Cizelge 2. Denemede kullanilan herbisitlerin bazi

ozellikleri
Table 2. Some properties of the herbicides used in the
experiment _
Herbisit | Aktif Madde | Firma | orerien
Doz
Axial Pinoxaden
1 -1

45 EC 45grt Syngenta | 100 cc da
H Chlorsulf Dogal

ammer orsulfuron .oga 7.5 g dat

10 wp WP %10 Kimya

Denemede kullanilan makinalar
Denemede sirt pllverizatoéri ve elektrostatik
ilaglama makinasi kullaniimistir. Elektrostatik ilaglama

Hasan DEMIRKAN, Emrah KOGYIGIT, Huseyin GULER

makinasi iki zamanl bir motor, kompresér, sivi
deposu, elektrostatik yiikleme yapan el tabancasi ve
cati aksamindan olusmaktadir. Geleneksel sirt
pllverizatériinde ise 2 konik hizmeli meme
bulunmakta olup 3 bar (40 psi) basingta calistirnimistir
(Sekil 2).

(a) (b)
Sekil 2. Denemede kullanilan elektrostatik ilaglama
makinasi (a) ve sirt piilverizatorii (b)
Figure 2. Electrostatic spraying machine (a) and
knapsack sprayer (b) used in the experiment

Suya duyarh kagitlar ve tutturucular

Kalitatif yontemlerde damla spektrumu ve damla
yodunlugu belirlenebilmekte, damlalarin yiizeyde
kapladigi alan ylzde olarak 6lglilebilmektedir. Bu
yéntemde su bazl ilag damlalarinin analizinde suya
duyarh kaditlar kullanilmaktadir (Sayinc ve Bastaban,
2009). Denemede birikim miktarinin belirlenmesi ve
ilacin dadiim dizginliginin olglilmesi igin 2.5 cm
capinda kare seklindeki suya duyarll 6zel kaditlar
bitkinin alt, orta ve st taraflarina kiskaglar ile
tutturulmustur (Sekil 3).

Deneme, 5 karakterli (chlorsulfuronl g da! ve
pinoxaden 100 ml da® geleneksel ilaclama ve
elektrostatik ilaglama, chlorsulfuron 0.75 g da™ ve
pinoxaden 75 ml/da? geleneksel ilaclama ve
elektrostatik ilaglama ve kontrol) 4 tekerriirli olmak
Uzere tesadif bloklari deneme desenine gore
kurulmustur.  Herbisitler, buddayin  kardeslenme
donemi igerisinde yani yabanci otlarin 2-3 yaprakli
doéneminde uygulanmustir. EPPO ilaclama
standartlarina gdre her bir parselin biyiikligi 20 m?
(4 x 5m)’dir. Karakterler ve tekerriirler arasinda birer
metre emniyet seridi birakilmigtir.
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Sekil 3. Suya duyarh kagitlarin bugday bitkisi iizerine
yerlestirilmesi
Figure 3. Positions of water-sensitive papers on the wheat
plant

Ilaglamadan sonra yabanci ot tiir ve sayisini
belilemek igin yapilan sayimlarda, her parsele
tesadifi olarak (¢ cerceve atilarak Orneklemeler
vapllmistir. Elde edilen dederlerin  ortalamalari
alinarak, o alan icin ana zararli ve diger zararl yabanci
otlarin yodunluklar tespit edilmistir. Kurulan bu
deneme sonucunda, her karakterin yabanci otlara tiir
diizeyinde (dominant olan tirlere karsi) etkisine
bakilarak ve her parselin hasadi ayri ayn yapilarak
verim dederlendirmesi yapilmistir.

Veriler SPSS For Windows Version16.0 Istatistik
Programi ile dederlendirilmis ve Duncan testi (P=0,05)
ile sonuglar yorumlanmistir. Istatistiksel agidan farkli
gikan sonuglar ayr situn halinde verilerek a, b ve c
seklinde harflerle belirtilmistir.

BULGULAR

Bitki Uzerindeki Birikim Miktari

Bugday bitkisi yapraklarinin alt, orta ve (st
yerlerine yerlestirilen suya duyarli kaditlar ilaglama
yapildiktan hemen sonra toplanmistir. Geleneksel ve
elektrostatik ilaclama aletleriyle yapilan ilaglamanin
kaplama oraninin belirlenmesi ve ilacin dadiim

dizgiinliginiin élglilmesi hedeflenmistir. Elektrostatik
ilaglama aleti, homojen bir dadiim ve ¢ok kiiclik
caplarda ilag damlalan olustururken, geleneksel
ilaclama aleti ise tam tersi heterojen bir dagilim ve
biiylik caplarda damla caplan olusturmustur. Sekil
4'de elektrostatik ve geleneksel ilaglama dagilimi
arasindaki fark gosterilmistir.

L a® b
Sekil 4. Elektrostatik (solda) ve geleneksel ilaglama
(sagda) sonrasinda suya duyarh kagitlarindan bir
goriiniim
Figure 4. A view of the water sensitive papers after
electrostatic (left) and conventional spraying (right)

Damlalarin hacimsel cap miktarlarini ve kaplama
oranini bulmak igin suya duyarl kaditlar tarayici
yardimiyla bilgisayara kaydedilmistir. Damlalar kagit
Uzerine dustiginde belli bir miktar yayima
gostermektedir. Bu nedenle damlanin gergek cap
degeri Image Tool programi ile hesaplanmis ve
hacimsel anma cap dederi elde edilmistir (Cizelge 3).
Dv 0.1 6yle bir cap dederi ki bu cap dederinden kiigik
olan damlalar puskdrtiilen sivi hacminin %10'unu ve
Dv 0.9 cap dederinde ise biiylik damlalar piiskirtilen
sivi_hacminin %10’unu olusturmaktadir. Dv 0.5 cap
degeri ise kiiglk-blylik damlalarin puskdrtilen sivi
hacminin %50’sini olusturmasidir.

Suya duyarl kaditlarin ayrica kaplama oranlari
bulunmustur. Elektrostatik ilaglama ©n ve arka
kisimlarda esit oranda kaplama saglamistir. Geleneksel
ilaglamanin ise 6n ve arka taraflar arasindaki kaplama
orani farkinin fazla olmadidi bulunmustur (Cizelge 4).
Ayrica istatiksel agidan da kaplama oranlari arasinda



farkin O6nemsiz oldugu bulunmustur. Elektrostatik
ilaglama ile geleneksel ilaglama arasindaki farkin az
olmasinin bir sebebi ilaglama c¢alismalarinda sirt
ekipmanlarinin kullanilmig olmasidir.
Cizelge 3. Hacimsel anma capi degerleri
Table 3. Volume Median Diameters

Hacimsel anma Geleneksel Elektrostatik
capi (um) ilaglama ilaglama
Dv 0,1 240 70
Dv 0,5 340 93
Dv 0,9 410 117

Cizelge 4. Damlalarin yapraktaki kaplama orani
Table 4. Coverage rates of the leaves

Kaplama Orani (%) On Arka
Elektrostatik ilaglama 13.56 13.68
Geleneksel ilaglama 10.38 12.92

Deneme alaninda 7 adet yabanci ot tiirli tespit
edilmigtir. Dar yaprakli yabanci otlar; Phalaris spp.
(kus yemleri), Avena spp. (yabani yulaflar), Lolium
temulentum (delice), genis yaprakli yabanci otlar;
Lamium amplexicaule (ballibaba), Stellaria media (kus
otu), Vicia spp. (yabani fig tdrleri), Urtica urens
(isirgan otu) ve Veronica spp. (yavsan otlari)'dir.

Cizelge 5'ten de gorilecedi gibi, (1. yabanci ot
sayimi) kontrolde m?de 387.6 adet Phalaris spp.

Hasan DEMIRKAN, Emrah KOGYIGiT, Hiiseyin GULER

Goruliirken elektrostatik ilaglamada tam dozda 92.3
(%76.2 etki), 34 dozda ise 106.9 adet (%72.4 etki)
Phalaris spp. gorulmistir. Geleneksel ilaglamada ise
etki tam dozda ve 3 dozda sirasiyla 96.2 adet (%
75.2 etki) ve 190.6 adet (%50.8 etki) Phalaris spp.
gorulmistir.

Cizelge 6'da ise 2. yabanci ot sayimi sonrasinda,
kontrolde m*de 400 adet Phalaris spp. goriiliirken
elektrostatik ilaglamada tam dozda 86.3 (%78.4 etki),
3% dozda ise 103.3 adet (% 74.2 etki) Phalaris spp.
gorilmagtir. Geleneksel ilaglamada ise etki tam dozda
ve 34 dozda sirasiyla 98.9 adet (%75.3 etki) ve 173.9
adet (%56.5 etki) Phalaris spp. gorilmistir.

Deneme alaninda goériilen genis yaprakl yabanci
otlar oldukca az sayida goriilmistiir bu yilizden hepsi
genis yaprakli yabanci ot bashid altinda verilmistir.
Sayimlar sonucunda genis yaprakli yabanc ot sayisi
Gizelge 7 ve 8'de verilmistir.

Cizelge 7'de goriilecedi gibi 1. yabanci ot sayimi
sonrasinda, kontrolde m*de 11.8 adet genis yaprakii
yabanci ot gorilirken elektrostatik ilaglamada tam
dozda ve 34 dozda sirasiyla 5.9 adet (%50 etki) ve 7.3
adet (%38.1 etki) genis yaprakh yabanc ot
gorilmdstir. Geleneksel ilaclamada ise tam dozda ve
3% dozda sirasiyla 6.5 adet (%44.9 etki) ve 9.9 adet
(%16.1 etki) genis yaprakli yabanci ot gérilmustir.

Cizelge 5. Deneme alaninda gériilen Phalaris spp. (kus yemleri) (1. sayim)
Table 5. Determined Phalaris spp. (canarygrass) on experimental area (1. count)

Tekerriirler Ortalama Etki
Uygulamalar 2yx Degeri
1 2 3 4 (adet m™) (%)
Kontrol 334.4 380 389.2 446.8 387.6a
Geleneksel ilaglama
(3/4 doz) 214.8 181.4 184 182.4 190.6 b 50.8
Geleneksel ilaglama 612 | 464 1064 | 170.8 96.2 ¢ 75.2
(tam doz) ’ ) ’ ) i ’
Elektrostatik ilaglama
(3/4 doz) 62.4 180 88 97.2 106.9 c 72.4
Elektrostatik ilaglama 144 58.8 80 86.4 92.3 ¢ 76.2
(tam doz)

*a, b ve c harfleri Istatistiksel acidan farklari belirtmektedir.
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Cizelge 6. Deneme alaninda goériilen Phalaris spp. (kus yemleri) (2. sayim)
Table 6. Determined Phalaris spp. (canarygrass) on experimental area (2. count)

Uvaulamalar Tekerriirler Ortalama Etki Degeri
v9 1 2 3 a (adet m2)* (%)
Kontrol 266.8 | 433.2 | 410.8 | 489.2 400 a
Geleneksel ilaglama
(3/4 doz) 212 120 185.2 | 1784 1739b 56.5
Geleneksel ilaglama
(tam doz) 62.8 57.2 | 101.2 | 1744 98.9 c 75.3
Elektrostatik ilaglama
(3/4 doz) 61.2 | 170.8 84 97.2 103.3c 74.2
Elektrostatik ilaglama
(tam doz) 132 68 62.4 82.6 86.3 c 78.4

*a, b ve c harfleri istatistiksel agidan farklari belirtmektedir.

Cizelge 7. Deneme alaninda gdériilen genis yaprakh yabanci otlar (1. sayim)
Table 7. Determined broadleaf on experimental area (1. count)

Tekerriirler Ortalama Etki Degeri
Uygulamalar 2 3 4 | (adetm ?) (%)
Kontrol 0 19 11.2 16.8 11.8a
Geleneksel ilaglama
(3/4 doz) 2.4 16.4 0 20.8 9.9a 16.1
Geleneksel ilaglama 10.4 2 104 | 32 6.5a 44.9
(tam doz)
Elektrostatik ilaglama
(3/4 doz) 5.6 3.2 4.4 16 7.3a 38.1
Elektrostatik ilaglama 56 12.4 56 0 5.9a 50
(tam doz)

Cizelge 8. Deneme alaninda gériilen genis yaprakli yabanci otlar (2. sayim)
Table 8. Determined broadleaf on experimental area (2. count)

Tekerriirler Etki
Uygulamalar Ortalama Degeri
9 1 2 3 4 | (adetm?) (o‘/’o)
Kontrol 0 25.6 17.2 22.8 16.4 a
Geleneksel ilaglama
(3/4 doz) 7.6 22 0 24.4 13.5a 17.7
Geleneksel ilaglama
(tam doz) 15.8 3.2 9.2 4.4 8.1a 50.7
Elektrostatik ilaglama
(3/4 doz) 6.8 5.6 6.8 21.2 10.1a 38.4
Elektrostatik ilaglama
(tam doz) 7.2 12.4 5.6 0 6.3a 61.6

Cizelge 8'de ise 2. yabanci ot sayimi sonrasinda,
kontrolde m*de 16.4 adet genis yaprakli yabanci ot
gorilurken elektrostatik ilaglamada tam dozda ve 3
dozda sirasiyla 6.3 adet (%61.6 etki) ve 10.1 adet (%
38.4 etki) genis yaprakh yabanci ot gorilmistir.
Geleneksel ilaglamada ise tam dozda ve 34 dozda
sirasiyla 8.1 adet (%50.7 etki) ve 13.5 adet (%17.7
etki) genis yaprakli yabanci ot gérilmdstir.

Verim Analiz Sonuglari

Hasat yapilmadan ©Once parsellerin etrafi iple
gevrelenmistir. Parsellerin her biri ayr ayn hasat
edilerek sap samandan ayrilan daneler hassas terazide

tartildiktan sonra her bir tekerririin dederi Cizelge
9'da verilmigtir. Tekerriirlerin ortalamalari alinarak
dekara gore verimi hesaplanmistir. Artis dederleri
kontrol parsellerinin ortalamasi baz alinarak % olarak
hesaplanmistir. Cizelge 9'dan da gorilecegi gibi,
kontrol parsellerinden 220 kg da® verim elde
edilmigtir. Elektrostatik ilaglamanin tam doz ve 34 doz
parsellerinden sirasiyla 291.25 kg da™ (%32.4 artis)
ve 276.25kg da™ (%25.6 artis) verim elde edilmigtir.
Geleneksel ilaglamanin tam doz ve 34 doz
parsellerinden sirasiyla 286.25 kg da™ (%30.1 artis)
ve 280 kg da™ (%27.3 artig) verim elde edilmistir.
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Cizelge 9. Deneme parsellerinin bugday verim degerleri (kg da™)
Table 9. Wheat yield values of experimental area (kg da™)

Uvaulamalar Tekerriirler Ortalama Artis
vo 1 5 3 2 (kgda™) (%)
Kontrol 230 245 200 205 220 a
Geleneksel ilaglama
(3/4 doz) 265 305 270 280 280 b 27.3
Geleneksel ilaglama
(tam doz) 320 265 285 275 286.25 b 30.1
Elektrostatik ilaclama
(3/4 doz) 275 270 270 290 276.25 b 25.6
Elektrostatik ilaglama
(tam doz) 265 290 325 285 291.25b 324
TARTISMA ve SONUC ilaglama tekniginin tam dozu %50.7, elektrostatik
Bu calismada Ege bolgesinde bugdayda yabanci ot ilaglama teknidinin 3 dozu % 38.4 ve elektrostatik
miicadelesinde elektrostatik ilaglama teknigi ile ilaglamanin tam dozu %61.6 oraninda etkili
geleneksel ilaglama teknigi etkinliklerinin bulunmustur.
karsilastirimali  olarak  verilmesi  amaclanmistir. Hasattan sonra (2 Haziran 2015) her bir parselin

Bugdayda yabanci otlara karsi elektrostatik ilaglama
teknigi Ulkemizde ilk kez bu calismada denenmistir.
Deneme alanina 23 Ocak 2015 tarihinde bugdayin
kardeglenme donemi sirasinda ilaglama yapilmistir.
Ilaclamadan 20 giin sonra fitotoksisite kontrolii
yapilmis olup ve herhangi bir fitotoksiteye
rastlanmamistir. Ilaglamadan 28 ve 55 giin sonra
yabanci ot sayimi yapilmistir. Sonug olarak uygulanan
biitiin uygulamalar, kontrol parsellerine gore etkili
bulunmustur.

Phalaris spp. yabanci ot yodunluguna gore 1.
sayim sonrasinda; geleneksel ilaglama tekniginin 3
dozu % 50.8, geleneksel ilaglama teknidinin tam dozu
%75.2, elektrostatik ilaclama tekniginin 34 dozu
%72.4 ve elektrostatik ilaglamanin tam dozu %76.2
oraninda etkili bulunmustur. Phalaris spp. yabanci ot
yogunluguna gore 2. Sayim sonrasinda ise; geleneksel
ilaglama teknidinin 34 dozu % 56.5, geleneksel
ilaclama tekniginin tam dozu %75.3, elektrostatik
ilaglama tekniginin 3 dozu %74.2 ve elektrostatik
ilaglamanin tam dozu %78.4 oraninda etkili
bulunmustur.

Genis yaprakli yabanci ot yogunluguna goére 1.
sayim sonrasinda; geleneksel ilaglama tekniginin 3
dozu %16.1, geleneksel ilaglama tekniginin tam dozu
%44.9, elektrostatik ilaclama tekniginin 34 dozu
%38.1 ve elektrostatik ilaglamanin tam dozu % 50
oraninda etkili bulunmustur. Genis yaprakli yabanci ot
yogunluguna gore 2. Sayim sonrasinda ise; geleneksel
ilaglama teknidinin 3% dozu %17.7, geleneksel

verimi ayri ayri degerlendirilmistir. Verimin kontrol
parsellerine gore; geleneksel ilaglama teknidinin 34
dozu %27.3, geleneksel ilaglama tekniginin tam dozu
%30.1, elektrostatik ilaglama tekniginin 3 dozu %
25.6 ve elektrostatik ilaglamanin tam dozu %32.4
oraninda artis gosterdigi bulunmustur.

Herbisitlerin yabanc ot yogunlugunu etkilemede
disiik kalmasinin sebepleri, deneme alaninin kiigiik
olmasi, ilaglamada kullanilan  suyun  pH’inin
Olclilmemesinden  kaynaklandidi  dustintilmektedir.
Suyun pH’Inin belirli araligin disinda olmasi ilaglarin
etkinligini disliren bir etkiye sahip olabilmektedir.
Ayrica deneme parsellerinde el tabancasi ile uygulama

yapilmasinin da olumsuz etkileri oldugu
diistiniilmektedir. Bundan sonra yapilacak
calismalarda her iki teknik icin de tarla tipi

pllverizatorlerin kullanilmasi daha dogru olacaktir.
Verim dederlerinin diigiik kalmasinin ise bazi deneme
parsellerinde  fazla su birikimi  olmasindan
kaynaklandigi  dislinlilmektedir. Bu nedenle bu
galismanin daha biylk alanlarda ve yabanci otun
daha homojen dadildigi ve daha yodun oldugu bugday
alanlarinda tekrarlanmasi yararl olacaktir.

Denemede ayrica yaprakta kaplama oranini
belirlemek ve ilacin dagiimini 6lgmek igin yerlestirilen
suya duyarll kagitlara bakildiginda (Sekil 4)
elektrostatik ilaglamanin yaprak Uzerine kiglk capli
damlalar (ince damla sinifi) halinde homojen bir
sekilde  dagildigini  gorilmektedir.  Geleneksel
ilaglamanin ise biiyik capl damlalar halinde heterojen
bir sekilde dadildigi gorilmektedir. Elektrostatik
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ilaglamanin bu etkinligi dar yaprakl yabanci otlar gibi
ylizey alani dar olan bitkilere bile etkili bir gsekilde
ulasacagini géstermektedir. Dv 0.5 ortalama hacimsel
anma cap dederine bakildiinda elektrostatik
ilaglamanin 93 pm geleneksel ilaglamanin ise 340 pm
boyutunda oldugu bulunmustur. Geleneksel
ilaclamada damla capi elektrostatik ilaglamadaki damla
¢apindan 3.65 kat daha buylktir. Ancak damla
capindaki bu blylklik damla hacimleri arasinda
yaklasik 49 katlik bir fark olusmasina yol agmaktadir.
Baska bir ifade ile geleneksel yéntemle olusturulan
damlalarin hacimleri  elektrostatik  puskiirtme
tekniginde elde edilen damlalarin hacminden 49 kat
daha biylktir. Bu durum geleneksel yontemde
kullanilan, hedef disina gitmesi durumunda bosa giden
ilag miktarlarinin ve paralelinde gevre kirliliinin fazla
olmasina neden olmaktadir.

Elektrostatik ilaglama ve geleneksel ilaglamanin 3
dozlan karsilastinldiginda  elektrostatik ilaclamanin
daha basarili oldugu bulunmustur. Yapilan bir
calismada (Cesari et al, 1986), elektrostatik ilacglamada
kullanilan  fungisit miktarinin % 20 oraninda
disurildigiinde etkinin  azalmadigini  belirtilmistir.
Baska bir galismada ise (Law and Mills, 1980), ABD'de
brokolide B.thuringiensis  mikrobiyal insektisitinin
uygulama hacmindeki 8 katlk azalmanin insektisit
miktarini % 25-50 arasinda azalttigi belirtilmis olup
benzer sonuglar elde edilmistir.  Herbisitlerin
fiyatlarinin yiiksek olusu diisiik dozlarda micadelenin
Oonemini artirmaktadir. Bir calismaya gore ABD'de
urilintin kalitesinde ve miktarinda yabanci otlarin sebep
oldugu kaybin yida 5.1 milyar dolar oldugunu
saptamistir (Zimdahl, 1980). Chlorsulsuron gibi etkili
maddeli herbisitlerin toprakta kaliciligi uzun olusundan
dolayr daha diisiik dozlarda dahi miicadele olanagi
saglamaktadir. Yapilan bir calismada budday bitkisine
uygulanan chlorsulfuron etkili maddeli herbisitin 10
g/da % 75'lik preperat dozunun uygulanmasindan 8
ay sonra ekilen mercimek bitkisinin gikisini % 62, ayni
herbisitin 20 g/ha dozu ise % 86 etkiledigi
bulunmustur (Uzun, 1992). Elektrostatik ilaglama
teknidinde ilacin striiklenmesi sonucu topraga giden
ilag miktar geleneksel ilaglamaya goére oldukca az
miktardadir. Bu nedenle basta cevre olmak (izere
hedef disi organizmalara etkisi minimum seviyededir.

Yukarida bahsedilen deneme sonuglarina gore
bugdayda sorun olan yabanci otlara karsi elektrostatik
ilaglama tekniginin etkililigini geleneksel ilaglama
teknigi ile karsilastirimis olup yapilan Oneriler su
sekildedir:

e Yabana ot ilaglamasinda topraga ve hedef digsi
organizmalara giden ilagh su miktarinin elektrostatik
ilaglama teknidi ile azaltilabilecedi diisliniilmektedir.

o Herbisitlerin 6zellikle dar yaprakli yabanci otlarin
yapraklarina ulasabilmesi zor olmaktadir ama
elektrostatik yonteminde yikli iyonlar sayesinde
yabanci otun yapraklarina tutunabilmesi daha kolay
olmaktadir.

e Herbisitlerin  fiyatlarinin  ylksek olusu ve
herbisitlerin toprakta kalicihdi uzun oldugundan
diisik dozlarda geleneksel ilaglamaya gore daha
basarili olan elektrostatik ilaglama daha fazla 6nem
kazanmaktadir.

o Gelismis llkelerde yaygin ve uzun yillardir kullanilan
elektrostatik ilaglama teknolojisi lilkemizde de
yayginlastiriimasi gerekmektedir.

e Bu calisma ile bugday yapan Ureticilere ve tarimla
ugrasan dider Ureticilere Ulkemiz igin yeni bir
teknoloji olan elektrostatik ilaglama aletinin
avantajlan sunulmustur ve elektrostatik ilaglama ile
daha etkili ve daha basarih bir sekilde ilaglama
yapilabilecedi belirtilmistir.

Kimyasal miicadelenin 3 temel ilkesi olan ekolojik,
ekonomik ve etkinlik prensiplerine uyan bu
teknolojinin Ulkemizde yayginlagtiriimasi
gerekmektedir.
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Abstract: In this study, some physical, mechanical and ripening properties of local variety
Bogazkere grape and their relationships were determined depend on three different phenological
stages and five cane internode (IN) diameters. This research was performed at commercial
vineyard in Diyarbakir province, which is located in the southeastern part of Turkey. Cutting
properties and energy values were measured by The Lloyd LRX plus materials testing machine. In
addition to cutting properties of cane, grape berries’ include length, with, thickness, geometric
mean diameter, sphericity, surface area, berry detachment force (BDF), berry weight (W), berry
detachment force/weight (BDF/W) were determined.

The mean length, width and thickness values of berries were found as 16.64 mm, 15.49 mm, and
15.42 mm, respectively. The arithmetic mean diameter, geometric mean diameter, surface area
values were not changed statistically with phenological stages.

There were found closely relationships between ripening and mechanical properties at different
phenological stages for grape berries. The ratio of BDF/W decreased with phenological stages. The
BDF was decreased from 2.60 N to 2.13 N, the grape berries skin firmness decreased from 1.60 N
to 0.93 N, while berries weight increased from 2.48 g to 2.76 g with harvesting stages. Total
soluble solids content and pH values increased with phenological stages. Whereas the total acids
were slight changed and reduced from 0.413 to 0.323 % with ripening stages.

The phenological stages has not significant effect on the cutting properties of cane (P >0.05).
However, cutting force were found highly correlated with the cane diameter, the significant
differences were found among internodes diameter of grape canes at a 5 % probability level. While
the maximum cutting force and energy were obtained at IN5 diameter as 600.92 N and 5.05 J, the
minimum cutting force and energy were obtained at IN1 diameter as 289 N N and 1.52 J,
respectively.

Key words: Grape, grape cane, cutting properties, cutting energy, engineering properties

INTRODUCTION
Grape is an important product for the economy of

Turkey. Turkey is sixth largest producer of worldwide
with an estimated production of 4 million tons in
550.000 ha production area in 2016. It is the biggest
exporter of raisin grapes. Each year over 200.000 tons
golden coloured raisins is exported all over the world.
The grape export is 170.000 ton valued at 133 million
$ (Anonymous, 2016). Turkey will continue to acting
an important role in grape production and raisin
exportation in the world because of its large humber
of grape varieties, favorable ecological conditions and

by manually and labor intensive. So, production cost
is very high and labor efficiency is low in vineyard.
Whereas, pruning and harvesting are the most critical
operations in the management of the vineyard. To
increase production, total costs and labor requirement
must be reduced to reasonable level. The reduces of
labor and production cost can be accomplished by
utilizing a mechanical pruner and grape harvester
(Morris,2000; Sessiz et al.2015). So, use of
mechanization application should be increased in
vineyard.

Also, use of mechanization can help improve grape

large amount of production areas. However, pruning
and harvesting of grape berries are mainly performed

yield and quality in vineyard. Percentage presence of
undamaged grapes and dimensions are an important

11
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quality criteria both table grape and juice industry.
Therefore, the economic value of grape mostly
depends on the presence of undamaged grape fruits.
To reduced harvest and postharvest losses, we need
to know some physical, mechanical and ripening
properties of each grape cultivar separately. Because,
these properties are important parameters for design
of a pruner, harvester, sorting and grading machines.
Some of these properties include the dimensional size,
shape, sphericity, geometric mean diameter, surface
area, mass, volume, etc. The knowledge related to
shape and physical dimensions are useful in sorting
and sizing of fruits and determining how many fruits
can place in box or shipping containers. These
properties depend on the species, variety, diameter,
maturity, moisture content and cellular structure
(Persson, 1987; Kabas et al., 2005; Morris, 2000;
Sessiz et al., 2013). In addition to physical properties,
we have to know some cutting properties of grapes
canes for pruning, and we need information related to
grape berries detachment force from cluster and
some quality criteria such as ripening, skin firmness,
soluble solids content, pH, total acidity and maturity
index for suitable design of grape harvesters and
grape industry. Knowing those properties will be
useful industry, academia, research Institutes,
consumers, manufacturer of machines and producers
of food processing equipment (Nesvadba et al.,
2004). Until now, many studies have been conducted
related to mechanical and physical properties of
agricultural products and biological materials such as
fruits, grains and seeds. But, published researches
were not found directly cutting properties of grape
internodes of canes, and physical, mechanical and
ripening properties of grape berry and theirs relations.
Romano et al. (2010), determined cutting force for
certain vine branches such as Cabernet, Sauvignon
and Chardonnay in different regions in Italy, Sessiz et
al. (2015) determined cutting properties of some
grape varieties in Turkey. Some physical properties of
Rasa grape were determined by Khodaei and
Akhijahani (2012). Cutting properties of some wine
grapes cultivars were determined by Ozdemir at el
(2015).

The objective of this study was to determine
mechanical properties of grape cane and physical and
ripening properties of grape berry and their
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relationships. The specific objectives were to:(1)
evaluate cutting forces and energy along canes
internodes of BoJazkere variety at different
phenological stages, (2) development empirical model
between berry axial dimensional and other physical
properties, (3) to determine the relationship between
phenological stages and berry ripening properties.

MATERIAL and METHOD
Vineyard and Samples

This study was performed with Bogazkere (Vitis
vinifera L) local grape variety (Figure 1). The tests
samples were obtained from an organic commercial
vineyard in Diyarbakir province, which is located in
the southeastern part of Turkey.

Figure 1. View of vineyard area and Bogazkere grape
variety

The grape berry and cane cutting tests were
carried out during the different phenological stages of
the veraison (30 August), 15 days after veraison (15
September) and harvesting time (30 September) in
2016. Grape canes (Figure 2), which have between
five internode, has different diameters. The test
samples were randomly harvested by hand from
vineyard. Harvested and collected canes which have
different internode and grape clusters (Figure 3) were
transported to laboratory of Department of
Agricultural Machinery and Technologies Engineering,



University of Dicle. All samples were preserved at
room temperature until the time of the cutting tests.

Figure 2. Grape canes

This study was conducted in two phases. In the
first phase, grape berries length, width, thickness,
arithmetric and geometric mean diameter, sphericity,
roundness, force detachment (FDF), weight (W),
ratio of FDF/W, skin firmness, total soluble solids
content, pH, total acidity and maturity index were
measured. In the second phase, grapevine cane
cutting force, cutting strength, upper yield and cutting
energy were determined under compression
load.Yabanci ot miicadelesinde, kiiltiirel 6nlemlerden
en onemli yeri tohum temizli§i almaktadir. Bunun
yaninda ekim ndbetini ihmal etmemek gerekir. Ayrica
tarla temizligine uyulmali, tarim alet ve makinalariyla
yabanci otlarin yayllmalarina engel olunmalidir
(Giincan, 2010).

Measurement of Grape Berry Physical and
Pomological Properties
To determine the dimensional sizes and physical
properties of grape, 25 berries randomly taken from
five grape clusters at each phenological stages during
the harvest season. The three linear dimensions
namely, length, width and thickness were measured
by using an electronic micrometer with a reading
accuracy within 0.01 mm. The geometric mean
diameter, sphericity, roundness, and surface area of
individual fruits were calculated using the following
equations (Mohsenin 1986; Zare et al., 2012; Sessiz
et al., 2013).
L+W+T)

T3
Dg = (LWT)'/3
g = (LWT)1/3 _Dg

L L

Ro = "—L"x100

S:an2
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Where L is the length (mm), W is the width ( mm), T
is the thickness (mm), Da is arithmetic mean diameter
(mm), Dg is geometric mean diameter (mm), @ is
sphericity (%), Ro is roundness.(%)

Measurement of Mechanical and Phomological
Properties of Grape Berries

Berry fruit detachment force (BDF), berry weight
(W), and the FDF/W ratio are important mechanical
and ripening properties for fruit harvesting (Sessiz
and Ozcan, 2006;Morris 2007; Putri et al., 2015), and
firmness is the resistance of the individual fruit to
deformation under applied forces (Renny et al.,
2015). Therefore, to determine of these parameters
of grape berries were measured at three different
phenological stages during the harvest period. Length,
width and thickness of grape berries were measured
with a micrometer to within 0.01 mm. Grape berries
were weighed by means of a digital balance with
0.01g (Figure 3). The maximum berry detachment
force from cluster and berry skin firmness were
measured in Newton (N) by using a pull digital force
gauge (Model FG-20, Lutron Instrument) with
stainless steel cone head (Figure 3). The digital force
gauge is shown in Figure 3. Some basic important
fruit ripening parameters, like Total soluble solids
content (TSSC) (by refractometer), pH (by pH meter)
and total acidity (by Digital Burette) values were
measured (Jha et al., 2006; Morris, 2007; Ozdemir et
al., 2016).

L il

Figure 3. View of grape cluster, force gauge,
micrometer and balance

¢
Jeols e

—

Measurement of Cane Cutting Properties

Prior to the tests, the grapevine canes were cutted
into five different groups (Figure 2). Five internodes
of grape canes were named first to fifth from the top
toward the bottom. The mechanical properties include
the cutting force, cutting strength, upper yield and
cutting energy were determined along the canes from
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first internode to fifth internode in three phenological
stages. Five internodes of grape cane, namely, IN1,
IN2, IN3, IN4 and IN5, were studied in this study. The
average diameter of cane internodes (between two
nodes were considered a internode) were changed
from 6.00 mm to 11.00 mm. Each group was
determined separately. The average internode
diameters were considered as 6.5, 7.5, 8.5, 9.5, 10.5
mm. The ranges of internode diameter of cane (mm)
values were converted to cross-section area in mm2
(33.16, 44.15, 56.71, 70.84, 86.54 mm? ) The cane
diameters were measured before the test using a
caliper. Testing was completed as rapidly as possible
in order to reduce the effects of drying. The initial
moisture content of canes were determined according
to ASABE standard (ASABE, 2006, Sessiz at al., 2007)
by oven-drying 50 g of each sample at 105 °C for 24
h. The average moisture content levels of internode of
cane were determined in three phenlogical stages at
44.48%, 53.04 % and, 55.58% w.b., respectively.
Lloyd LRX Plus Materials Testing Machine were used
for cutting tests(Figure 4). During the tests, the cane
samples were placed on the machine loading table in
its flat position. Loading was applied vertical direction.
The cutting knife was steel, 50 mm width, 6 mm
thickness and the blade angle of 17-. Cutting
measurements were performed at 100 mm/min fixed
loading speed for all tests.

Figure 4. The Lloyd LRX Plus Materials Testing
Machine and cutting blade

The peak cutting strength, obtained from the
cutting force findings, was determined by the
following equation (Mohsenin, 1986; Beyhan, 1996;
Ince at al., 2005; Taghijarah et., 2011; Sessiz et al.,
2013):

14

_F
as-A

Where: os is the maximum shearing strength in
(MPa), Fmax is the maximum shearing force in (N)
and A is the cross-sectional area in (mm?2).

The cutting energy was calculated by measuring
the surface area under the force-deformation curve
(Georget et al.,2001;Yore et al., 2002; Chen, et al.,
2004; Ince at al., 2005; Ekinci et al., 2010;
Zareiforoush, et al., 2010; Heidar and Chegini, 2011;
Alizadeh at al., 2011; Sessiz at al., 2015;
Nowakowski, 2016A computer data acquisition system
recorded all the force-displacement curves during the
cutting process. A typical force- deformation curve for
grapevine cane under compression is shown in Figure
5. The first peak corresponds to the yield point at
which cane damage was initiated. The second peak
corresponds to maximum compressive force. This
bioyield point is characterized by the fact that any
further compression yields no lincrease in applied load
(Mohsenin, 1986; Lu and Siebenmorgen, 1995; Emadi
et ., 2004).

Forcem N

Deformation in mm

Figure 5. Typical force-deformation curve

Data Analysis

All data were determined using the analysis of
variance (ANOVA) method and significant differences
of means were compared using the least significant
difference test (LSD) at 5% significance levels using
the Tukey multiple range tests in JMP software,
version 11.All these tests were replicated 15 times
and the average values were reported. The
relationship between physical properties of grape
berries and phenological stages were determined
using regression analysis of Microsoft Excel (2010)
program.



RESULTS and DISCUSSION
Linear Dimensions and Physical Properties

Average berry dimensions and other physical sizes
at three phenological stages are presented in Table 1.
The variance analysis of the data indicated that the
effect of phenological stages on physical dimensions,
namely, length, volume, sphericity and roundness
were found significant at 5 % probably, while there
were not found significant differences (p>0.05)
between the phenological stages and other physical
properties. In addition, the values of three axial
dimensions of grape berries were observed very close
to each other. The mean length, width and thickness
values were found obtained as 16.64 mm, 15.49 mm,
and 15.42 mm, respectively. Although statistical
differences were not found between phenological
stages and physical properties, except volume,
sphericity and roundness, the rest all of other physical
properties of berry slightly decreased with the period
of maturity time. Also, the arithmetic mean diameter,
geometric mean diameter, surface area values were
not changed statistically dependent on phenological
stages. Nearly, arithmetic and values geometric mean
diameters were founded the same. But, it was
observed negative relationship between physical
properties and phenological stages.

In order to determine relationships between the
berries axial dimensional and the other physical
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properties, namely, arithmetric mean diameter,
geometric mean diameter, surface area, sphericity
and roundness, multiple regression equations were
derived from the values of three axial dimensions at
different phenological stages. Their relationships are
given in Table 2. According to the regression
equations, A significant and high correlation were
found between investigated axial dimensions and the
other physical properties values (Table 2). As can be
seen from the Table 1 and Table 2, especially,
average sphericity and roundness and values for R2
were found very high for three phenological stages. It
means that the three axial dimensions are more
related to the other physical properties. Because,
these parameters were directly derived from the axial
dimensions. Due to higher correlation coefficients,
this equations can be used for predict the arithmetric
mean diameter, geometric mean diameter, surface
area, sphericity and roundness of Bogazkere grape
variety as a function of axial dimensions and maturity
time. These dimensions values and equations can be
considered in design of sorting and separating
machine and food industry for grape (Sessiz et al.,
2015). Similar results were found by Khodaei ve
Akhijahani (2012) for Rasa grape variety. Nowakowski
(2016) for cutting giant miscanthus stalks depending
on grinding process parameters.

Table 1. Axial dimensions and physical properties of Bogazkere grape berries at different phenological stages.

Phenological Stages
Properties* Veraison 15 days after Veraison Harvest Mean LSD
Length(mm) 16.97a** 16.63ab 16.30b 16.64 0.506
Width(mm) 15.63 15.37 15.48 15.49 ns
Thickness(mm 15.47 15.39 15.38 15.42 ns
Volume (cm®) 2.41b 2.51b 2.94a 3.69 0.453
Arithmetic Mean dia (mm) 16.03 15.79 15.72 15.85 ns
Geometric mean dia(mm) 16.00 15.78 15,71 15.83 ns
Surface Area(mm?) 809.23 784.63 778.39 790.75 ns
Sphericity (%) 0. 943b 0.949b 0.965a 0.952 0.015
Roundness (%) 0.921b 0.925b 0.970a 0.938 0.015

*All data represent the average of three replications with 15 values.
**means followed by the same letter in each column are not significantly different by Tukey's multiple range test

at the 5 % level, ns: not significant

Table 2. Regression equations of cutting properties as a function of three axial dimensions

Parameters* Regression equation R2
Arithmetic mean diameter (mm) Y= 1.78x 10-15 +0.333L+0.333 W+0.333T 1.00
Geometric mean diameter (mm) Y= -0.00717+0.3174L+0.340W+0.343T 0.999

Surface area (mm?2) Y= -797.86+31.46 L+33.77W+35.14T 0.999
Sphericity (%) Y= 0.9557-0.0382L+0.02057W+0.0204T 0.994
Roundness (%) Y=0.936-0.0562 L+0.0606W+0.00054T 0.997

*L: Length (mm), W: Width (mm), T: Thickness
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Grape Berries Mechanical and Ripening
Properties

Some mechanical and ripening properties, hamely,
berries detachment force (BDF) from grape cluster,
fruit weights (W), BDF/W ratio and, berries skin
firmness and their relationships are shown in Table 3.
Negative relationship was observed between
detachment force and berries weight. The maximum
berries detachment force from grape cluster decrease,
while fruit weights increase with phenological stages,
and high correlation was observed between the ratio
of FDF/W and phenological stages. The ratio of
BDF/W decreased with  phenological stages and
maturity time. The berries detachment force from the
grape cluster stalk was decreased from 2.60 N to 2.13
N, while berries weight increased from 2.48 g to 2.76
g depend on phenological stages. As the water
content of grape berries increased with maturity, the
weight of grape has increased with phenological
stages. These values are valuables data for maturity
criteria of BoJazkere grape berries. Because, BDF/W
ratio is an important parameter of fruits mechanical
harvesting. Similar results were observed between
skin firmness and phenological stages. The maximum
firmness was observed as 1.6 N when the TSS
content was 17.27 %. Then the grape skin firmness
decreased from 1.60 N to 0.93 N with phenological
stages. The situation can be explain that the water
content of fruit increased with maturity (Jha et al.,
2006). According to these results we can express that
there is a high correlation between BDF/W ratio and

relationships between ripening and mechanical
properties depend on phenological stages for grape
berries of Bogazkere variety. Total soluble solids
content (17.27-21.93 %) and pH (3.45-3.70) values
increased with phenological stages, whereas the total
acids were slight changed and reduced from 0.413 to
0.323 % with phenological stages. While the lowest
values of TSSC and pH were observed at verasion
stage as 17.27 % and 3.45, respectively, the
maximum detachment force and grape shell firmness
were observed at verasion stage as 2.60 N and 1.60
N, respectively (Table 3 and Table 4). Also, while
berries weight increased, TSSC and pH increased,
acidity decreased with phenological stages. Similar
results were reported by Morris (2007), he found that
the mean pH was in range 3.35 to 3.77 and titratable
acidity was in the range of 6.44 to 7.31 g'L-1 for
veraison stage.

Cutting Properties

The mean tests results of the grape cane cutting
properties at different phenological stages and their
relationships are given in Table 5. As shown in the
Table 5 the phenological stages has not significant
effect on the cutting properties of grape canes (P
>0.05). However, cutting force and energy slightly
increased with phenological stages. The average
mean cutting force, cutting strength and cutting
energy values were obtained at verasion stage as
419.16 N, 7.40 MPa, 369.89 N and 2.89 J,
respectively. The main maximum force was obtained
at 15 days after veraison, maximum cutting strength

fruit skin firmness.

There were found closely

and cutting energy were obtained at harvest season.

Table 3. Main some mechanic properties of Bogazkere berries at different phenological stages

Properties
Phenological Stages Force detachment (FDF) Weight (W) (FDF/W) Shell firmness
(N) g N/g (N)
Veraison 2.60a 2.48b 1.048a 1.60a
15 days after Veraison 2.44ab 2.71ab 0.900a 1.16b
Harvest 2.13b 2.76a 0.771b 0.93b
Mean 2.39 2.65 0.906 1.23
LSD 0.362 0.230 0.138 0.21

Table 4. Some ripening properties of Bogazkere grape berries (average value)
at three phenological stages

. Properties
Phenological Stages
9 g TSSC, % bH Adidity, %
Veraison 17.27 3.45 0.413
15 days after veraison 19.23 3.54 0.368
Harvest 21.93 3.70 0.323
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Table 5. The mean cutting properties at three phenological stages

. Cutting Force Cutting strength Cutting energy
Phenological Stages (N) (Nmm?) (Joule)
Veraison 419.16 7.40 2.89
15 days after Veraison 441.92 8.17 3.05
Harvest 428.69 7.42 3.20
Mean 429.63 7.66 3.05
LSD ns ns ns

*means followed by the same letter in each column are not significantly different by Tukey's

multiple range test at the 5 % level.

Table 6. The relationship between average cutting properties and internode diameter

Internode and diameter Cuttl?’?l)force CUtt("l'\'l?ni:r_f;gth (EJT:;%)I
IN1 (6,5)** 289.29c¢ 8.72a 1.52a
IN2 (7,5) 398.29b 8.86a 2.43b
IN3 (8,5) 423.81b 7.47ab 3.10b
IN4 (9,5) 447.43b 6.31b 3.27c
IN5 (10,5) 600.92a 6.94b 5.05d
Mean 429.63 7.66 3.05
LSD 74.97 1.34 0.67

*means followed by the same letter in each column are not significantly different by Tukey's

multiple range test at the 5 % level.

The mean cutting properties dependent on
diameter of internodes of grape cane are shown in
Table 6. The results shown in Table 6 indicate that
the cutting force, cutting strength, upper yield and
cutting energy increased with increase internode
diameter of BoJazkere grape canes. The significant
differences were found between all of internodes’
diameter of canes at a 5 % probability level.
Especially, the canes diameter has a significant
influence on cutting force and energy (Ghahraei et al
2011). The shearing energy was obtained closely
related to cane diameter. As the diameter increased,
energy linearly increased. While the maximum cutting
force and energy were obtained at IN5 diameter as
600.92 N and 5.05 J, respectively.

Maximum cutting strength was obtained at IN2
diameter as 8.86 MPa. The minimum cutting force,
upper bio-yield and cutting energy were obtained at
IN1 diameter as 289 N, 271 N and 1.52 ],
respectively. Energy values has varied from 1.52 ] to
5.05 J depend on cane diameter. Energy was found
higher in the higher internode (IN5). Also, cutting
force was found highly correlated with the cane
diameter, cutting force linearly increased with
increased diameter of cane. The effect of stem
diameter on the maximum cutting force and cutting
energy is consistent with Chen et al. (2004), who
reported that both the cutting energy and maximum

cutting force are directly proportional to the cross-
sectional area of hemp stalk. Similar results were
found by Sessiz at al., (2013) for the olive sucker and
Sessiz et al,(2015) for grape sucker. Esgici et al.
(2017) for Sire grape cane. Acording to Ghahraei et
al( 2011) cutting energy increase with cross-sectional
area of kenaf stems. Heidari and Chegini (2011)
studied on shear strength and energy for rose flower.

CONCLUSION

Some physical, mechanical and ripening
properties of BoJazkere grape variety and their
relationship were determined in order to design of
pruning, harvesting, transporting and processing
machines. The tests results indicated that the data
obtained from the measured values gave the
significant correlations between axial dimensions and
other physical properties include arithmetic mean
diameter, geometric mean diameter, surface area,
sphericity and roundness. The mean length, width
and thickness values were found as 16.64 mm, 15.49
mm, and 15.42 mm, respectively. Also, the arithmetic
mean diameter, geometric mean diameter, surface
area values were not changed statistically dependent
on phenological stages. Nearly, arithmetic and values
geometric mean diameters were founded the same.
But, it was observed negative relationship between
physical properties and phenological stages.
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Negative relationship was observed between the
ratio of BDF/W and phenological stages. While berries
weights increase with phenological stages, the ratio of
BDF/W decreased depending on phenological stages
and maturity time. The berries detachment force from
the grape cluster was decreased from 2.60 N to 2.13
N, while berries weight increased from 2.48 g to 2.76
depend on phenological stages. The grape berry skin
firmness decreased from 1.60 N to 0.93 N with
phenological stages. However, there were found
closely relationships between ripening and mechanical
properties depend on phenological stages for grape
berries of Bogazkere variety. Total soluble solids
content and pH values increased with phenological
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Ozet: Traktorler tarimsal Uretim islemlerinde temel giic kaynadi olarak kullanilan, fonksiyonel
araglardir. Bitkisel ve hayvansal Uretim faaliyetlerinin biyilk cogunlugu traktdrlere baglanarak
gekilen ve/veya calistirlan alet ve makinalar (ekipman) ile gergeklestiriimektedir. Tarim
traktorlerinin - kullanimina iliskin sahadan derlenen veriler, mevcut traktdr tasarimlarinin
gelistirilmesinin &tesinde, isletme, havza, bolge ve llke dizeylerindeki mekanizasyon planlamasi
galismalarinin temelini olusturur. "Yilhk Kullanim Sdresi" bu anlamda en ©6nemli, temel veri
niteliindedir. Bu arastirmada, Tirkiye tariminda kullaniimakta olan traktorlerin yillik kullanim
surelerinin llke geneli, iller, tarim havzalan ve ayrica traktér gii¢ gruplar itibariyle belirlenmesi
amaglanmigtir. Bunun igin 2010 yilinda, iki yilik garanti suresi sonunda, yani satin alindiktan 23 ila
26 ay sonra, "Biyik Bakim" amaciyla, yurt geneline yayill New Holland Yetkili Servislerine getirilmis
olan 19 bin 396 adet traktére (Ornek Popiilasyon) ait "Odometre" degerlerini iceren bir veri tabani
olusturulmus ve IBM SPSS vyazilmiyla analizler gergeklestirilmistir. Ornek popilasyondaki
traktorlerin yillik kullanim siresi ortalamasi 443 saat'tir. Kiguk istisnalar disinda, traktérlerin motor
glgleri arttikga kullanim siireleri de artmaktadir. 50, 55 ve 65 HP traktérler yilda yaklasik 400 saat
stireyle kullanilirken, bu deder 65 HP traktorler icin 464 saat'e, 75 HP ve Ustl traktorler icin ise 500
saat'in Ustline gikmaktadir. 85 HP modeller 548 saat ortalama ile en uzun siire kullanilan traktorler
olarak ortaya gikmakta, bunlar kiglik bir farkla 95 HP traktorler izlemektedir. Yillik kullanim sireleri
toplam 71 il'in 29'unda (lke ortalamasina yakin seviyelerde (400-499 saat), 19 il'de (ke
ortalamasinin Ustlinde (500< saat), 23 il'de de (ilke ortalamasinin altindadir (<400 saat). Yillik
kullanim siirelerinin Tarim Havzalar itibariyle dagilimi, iller bazinda dagilima gore ¢ok daha tek
diizedir. Toplam 17 havzada kullanim siirelerinin (lke ortalamasi (443 saat/yil) dolayinda olmasi, bu
havzalarin godunda tarimsal lretim faaliyetleri ve isletme yapilarinin benzer &zellikler tasidigini
gostermektedir.

Anahtar kelimeler: Tarim, traktor, yillik kullanim siiresi

Tractor Usage in Turkish Agriculture (2010)

Abstract: Tractors are primary source of energy in agricultural production due to their
multifunctional abilities. The vast majority of plant and animal production activities are carried out
with tools and machines (equipment) drawn and/or operated by tractors. More than the
development of existing tractor designs, the data gathered from the field on the use of agricultural
tractors is the base of the mechanization planning on businesses, basins, regions and countries.
"Annual Use Time" is the most important, basic data quality in this sense. In this study, it was
aimed to determine the averages of the Annual Use Times (AUT) of tractors in countrywide, cities
and agricultural basins by considering power groups. As of 2010, the odometer values of the
tractors that guarantee periods were over and brought to authorized services of New Holland for
maintenance-repair in the period of 23-26 months after the purchase sample population consisting
of 19 396 tractors (sample population) are gathered to create a data base and evaluated in IBM
SPSS. Average AUT of the sample is 443 hours. Except for small exceptions, as the tractor's engine
power increases, the AUT also increases. While 50, 55 and 65 HP tractors are used for about 400
hours per year, this value goes up to 464 hours for 65 HP tractors and over 500 hours for 75 HP.
85 HP models are the longest used tractors with an average of 548 hours, followed by 95 HP
tractors with a small difference. The AUT are above the national average in 19 provinces (500<h)
and below in 23 provinces (<400 h) in 29 of the 71 provinces near the country average (400-499
hours). The distribution of AUT by basins is much more uniform than distribution by cities. The fact
that the average AUT of 17 of the 30 basins are around 443 hours indicates that in most of these
basins agricultural companies and their operations have similar characteristics.

Key words: Agriculture, tractor, annual use time
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GIRIS

Tarimda sdrddrdlebilirligin - saglanmasi,  onemli
Olglide gelistirilen ve uygulanan tarimsal politikalara
baglidir. Bu politikalarin Ulke tarimina uygulanabilmesi
igin devletin ilgili birimlerinin sectigi hedefler ve bu

hedeflere ulasmada ki kararlligi  6nemli  rol
oynamaktadir (Rijk, A. G., 2012). Bu badlamda,
Ulkemizde tarm alanlarinin  havzalar  halinde

dizenlenerek, tarimsal Uretimin uygun ekolojilerde
gergeklestiriimesi igin belirlenen tarim havzalarinda
tarmsal  faaliyetlerin  bitlinlesmis  bir  sekilde
yuritdlmesi, desteklenmesi, orgitlenmesi,
ihtisaslasmasi ve tarim envanterinin hazirlanmasi ile
ilgili usul ve esaslar 7 Eyliul 2010 tarihinde Resmi
Gazetede vyayinlanmistr (T.C. Gida, Tarim ve
Hayvancilik Bakanlii, 2010). Tarimsal
mekanizasyonda karlilik blyik oranda traktdr, makine
ve ekipmanlarin yillik kullanim siirelerine baglidir
(Lonnemark, 1967). Tirkiye gibi kiiglik tarimsal
isletmelerin  yaygin oldugu {lkelerde dogru glicte
traktdr secimi ve segilen traktoriin kapasitesine uygun
kullanimi saglanmadidi takdirde istenen ekonomik
etkiden uzaklagilmaktadir (Paman et. al., 2010,
Ozgiiven ve ark. 2010). Uluslararasi standartlarda
ortalama traktdér édmri 2000 yili sonrasi igin 12 bin
saat olarak belirlenmis olup, Tirkiye'de ortalama yillik
kullanim siiresine badll olarak maksimum traktor
omriiniin 24-25 yil oldugunu tahmin edilebilmektedir
(ASAE,2000, Evcim ve ark., 2010, Zorn, 2015).
Tirkiye'de 1 300 000'in (zerinde traktore sahip olan
traktor parkinin yarisindan fazlasi ekonomik émriini
doldurmus vyaslh traktorlerdir (Evcim, 2008a, Evcim,
2008b). Ekonomik Omrinid doldurmus traktorle
calismak, yakit ve yas maliyetinin yani sira bakim-
onarim masraflarinda da blylk artislara yol agmakta,
ayrica tarimsal faaliyetlerde Griin verimi ve kalitesi igin

blyiuk 6nem tasiyan is ve zaman kayiplarina neden
olmakta, ayni zamanda kaza riskini de artirmaktadir
(TARMAKBIR, 2017, Ozgiinaltay Ertugrul, 2016). Bu
baglamda tarim traktorlerinin - kullanimina iligkin
sahadan derlenmis bilgiler “Yilhk Kullanim
Siireleri” mevcut tasarimlanin gelistirilmesi, ayrica
isletme, havza, bolge ve llke dizeylerindeki traktor
ihtiyacinin belirlenmesi ve mekanizasyon planlamasi
faaliyetlerinin temelini olusturmaktadir. Bu galismada
Ulkemiz tariminda traktorlerin “Yillik Kullanim Sireleri”
nin motor glgleri itibariyle, Ulke geneli, iller ve tarim
havzalari ortalamalari itibariyle belirlenmesi
amaglanmaktadir.

MATERYAL ve YONTEM

Calisma igin ihtiyag duyulan veriler bakim-onarim
amaclyla New-Holland Yetkili Servislerine getirilen
traktérlere ilisikin  kayitlardan derlenmis ve bu
kayitlardaki “Zaman Sayaci-Odometre™ dederleri
traktorlerin satin alindiklari tarihle servise getirildikleri
tarih arasinda gegen zamana oranlanmak suretiyle
“Yilhk hesaplanmistir.
Arastirmanin ilk asamasi icin, 2010 yih itibariyle, satin
alindiktan 23 ila 26 ay sonra servise getirilen traktérler
esas alinmis ve bunlara iliskin kayitlardan IBM SPSS
yazilmiyla yapilacak analizlere uygun veri tabani
olusturulmustur. Bu badlamda, olasi sayisal kayit
hatalarina karsi 10 000 saat ve fazlasi odometre
dederlerine sahip olan kayitlar elendikten sonra, (lke
genelinde toplam 19 396 Adet traktorden olusan
bir 6rnek popiilasyon elde edilmistir. Ongériilen
motor glgleri,
itibariyle dagilimlari asagidaki Cizelge 1, 2 ve 3'te
verilen bu o6rnek traktdér popilasyonu (zerinde
gergeklestirilmistir.

Kullanim Siireleri”

analizler iller ve tarim havzalan

Cizelge 1. Ornek Traktor Popiilasyonunun Motor Giicleri itibariyle Dagilimi
Table 1. Distribution of Sample Tractor Population by Engine Power

Motor Glicii (HP) Tralz'fdr ei? vis! Traktor Sayisi (%) | Gegerli Ornek (%) B|r|k|rz1ul/|o)o ek
50 4082 21,0 21,0 21,0
55 6336 32,7 32,7 53,7
60 385 2,0 2,0 55,7
65 5236 27,0 27,0 82,7
75 1428 7,4 7,4 90,1
85 1454 7,5 7,5 97,6
95 475 2,4 2,4 100,0
Toplam 19396 100,0 100,0
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Gizelge 2. Ornek Traktér Popiilasyonunun iller Gizelge 2. Ornek Traktér Popiilasyonunun iller
Itibariyle Dagilimi Itibariyle Dagilimi (devami)
Table 2. Distribution of Sample Tractor Population by Table 2. Distribution of Sample Tractor Population by
Provinces Provinces (continued)
] Traktor | Traktor | Gegerli | Birikimli Traktor | Traktor | Gegerli | Birikimli
Iller Sayisi | Sayisi | Ornek | Ornek iller Sayisi | Sayisi | Ornek | Ornek
Adet % % % Adet % % %
ADANA 397 2,0 2,0 2,0 HATAY 200 1,0 1,0 48,5
ADIYAMAN 318 1,6 1,6 3,7 IEDIR 20 0.4 0.4 48,8
AFYON 283 3.0 3.0 6.7 ISPARTA 100 05 | o5 | 493
AGRI 216 | 11 L1 78 ISTANBUL 9 0,0 0 49,4
AKSARAY 115 | 06 0.6 84 iZMIR 103 | 54 | 54 | 548
AMASYA 116 0,6 0,6 9,0
K.MARAS 137 0,7 0,7 55,5
ANKARA 948 49 4,9 13,9 .
KARABUK 16 0,1 0,1 55,6
ANTALYA 391 2,0 2,0 15,9
KARAMAN 66 0,3 0,3 55,9
ARDAHAN 136 0,7 0,7 16,6
KARS 287 1,5 1,5 57,4
AYDIN 307 1,6 1,6 18,2
) KASTAMONU 290 1,5 1,5 58,9
BALIKESIR 752 3,9 3,9 22,1 _
KAYSERI 218 1,1 1,1 60,0
BARTIN 28 0,1 0,1 22,2 o
KILIS 14 0,1 0,1 60,1
BATMAN 349 1,8 1,8 24,0
. . KIRIKKALE 70 0,4 0,4 60,5
BILECIK 74 0,4 0,4 24,4 _
L. KIRKLARELI 18 0,1 0,1 60,6
BITLIS 28 0,1 0,1 24,5
KIRSEHIR 22 0,1 0,1 60,7
BOLU 322 1,7 1,7 26,2
BURDUR 249 13 13 275 KOCAELI 184 0,9 0,9 61,6
BURSA 1040 5,4 5,4 32,8 KONYA 365 19 19 63,5
CANAKKALE 353 18 18 34,7 KUTAHYA 200 1,0 1,0 64,5
CANKIRI 321 1,7 1,7 36,3 MALATYA 174 0,9 0.9 65,4
DENizLi 192 1,0 1,0 39,0 MARDIN 190 1,0 1,0 74,7
DIYARBAKIR 227 1,2 1,2 40,2 MERSIN 100 0,5 0,5 75,2
EDIRNE 107 0,6 0,6 40,8 MUGLA 88 0,5 0,5 75,6
ELAZIG 44 0,2 0,2 41,0 MUS 51 0,3 0,3 75,9
ERZINCAN 16 0,1 0,1 41,1 NEVSEHIR 9 0,0 0,0 76,0
ERZURUM 64 0,3 0,3 41,4 ORDU 16 0,1 0,1 76,0
ESKISEHIR 169 0,9 0,9 42,3 OSMANIYE 264 1,4 1,4 77,4
G.ANTEP 932 4,8 4,8 47,1 SAKARYA 656 3,4 3,4 80,8
GIRESUN 53 0,3 0,3 47,3 SAMSUN 141 0,7 0,7 81,5
GUMUSHANE 15 01 0,1 47,4 SHRT 200 1,0 1,0 82,5
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Gizelge 2. Ornek Traktor Popiilasyonunun iller
itibariyle Dagilimi (devami)
Table 2. Distribution of Sample Tractor Population by
Provinces (continued)

Gizelge 3. Ornek Traktor Popiilasyonunun Tarim
Havzalan itibariyle Dagilimi (devami)
Table 3. Distribution of Sample Tractor Population by
Agriculture Basin (continued)

] Traktor Traktor Gegerli Birikimli
Tller Sayisl Sayisl Ornek Ornek
Adet % % %

SiNOP 336 1,7 1,7 84,3
Sivas 286 1,5 1,5 85,7
S.URFA 858 4.4 4,4 90,2
SIRNAK 249 1,3 1,3 91,5
TEKIRDAG 41 0,2 0,2 91,7
TOKAT 558 29 2,9 94,5
USAK 288 1,5 1,5 96,0
VAN 12 0,1 0,1 96,1
YALOVA 662 34 34 99,5
YOZGAT 97 0,5 0,5 100,0
Toplam 19396 100,0 100,0

Cizelge 3. Ornek Traktér Popiilasyonunun Tarim
Havzalarn Itibariyle Dagilimi
Table 3. Distribution of Sample Tractor Population by

Agriculture Basin

Tarim Traktor | Traktor Gegerli Birikimli
Havzasl Sayisi Sayisi Ornek Ornek
No Adet % % %
18 1515 7,8 7,8 60,5
19 48 0,2 0,2 60,7
20 1039 5,4 5,4 66,1
21 12 0,1 0,1 66,2
22 1197 6,2 6,2 72,3
23 803 4,1 4,1 76,5
24 515 2,7 2,7 79,1
25 1081 5,6 5,6 84,7
26 207 1,1 1,1 85,8
27 735 3,8 3,8 89,6
28 1288 6,6 6,6 96,2
29 358 1,8 1,8 98,0
30 379 2,0 2,0 100,0

Toplam | 19396 100,0 100,0

Tanm Havzas! Traktor Traktor | Gegerli | Birikimli
No Sayisi Sayisi Ornek Ornek
Adet % % %

1 2047 10,6 10,6 10,6
2 430 2,2 2,2 12,8
3 716 3,7 3,7 16,5
5 518 2,7 2,7 19,1
6 114 0,6 0,6 19,7
7 147 0,8 0,8 20,5
8 351 1,8 1,8 22,3
9 13 0,1 0,1 22,4
10 121 0,6 0,6 23,0
11 1380 7,1 7,1 30,1
12 174 0,9 0,9 31,0
13 194 1,0 1,0 32,0
14 964 5,0 5,0 37,0
15 1458 7,5 7,5 44,5
16 1506 7,8 7,8 52,2
17 86 0,4 0,4 52,7
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Ornek popiilasyondaki traktérlerin yillik kullanim
sureleri ortalamasi 443 saat'tir. Kigik istisnalar
disinda, genel olarak traktorlerin motor glici arttikca
yillik kullanim  sirelerinin de arttigi  gorilmektedir
(Cizelge 4). 50, 55 ve 60 HP modeller yilda yaklasik
400 saat sireyle kullanilirken, bu deder 65 HP
modeller icin 464 saat'e, 75 ve Ustl modeller igin ise
500 saat’in Ustine cikmaktadir. 85 HP modeller 548
saat ortalama ile en uzun slre kullanilan traktorler
olarak dne cikmakta, bunlar kiiglik bir farkla 95 HP
traktorler izlemektedir.

fllerdeki 6rnek traktér popiilasyonuna dahil
traktorlerin Yilik Kullanim Sireleri ortalamalar Cizelge
5'te gérildigi gibidir. Iller itibariyle Yilik Kullanim
Sireleri toplam 71 ilin 29'unda (lke ortalamasina
yakin seviyelerde (400-499 Saat), 19 il'de (lke
ortalamasinin Ustiinde (500< Saat), 23 il'de de (ilke
ortalamasinin altindadir (<400 Saat).
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Cizelge 4. Motor Giigleri itibariyle Yillik Kullanim Siireleri
Table 4. Annual Use Times According to Engine Power

Giig Ortalama Minimum Maksimum Orn. say. | Orn.Payi
HP Saat Saat Saat Adet %
50 407,36 19,34 5871,51 4082 19,33
55 403,40 25,60 7724,18 6336 29,72
60 387,54 53,08 1499,43 385 1,73
65 463,77 25,49 4043,20 5236 28,24
75 526,09 44,82 4565,80 1428 8,74
85 548,03 47,48 6501,00 1454 9,27
95 538,57 151,00 1441,80 475 2,97

Genel 443,40 19,34 7724,18 19396 100

Gizelge 5. iller itiariyle Yillik Kullanim Siireleri
Table 5. Annual Use Times for Provinces

ER Ortalama Minimum Maksimum ‘ Ornek Say. Ornek Payi

Saat Saat Saat Adet %
ADANA 636,59 53,08 4043,20 397
ADIYAMAN 537,44 173,81 1260,16 318
AFYON 425,53 87,68 2567,57 583
AGRI 453,06 133,21 913,50 216
AKSARAY 469,83 134,11 1069,65 115
AMASYA 350,32 129,84 972,65 116
ANKARA 475,37 25,60 2544,65 948
ANTALYA 468,25 33,33 1438,38 391
ARDAHAN 377,82 104,89 2527,12 136
AYDIN 472,57 104,14 1114,85 307
BALIKESiR 415,31 111,85 2901,41 752
BARTIN 403,61 134,31 749,00 28

BATMAN 574,67 256,93 4565,80

BiLECIK 356,88 80,33 627,72

BITLiIS 530,97 129,00 1064,83

300-399 400-499 500-599 600-699

Saat Saat Saat Saat
*Yilhk Kullanim Sirelerine gore hazirlanmig renk goéstergesidir.
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Gizelge 5. iller itibariyle Yillik Kullanim Siireleri (devami)
Table 5. Annual Use Times for Provinces (continued,

iLLER Ortalama Minimum Maksimum ‘ Ornek Say. Ornek Payi

Saat Saat Saat Adet %
BOLU 391,38 39,55 1261,15 \ 322 1,47

249 0,98

BURDUR 339,33 49,91 1067,93
BURSA 360,49 26,68 1831,49 1040 4,36
CANAKKALE 409,40 100,14 856,17 353 1,68
CANKIRI 366,22 52,72 900,00 321 1,37
GCORUM 342,51 37,76 1081,98 336 1,34
DENizLi 416,16 79,22 1380,58 192 0,93
DIYARBAKIR 520,45 176,12 1236,29 227 1,37
EDIRNE 492,85 117,71 1105,23 107 0,61
ELAZIG 493,00 224,65 814,88 44 0,25
ERZINCAN 538,16 316,60 906,00 16 0,10
ERZURUM 392,15 112,11 761,79 64 0,29
ESKISEHIR 404,09 26,30 1051,52 0,79
G.ANTEP 427,86 108,34 5871,51 4,64
GIRESUN 357,18 170,00 768,10 0,22
GUMUSHANE 372,93 140,00 1016,14 0,07
HATAY 555,79 102,53 1441,80 1,29
IGDIR 504,13 304,17 906,66 0,41
ISPARTA 424,12 19,34 1191,21 0,49
ISTANBUL 598,90 25,49 3316,00 0,06
izMir 474,41 26,18 4976,13 5,81

K.MARAS 587,36 67,59 1201,65 0,94

300-399 400-499 500-599 600-699
Saat Saat Saat Saat

*Yillik Kullanim Siirelerine gére hazirlanmis renk gdstergesidir.
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Gizelge 5. iller itibariyle Yillik Kullanim Siireleri (devami)
Table 5. Annual Use Times for Provinces (continued,

Ortalama Minimum Maksimum Ornek Say. Ornek Payi
Saat Saat Saat Adet

540,16 306,72 1081,96

127,70

KAYSERI 1317,79
KiLis 556,94
KIRIKKALE 990,50
KIRKLARELI 1093,50
KIRSEHIR 715,34
KOCAELI 740,49
KONYA 1751,26
KUTAHYA 1001,37
MALATYA 953,69
MANISA 1312,34
MARDIN 4655,05
MERSIN 1350,00
MUGLA 1499,43
MUS 776,06
NEVSEHIR 626,23
ORDU 1086,37
OSMANIYE 1499,36
SAKARYA 1189,60
SAMSUN 872,94

SIiRT 1100,00

300-399 400-499 500-599 600-699
Saat Saat Saat Saat

*Yillik Kullanim Siirelerine gére hazirlanmis renk gdstergesidir.
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Gizelge 5. iller itibariyle Yilik Kullanim Siireleri (devami)

Ortalama
Saat

ILLER Saat

sinoP 725,31

Ssivas 444,59
S.URFA 427,44

SIRNAK

TEKIRDAG

Table 5. Annual Use Times for Provinces (continued,

Ornek Payi
%

Ornek Say.

Maksimum ‘
Adet

Saat

1716,06 | 336 2,83

900,00 286 1,48

1977,50 4,26

2,11

1082,63 0,25

YOZGAT

Total

\ 149169 |

97

\ 7724,18 | 19396

400-499 500-599

Saat

600-699
Saat

Saat

* Yillik Kullanim Siirelerine gore hazirlanmis renk gostergesidir.

Ulke ortalamasinin stiinde kullanima sahip 19 il
icinde beklendidi lizere yogun tarimin egemen oldugu
Adana, Hatay, Tekirdag gibi iller ile buyik olgekli
isletmelerin  bulundugu Batman, Diyarbakir, Mardin
gibi iller yer almaktadir. Bunlarin yani sira yilksek
kullanim  siirelerinin  tanimsal dretim  yogunlugu
ve/veya biiylk isletme 6lgedi ile agiklanmasi zor olan
Sirnak  ve Sinop gibi, beklenmedik iller de
bulunmaktadir.

Ulke ortalamasinin altinda kullanim siiresine sahip
23 il'den Karablik ve Kastamonu'da bu sire 300
Saat'in altindadir; bu sonucun bu iki ildeki tarimsal
faaliyetlerin ~ azligindan kaynaklanmis  oldugu
dasinilebilir. Geri kalan, yillik kullanim streleri 300-
399 Saat arasinda degisen 21 il icinde Bilecik, Bursa,
Mudla, Sakarya, Tokat, Usak ve Yalova gibi, tarimsal
faaliyetlerin yogun oldugu illerin de yer almasi, ancak
bu illerde kigik isletmelerin ve traktér varliginin
coklugu ile aciklanabilir. (S6z konusu arastirmanin
devaminda, iller itibariyle ortaya g¢ikan kullanim
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sureleri illerin Urlin desenleri ve Uretim teknikleri ile
karsilastiriimak suretiyle daha saglikli
yorumlanabilecektir.)

Bilindigi lzere Tarim Kdoyisleri Bakanhdi “Tirkiye
Tanm Havzalari Uretim ve Destekleme Modeli"nde
Ulkemiz tarm alanlarini 30 havzaya ayirarak Uretim
planlamasi ve destekleme galigmalarinin bu havzalar
bazinda ydritilmesine karar vermistir (Sekil 1). Bu
nedenle, bulgularin illerin yani sira “Tarim Havzalari”
itibariyle de dizenlenip dederlendiriimesi, ileriye
dénik bir hazirlik olarak galisma kapsamina alinmistir.

Tarim Havzalarindaki 6rnek traktér popiilasyonuna
dahil traktorlerin Yilik Kullanim Sireleri ortalamalari
Cizelge 6'da gorlldiga gibidir. Tarm Havzalar
itibariyle Yillk Kullanim Sireleri, degerlendirmeye
dahil olan toplam 29 havzanin
17'sinde (lke ortalamasina yakin seviyelerde (400-499
Saat), 4 havzada lilke ortalamasinin Ustiinde (500<
Saat) ve 8 havzada ise lilke ortalamasinin altindadir
(<400 Saat).
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Sekil 1. Tarim Havzalan
Figure 1. Agricultural Basins

Cizelge 6. Tanim Havzalar itibariyle Yillik Kullanim Siireleri
Table 6. Annual Use Times by Agriculture Basin

Ortalama Minimum Maksimum Orn. Sayisi Orn. Payi

2 Saat Saat Saat Adet %

2527,12
3316,00

906,66

1016,14

4976,13

1064,83

1317,79

300-399 400-499 500-599 600-699
Saat Saat Saat Saat

* Yillik Kullanim Siirelerine gore hazirlanmis renk gostergesidir.

Siniflar:
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Turkiye Tariminda Traktdr Kullanimi (2010)

Gizelge 6. Tanim Havzalar itibariyle Yillik Kullanim Siireleri (devami)

Minimum
Saat

Ortalama

HAVZA Saat

14 402,44 114,56

15 411,25 21,26
16 473,49 29,22
17 478,64 176,45
18 444,07 37,76

19 453,17 145,70

20 571,28

173,81

430,42 245,38

Table 6. Annual Use Times by Agriculture Basin (continued
Maksimum

Orn. Sayisi Orn. Payi

Saat Adet

2901,41 964

2567,57 1458
1312,34 1506
1093,50 86
3012,00

1086,37

4565,80

785,00

7724,18

4043,20

300-399
Saat

*Yillik Kullanim Sirelerine gére hazirlanmis renk gostergesidir.

Yilhk  kullamm  sirelerinin  havzalar itibariyle
dadiimi, iller itibariyle dagiima gore, beklendigi gibi
ok daha tek diize (mutecanis) dir. (Bu sonug ayni
zamanda havzalarin basarili sekilde olusturuldugunun
bir gostergesidir.) Toplam 17 havzada kullanim
sirelerinin (ilke ortalamasi dolayinda olmasi, bu
havzalarin ¢ogunda tarimsal Uretim faaliyetleri ile
isletme  yapilarinin  benzer  zellikler  tasidigini
gostermektedir. Kuzey = Marmara, Karacadag
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2544,65 1288 7,21

988,65 358 1,83

1421,69 379 1,82

7724,18 19396 100,00

400-499
Saat

500-599
Saat

600-699
Saat

(Diyarbakir-Mardin), Dodgu Akdeniz ve Kiyi Akdeniz
havzalari, gerek tarimsal faaliyet yogunlugu gerekse
isletme  Olcegi  faktorlerine bagh olarak, (lke
ortalamasinin Ustiinde, (500-599 Saat) arasinda yillik
kullanim siirelerine sahip havzalar olarak &ne
cikmaktadir. Ulke ortalamasinin altinda, (300-399
Saat) yillik kullanim siirelerine sahip 8 havza icinde
yer alan Giliney Marmara, So6git ve Ege Yayla
havzalarinda yodun tarimsal faaliyete karsin disik



kullanim siireleri isletme 6lgeklerinin  kiigUkligu ve
traktér sayilarinin ¢oklugu ile agiklanabilir. Diger 5
havzadaki kullanim azlidinin ise yodun olmayan
tarimsal tretimden kaynaklandidi diistiniilmelidir.
Yukaridaki, sadece Tirk Trakt6ér Uretimi, New
Holland marka  traktorlere ait  kayitlardan
yararlanilarak ortaya cikarilan sonuglarin Tirkiye
geneli igin gecerliligi kuskusuz, s6z konusu ornek
traktér popilasyonunun (lkemiz traktér parkini ne
dlgiide temsil ettigine bagldir. Ornek traktor
popiilasyonunun motor giigleri itibariyle dadiiminda
55 HP traktorler %32,7'lik pay ile ilk srrada yer
almakta, bunlar %27 ve %?21'lik paylarla 65 ve 50 HP
traktérler ve tek haneli % paylarla da digerleri
izlemektedir. Bu dadiim mevcut traktor parkinin giic
gruplari itibariyle dadilimina g¢ok benzerdir. Bu
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Abstract: This study was carried out in Alagehir-Yesilyurt Enterprise of Manisa Viticulture Research Institute in
the western part of Turkey from 2006 to 2007. In this study, effects of the three different tillage methods:
conventional tillage and two conservation tillage methods; Mulch tillage and reduced tillage on nutrient contents
of organically grown Sultani Cekirdeksiz grape variety were investigated. Experiments were undertaken using
randomized block design with three replicates consisting of 12 vines per parcel.

According to the results, it was found that there was highest average nitrogen(N), phosphorus (P) potassium (K),
calcium (Ca), magnesium (Mg) and iron (Fe) and copper (Cu) contents of the leaf blade and petiole in mulch
tillage; highest average magnesium contents of the leaf blade and petiole in mulch tillage; highest average Cu
and manganese (Mn) contents of the leaf blade and petiole in conventional tillage; highest average manganese

zinc (Zn) contents of the leaf blade and petiole in reduced tillage at 5 % significant level.
Key words: Sultani Cekirdeksiz, organic grape, tillage methods, leaf blade and petiole, nutrient content

INTRODUCTION

Turkey is a major producer of grapes in the world
and viticulture is one of the major branches of
agriculture with respect to production area and it has
one of largest share of income in the Turkish national
economy. Grapevine is grown in almost all parts of
Turkey and has been produced commercially in many
regions of the country for many years. Turkey is
among the largest grapevine growing countries of the
world with approximately 468,792 hectares of
vineyard area and 4.01 million tons of grape
production (5th in area; 6th in production). Grape
production mainly consists of 52.8% table grapes,
36.4% raisins and 10.8% must-wine varieties
(Anonymous, 2015).

In the world, organic grapes are grown in 311595
hectares and this constitutes 4.6 %of the world’s
grape growing area. Turkey is a major grape producer
in the world. Since 1985, Turkey producing and
exporting organic raisins is a world leader in the
production of raisins. In Turkey, 8418 hectares grape
are grown organically which constitutes 1.8 % of the
total grape production area (Anonymous, 2016).

Organic agriculture is a system for crops, livestock
and fish farming that emphasizes environmental

protection and the use of natural farming techniques.
It is concerned not only with the end-product, but
with the entire system used to produce and deliver
the agricultural product. To this end, the entire farm
cycle, from production and processing, to handling
and delivery, excludes the use of artificial products
such as genetically modified organisms (GMOs) and
certain external agricultural inputs such as pesticides,
veterinary drugs, additives and fertilizers. Organic
farmers rely instead on natural farming methods and
modern scientific ecological knowledge in order to
maximize the long-term health and productivity of the
ecosystem, enhance the quality of the products and
protect the environment. Proponents of organic
methods believe that it is a more sustainable and less
damaging approach to agriculture (Morgera et al.,
2012).

Plant analysis is often the most reliable method of
assessing crop nutritional status, currently being the
basis of the fertilizer recommendation programs for
tree crops and vines. Several studies have been done
in order to establish the most appropriate tissue for
analysis. Leaf blade and petiole have been the major
competing ones (Brunetto et al., 2007;
Assimakopoulou and Tsougrianis, 2012; Benito et al.,
2013).
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The results of plant analysis are usually
interpreted by comparing actual data with previous
established critical values or sufficiency ranges (Mills
and Jones, 1996). In order to improve the accuracy of
the diagnosis of the nutritional status of crops, other
forms of interpretation have been developed. DRIS
(Diagnosis and Recommendation Integrated System)
has probably been the most popular. DRIS uses ratios
of nutrients, which reduces the sensitivity of tissue
analysis to plant age (Rémheld, 2012).

Deep tillage method used before vine plantation to
remove old vine roots and loosen subsoil may induce
physical soil degradation that could affect soil
structure and vine water supply. The deep tillage
study results showed that (i) a significant soil
compaction was observed after wet conditions only,
(i) deep ploughing produced more soil
compaction than ripper because of a greater volume
of soil affected by wheeling in the former operation
and (iii) a specific response of soils is significantly
observed in the case of deep ploughing only with an
increase of compacted zones fragmentation in relation
to a decrease of clay content (Coulouma, et. al.,
2006).

Goblyés and Ulcz (2008) studied the effect of
several cultivation methods on the yield and the
quality of grape. They found that different cultivation
methods have higher effect on the yield than on the
grape quality. Especially in the dry season they
observed that straw mulch proved to be the best
solution regarding the yield and the grape quality.
Although they found no significant differences in the
sugar and titratable acidity content of the must, the
ratio of noble rotted berries was higher on the straw
mulched plots. Straw mulch could conserve the
moisture content of the soil.

The effect of conventional and no tillage and 3
leaf removal treatments on leaf water potential
(Wleaf), yield, cluster and berry characteristics of cv.
Syrah were investigated by Korkutal and Bahar
(2013). Different soil tillage applications affected
cluster length and berry fresh and dry mass. The leaf
removal treatments affected only total leaf area per
vine (m2.vine). They concluded that under these soil
and climatic conditions, it could be advised
conservative soil tillage alternatively to conventional
soil tillage as to be more economical.

The present study was conducted on Sultani
Cekirdeksiz grape variety, which has an important
place in our national economy. The objective of this
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study was to determine the effect of different tillage
methods: conventional tillage, mulch tillage and
reduced tillage on the nutrient contents of the leaf
blade and petiole from Sultani Cekirdeksiz grape
variety in organic grape parcels during organic
production year of 2006 and 2007.

MATERIALS and METHODS

Experimental site

Field experiments were conducted from 2006 to
2007 in Alasehir-Yesilyurt Enterprise of Manisa
Viticulture Research Institute in the western part of
Turkey (38°20’N, 28°38'W). The area has a transition
towards a continental climate from a Mediterranean
climate. The annual average temperature of 16.7 °C
and a mean annual rainfall of 598 mm, The summer
months, including the harvest period, are quite hot
with mean temperatures of 30 °C.

Experiments were planned as randomized block
design with three replicates which were established in
15 vyears old Sultani Cekirdeksiz vineyard under
irrigable soil conditions and trained to “T” wire grape
trellis training system and can-pruned to 60 buds per
vine. The vines had between-row and within-row
spacing of 3.3 and 2.4 m, respectively in organic
parcel.

Sultani Cekirdeksiz is such a variety that it
ripens in midseason. It grows strong with conical
clusters, wings, normal density, small oval shaped
berries and average berry skin thickness. Although it
is a variety for drying, Sultani Cekirdeksiz is also
consumed as table grapes through a series of culture
practice.

Soil Composition of the Trial Vineyard

There are no salinity problems whatsoever in soil
samples demonstrating slight alkaline reaction. Soils
with low lime level show a sandy loam texture.
Available phosphorus in soils with low humus level
and with medium total nitrogen level was found to be
medium (0-30 cm) and low (30-60 cm), whereas
available potassium was insufficient. In soils with
sufficient (high) levels of available calcium and
available magnesium, there are no problems with
respect to available sodium. Available micronutrient
elements in the soil samples including iron, copper
and manganese were sufficient, whereas zinc was
insufficient (Table 1).
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Table 1. Physical analysis and macronutrient and micronutrient contents of the soil sample on the Trial Vineyard

] . Soil Depth (cm)

Soil properties

0-30 30-60
Ph 7,60 7,65
Soil salinity (%) 0,025 0,025
Lime (%) 3,44 3,92
Sandy (%) 68,40 66,40
Silt (%) 24,00 25,00
Clay (%) 7,60 8,60
Texture Sandy-loam Sandy-loam
Organic Matter (%) 1,52 0,95
Total Nitrogen (%) 0,060 0,038
Available Phosphorus (ppm) 3,32 1,29
Available Potassium (ppm) 175 155
Available Calcium (ppm) 2160 2400
Available Magnesium (ppm) 934 938
Available Sodium (ppm) 20,8 19,0
Available Iron (ppm) 8,51 6,79
Available Copper (ppm) 6,13 3,48
Available Zinc (ppm) 0,67 0,52
Available Manganese (ppm) 7,20 4,09

Table 2. Applied tillage methods

Method Application

Conventional Method Plough + Disk Harrow (two passes)

Mulch Tillage Plough + Disk Harrow (two passes) (No tillage in Spring)
Reduced Tillage Disk Harrow (one pass) + Reduced tillage combination (two passes)

The effect of different tillage methods on organic
grape production was examined. In this research,
conventional tillage, mulch tillage and reduced tillage
were used (Table 2).

For conventional tillage method, rows were initially
ploughed and then harrowed by disc harrow. In mulch
tillage, conventional tillage was applied but spring
tillage was not performed instead, planted mulch
material was chopped and laid in the row. Cultivator
with rotary harrow was used as a reduced tillage.

Common vetch (Vicia sativa L.), Rye (Hordeum
vulgare L.), and broad beans (fava beans) were used
as mulch plants. In November, the soil was tilled
using conventional method before planting mulch
plants. The mix was planted by using fertilizer
spreader. After planting, the soil was disked to
incorporate the seeds into the soil. The soil was tilled
in spring and autumn in both conventional and
cultivator plots, whereas, tillage was applied only in

spring for mulch tillage system. In the experiment
Massey 240 S (Engine Power 50 hp) tractor was used.

Fresh grape vyield (kg/vine) was calculated by
weighing the vines obtained from the parcels and
dividing it with the number of vines.

Leaves were sampled opposite to first cluster
during fruit setting period and brought to the
laboratory, and after initial cleaning, the leaves were
separated as blade and petiole (Mills and Jone, 1996).
The cleaning procedure was conducted by washing
the leaves with pure water. Then, the plant samples
were later dried at 65 to 70°C and grinded. Total
amount of nitrogen in the leaf sample was measured
using modified Kjeldahl method (Kacar, 1972). Then,
plant extracts were prepared by applying the wet
burning method and in these plant extracts, P was
determined on the colorimeter (Lott ef. a/l1956), K
and Ca on flame photometer and Mg, Fe, Zn, Mn and
Cu on atomic absorption spectrophotometer (AAS)
(Slavin, 1968; Kacar, 1972).
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The research was carried out as randomized block
design trials with three replicates consisting of 12
vines per parcel. Statistical analysis was made with
the statistical software package “SPSS 20.0 for
Windows". Variance analysis was performed using the
data and the Duncan's Multiple Range Test (p < 0.05)
was performed for comparison of average values.

RESULTS and DISCUSSION

Result and discussion on fresh grape yield
(kg/vine):

Fresh grape yield obtained from each parcel under
different tillage methods are given in Table 4.
According to the results of the statistical analysis, it
was determined that tillage methods over the years
had different important effects on fresh grape yield at
5 % significant level (Table 3).

As can be seen from Table 3, mulch tillage method
as compared to other tillage methods had the highest
fresh grape yield.

Table 3. The effects of different tillage methods on fresh
grape yield (kg/vine) (average of from 2006 to 2007)

i Fresh grape yield
Tillage methods (kg/vine)
Conventional tillage 14,74 b*
Reduced tillage 13,78 b
Mulch tillage 16,58 a

*Means within columns followed by the same letter are not
significantly different at p < 0.05 according to Duncan's
Multiple Range Test

Results and Discussion on the Petiole and Leaf
Blade

Macro mineral contents as obtained from each parcel
under different tillage methods are tabulated in Table
4. According to the results of the statistical analysis, it
was determined that tillage methods over the years
had different important effects on available nitrogen
(N), phosphorus (P) potassium (K), calcium (Ca) and
magnesium (Mg) contents of the leaf blade and
petiole at 5 % significant level (Table 4).

As can be seen from Table 4, mulch tillage method
as compared to other tillage methods, had the highest
amount of average nitrogen on the leaf blade and
petiole (%2,72 and % 0,92), phosphorus (% 0,39 and
%0,32) potassium (%1,05 and %?2,71), calcium (%
1,99 and %1,34), and magnesium (%0,51 and
%0,89). The N, P, and Ca contents of the leaf blade
were found to be more than the petiole.

On the other hand, nitrogen content of the leaf
blade in all tillage methods were adequate at the fruit
setting period according to the 2% total nitrogen
limit value as suggested for the leaf blade by Fregoni
(1984) and proposed to 2.0-2.3 % total nitrogen limit
value was recommended by Mills and Jones (1996). P
content of the leaf blade in all tillage methods were
found to be adequate at the fruit setting period
according to 0.15% the critical P value was suggested
by Fregoni (1984). At the fruit setting period, all
tillage methods was found to be adequate in terms of
K content on the leaf blade according to classification
by Fregoni (1984), Levy (1970) and Bergmann (1988)
(%1.20-1.40; %1.40; %1.20-1.60) whereas it was
not sufficient on petiole. Ca content of

Table 4. The effects of different tillage methods on macronutrient contents of the petiole and leaf blade of
organically grown Sultani Cekirdeksiz grape variety (average from 2006 to 2007)

N(%) P(%) K(%) Ca(%) Mg(%)
Tillage methods Leaf Petiole Leaf | Petiol | Leaf | Petiol | Leaf | Petiol | Leaf | Petiol
Blade Blade e Blade e Blade e Blade e
t I
E::;ee" ona 2,57c* | 058¢c | 0,28b [0,27b [097¢|228¢c |1,70¢| 1,19¢ |0,45b| 0,77 b
Reduced tillage 267b | 0,71b | 0,24c | 0,23¢c [1,03b|267b |1,77b| 1,29b|0,35c| 0,69cC
Mulch tillage 272a | 092a | 039a|032a|1,05a|271a|199a|134a|051a|0,89a

*Means within columns followed by the same letter are not significantly different at p < 0.05 according to Duncan's Multiple

Range Test

36




Fadime ATES, Biilent YAGMUR, Engin CAKIR, Harun YALCIN

Table 5. The effects of different tillage methods on micronutrient contents of on the petiole and leaf blade of
organically grown Sultani Cekirdeksiz grape variety (average from 2006 to 2007)

Fe (ppm) Cu (ppm) Zn (ppm) Mn (ppm)

Tillage methods Leaf . Leaf . Leaf . Leaf .
Blade Petiole Blade Petiole Blade Petiole Blade Petiole
Conventional tillage 142,85 b* | 80,20b | 32,8a | 4991a | 48,83a | 32,83a | 48,43a | 33,11a
Reduced tillage 154,12a | 77,33¢c |19,05b | 2895b | 49,49a | 33,02a | 46,24a | 32,75 a
Mulch tillage 154,43a | 9743 a|19,34c| 26,52c | 35,12b | 26,64b | 34,97b | 19,11 b

*Means within columns followed by the same letter are not significantly different at p < 0.05 according to Duncan's Multiple

Range Test

the leaf blade of all tillage methods were not found to
be adequate level according to 2.5-3.5% Ca limit
value, which was suggested by Fregona (1984)
whereas they were adequate level as classification
according to Ca limit value 1.27-3.19% which was
suggested by Chapmann (1965) at the fruit setting
period. Mg content of Both the blades and petioles in
all tillage methods were found to be in the high level,
according to the limited value of %0.20; %0.23-0.29;
%0.25-0.50 as suggested by Levy (1970), Chapmann
(1965); Mills and Jones (1996) respectively (Table 4).

Micro mineral contents of each parcel under
different tillage methods are given in Table 5.

According to the results of the statistical analysis,
it was determined that tillage methods over the years
had different important effects on the contents of iron
(Fe), copper zinc (Zn), manganese (Mn) copper (Cu)
contents of the leaf blade and petiole at 5 %
significant level (Table 5).

Micronutrient contents on the petiole and leaf
blade under different tillage methods are given in
Table 5. Mulch tillage method as compared to
conventional tillage methods, had the highest level of
total Fe content of the leaf blade and petiole at the
fruit setting period (154,43 ppm and 142,85 ppm).
However, conventional tillage method had the highest
level of Cu, Zn and Mg on the leaf blade and petiole
at the fruit setting period comparing other tillage
methods. And also Fe, Zn and Mn contents of the leaf
blade were found to be more than the petiole. Total
Fe content of the leaf blade at the fruit setting period,
comparing limit value, which was suggested by
Anonymous (1967); Fregoni (1984); Mills and Jones
(1996) as critical value (60-150 ppm; 50-300 ppm;
60-175 ppm, respectively, were generally among
limits value in all tillage methods. Total Fe content of

the leaf petiole in all tillage methods shows that there
were no nutritional problems at the fruit setting period
according to 35 ppm critical Fe value suggested by
Bergmann (1988). Cu content of the leaf blade and
petiole at the fruit setting period, comparing limit
value, which was stated by Chapmann (1966) and
Bergman (1988) as critical value (5-20 ppm and 6-12
ppm respectively, shows that they are in generally
among limits value in all tillage methods. Zn content
of the leaf blade in all tillage methods were found to
be adequate at the fruit setting period according to 35
ppm as the critical Zn value suggested by Alexander
and Woodham (1964) and Fregoni (1984). For the
leaf petiole samples at the fruit setting period, it was
determined that all tillage methods were above the
critical value of 26 ppm suggested by Christensen et
al., (1984).

At the fruit setting period, all tillage methods were
determinate to adequate according to 20-400 ppm as
the critical Mn value was suggested by Fregoni (1984)
and also on the leaf blade and leaf petiole and also
stated by Christensen et al. (1984) as 25 ppm the
critical Mn value (Table 5).

CONCLUSIONS

According to the overall results of this research;
mulch tillage method as compared to other tillage
methods was determined to make a positive impact
on not only yield but also macro and micronutrient
contents (N, P, K, Ca, Mg and Fe) of the petiole and
leaf blade. Mulch tillage method had the highest level
of yield as compared to other tillage methods. And
mulch tillage had the highest amount of average
nitrogen on the leaf blade and petiole (%2,72 and %
0,92), phosphorus (% 0,39 and %0,32) potassium
(%1,05 and %2,71), calcium (% 1,99 and %1,34),
and magnesium (%0,51 and %0,89). The N, P, and
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Ca contents of the leaf blade were found to be more
than the petiole.

Generally, nitrogen content of the leaf blade in all
tillage methods were adequate at the fruit setting
period according to the 2% total nitrogen limit value
as suggested for the leaf blade by Fregoni (1984) and
by Mills and Jones (1996).
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Abstract: The objective of this study was to optimize the distribution uniformity performance of a
single-disc granular broadcast spreader. The performance indicators were considered to be the
coefficient of variation (CV, %) and skewing ratio (left to right or right to left ratio of the granular
material applied). Central Composite Design (CCD) which is rotatable and one of the designs in
Response Surface Methodology (RSM) was used in order to optimize the distribution uniformity.
Two different fertilizers (urea and triple super phosphate) were used and a total of 20 experiments
for each fertilizer were conducted. Each experiment was triplicated. The independent variables
considered in this study were the peripheral speed of the disc (corresponding to power take-off
linearly), the fertilizer flow rate and the impeller angle. The dependent variables were the
coefficient of variation (CV, %) and skewing ratio (either right to left or left to right distribution).
Mathematical functions in polynomial form were developed based on the principles of RSM that
allowed conducting reduced number of experiments as compared to full factorial design. The
optimum levels of the variables were obtained and verification tests were also achieved. It was
concluded that the three variables considered in this study affect the distribution uniformity
performance of the broadcast spreader.

Key words: Mathematical modeling, response surface methodology, skewing, fertilizer, granular

material

INTRODUCTION

Rotary spreaders are very simple in terms of
construction but their performance is such a
phenomena that numerous studies have been
conducted in the past to find out the best spreading
pattern since many operational, constructional and
material related variables affect the performance. The
performance of a broadcast spreader in order to
provide even fertilizer distribution is characterized by
the coefficient of variation (CV, %, standard deviation
divided by average). The lower the CV (%) the more
uniform the distribution is and this is why a minimum
CV (%) is desired. The issue behind even fertilizer
distribution is the net profit that can be obtained by a
farmer at a maximized level. The CV (%) related to
the systematical transverse spreading distribution is
typically from 5 to 10% for the best spreaders and the
CV below 15%, which is presumably is a realistic level
for a good fertilizer spreaders, the relative loss of net

profit, typically being close to 1%, is very moderate
(Sggaard and Kierkegaard, 1994). The physical and
chemical properties of the fertilizer being used,
constructional variables such as the shape, height and
the position of the impellers (Yildinm and Kara, 2003;
Gller, 1995), drop point of the fertilizer onto disc,
etc.; Mennel ve Reece, 1963;) and operational related
variables such as disc speed and the flow rate (Parish,
2002 and Yidinm, 2006) affect the distribution
pattern (skewing) and distribution uniformity as it was
the case in many studies available in the literature. In
general, the dimensions of the disc and the size,
shape and the number of impellers, the drop point of
fertilizer vary from one company to another and each
construction becomes a case study to find out the
best performance. Hence, the objective of this study
was to optimize the distribution uniformity
performance of a single-disc broadcast spreader
manufactured by a local company.

* This is a part of the MSc thesis prepared by Ismail Serkan KOLCU (2012)
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MATERIALS and METHODS

The broadcast spreader used for this study
consists of a hopper, single-disc in the diameter of
480 mm, six [type impellers, gearbox and a simple
frame and is driven by the power take-off. Spread
pattern tests were carried out in outdoor areas on
smooth, level pavement under conditions of no wind.
Prior to the tests, the flow rate of the fertilizer was
adjusted by changing the area of the two orifices
located on the bottom of the hopper at corresponding
peripheral speed of the disc (as linearly related to
power take-off of the tractor). The collection trays
were 472 mm long, 312 mm wide, and 110 mm high
and the trays were subdivided to reduce granule
bounce. Fertilizer particles collected in each tray was
weighed using a precision balance with an accuracy of
+0.01g.

Each test consisted of three replications and in
order to do this, three sets of collection trays were
placed in a line perpendicular to the direction of travel
of the spreader while enough space was left for the
tractor tire pass. The distance between each set was
1.5 m. The tests were conducted at a constant
forward speed of 8 km h. Two granular fertilizers
(urea and triple superphosphate) were applied during
the tests. The bulk densities of these materials were
785 and 1025 kg m?, respectively. The pattern
analysis in order to determine the overlapped patterns
to find out CV (%) and skewing ratio was achieved in
Excel and the coefficient of variation (CV, as defined
by ASAE S341.3, 2004) along with skewing ratio was
found. The Skewing ratio in this study was calculated
either the ratio of right to left or the left to right in,
whichever is lower than the unity since in ideal case
the amount or the percentage of fertilizers distributed
to the right or the left side of the spreader must be
equal and in this case, the ratio of them will be unity.
This type of calculation for the skewing ratio was also
necessary in order to develop mathematical functions
so that the upper limit of such a function can only be
equal to unity.

As a statistical and mathematical technique, RSM
was employed in order to optimize the operating
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(peripheral speed of the disc and flow rate) and
constructional related variables (impeller angle). RSM
designs are not primarily used for understanding the
mechanism of the underlying system and assessing
treatment main effects and interactions, but to
determine, within some limits, the optimum operating
conditions of a system (Myers, 1971). It is less
laborious and time-consuming than other approaches
and effective technique for optimizing complex
processes since it reduces the number of experimental
trials to evaluate multiple parameters and their
interactions. The response surface problem usually
centers on an interest in some response Y, which is a
function of k independent variables ¢, &, ...... Ex, that
is,

Y = F (& & Bl 1)
and response surface can take the different forms
according to the function types of response and
usually response function is defined in the quadratic
polynomial form as follows.

Vhr SR TN Y S AEX, s i<) @)
t=1 i J

where;

Y  : Response (Dependent variable)

Bo : Intercept

Bi, Bii, Bij : Regression coefficients

XiX; : Coded independent variables

E : Error

The coding of independent variables into X; is
expressed as in the following equation;

X; = A ©)
where &j;actual value in original units; &; mean value
(center point) and dq; step value.

For a better understanding and detailed theoretical
knowledge on RSM, the reader is referred to read the
textbook written by Box and Draper (1987). The
design used in this study is a rotatable CCD and it
requires five levels for each independent variable.
These levels are coded as -1.682, -1, 0, +1 and
+1.682. The coded and uncoded levels of the
independent variables are given in Table 1.
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Table 1. Coded and uncoded values of the independent variables used in CCD

Coded level
Independent variable Step value
-1.682 -1 0 +1 +1.682
Disc peripheral speed (w; ms™) 3.2 11.82 14.01 17.21 20.41 22.59
Flow rate (Q; kg min™) 15 28 43 58 68
Impeller angle® (o; degrees) 12 -12 0 +12 +20

tMinus and plus signs in angles indicate rearward and forward pitched impellers, respectively, "peripheral speed at 540 min™ power take-off

Based on the above written theoretical approach
in RSM, the variables were transformed to uncoded
form (dimensionless) using the following equations.

X, :co—17.21 4)
32

x, =28 (5)
15

x, =220 (6)
12()

Peripheral disc speed (® in equation 4) is a
function of pto linearly and disc speed of 17.21 ms™*
corresponds to pto of the tractor at 540 rpm. This
speed was selected to be the center in order to
achieve experiments based on CCD.

Flow rates considering the granular fertilizer
application rates at 8 km h™ forward speed of the
tractor were selected within a range of 16 and 69 kg
min’* while the center was selected to be 43 kg min™.
The center of the impeller was set to radial position
(0°) and rear and bacward positions was set to -12, -
20, +12 and +20° with a step value of 12°.

RESULTS and DISCUSSION

The results from the experiments are tabulated in
Table 2. The data from 20 experiments with three
replications, totally 60 data points were used to
develop functions for CV (Ycv, %) and skewing ratio
(Y;) in polynomial form for both, urea and triple
superphosphate (TSP). ArcsinVY, transformation was
applied to skewing ratio values and this
transformation prevented the predicted skewing ratio
values from being greater than unity. A general

theoretical cubic function for four variables in full was
defined and submitted to a statistical package
program and stepwise regression procedure was
applied in order to select the variables at a probability
level of 95 %. The functions developed are given
below for each fertilizer and variables, X;, X, and Xs,
are the disc peripheral speed, flow rate and impeller
angle, respectively in coded form.
Urea functions
Yov=11.23+9.63X52-4.68X; X, X3+4.07X, X3+
4.27%XX3+2.54X,%+2.26X,2-2X X, +0.59%5>+
2.19X,X,°-0.8X>  R’=94.4 (%) (7)

ArcsinVYr=1.28-0.193X32+0.129X;X,X5 — 0.137X5—
0.046X,2-0.059X,X5—0.042X,—0.041X,X;
+0.031X53-0.036X,X,>  R?=88.9 (%) (8)

TSP functions
Yov=20.94+8.62X,2X3+5.37X5?+3.91X,%-3.91X; +
2.46X:X; —2.25XX3+2.25X,X3-0.66X5>

R=93.9 (%) 9)

ArcsinVYr =1.0722-0.1227X,2X3-0.0787X32+
0.0498X;+0.0553X;X5—0.0303X;%—0.0213X,°
Re=88.6 (%) (10)

The models given above are written in the order
that the variables entered into the model so that the
significance of each term to the model could be
identified from this order and they are valid under the
following conditions (in uncoded levels);

11.82> »>22.59
17>Q>69
20> a >+420
where; o = disc peripheral speed in ms?, Q; flow rate
in kg mint and ; impeller angle in degrees.

41



Optimization of the Distribution Uniformity of a Single-Disc Granular Broadcast Spreader

Table 2. Performance values as obtained from the tests conducted based on CCD

Independent variables Dependent (Performance) variables
Disc ~ Skewing ratio
Run peripheral | Flow rate Imr[?ell’laer Non ove(zl/z:;; ped CV' | Lowest 0\(/(()3/cr’l)apped v (either left to right or
number speed (X2) a(Xg) right to left ratio)
(X1) ’ Urea ! TSP Uea ! TSP Uea ! TSP
1 -1 -1 -1 46.11 ' 29.66 2572 1 24.12 067 : 076
[14.01 ms?] | [28 kgmin] [-12° (452) ' (1.78) (1.89) ' (292 0.02) (0.04)
P 1 -1 -1 43.86 « 32.12 12.63 | 18.50 0,93 | 0.78
[20.41 ms™] [28 kgmin}] [-129 (3.47) | (2.78) (059) 1 (2.35) 0.05) . (0.04)
3 -1 1 -1 52.03 ' 26.12 21.18 ' 24.06 0,91 0.73
[14.01 ms] [58 kgmin''] [-12°] (0.56) ! (3.39) (3.05) ' (3.70) (0.05) ! (0.57)
4 1 1 -1 41.21 +  22.63 19.49 . 21.80 0,70 0.75
[20.41 ms?] | [58 kgmin] [-12° (2.87) 1 (2.84) (2.66) 1 (2.73) 0.03) (0.03)
5 -1 -1 1 38.08 i 54.65 15.04 46.65 0,87 0.42
[14.01 ms?] | [28 kgmin'] [+12%] (6.01) I (2.95) (2.11) (3.15) (0.06) (0.02)
6 1 -1 1 48.89 | 53.30 40.11 : 39.86 0,47 0457
[20.41 ms?] | [28 kgmin'] [+12%] (5.18) ' (1.67) (3.91) 1 (3.96) 0.03) (0.02)
7 -1 1 1 38.65 | 58.61 36.16 | 31.44 0,50 0.63
[14.01 ms?] | [58 kgmin'] [+12%] (1.62) |  (7.61) (4.90) | (3.06) 0.04) | (0.03)
8 1 1 1 39.85 ! 68.32 31.50 @ 36.85 0553 | 0.634
[20.41 ms?] | [58 kgmin'] [+12%] (2.68) ' (5.09) (3.64) ' (1.23) 0.42) (0.03)
9 -1.682 0 0 35.25 | 46.56 23.05 | 38.21 091 | 0.61
[11.82 ms] [43 kgmin] [0%] (3.89) (2.67) (142) . (0.95) 0.0 (0.01)
10 1.682 0 0 48.05 ' 43.35 1587 '+ 24.43 0,982 0.78
[22.59 ms?] | [43 kgmin] [0% (6.86) '  (5.65) (1.67) ' (2.42) (0.55) ! (0.04)
11 0 -1.682 0 33.34 . 36.33 1890 . 25.84 0,86 | 0.69
[17.21 ms] [17 kgmin}] [09] (5.92) (2.81) (1.57) 1 (3.03) 0.06) . (0.01)
12 0 1.682 0 3345 ' 36.42 20.02 : 18.80 0,80 0.75
[17.21 ms?] | [68 kgmin] [0% (3.29) ! (1.75) (1.12) ' (1.05) 0.05) ! (0.02)
13 0 0 -1.682 65.37  62.02 36.29 . 3547 0,59 | 0.58
[17.21 ms?] | [43 kgmin'] [-20%] (3.20) 1 (1.75) (1.76) 1 (2.50) 0.04) (0.04)
14 0 0 1.682 52.29 | 36.12 4435 | 33.07 0,38 | 0.57
[17.21 ms] [43 kgmin'!] [+20° (3.13) (1.23) (3.07) | (130 0.03) (0.02)
15 0 0 0 3462 : 29.35 861 1 19.25 0,95 | 0.76
[17.21 ms?] | [43 kgmin] [0%) (340) ' (4.40) (047) 1+ (1.01) 0.02) (0.31)
16 0 0 0 3255 | 3141 9.80 | 21.50 0,90 | 0.74
[17.21 ms] [43 kgmin] [0 (1.08) | (1.64) (021) | (144 0.01) (0.007)
17 0 0 0 30.02 2721 10.65 | 19.43 091 : 078
[17.21 ms] [43 kgmin'!] [0°] (1.08) (3.03) 0.04) ' (3.20) (0.02) (0.38)
18 0 0 0 28.63 | 31.90 11.65 | 20.25 0,91 | 0.77
[17.21 ms] [43 kgmin] [0°] (154) (3.18) (0.63) 1 (1.96) 0.04) (0.07)
19 0 0 0 31.45 ' 27.04 12.73 + 18.19 087 0.81
[17.21 ms?] | [43 kgmin] [0 (213) ' (2.78) (0.07) ' (2.26) 0.02) (0.04)
20 0 0 0 27.62 1 29.90 13.29 | 20.68 0,91 | 0.77
[17.21 ms’] [43 kgmin™] 09 (038) | (2.20) (035 1 (2.25) 0.46) . (0.03)

The numbers in brackets are the original level of the variables; the ones in parenthesis in the above table indicate the standard errors
resulted from three replications. Non-overlapped CV (%) values are the ones the corresponds to the lowest overlapped CV values at the

same swath width.

It is interesting that the first two terms entered
into the model for each fertilizer are the same as seen
above. For urea, the first two terms that entered into
the model during stepwise regression analysis are X3
(impeller angle) and X;X;X; (interaction of disc
peripheral speed, flow rate and impeller angle). These
terms make the highest contribution to explain the
variation in CV (%) and skewing ratio. Just like urea,
the TSP functions have the same structures since the
first two terms, X;?X; (interaction of disc peripheral
speed and impeller angle) and X5? (impeller angle) are
the same and they are the first two terms that
entered into the models. It seems that the most
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significant variable seems to be the impeller angle as
also found by Parish (2003); Yildinrm (2006). The
other two variables also play a significant role in both,
CV (%) and skewing ratio since they were included in
the models either as a main variable or in an
interaction form with other two variables. The effects
of variables on CV (%) and skewing ratio are depicted
in Figure 1 thru 12 for fertilizers used in this study. As
seen from the surface graphs, there are certain levels
of the variables that make the CV (%) values lowest
while the skewing ratio reaches the highest level.
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(disc peripheral speed assumed to be at the center of

CCD design, 17 ms™)
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From the polynomial functions given above, the speed ranging between 15 and 17 ms™ (corresponds
optimum level of the variables was found using to 470 and 540 rpm of PTO) and the flow rate
mathematical software called Maple and a special between 32 and 55 kg min™ and the impeller angle of
code was written in the program in order to make the -4 and 0° will provide the lowest CV (%) and
necessary calculations. The results for each fertilizer maximized skewing ratio for urea. The values that
are tabulated in Table 3 and 4. As seen from the make the CV values lowest but maximized for skewing
tables, three are three sets of optimum values of the ratio for TSP are ranging between 15 and 19 ms*
variables that make the CV (%) minimum while two (corresponds to (470 and 596 rpm of PTO) for the
sets of variables that make the skewing ratios disc peripheral speed, 43 and 52 kg min™ for the flow
maximum for urea as shown in Table 3. The CV rate and -5 and -2° for the impeller angle.
values as calculated are within a narrow range In practice, different fertilizer rates (kg ha™) can
between 11.23 and 12.44 %. The skewing ratio be required and this can be achieved by changing the
values calculated at the optimum level of the variables forwmard speed of the tractor rather than
are 0.99. The CV polynomial functions for TSP 8 km h™! if the optimum flow rates found in this study
resulted in two sets of optimum level of the variables are used.

that make the CV around 20%. The skewing ration The CV (%) values obtained in this optimization
model for TSP provided only one set of optimum level based study can be considered to be the lowest CV
of the variables and the skewing ratio at these values that can be obtained for this type of a
optimum points are around 0.9. spreader. But, it should be kept in mind that any

One of the steps in this type of RSM based changes in construction such as using different
optimization problems is to verify the optimum level of impellers in shape, height or length, changes in drop

the variables and for this purpose some verification point of the fertilizer etc. may help reducing these CV
tests were achieved after calculating the optimum values and this will require expanding the study in
level of the variables and the findings from these tests terms of independent variables to be considered and
are given in table 5 and 6 for urea and TSP, conducting a response surface based study such as
respectively. As seen from the tables, the optimum this one.

levels of the variables found from the CV (%) models

are in good agreement as they were justified by the

verification tests. It can be stated that disc peripheral

Table 3. Optimum values of the variables obtained from the prediction functions for urea

Model Variables (coded and uncoded values) Predicted distribution
X, X, X3 uniformity values
0.0223 [17.28 ms] 0.803 [55 kg min] -0.0997 [-1.1°] 12.44%
0,

(cg/ J;t':g‘r’]dj; 0[17.21 ms’] 0 [43 kg min] 0[0% 11.23*
q -0.396 [15.94 ms™] -0.684 [32.7 kg min'!] 0.181 [2.1°] 11.46*
Skewing ratio model -0.7053 [14.95 ms] 0.263 [46.9 kg min!] -0.352 [-4.2°] 0.994**
(Equation 5) -0.5663 [15.39 ms™] -0.561 [34.5 kg min'!] -0.1[-1.2°] 0.993%*

*Calculated CV (%) from the model at optimum levels; **Calculated skewing ratio from the model at optimum levels

Table 4. Optimum values of the variables obtained from the prediction functions for TSP

Variables (coded and uncoded values) Predicted distribution
Model . .
X X, X3 uniformity values
CV % Model 0.581 [19.06 ms™] 0.633 [52.5 kg min™] -0.282 [-3.3°] 20.298*
(Equation 6) 0.451 [18.65 ms™] 0.585 [51.7 kg min™] -0.191 [-2.2°] 20.292*
Skewing ratio model ) 5oo 115 43 ey 0 [43 kg min'!] -0.435 [-5.2°] 0.892%*

(Equation 7)

*Calculated CV (%) from the model at optimum levels; ** Calculated skewing ratio from the model at optimum levels
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Table 5. Verification test* results for urea

Calculated CV values obtained Skewing ratio values
Model Variables performance from the verification obta!lrlmed.from the
values from the tests verification tests
equations (three replications) (three replications)

X;= 0.0223 [17.28 ms’!] 13.84 0.94

0,
(CEV u/oatli\g?]d%' X= 0.803 [55 kg min™] CV=12.44 % 14.29 0.96
q X3= -0.0997 [-1.1°] 14.57 0.99
Xi=01[17.21 ms* 12.73 0.9

0,
(Clg/ u/;tli\g%ds)l X;= 0 [43 kg min™] CV=11.23 % 13.25 0.91
q X;=0 [0°] 13.54 0.99
X;=-0.396 [15.94 ms™] 14.81 0.92

0,
(cg/ u/;t';’c')‘r’]dj; X,=-0.684 [32.7 kg min’] CV=11.463 % 13.30 0.93
q X;=0.181 [2.1°] 11.68 0.96
Skewing ratio X;=-0.705 [14.95 ms™] Skewing ratio: 13.88 0.90
model X,=0.263 [46.9 kg min™] 0 9% Pne 13.10 0.98
(Equation 5) X3=-0.352 [-4.2°] ) 13.65 0.96
Skewing ratio X;=-0.5663 [15.39 ms™] . . 16.37 0.91
model X,=-0.561 [34.5 kg min’] Ske"g'“g%;at'o' 14.15 0.90
(Equation 5) X3=-0.1[-1.2°] ) 15.57 0.99

*Swath width in all verification tests was found to be 10.16 m

Table 6. Verification test* results for TSP

Calculated CV values obtained Skewing ratio values
Model Variables performance from the verification obtained from the
values from the tests** verification tests
equations (three replications) (three replications)
X;=0.581 [19.06 ms] 19.63 0.81
0,
(Cé’ J;tff,?]dg X,=0.633 [52.5 kg min''] CV=20.29 % 20.05 0.75
q X;=-0.282 [-3.3°] 17.46 0.85
Skewing ratio X1=-0.555 [15.43 ms™] Skewin 18.20 0.77
model X,=0 [43 kg min] atio0 8‘-;2 18.00 0.77
(Equation 7) X3=-0.435 [-5.2°] e 15.90 0.81

*Swath width in all verification tests was found to be 10.16 m, **One set of optimum level of the variables was tested since optimum level of the
variables given in Table 6 are similar.

CONCLUSIONS

This study demonstrated that the impeller angle is
a significant constructional variable while the two
operational related variables (disc peripheral speed
and flow rate) affect the distribution uniformity. The
CV (%) and skewing ratio as the indicators of the
distribution uniformity are very sensitive and vary
within a wide range once a small change is made in
impeller angle.
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Isleme Yontemlerinin Yakit ve Zaman Tiiketimleri

M. Emin BILGILI!, Yasemin VURARAK?, Ugur SEVILMIS?, Ali AYBEK?
!Dogu Akdeniz Tarimsal Arastirma Enstitiisii Madirlagi, Adana
Kahramanmaras Siitcti Imam Universitesi, Biyosistem Miihendisligi Bsliimii, Kahramanmarag
Sorumlu yazar: eminbilgili@gmail.com

Received (Gelis Tarihi): 21.02.2017 Accepted (Kabul Tarihi): 20.04.2017

Ozet: Bu arastirmada, Gukurova yoresinde bugday iretiminden sonra yaygin olarak uygulanan ikinci riin
yetistiriciligi tarimindaki farkll toprak isleme ydntemlerinin yakit ve zaman tiketimlerinin belirlenmesi
amagclanmigtir. Calismada, ekim 6ncesi geleneksel toprak isleme ve koruyucu toprak isleme yontemlerinden biri
olan aniza direkt ekim yontemleri ele alinmistir.

Arastirma, iki yil slresince sulu kosullarda ve ikinci Griin misir Uretiminde yuritilmustir. Tarla denemeleri ve
cesitli 6lcimlerde elde edilen bulgular ve bu bulgulara iliskin analiz sonucunda geleneksel II. (iriin yetistirmede
gereksinim duyulan zaman 44.79 dak da™ ve tilketilen yakit 5.5 L da™ iken koruyucu toprak islemede ise bu
degerler 26.08 dak da™* ve 3.56 L da™ olarak bulunmustur. Ayrica geleneksel toprak islemede bir hektarda 53 km
traktor izi olusurken, minimum toprak islemede bu dederin %71.7 oraninda azalarak 15.1 km'ye distiigl
belirlenmistir.

Anahtar Kelimeler: Cukurova, koruyucu toprak isleme, ikinci tiriin, zaman ve yakit tiiketimi

Fuel and Time Consumptions of Different Tillage Methods Applied Before Second Crop
Planting in Cukurova Conditions

Abstarct: In this study, it was aimed to determine fuel and time consumption of different tillage methods under
second crop conditions after wheat production in Cukurova region of Turkey. In this study conventional tillage
method was compared with one of the conservation tillage method, direct seeding.

The research was carried out under irrigated second crop maize production conditions during two years.
Traditional production required 44.79 min per ha time and 5.5 litre per ha fuel consumption while these values
were 26.08 min per ha and 3.56 litre per ha with conservation tillage. In addition, while 53 km of tractor trail was
observed in one hectare of traditional soil treatment, this value decreased by 71.7% to 15.1 km in minimum soil
tillage.

Key words: Cukurova region, conservation soil tillage, second crop, time requirement, fuel consumption

GIRIS

Toprak isleme, tarnmsal (retimde s sireci
zincirlerinden ilk ve en fazla zaman, enerji ve glig
gereksinimi  olan asamadir. Gilnimizde enerji
darbogazi, bircok sektorde oldugu gibi tarimda da
enerji korunmasini saglayacak yollarin aranmasini
zorunlu duruma getirmistir. Bu sebeple, Tirkiye'de
islenen toprak blyikligl, uygulanan toprak isleme
ybntemlerinin  enerji korunumu agisindan uygun
yontemlerin  tercih edilmesi, ekonomi acisindan
onemlidir. Bunun gegeklesmesi ise toprak isleme ve
ekim igleri icin en ekonomik ve etkili yontemleri
segmekle olur. Bu baglamda, koruyucu toprak isleme
yoéntemleri bu konuda basarili sonuglar verecek sekilde
uygulamada yer almaktadir.

Cukurova yoresi topraklarinin genel olarak; adir
biinyeli olusu nedeniyle; toprak isleme cogunlukla
uygun kogsullarda yapilamamaktadir. Ekim zamaninda
uygun toprak neminin yakalanabilmesi bazen gok zor
olabilmekte veya uygulanan toprak isleme yénteminin
uygun olmamasi nedeniyle nemin korunmasi
zorlagmaktadir. Dolayisiyla ikinci riin ekiminde aniz
ve aniz yakilmasinin yanisira toprak tavi ve zaman
kisiti 6nemli problemlerdir. Hasat sonrasinda aniz
yakmadan ekim ve dikim igin uygun tohum yataginin
hazirlanabilmesi amaciyla, uygun makine
kombinasyonlarinin belirlenmesi kaginilmazdir.

Yorede yapilan bir calismada, ikinci Griin ekimi igin
ybre ciftcileri; cizel+goble disk+ |. diskaro+2.
diskaro+yayh kultivatér gibi makine kombinasyonun
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oran olarak kullanimlari diigiikte olsa (%5) yinede gok
bliyik bir girdi gerektirir ayrica tarla trafigini
artirmaktadir.  Bunun disinda %63  oraninda
l.diskaro+2. diskaro kullanimi yiliksek oranda kullanimi
dikkat ceken bir baska olumsuz girdi olarak
gorilmektedir (Bilgili 2007).

Cukurova yoresinde vyapilan bir arastirmada,
bicerdover ile bugday hasadi sonrasinda anizl tarlaya
uygulanacak toprak isleme ydntemlerinin belirlenmesi
ve sorunun sadece arastirmacilar tarafindan
tanimlanmasi degil, bunun yanisira bu islemi dogrudan

gerceklestirenlerin distincelerinin tanimlanmasi
amaglanmigtir.  Sorunun  sadece  arastirmacilar
tarafindan tanimlanarak ona uygun ¢6ziimlerin

uretilmesi, arastirmaci disinda kalan ortaklarin olaya
nasil baktiklarini bir anlamda g6z ardi etmek olacaktir.
Bu nedenle bu tip calismalarda isletmelerin sorunu
nasil  tanimladigini  bilmek  agisindan  anket
calismalarinin  6nemi kiiclimsenemez. Genel olarak
yorede, II. UrGn ekim Oncesi toprak isleme ve ekim
déneminin son anina kadar girdi agisindan yapilan
tarimsal faaliyetler kisaca asadidaki gibi siralanabilir:
(Bilgili 2007).

I. SECENEK

Sap - saman toplama ve/veya aniz yakma

Cizel

Goble diskli tirmik

Diskli tirmik (Diskaro)

Tava yapma (toprak tavi yetersizse sulama igin
yaplilan islem),

AR N N NN

v" Alt giibre (diskli gibre dagitma ya da ekim
makinasi ile)
v'1I. Diskaro

v Tapan (en az 2 kez uygulanir. Ancak 4-5 kez
uygulayan ciftcilerde var),

v' Low- tap makinesi (toprak tavinin korunmasi ve
tohum yataginin sikistirilmasi igin),

v Ekim (misir ekiminde yaygin olarak tek dane
ekim uygulanmaktadir).

II. SECENEK

» Sulama (anizli - anizi yakilmig tarlaya uygulanir),

»  Goble diskli tirmik

> Diskli tirmik (Diskaro)

> Yayl kiiltivator

> Alt gilbre (diskli gibre daditma yada ekim
makinesi ile)
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» Tapan (en az 2 kez uygulanir. Ancak 4-5 kez
uygulayan ciftcilerde var),

» Low- tap makinesi (toprak tavinin korunmasi ve
tohum yataginin sikistiriimasi igin),

» Ekim (misir ekiminde yaygin olarak tek dane ekim
uygulanmaktadir).

Anizin yakimi, dogal, fitolojik ve zoolojik unsurlarin
tehlike ile karsi karsiya kalmasina neden olmaktadir.
Bu cevre olayr kanunen yasaklanmasina karsin
yeterince 6nemsenmemekte ve meydana gelen maddi
kayiplar dikkate alinmamaktadir. Aniz yakmanin
nedenleri ve boyutu, maddi olarak ©&lgllemeyecek
derecede blyiiktir ve gesitli sorunlar da beraberinde
getirmektedir. Tahil, aniz ve saplari, saman, ot
alanlarinin yakilmasi sonucunda kagit hammaddesinin
ve biyokiitleden enerji elde eden sanayinin ham
maddesinin yakildigi séylenebilir.

Genelde polikiiltiir tariminin  yapildigi  bolge
isletmelerinde, Ureticiler yeniliklere agik olup ekonomik
olanaklar  dlglisinde modern tarim  tekniklerini
uygulamaya calismaktadirlar. Bitkisel tretimde, toprak
islemeden hasada ve hasat sonrasi islemlere kadar
makinalasma yaygindir. isletmelerde bulunan baslica
alet ve makinalar; traktér, rémork, pulluk, cizel, goble
disk tirmik, diskli tirmik, kiltivatdr, tapan, diskli glibre
daditma makinasi ekim makinasi, plilverizator ve capa
makinalaridir. Bolge igin ekonomik 6nem tasiyan
pamuk buiylik oranda birinci Urilin, cok az oranda ikinci
Urlin olarak yetistirilmekte, misir, soya, aygicedi gibi
Uriinler ise birinci Urlin olabildigi gibi bugdaydan sonra
ikinci Grtin olarak da yetistirilmektedir.

Bolgede yazlik birinci Griin ekim zamani Nisan,
hasat zamani Eylil-Ekim'dir. ikinci driiniin ekim
zamani Mayis'in son haftasi- Haziran (Haziranin son
haftasina kadardir), hasat zamani Ekim-Kasim’dir.
Kislk bugday ekim zamani Kasim-Aralik ayinin ikinci
haftasi, hasat zamani ise Mayis- Haziran'dir. Verilen bu
ekim ve hasat tarihleri iklim kosullarina bagh olarak 2
veya 3 haftalik kaymalar gdsterebilmektedir (Anonim,
2017).

Bu calismada, fazla ayrinti ve alet ekipman
detaylarina girmeden koruyucu toprak isleme ve II.
Urtin yetistirmesinde yakit ve zaman tiketimleri
hakkinda genel bir perspektif sunulmaya calisiimistir.

MATERYAL ve YONTEM

Bu aragtirma; Adana ili, YUregir Ovasinda kurulan,
Dogu Akdeniz Tarimsal Arastirma Enstitlisi Mudrlugi
(DATAEM) deneme arazilerinde, “36° 51" 18" N ve
35° 20" 517 E” koordinatlarinda yurttilmustar.



Arastirma yerinin iklim ve toprak ozellikleri

Bolgede tipik Akdeniz iklimi gorilir. Cukurova ve
Toros'larin yakin eteklerinden olugan kiyr kesiminde
yazlar sicak ve kurak, kislar ilik ve yadishdir.

M. Emin BILGILI, Yasemin VURARAK, Ugur SEVILMIS, Ali AYBEK

Deneme alaninda 2015-2016 yili Gretim sezonunda
gozlemlenen iklim parametreleri Sekil 1'de verilmistir
(Anonim 2016).

Deneme alani topraklarinin kimyasal ve fiziksel
ozellikleri Cizelge 1 ve 2'de verilmistir (Tzliner 1990).
fkinci Griin misir tretiminde kullanilan ekipmanlar
ve bazi karakteristik veriler Cizelge 3'te verilmistir.

Yadis (mm), Nispi nem (%)

Denemae alaniiklim parametreleri (2016)
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100 I
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Hava sicakliin (°C)Toprak sicak ligh (20 cm) (°C),

60 15
\ —— Nispi Nem [%] orL.
40 % - 10
20 —a—Havaort. [°C] 5
0 l\l .\I\‘/-\. i
Eyl.15 Eki15 Aral5% Ocalé Marlé May 16 Hazile Ajuile Ekile Kaslé
Kasim 201 5-Fkim 2016 dénemi
Sekil 1. 2015-2016 iiretim sezonuna ait gergeklesen iklim verileri
Figure 1. Climate data for 2015-2016 production season
Cizelge 1. Deneme alani topraklarinin kimyasal 6zellikleri (0—30 cm) (Mart 2016)
Table 1. Chemical properties of the experimental area (0-30 cm) (March 2016)
Saturasyon Toplam Tuz Kireg Organik Bitkiye Yarayish
Derinlik (cm) (%) (%) E.C. (dSm™) pH (%) Madde (%) | P,Os(kgda™) | KO (kg da™)
0-30 55,50 1,05 7,60 [ 13,43 1,28 5,60 90,15
Cizelge 2. Deneme alani topragi biinye analizi (fiziksel 6zellikleri) (0—-30 cm) (Mart 2016)
Table 2. Soil structure analysis (physical properties) of experimental area (0-30 cm) (March 2016)
Fiziksel Ozellikleri Toprak Derinligi (0 — 30 cm)
% Kum 32,4
. L % Silt 35,5
Biinye analizi :
% Kil 31,5
Biinye sinifi Killi tin (CL)
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Gizelge 3. Ikinci iiriin misir iiretiminde kullanilan ekipmanlar
Table 3. Equipment used in the second crop maize production

Alet makina oOzellikleri
Parametreler Is gen. Unite say Is der.
(cm) (adet) (cm)
Cizel 195 9 25
Goble diskli tirmik 280 18 13
Diskli tirmik (Diskaro) 220 22 15
Sirt listeri 280 5 25
Sirt tapani 280 4 25
& [Srt dizeltme 280 4 5
Z Ekim makinasi 280 8 5
z CGapa makinasi 255 3 10
E Ust giibreleme 280 1 -
Border sedde yapimi 60 2
Karik /kanal agma pullugu 70 1
ilaglama makinasi 1200 1
Kanal kapatma 70 1
Hasat (Bigerddver) 420 1 -

Arastirmanin Yiriitiilmesinde Uygulanan
Yontem, Gozlem ve islemler

Galisma ile ilgili butin iglemler 862 no.lu
TOPRAKSU Ana Projesi (1982) uyarinca Enstitli arazisi
icinde bulunan 50 x 2,80 m olgllerinde deneme
parseli tizerinde ve bugday ikinci rliin misir yetistirme
periyodu boyunca gergek c¢alisma kosullarinda
yapilmistir. En az (g Olglim dederinin aritmetik
ortalamasi alinarak elde edilen ortalama yakit tiketimi
degerleri L da™ ve sarf edilen zaman dak da™ olarak
belirlenmistir (Anonim 1982).

Gercek calisma kosullarinda budday ikinci Griin
misir Uretimindeki uygulamalar g6z 6niine alinarak;
geleneksel ve alternatif yontemler icin asadidaki
sistemler segilmistir.

Bugday (retiminde: Ana driin misir saplarinin
parcalanmasi + goble diskle siirim + diskli tirmikla
ikileme + sirt listeri + sirt tapani+ hububat ekim
makinasiyla sirta ekim + tarimsal miicadele +hasat +
balyalama,

Geleneksel, II. {rin misir dretiminde: Bugday
hasadindan sonra; cizel + goble disk + diskli tirmik +
sirt listeri + sirt tapani + ekim + capa +glbreli capa
makinasi+ ilaglama + sedde yapimi +ark agma ve
kapama+ hasat+sap parcalama,

Alternatif, II. Grlin misir Gretiminde: Bugday
hasadindan sonra; sirt diizeltme + ekim + capa
+gibreli capa makinasi+ ilaglama + sedde yapimi
+ark agma ve kapama+ hasat+sap pargalama
seklindedir.
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Calisma oOncesi ve calismanin devamlilidi igerisinde
bazi o6lglimler de yapilmistir. Calisilan alana iligkin
fenolojik gézlemler alinmistir. Toprak 6érnekleri galisma
Oncesi alinmistir. Kullanilan alet ve makinalarin ayar
durumlar, teknik Ozellikleri ve calisma sekli
belirlenmistir. Is derinligi ve is genislik 6lclimleri,
calisma hizlari dort tekrarlamali olarak yapilmistir.

ARASTIRMA BULGULARI

ikinci Griin msir Uretiminde kullanilan ekipmanlar
ve deneme alaninda olglilen bazi karakteristik veriler
Cizelge 4'te verilmistir

Yapilan galisma neticesinde, geleneksel yontemde
islem sayisi 14 iken, alternatif yontemde 9a inmistir.
Yani iki yéntem arasinda islem sayisi bakimindan
%64'lik bir fark olusmaktadir. Islem sayisinin
azalmasiyla birlikte is glicii gereksiniminin de azalmis
olacagi soylenebilir. Geleneksel yontemde toplam
yakit miktari 5.50 L da™ iken, alternatif ydntemde bu
deger 3.56 L da'a inmistir. Ayrica tarla is basarilari
toplamlari  bakimindan incelendiginde geleneksel
yéntemde 44.79 dak da™ iken, alternatif yontemde bu
deger 26.08 dak da oldugu gériilmektedir.

Delibacak ve ark. (2003), Ege bélgesinde yuritilen
calismada pulluk, kiiltivator, rotovatér, toprak isleme
kombinasyonu, dogrudan ekim makinesi, rototiller ve
bant isleme ile kishk budday ve II. Urlin misir
rotasyonu yapmislardir. 6 yil sliren calismada, ekim
makinasi ile dogrudan ekimin kontrol olarak alindidi
parsellerde topraklarin porozite ve hacim adirlik
dederleri rotovatér uygulanmasi ile olumlu ydnde

dedistigi  belirlenmistir. Bayhan ve ark (2001),



Tekirdag ilinde II. Grin silajtk misir tariminda
uygulanan geleneksel yontemlerin yerini alabilecek
azaltlmis toprak isleme ve dodrudan ekim
yéntemlerini  karsilagtirmistir.  iki yil  tekrarlanan
arastirmada, dusuk yakit tiketimi ve gi¢ gereksinimi
olan dogrudan ekim ydnteminin veriminin dider bazi
yontemlerden diisiik olmasina ragmen en diisik Uriin
maliyetine sahip olmasi nedeniyle tercih edilebilecedi
ortaya cikmistir.

Cukurova yoresinde yapilan benzer bir arastirmada,
1990-1992 vyillarinda Cukurova’da yaygin olarak ana
driin ve II. Urdn misir tariminda kullanilan tarim alet
ve makinalarinin zaman ve yakit tiketim degerleri
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belirlenmigtir. Standart parsellerden elde edilen
sonuglar g¢bziimlenerek is basarlar hesaplanmistir.
Ana Uriin ve IIL. Grlin misir yetistirmede toprak isleme,
tohum yatadi hazirlama, ekim ve benzeri islemlerde
kullanilan ekipmanlarin is kapasiteleri sirasiyla pullukta
2.3 makina h ha?, goble diskli trmikta 0.77-0.90
makina h ha, diskli tirmikta 0.55-0.56 makina h ha™,
pndmatik ekim makinasinda 1.12-1.15 makina h ha,
giibre serpme makinasinda 0.94-0.90 makina h ha®,
dolapli sedde makinasinda 0.35-0.29 makina h ha®,
piilverizatrde 0.20-0.22 makina h ha, bicerddverde
1.09-1.17 makina h ha™ bulunmustur (Toros 1993).

Cizelge 4. Kullanilan ekipmanlar ve deneme alaninda belirlenen bazi karakteristik veriler
Table 4. The equipment used and some characteristics specified in the experimental field

Alet makine | Toprak KONULAR
Parametreler i
ozellikleri  ["pyrumu Geleneksel Alternatif
z o s |2
= ©
- $ gl |8 L
o . E | |z | € |£ |a k7
- o =] GLJ © e © £ = © e ©
282 3 5 5 |3 _|28|3% 8| s £ |32 |3
121812/ 8|8| 5 | % [55|58[55/8] 3 | 2 |s5|5 s
L1 o|l2le|l = |2 > fivd GEIES|GE| D h |[aE|E]| 8
Cizel 195 (9 |25 20,2 (1 Toprak 9,3 59 |6,45 |0,66
isleme
Goble diskli 280 (18 |13 18,1 |1 Toprak 9,62 58 6,24 |0,60
tirmik isleme
Diskli tirmik 220 (22 |15 18,1 |1 Toprak 16,5 7,6 (3,62 (0,45
(Diskaro) isleme
Sirt listeri 280 (5 |25 13,3 |1 Sirt yapma  [22,5 14,2 12,70 |0,63
Sirt tapani 280 (4 |25 < 13,2 |1 Tapan 24,8 8,68 (2,40 (0,35
yapma
Sirt diizeltme 280 |4 |5 12,5 - 1 |Sirt dizeltme|22,50 |14,2 (2,70 |0,63
« |Ekim makinasi |280 (8 |5 10,1 (1 Pnomatik 13,7 4,2 14,37 |0,30 |1 |Pndmatik 13,70 (4,2 (4,37 (0,30
% mibz mibzer
E Capa makinasi {255 |3 10 13,1 |1 Capalama 1483 |4 4,03 10,24 |1 |Capalama 14,83 (4,0 |4,03 |0,24
<
- Ust giibreleme {280 [1 |- 1 G.gapa.maki (10,35 |4,8 |5,79 |0,43 |1 |Glb.capa 10,35 (4,8 |5,79 |0,47
nasi mak
Border/ sedde |60 |2 16,1 |1 Sedde 3100m 6,2 0,10 |1 |Sedde 3100m |6,2 0,10
yap makinasi makinasi
Karik/ kanal 70 |1 19,3 |1 Karik/ kanal {2300m (6,8 0,13 |1 |Karik /kanal |2300m |6,8 0,13
?gma a P”" Pul
Ilaglama 12001 |- 1 Ilag makinasi (25,6 4,2 12,30 |0,15 |1 |Ilag makinasi|25,60 |4,2 |2,30 |0,23
makinasi
Kanal kapatma (70 |1 17,3 |1 Tesviye 2300m 6,8 0,13 {1 [Tesviye 2300m |6,8 0,13
kiregi kiregi
Hasat 420 |1 |- 1 Bigerddver |8,7 11,5 |6,89 |1,33 |1 |[Bigerdéver (8,70 |11,5 |6,89 |1,33
TOPLAM 90,7 (44,79 5,50 62,7 |26,08 3,56

53




Cukurova Kosullarinda ikinci Uriin Ekimi Oncesi Uygulanan Toprak isleme Yéntemlerinin Yakit ve Zaman Tiiketimleri

TARTISMA ve SONUC

Yogun tarimsal dretimde, girdi kullammi ve
mekanizasyon gereksinimi artmaktadir. Kullanilan tiim
girdiler produktivite artisina neden olmakla birlikte,
ayni zamanda cevresel bozulmanin bir nedeni de
olmaktadirlar. Yogun tarimin bu olumsuz etkileri
tarimsal Gretimin strdirdlebilirligini tehdit etmektedir.
Sirdirlebilirlik, Gretim sistemi ve cevrenin kalitesini
bozmaksizin bugiin oldugu gibi ve gelecekte de
insanlarin gida ihtiyacini kargilamaktir. Bu nedenle,
cevre kalitesini bozmayan veya koruyan bir
amenajman sistemi gelistirilmelidir (Gajri ve ark.,
2002).

Misir  bitkisinin aniza ekimi Cukurova'da, kisitli
zaman, yabanci ot ve zararlilar, toprak nemi ve asiri
sicaklarin etkisi gibi sikintih durumlarla beraber, iri
tohumlu olmasi ve tohum yataginin durumundan asiri
oranda etkilenmesi gibi durumlar da vardir. Tohum
yatagindan kaynakli veya toprak Ustli sorunlardan
dolayr musir bitkisi cikisi, soya, pamuk gibi Urinlere
gore zorlanmaz. Ancak aniz yakilmasinin 6niine
gecilebilmesi igin pratik ekim ydntemlerinin Ureticilere
sunulmasi gerekmektedir.

Literatlire ve yapilan hesaplara gore, geleneksel
toprak islemede bir hektar alanda 53 km traktor izi
olusurken, minimum toprak islemede bu durum 15,1
km ye dismektedir (Gokcebay, 1983). Yani bu oran
%71,7 kadar azalmaktadir. Dolayisiyla enerji
korunmasi ve dider giderlerin de bu oranda azalis
gosterecedi  sOylenebilir. Traktér izinin toprakta
yarattigi olumsuz etkiyi azaltmak igin iki ydntem
Onerilebilir:

LITERATUR LISTESI

Anonim, 2016. Dogu Akdeniz Tarimsal Arastirma Enstitiist
Miidarlagi. Meteoroloji istasyonu verileri. Adana

Anonim, 2017. http://ziraat.euc.edu.ti7~istroti/
Mart 2017

Anonim, 1982. TOPRAKSU Ana Projesi, Proje no: 862. Tarim
Alet ve Makinalarinin Isletme Degerleri, Uygunluk
Derecelerinin  Saptanmasi ve Gelistiriimesi Rehberi.
Eskisehir.

Bayhan, Y., Géniilol, E.,Yalgin, H., Kayisoglu, B, 2001. ikinci
Uriin Silajlik Misir Tariminda Azaltilmis Toprak Isleme ve
Dogrudan Ekim Uygulamalari, Tarimsal Mekanizasyon
20. Ulusal Kongresi, 13-15 Eyliil, Sanhurfa.

Bilgili. M.E, 2007. Cukurova Yéresinde ikinci Uriin Ekimi
Oncesi  Uygulanan Toprak Isleme Yéntemlerinin
Arastinimasi (Tarsus Yéresi Ornedi).2. Koruyucu Toprak
Isleme Ve Dogrudan Ekim Calistayl. Ege Universitesi
Ziraat Fakiiltesi Tarim Makinalari Bélimii. Bomova-izmir

Erigim;

54

1. Tarlada traktér iz sayisini azaltmak,
Traktor lastiklerini blyliterek ve lastik basincini
disirerek birim alana diisen basinci diistirmek.

Tarla bitkileri Uretiminde, tarimsal mekanizasyon
yatinmlarindan kaynaklanan giderler, toplam (Uretim
giderleri igerisindeki en yiiksek paya sahiptir. Bu
nedenle, traktér ve tarim makinalar kullanimindan
kaynaklanan bu giderlerin mimkin oldugunca
azaltilabilmesi igletmenin karlihgi acgisindan oldukca
onemlidir.  Ozellikle toprak isleme  makinalari
kullanimindan  kaynaklanan  Uretim  giderlerinin
azaltilmasi ve birim alandan elde edilecek kazancin
arttinimasini saglayacak yeni yéntemlerin arastirlarak
uygulamaya sokulmasi gerekmektedir.

Sorunun temelinde, iklim faktoriinin olumlu
olmasina ragmen; ikinci Griin ekiminde -bitkinin
gelisim doéneminde- zamanin kisith olmasi ayrica
toprak tavinin gok 6nemli olmasi nedeniyle ciftci bir an
Once ekim yapmak istemektedir. Hasat makinesinin
bicme sistemindeki olumsuz etkisi neticesinde; arta
kalan anizin, ikinci Urlinde bulylk olumsuzluklar
olusturdugu bilinmektedir. Bu tir olumsuzluklara
karsin;

- Aniza dogrudan ekim makinasinin yérede yaygin
olmayisl,

- Ciftcinin egitim-biling diizeyinin dlisiik olmasi,

- Uretim girdi maliyetleri acisindan ve cevreye zarar
verebilecek diizeyde olmasi sayilabilir.

Sonug olarak, siirdiirilebilir tarim igin ve ozellikle
II. Grin ekimi icin bir an ©6nce aniza ekim
makinalarinin  gelistirilmesi  kaginlmaz  olmustur.
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Ozet: Bu calismada, damla sulama sistemlerinde kullanilan hidrosiklon filtre icindeki toplam basing
kaybi ve partikiil hareketine bagli ayirma etkinligi degerlerinin, Hesaplamali Akiskanlar Dinamigi
(HAD) yéntemiyle ortaya konulmasi amaglanmistir. Bu amacla, E.U. Ziraat Fakiiltesi Tarm
Makinalari ve Teknolojileri Mihendisligi Bolimi'ndeki Pompa Deneme ve Arastirma
Laboratuvarinda basing (yiik) kayip denemeleri temiz su kullanilarak gergeklestirilmis olan 2”7, 212",
3” ve 4” girig ve ¢Ikis capina sahip toplam 8 adet hidrosiklon filtre kullanilmistir.

Laboratuvar denemelerinde kullanilan her bir filtrenin tiim boyutlan dikkate alinarak kati modelleri
olusturulmus ve farkl sinir kosullari igin RNG k-€ Model, Realizable k- Model ve Reynolds Gerilme
Modeli (RSM) tiirbiilans modelleri dikkate alinarak akig analizleri Hesaplamali Akiskanlar Dinamigi
(HAD) yazihmi ANSYS Fluent 16.2 yardimiyla gergeklestiriimistir. Analizler sonunda, farkli debi
dederlerinde Olglilen basing kayip dederlerini genel olarak en iyi tahminleyen model, Reynolds
Gerilme Modeli (RSM) olmustur. Bu model ile ayirma etkinligi dederlerine iliskin similasyon
calismalan gergeklestirilmis ve yeni dizayn edilen bir hidrosiklon filtrede simiilasyon galismalari ile
partikiil ayirma etkinliginin belirli bir dogrulukla ortaya konulabilecegdi sonucuna ulagiimigtir.
Anahtar kelimeler: Filtrasyon, basing kaybi, hidrosiklon, ayirma etkinligi, tiirbilans modelleri

Determination of Pressure Loss and Separation Efficiency of
Hydrocyclone Filters used in Drip Irrigation Systems by Using
Computational Fluid Dynamics (CFD) Method

Abstract: The objective of this study was to determine the total pressure loss and the separation
efficiency due to particle movement in hydrocyclone filters used in drip irrigation systems by
employing Computational Fluid Dynamics (CFD) method. For this purpose, eight hydrocyclone
filters which are commonly used in drip irrigation systems with 2", 212", 3" and 4" inlet and outlet
diameters were considered. Pressure loss tests of these filters were carried out with clean water in
the Pump Experiment and Research Laboratory of the Department of Agricultural Engineering &
Technology in the Agricultural Faculty of Ege University. Solid models were drawn by considering
all dimensions of each filter used in laboratory experiments. In the models, flow analyzes were
carried out considering different boundary conditions and RNG k- Model, Realizable k-€ Model and
Reynolds Stress Model (RSM) turbulence models by using Computational Fluid Dynamics (CFD)
software ANSYS Fluent 16.2. Based on the analyzes, generally the Reynolds Stress Model (RSM)
was found to be the closest prediction model for the pressure loss values measured at different
flow rates. Simulation studies were carried out with this model for separation efficiency, and it was
concluded that the particle separation efficiency for a new designed hydrocyclone filter can be
approached with certain accuracy by simulation studies.

Key words: Filtration, pressure loss, hydrocyclone, separation efficiency, turbulence models

55



Damla Sulama Sistemlerinde Kullanilan Hidrosiklon Filtrelerde Basing Kaybi ve Ayirma Etkinliginin Hesaplamali

Akiskanlar Dinamigi (HAD) Yontemi ile Belirlenmesi
GIRIS

Damla sulama sisteminin en énemli elemani olarak
kabul edilen damlaticilar, su gecis bdlgelerinin kiiglik
olmasi nedeniyle; fiziksel (su ile tasinan partikdller-
kum, silt, organik maddeler, ger-g6p), kimyasal
(cokelme) ve biyolojik (bakteri ve alg) faktorler
nedeniyle tikanmaya elveriglidir (Bucks et al., 1979).
Damlaticilarin - tikanmasi, arazideki su dagilimini
bozmakta, bozulan su dadilimi ise {riin kalitesinde ve
miktarinda kayiplara yol agmaktadir. Bunun yaninda,
enerji kullaniminda ve sistemin bakim maliyetlerinde
artislar da sozkonusudur. Etkili bir filtrasyon islemi,
sistemin basarisi icin oldukca &nemlidir. Bu nedenle,
damla sulama sistemlerinde son derece 6nemli olan
tikanmanin, 6zellikle de kisa slirede ortaya cikabilecek
fiziksel tikanmanin mutlak surette énlenmesi amaciyla
filtre kullanilmasi gerekmektedir.

“Filtrasyon”, su iginde bulunan askidaki kat
maddelerin  fiziksel  Ozelliklerinden  yararlanilarak
ayrilmasi  olarak tanimlanir. Ancak, askidaki kati
maddelerin damla sulama sistemlerinde kullanilan
sulama suyundan tamamen ayrilmasi, cok yiiksek
maliyetlere neden oldugundan pratik degildir (English,
1985; Gilbert and Ford, 1986). Bu nedenle sulama

sisteminde, en azindan kabul edilebilir partikdl
caplarina kadar olan kati maddelerin ayriimasini
sadlayacak filtrasyon  sisteminin  yer  almasi

gerekmektedir. Sistemin kontrol (nitesinde yer alan
birincil (grandl filtreler ve santrifij kum ayiricilar-
hidrosiklon) ve ikincil (elek ve disk) filtreler,
damlaticilarin kisa siirede fiziksel olarak tikanmasini
engellemekte ve korunmasini saglamaktadir.

Hidrosiklon; silindirik ve konik kisim, girdap
kilavuzu, akiskan girisi, yukari akim c¢ikisi ve asagi akim
¢ikigl ile toplama tanki kisimlarindan olusur. Hidrosiklon
filtrelerde ayirma iglemi, santrifij ve yergekimi
kuvvetlerinin etkisi ile gerceklesmektedir. Icinde kum
tanecikleri  ve/veya kati  partikiiller  bulunan
slispansiyon, hidrosiklon filtrenin silindirik kisimda
bulunan giris borusundan tedetsel olarak belirli bir
basing ve hiz altnda girer. Sispansiyon, filtrenin
yapisal 6zelligi nedeniyle donme hareketi kazanir ve
hidrosiklonun ig ylizeyi boyunca bir girdap olusturarak
asadiya dogru iner. Donme hareketi, hidrosiklon icinde
once dis (birincil) girdabi, sonra da ig (ikincil) girdabi
olusturur (Sekil 1).
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Sekil 1. Hidrosiklonun baslica pargalari, akis ve ayirma
yontemi (NetafimUSA, 2016)

Figure 1. The components of a hydrocyclone filter, flow and
separation method (NetafimUSA, 2016)

Birincil girdapta akis ve akis igindeki buylk
partikdiller, santriflij ve yergekimi kuvvetleri ile olusan
hizlara bagl olarak dedisen bir yoriinge izleyerek asad
dogru yonlenir. Hidrosiklonun konik kisminin alt
bélimiinde sikisan akig, orta bdlimden i¢ (ikincil)
girdabi  olusturarak  ortadan  yukariya  dogru
yukselmeye  zorlanmaktadir.  Akisin  ylikselmesi
sirasinda genel olarak akiskan igindeki belirli captan
biuyuk partikiller konik kismin alt ucundan gikis
yaparlar. Asagi akim olarak bu kisimdan cikan
partikiller, iri ve/veya adir olduklarindan tabanda
kalmakta ve tabana yerlestirilen bir toplama tankina
dolmaktadir. Genel olarak akiskan icindeki belirli
gaptan biyutk partikillerden arindinlmis akigkan,
hidrosiklonun orta bélimiindeki i¢ girdabi takip ederek
girdap kilavuzu iginden yukari akim ile hidrosiklon
Uizerinden sisteme iletilir (Rietema, 1962;
Bradley,1965; Svarovsky and Thew, 1992; Demir ve
Uz, 1994; Napier-Munn et al., 1996; Rushton et al.,
2000; Svarovsky, 2000; Chu et al, 2002; Holdich,
2002; Concha, 2007)

Bir hidrosiklon filtrenin tasarimi, minimum basing
kaybi ve maksimum partikil ayirma etkinligini
dogrudan etkilemektedir. Bu nedenle hidrosiklon
filtrenin tasarimi Gzerinde farklh matematiksel teorik
modeller, deneysel ve benzesim yontemleri
kullanilarak yogun caligmalar yapilmistir.



Matematiksel modeller, tasarim parametrelerinin
degdisimine bagl olarak sistem degiskenlerinin etkisini
Onceden tahminlemek Ulzere gelistirilmis matematiksel
esitlikler olarak tanimlanabilir. Hidrosiklon gok basit bir
tasarima sahip olmasina ve isletme kolayligina
ragmen, ok sayida tasarim ve isletme degiskenine
sahip oldugundan, performansinin belirlenmesi oldukgca
karmasiktir. Hidrosiklonlarda/siklonlarda akis
mekanizmasinin karmasikligi nedeniyle, akis ve ayirma
sureglerini matematiksel olarak ifade edebilmek igin
arastirmacilar, hem teorik hem de ampirik birgok
modelleme calismasi ortaya koymustur (Plitt, 1976;
Svarovsky and Thew, 1992; Asomah and Napier-
Munn, 1997; Nageswararao et al., 2004; Wang, 2004;
Kraipech et al., 2006; Narasimha et al., 2007; Martinez
et al, 2008). Bu modellerin gelistiriimesi,
denemelerden elde edilen sonuglarla
iliskilendirildiginden, model calisma arali§i deneme
limitleriyle sinirl  kalmaktadir. Bu nedenle, c¢odu
durumda ampirik modeller, tek bir hidrosiklon veya
kullanici gereksinimlerini karsilamak (zere bitin bir
tesisin dizayninda guivenilir sekilde tahminleme
amaciyla kullanilamamaktadir (Kraipech et al., 2006).
Bu kapsamda daha genel kullanilabilecek modeller
Uzerinde gesitli galismalar yuritilmuastir.

Yurdem et al. (2010), Tirkiye'de imal edilen damla
sulama sistemlerinde kullanilan metal godvdeli baz
hidrosiklon filtrelerin farklh debilerdeki yiik kayiplarinin
tahmininde kullanilabilecek bir matematiksel modeli,
Buckingham pi-teoremini kullanarak, boyutsal analiz
ybntemiyle ortaya koymuslardir. Giris ve cikis caplan
2", 22", 3" ve 4" olan farkli teknik 6zelliklere sahip 21
adet hidrosiklon filtre igin 6lcim sonuclarindan elde
edilen yik kayp verileri ile tahminleme katsayisi
%98.1 olan bir model elde etmislerdir. Ayrica
gelistirilen matematiksel model, literatiirdeki diger
modeller ile karsilastirilarak, modelin uygunlugunu
gostermislerdir.

Sahin Kilavuz (2007), atmosfere agik galisan 25 ve
50 mm capli hidrosiklonlarda isletim degiskenlerinin
(siklon capi, girdap kilavuzu capi, asadi akim cikis capi,
besleme kati konsantrasyonu, basing) ayirma
etkinligine etkisini inceledigi galismasinda, gelitiriimis
ampirik modellerin  kiiglik ¢apl  hidrosiklonlarda
kullanilabilirligini test etmistir. Bu modellerin kiiclik
gaph siklonlarda ayirma etkinligi egrisini diizeltmede
basarili olamadigini belirlemis ve buldugu sonuglarin
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literatiirde verilen sonuglar ile ayni dogrultuda olmakla
birlikte, model parametrelerinin niceliksel olarak farkh
oldugunu belirtmistir.

Hidrosiklonlarda  tasarim  amaciyla  ampirik
modellerin yani sira, teoriye dayali veya ampirik ve
teorik yaklasimlarin birlesiminden olusan modeller
kullanilabilmektedir (Safak, 2005). Ancak, teorilere
dayali ve ampirik modellerin godu basing kaybini ve
ayirma etkinligini farkli calisma sartlarinda yiksek
dogrulukla tahminleyememektedir (Chen et al., 2000).
Bu olumsuz durumu ortadan kaldirabilmek adina
hidrosiklonlarda tasarim amaciyla ampirik veya teoriye
dayali modellerin yani sira, 6zellikle bilgisayar destekli
mihendislik yontemi olan Hesaplamali Akiskanlar
Dinamigi (HAD) yontemiyle de farkli akis modelleri
kullanarak iki veya (g boyutlu gesitli ¢6zim calismalari
Uzerinde durulmaktadir. Son yillarda yapilan bu
galismalarda, similasyon sonuglarinin  deneysel
sonuglara onemli diizeyde vyakinlk godstermesi bu
teknide olan ilginin artmasina neden olmaktadir. Ancak
bu konuda yapilan calismalarin ¢ogu sivi sistemlerden
ziyade hava igerisindeki partikillerin siklonlar ile
ayrilmasina yonelik olmustur (Gimbun et al., 2005;
Kaya ve Karagdz, 2007; Elsayed and Lacor, 2009). Sivi
sistemlerle ilgili calismalar ise, daha gok kiigik gévde
capina sahip hidrosiklonlarda, kimya, petrokimya ve
madencilik alaninda yogunlasmistir.

He et al. (1999), hidrosiklonlarda akisin ve ayirma
etkinliginin ¢ boyutlu sayisal analizini gergeklestirmis
ve analiz sonuglarini, Dabir (1983) tarafindan
gerceklestirilen 76 mm gdvde capina sahip olan ve kati
partikil icermeyen suyla galistirilan hidrosiklon deneme
sonuglariyla ve Hsieh (1988) tarafindan gerceklestirilen
75 mm goévde capina sahip olup ug farkll siviyla
galistirilan hidrosiklon deneme sonuglariyla
kargllastirmigtir. Analizlerde tirbulans, basing kaybi
esitlijinde deneysel bir katsaylyla egri dlzeltme
teriminin  eklendigi bir Realizable k-€ modeliyle
agiklanmistir. Standart k- modelinin akis kosullari igin
yanlis tahminlemeler verdigi gorilmustir. Realizable k-
€ modelini kullanarak yapilan ¢ boyutlu hesaplamalar
deneysel verilerle iyi bir uyum goéstermistir. Wang et
al. (2009), 150 mm gdvde, 30 mm ayirma bdlimi
taban ve 50 mm ¢ikis borusu gapina sahip olan ve su-
yag siispansiyonundan kati partikiillerin ayriimasinda
kullanilan bir hidrosiklondaki sivi-kati akig alanini HAD
teknigiyle simiile etmek amaciyla, Euler-Euler yaklasimi
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ve Reynolds Gerilme Modeli (RSM)'ni kullanmislardir.
Calismada deneysel veriler ile simiilasyon sonuglar
arasinda iyi bir uyum oldugu ve calisma aralidi icinde
kati-sivi ayriminin esas itibariyle hidrosiklonun konik
kisminda gergeklestigi ifade edilmistir.

Bhaskar et al. (2007), camur sivisindan kat
partikiillerin ayrilmasinda kullanilan, 76 mm gdvde
gapinda dort farkl hidrosiklon 6rnedinde, HAD
similasyonunun kullanilabilirligini ortaya koymustur.
Galisilan standart k-g, RNG k-¢ ve RSM tirbilans
modelleri arasinda, RSM modelinin deneysel sonuglara
en yakin tahminlemeleri verdigi goriilmUstiir. Sonuclar,
girig besleme basincinin siklon igerisindeki kiitle akisi
Uzerinde ve konik kismin taban capinin ise kitle gikis
orani {izerinde etkiye sahip oldugunu gdéstermistir.

Delgadillo and Rajamani (2005), kiregtagl ihtiva
eden camur sivisindan kati partikillerin ayriimasinda
kullanilan ve 75 mm gdvde gapi ile 12.5 mm ayirma
bolimi taban capina sahip hidrosiklon 6rnedinde, alt
ve yukari akim kitle ayrilma orani, eksenel ve tegetsel
hizlarin tahmini icin RNG k-¢ modeli, RSM ve LES
modellerini  karsilastirmiglardir.  Calismada,  LES
modelinin  tlrbdlansin  bazi  ayrintii  &zelliklerini
Uretebildigini, diger iki modele gore deneysel verileri
daha iyi tahminleyebildigini ve partikil boyut dagiim
egrisini de dodgru sekilde ortaya koyabildigini
belirtmislerdir.

HAD teknigiyle, hidrosiklonlarda zamana badli,
dinamik analiz gergeklestiren Neesse and Dueck
(2007), 40 mm govde gapina sahip, suyun bulundugu
hidrosiklona ayri ayr farkl biytklikte partikdller
iceren suispansiyonlar ilave ederek (g boyutlu ve giris
kismini basitlestirerek iki boyutlu analiz yapmislardir.
Biyuk partikllerin siklonda kalma suresinin daha uzun
oldugunu ve Realizable k-€¢ modelinin ayirma
etkinligine uygun bir model oldugunu belirtmiglerdir.

Shojaeefard et al. (2006), giris gapi 30 mm, cikis
capl 36 mm olan atmosfere agik calisan hidrosiklonun
HAD teknigiyle ¢ boyutlu modelini olusturmus ve
ayrik faz modeli (Discrete Phase Model, DPM)
kullanarak suyun igine kum partikillerini ilave
etmislerdir. RNG k-€ modeli kullanilarak yapilan analiz
sonucunda elde edilen giren ve gikan suyun ve kumun
kiitlesel debi dederlerinin denemeyle elde edilen
dederlere  yakin  oldugu goriilmlstiir.  Calisma
sonucunda, partiklll boyutu arttikga ayirma etkinliginin
de arttidi belirlenmistir.
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Kaya ve Karagéz (2007) galismalarinda ayni girig
hizinda ve hiicre sayisindaki siklon icin tirbilans
modelleri ve duvar fonksiyonlarini karsilastirmistir. Elde
edilen sonuglar literatiirdeki mevcut deneysel ve
nidmerik sonugclar ile karsilastirilarak literattirde girdaph
akislar igin gergek sonuglardan belirli sapmalar altinda
dogru sonuclar verdigi kabul edilen Standart k-& ve
RNG k-¢ tirbiilans modelleri ile RSM standart duvar
fonksiyonu ve Non-equilibrium duvar fonksiyonlari
yaklagimlari ile ¢6zlilmis ve karsilastinlmistir. Yapilan
nidmerik analizler sonucunda, tirbiilans modelleri ve
kullanilan duvar fonksiyonlarina bagh olarak eksenel ve
tegetsel hiz dedisimleri, olusan basing dlsimi ve
trbilans biiytklikleri incelenmistir. Duvar
fonksiyonlarinda belirgin bir fark olmasa bile, dzellikle
eksenel hizin hesabinda RSM tiirbllans modelinin
oldukca basarili oldugu ifade edilmistir.

Davailles et al. (2012), kati-sivi ayriminda
kullanilan, gbvde caplan 75 ve 100 mm, giris-cikis
gaplari 25 ve 33 mm olan atmosfere agik galisan iki
farkh hidrosiklonun, yan ticari bir HAD yazilimiyla (g
boyutlu analizini yapmiglardir. k-€ ve RSM tiirbilans
modelleriyle yapilan analiz sonuglarini, gergeklestirilen
deney sonuglariyla ve literatr verileriyle
karsilastirmiglardir. RSM  modeliyle elde edilen
sonuclarin deneysel sonuglara yakin oldugu ve hiz
profilinin, hidrosiklon igindeki girdapl akisi agiklayan
en iyi kriter oldugu sonucuna ulagmislardir.

Siklon ve kiglk boyutlu, alttan atmosfere acik
hidrosiklonlar ~ konusunda, teorik ve deneysel
caligmalarin yani sira similasyona dayall olarak
kullanilan akis analiz yontemlerinden HAD y&nteminin
kullanildigr cesitli ¢6ziim calismalarinda; genel olarak iki
veya Ug boyutlu farkl akis modelleri olusturularak, bu
tir siklon ve hidrosiklonlarda akig alani igerisindeki hiz
dagiiminin, yik kayiplarinin ve ayirma etkinliginin
tahminlemesi (izerinde yodunlagiimistir. Ancak, damla
sulama sistemlerinde kullanilan biylk giris-cikis ve
gbvde capina sahip, tamamen kapalli sistemde galisan
hidrosiklon filtrelerle ilgili bilgisayar destekli simiilasyona
dayall bir c¢alisgmaya rastlanmamistir. Bu tip
hidrosiklonlarda, yiksek debiler, gok genis partikdl
sinirlari ve ayirma etkinligi calismalarinin  yogun ve
zaman alic olmasi nedeniyle deneysel galismalar da gok
sinirhdir. Bu calismada, damla sulama sistemlerinde
kullanilan hidrosiklon filtre igindeki partikiil hareketine
bagli ayrma etkinlii ve toplam basing kaybi



degerlerinin, Hesaplamali Akiskanlar Dinamigi (HAD)
yontemiyle ortaya konulmasi amaglanmistir.

HESAPLAMALI AKISKANLAR DiNAMiGINDE
(HAD) AKIS DENKLEMLERI

Bir akig alaninda hiz ve basing dagilimlarinin
incelenebilmesi icin  akiskanin  6zkitlesi  ve
sicakligindaki  degisimlerin  6nemsiz olarak kabul
edilmesi durumunda, kiitlenin korunumu ve Newton’un
ikinci yasasi olan  momentumun  korunumu
denklemlerinin  mevcut sinir sartlarinda gozilmesi
gerekir. Bir kontrol hacmi igin belirli bir zaman
araliginda kontrol hacmine giren veya gikan net kiitle
gecisi, bu sire icinde kontrol hacmindeki net kiitle
dedisimine esittir. Akis problemlerinde, diferansiyel bir
kontrol hacmi igin yazilan kiitlenin korunumu denklemi,
genellikle sireklilik denklemi olarak adlandirimaktadir.
Kontrol hacmi igerisindeki kiitlenin zamanla degisim
hizi, sikistinlamaz akiskanlar icin akiskanin 6zkiitlesi,
akis alani boyunca sabit oldugundan sireklilik
denklemi asadidaki sekilde yazilabilir (White, 2001;
Cengel ve Cimbala, 2008; Munson et al., 2006; Young
et al., 2013).

V-V =0

Bir akiskan elemaninin (zerine etkiyen ylzey
kuvvetleri, elemanin gevresi ile etkilesiminin bir sonucu
olarak ortaya c¢ikmaktadir. Euler hareket denklemi
sikistirimaz Newton tipi akiskanlar igin diizenlenerek
sadelestirildiginde, sikistinlamaz Navier-Stokes
denklemi asadidaki sekilde yazilabilir.

p%=—§P+p§+,uVZI7
Esitliklerde; p, dzkiitle; A, basing; V, hiz; g, yercekimi
ivmesi; 1, mutlak viskozite ve ¢ zamandir.

Tirbilansh akista girdap hareketi, hiz, basing,
sicaklik degerlerinde onemli dedisimlere neden olur. Bu
nedenle ilk yaklasim olarak Navier-Stokes denklemlerini,
denklemlerdeki hiz ve basing terimlerinin  zaman
ortalamasi alinmis degerler ile ifade edilerek sayisal
¢6zimli olacak hale getiriimesidir. Bu yaklasima
“Reynolds Ortalama Alinmis Navier-Stokes” (Reynolds
Averaged Navier Stokes-RANS) denklemleri
denilmektedir. RANS yaklasiminda tiirbillans (Reynolds)
gerilmeleri (, P, ) terimini uygun sekilde agiklayan bir

modele ihtiyag bulunmaktadir. Cok sayida arastirici
tarafindan calisma konusunu iceren
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hidrosiklon/siklonlarda olusan girdapl akislari igeren
akiskanlar mekanigi uygulamalarinda yaygin olarak
kullanilan tlrbilans modellerinin; RNG k-¢, Realizable k-
€ ve Reynolds Gerilme Modeli (Reynolds Stress Model-
RSM) oldugu ifade edilmektedir (He et al., 1999;
Delgadillo and Rajamani, 2005; Shojaeefard et al.,
2006; Wang and Yu, 2006; Bhaskar et al., 2007;
Delgadillo and Rajamani, 2007; Kaya ve Karagdz, 2007;
Neesse and Dueck, 2007; Wang et al., 2009; Hsu et al.,
2011; Davailles et al., 2012).

MATERYAL ve YONTEM
Materyal

Calismada, damla sulama sistemlerinde yaygin
olarak kullanilan doért farkli anma giris ve ¢ikis capina
(2", 22", 3" ve 4") sahip iki farkh firma tarafindan
imal edilen (“S” ve “P” olarak tanimli) toplam 8 adet
yerli yapim hidrosiklon filtre kullaniimistir. Calismada
ele alinan hidrosiklon filtrelerin teknik goriniisi Sekil
2’de, teknik dlgtleri Cizelge 1'de verilmistir.

Yontem
Hidrosiklon Filtrelerde Basing (Yiik) Kayiplarinin
Deneysel Olarak Belirlenmesi

Hidrosiklon filtrelerde basing (yiik) kayiplarinin
belilenmesi amaciyla, E.U.Z.F. Tarim Makinalari ve
Teknolojileri Muhendisligi Bolimii'nde bulunan 5 m
derinliginde 72 m> depo kapasitesine sahip olan
Pompa ve Sulama Ekipmanlari Deneme ve Arastirma
Laboratuvarinda bir deneme dlizeni olusturulmustur.
Deneme dizenine temiz su, dalgic pompa yardimiyla
saglanmis olup, filtrelerden gecen debi degerleri
vanalar yardimiyla ayarlanmis ve manyetik debimetre
yardimiyla Olclilmistir. Filtreden gecen her debiye
karsilik gelen yiik kaybi degerleri, filtrenin su giris ve
gikisina yerlegtirilen basing sensérleri  yardimiyla
Olclmustir. Yapilan &lctimler GeniDAQ 4.25 yazilimi
ve Adam 4017+ ve Adam 4520 veri toplama kartlariyla
toplanarak bilgisayara kaydedilmistir. Denemeler
esnasinda su sicakliklari da olgilerek kaydedilmistir.
Her bir oOlgimde elde edilen gok sayidaki verinin
ortalamasi alinarak debi-basing kaybi iliskisi ortaya
konulmustur.

Hesaplamali Akiskanlar Dinamigi (HAD)
Yontemiyle Simiilasyon Calismalan

Calismada, denemesi yapilan hidrosiklon filtrelerin
farkli su gegis hizlarinda olusturduklarn yik kayip
dederleri ve ayirma etkinlikleri, Hesaplamali Akiskanlar
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Dinamigi (HAD)nin Sonlu Hacimler Yontemi esas
alinarak ANSYS Fluent 16.2 (ANSYS, Inc. Products USA
Release 16.2) yazilimi yardimi ile hesaplanmistir.
Ilk asamada denemesi yapilan filtrelerin simiilasyon
calismasi icin gerekli olan kati modelleri cizilmis ve
sayisal ag (mesh) vyapilari olusturulmustur. On
galismalar sonucunda en iyi yakinsama (kalintr)
degerleri, ANSYS Fluent programinin otomatik ag
yapisinda varsayllan bolim segenekleri diginda;
Advanced Size Function: On:Proximity and Curvature,
Relevence Center: Fine, Smoothing: High, Span Angle
Center: Fine segenekleri kullanilarak gergeklesmistir.
Hidrosiklon tipine ve govde capina badl olarak ag
yapisina iliskin veriler ise digiim noktasi sayisi:
230000-36000, eleman sayisi: 1230000-1925000 ve ag
yapisi kalitesini igeren Maksimum Skewness: 0.7639-
0.7998, Minimum Orthogonal Quality: 0.2001-0.2655

Hidrosiklon filtre simiilasyonunda kullanilan
tiirbiilans modellerine iliskin parametreler

Yazilm igerisinde Sonlu Hacimler Yo&ntemi
kullanilarak sayisal goziimleme igin RNG k-¢, Realizable
k-€ ve RSM tirbilans modelleri kullanilmigtir. Her
secilen modele iliskin kabul edilen genel ve model
parametreleri, duvar segimleri ve ¢oziim parametreleri
asadida verilmistir.

RNG k- £ tiirbiilans modeli

Girdapli akislar igin gelistirilmis iki denklemli
tirbllans modelidir. Navier-Stokes denklemlerinden
yeniden normallestirme teorisi (renormalization group
theory-RNG) olarak adlandirilan istatistik teknik
kullanilarak elde edilmis yari ampirik bir modeldir. RNG
k- tirbilans modelinde tiirbiilans viskozitesi (uy)
asadidaki sekilde ifade edilmektedir.

ve  Maksimum  Aspect Ratio: 9.0906-17.801 k2
araliklarinda olusmustur. Hy = pCﬂ ?
S Simgeler  Agiklama

D, Su giris-gikis borusu gapi (mm)
D Govde gapl (mm)
D, Konik kismin taban gapi (mm)
D, Konik kismin tabani ile toplama tanki arasi (mm)
R Silindirik kisim egrilik yarigapi (mm)
L, Konik kismin yiiksekligi (mm)
Le Silindirik kismin yliksekligi (mm)
L, Cikis borusu gdvde igi uzunlugu (mm)
L; Hidrosiklon simetri ekseni ile giris basinci 6lgiim noktasi arasi (mm)
Le Hidrosiklon simetri ekseni ile gikis basinci 6lglim noktasi arasi (mm)
Ly Su giris borusu ekseni ile konik kisim arasi uzaklik (mm)
Hp Su giris-gikis noktalar arasi diisey uzakik (mm)
L Hidrosiklon toplanma tanki uzunlugu (mm)
Dy Hidrosiklon toplanma tanki yliksekligi (mm)

Sekil 2. Calismada ele alinan hidrosiklon filtrelerin teknik goriiniisii
Figure 2. Technical view of the hydrocyclone filters used in the study

Cizelge 1. Calismada ele alinan hidrosiklon filtrelerin teknik olgiileri
Table 1. Technical properties of the hydrocyclone filters used in the study

Hidrosiklon D, D, D, L, Le L, L; L. L, H, L Dy Dy
Tipi (inch)  (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
S20 2" 53 223 52 430 195 190 210 160 120 180 250 165 50
S25 2.5" 68 251 52 480 205 195 250 195 132 195 260 220 50
S30 3" 81 281 52 640 225 230 290 230 140 235 350 220 50
S40 4" 105 328 52 565 255 290 365 300 175 255 350 220 50
P20 2" 53 195 52 415 160 160 200 160 110 175 325 170 0
P25 2.5" 69 251 52 560 220 205 250 195 165 185 325 170 0
P30 3" 81 251 52 560 220 200 275 230 165 210 325 170 0
P40 4" 106 307 52 660 260 250 355 300 180 255 335 220 0

60



Esitlikte; 4, tlrbilans kinetik enerjisi ve ¢ tirbiilans
yayinim orani olup, C,=0.0845 yeniden normallestirme
(RNG) teorisi kullanilarak tiretilen katsayidir. Calisma
kapsaminda agiklamalar isiginda kabul edilen RNG k-¢
tlrbilans  modelinin  yeniden  diizenlenmesi ile
tlrbllans kinetik enerjisi (k) icin tasinim denklemi ve
tlrbilans yayinim orani (&) igin tasinim denklemi,
akiskanin sikistirlamaz oldugu ve kaldirma kuvveti
ihmal edilerek diizenlenmis olup esitlikteki katsayilar;
7=Sde, =438, p=0.012,G, =142 ve G, =1.68
alinmistir (ANSYS Fluent Theory Guide, 2016). Ayrica
degisken parametreleri asadidaki sekilde segilmistir.

Models

- RNG options: Swirl Dominated Flow

+ Near Wall Treatment: Non-Equilibrium Wall Functiouns
- Options: Curvature Corrections

Boundry Condiitions
Turbulance Specification Methods:

Intensity and Hydraulic Diameter

Backflow Turbulent Intensity: %5

Backflow Hydraulic Diameter: Her bir hidrosiklonun
giris-cikis capina gore hesaplanan degerler girilmigtir

Wall Roughness: hidrosiklon filtrelerin sac levhadan
kivrilarak Uretilmesi nedeniyle tiim duvarlar igin purizlilik
dederi 0.05 mm olarak alinmistir (White, 2001).

Solution Method's
Pressure-Velocity ~ Coupling
SIMPLEC, Skewness Correction: 5
Spatial Discretization
Pressure: PRESTO!
Momentum: Second Order Upwind
Turbulent Kinetic Energy: Second Order Upwind
Turbulent Dissipation Rate: Second Order Upwind

Algorithm:  Scheme:

Realizable k- ¢ tiirbiilans modeli

Realizable k-¢ tirbilans modeli, akim alanindaki
ylksek sekil degistirme hizlarinin ve sinir tabakasi
ayriimasinin - mevcut  oldugu  karmasik  akim
durumlarinda daha dogru sonuglar elde edilebilmesi
amaciyla gelistirilmigtir. Turbllans viskozitesi ()
esitlidi RNG k-g¢ tiurbilans modeli ile ayni olup,
esitlikteki €, katsayisi sabit olmayip bir esitlik
yardimiyla hesaplanmaktadir. Calisma kapsaminda
aciklamalar 1sidinda kabul edilen RNG k-¢ tirbilans
modelinin yeniden diizenlenmesi ile tirbdiilans kinetik
enerjisi (k) icin tasinim denklemi ve tiirbiilans yayinim
orani (€) igin taginim denklemi, akiskanin sikistirlamaz
oldugu ve kaldirma kuvveti ihmal edilerek diizenlenmis
olup esitlikteki katsayilar; ox=1.0 ve o,=1.2 ile G,
=1.44 ve G=1.9dir (ANSYS Fluent Theory Guide,
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2016). Realizable k-¢ tiirbiilans modeline iliskin kabul
edilen genel ve model parametreleri, duvar segimleri
ve ¢oziim parametreleri RNG k-¢ tiirbllans modeli ile
aynidir.

Reynolds Gerilme Modeli (RSM)

Reynolds geriime modeli (RSM), Reynolds
Ortalama Alinmis Navier-Stokes (RANS) denklemlerini
kullanmaktadir. Reynolds Gerilme Modeli (RSM);
edrisel ve ylksek donisli akimlarin, siklon/hidrosiklon
akigi, girdapl akimlarin, doénguli akim gegisleri, ikincil
akislarin, ayrilma olan akislarin dogru bir sekilde
gozilmesi igin iyi bir model olarak tanimlanmaktadir.

Dedisken  parametreleri  asadidaki  sekilde
secilmistir.

Models

-Reynolds-Stress Model: Stress-Omega

-K-omega Options: Shear Flow Corrections

duvar segimleri ve ¢6zim parametreleri RNG k-
turbillans modeli ile aynidir.

Omega Geriime Modeli (Stress-Omega Model)
dikkate alinarak akiskanin sikistirlamaz oldugu ve
kaldirma kuvveti ihmal edilerek diizenlenmis esitlikteki
katsayllar; =3.4, C1=1.8, G=4.2, G=0.8, C5=1.3,
G=1.25, G=0.4dr (ANSYS Fluent Theory Guide,
2016).

Galisma kapsaminda ¢dziimiin kararlilidi icin 2500
iterasyon sayisi ve ¢ozimin yakinsama (kalinti)
degerleri tiim degiskenler icin 1x10~> sinir deder kabul
edilerek, her bir tirbilans modeli igin similasyon
gozimlemeleri gergeklestiriimis ve calisma sonuglari
elde edilmistir.

Hidrosiklon Filtrelerde Ayirma Etkinliginin
Hesaplamali Akiskanlar Dinamigi (HAD)
Yontemiyle Belirlenmesi

Galisma kapsaminda materyal, kum segilmis ve
kumun ozkiitlesi 2770 kgm™ olarak alinmistir. Kum
tanesinin  Ozelliklerine goére hidrosiklonlarda ayrimin
ongorildiugl yani elek/disk filtrelerin etkin ayirma gapi
olan 120-150 mikrondan biyik taneleri ayirdigi
Ongorislyle, 150 mikrondan biyiik ve 1 mm'den kuigiik
capl taneler dikkate alinmistir. Ayrica ayinmda partikdl
debisi olarak Gediz Nehri'nin yaz aylarinda tasidigi
ortalama askidaki kati madde miktari olan 0.2 kgs®
dederi materyal debisi olarak kabul edilmistir (Bulancak,
2000).

Hesaplamali Akiskanlar Dinamigi
simulasyonlarinda, “Ayrik Faz Modeli (Discrete Phase
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Model-DPM)” kullaniimigtir. Kum tanelerinin
hidrosiklona giris ylizeyinden, tane caplarinin “rosin-
ramler” dagilimi (Mular, 2003) ile su hizi ile esit hizda
girdigi, caplarinin sayisi 20, fiziksel olarak tanelerin
kiresel oldugu ve ayirma esnasinda ayrilan kum
tanelerinin hidrosiklonun tank kisminda toplandigi
kabulii yapilmistir. HAD analizinde hidrosiklona giren
partikiillerin  kiitlesel degerlerinin  yerine benzer
yaklagimla giren tanelerin, gikistan kagan ve tankta
toplanan sayilari oranina goére etkinlik degerleri
belirlenmistir (Salopek et al., 1995; Faulkner et al.,
2007).

ET:( M JXIOO
}’lu+n0

Esitlikte; £ hidrosiklonun genel toplama etkinligi
(%); n, hidrosiklonun toplama tankinda toplanan
partikil maddenin sayisi (adet); n, hidrosiklondan
¢ikip sulama sistemine gegen partikil sayisi (adet) dir.

BULGULAR ve TARTISMA
“S"” Olarak Taniml Hidrosiklon Filtrelerde Basing
(Yiik) Kayiplarina iliskin Bulgular

“S” olarak taniml hidrosiklon filtreler igin RNG k-g,
Realizable k-e ve RSM tirbllans modelleri ile
gerceklestirilen akis analizlerinden elde edilen yiik
kayiplarina iliskin sonuglar S20, S25, S30 ve S40 tipi
hidrosiklon filtreler igin sirasiyla Sekil 3'de verilmistir.
S20 hidrosiklon filtre icin dedisik debi dederlerinde
RNG k—¢, Realizable k—¢ ve RSM tiirbilans modelleriyle
yapilan akis analizleri sonucunda elde edilen yiik kayip
degerleri ile deneysel veriler arasinda, debi
degerlerindeki artisa baglh olarak farklihik oldugu
gorilmektedir. RNG k—€ ve Realizable k—€ modelleri
arasinda 6nemli oranda fark gb6zlemlenmemis olup,
RSM tiirbiilans modelinin deneysel verilere en yakin
model oldugu gdzlenmistir. Bu fark o6zellikle sulama
sistemlerinde kullanilan borular igin optimum su hizi
araligi olan 1.5-2.5 ms™! icin (filtre giris capinda 10-20
m>h~! debi degerleri) daha da azalmakta olup iist debi
sinirnda (20 m*h™) ortalama 17-20 kPa civarinda bir
farka cikmaktadir. Bu fark, 250-300 kPa calisma
basing araligi diigiiniildiiiinde % 6-8 gibi bir sapma
degeri olarak ortaya gikmaktadir.

S25 tipi hidrosiklon filtre igin deneysel verilere en
yakin model cok kuligik bir farkla RSM tirbilans
modelinde olmustur. Bu hidrosiklon igin yaygin olarak
kullanilan calisma debi araligi 20-35 m*h™ (1.5-2.5
ms ') degerlerinde bulunan simiilasyon sonuglari ile
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deneysel veriler arasinda en ytiksek debide 35-40 kPa
civarinda bir fark oldugu belirlenmis olup bu fark, 250—
300 kPa galisma basing arali§i disindldigiinde %12-
16 gibi bir sapma degeri olarak ortaya cikmaktadir.
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Sekil 3. "S” olarak taniml hidrosiklon filtrelerde
deneysel yiik kayiplari ile farkls tiirbiilans modellerine
gore HAD g¢oziimlemesi ile yiik kayip sonuclarinin
karsilastiriimasi
Figure 3. Comparison results of experimental and CFD
analysis head losses based on diffferent turbulance models
for S type hydrocyclone filters



S30 tipi hidrosiklon filtre igin modeller arasinda
o6nemli oranda fark goézlemlenmemis olup, deneysel
verilere en yakin model, en yiiksek debide 24 kPa
farkla RSM tilrbllans modelinde olmustur. Bu
hidrosiklon igin yaygin olarak kullanilan calisma debi
araligi olan 3045 m>*h? (1.5-2.5 ms™!) degerlerinde
bulunan similasyon sonuglarn ile deneysel veriler
arasinda 15 kPa civarinda bir fark oldugu belirlenmig
olup bu fark, 250-300 kPa calisma basing aralidi
distinildaginde %5-6 gibi kiiglik bir sapma dederi
olarak ortaya gikmaktadir.

S40 tipi hidrosiklon filtre icin degdisik debi
degerlerinde  RNG k—¢, Realizable k-¢ ve RSM
tirbllans modelleriyle akis analizleri sonucunda elde
edilen yik kayip dederlerinin deneysel verilere cok
yakin oldugu ve bilyik benzerlik icerdigi aciklikla
gorilmektedir. Deneysel yik kaybi ve HAD ile
hesaplanan yik kaybi dederleri arasinda en ytksek
fark 5-6 kPa diizeyinde olmustur. S6z konusu deger bu
sistemlerin galisma basinci olan 250-300 kPa basing
aralidi dustnildigiinde %2 gibi oldukga kiiclik bir
deger olarak ortaya cikmaktadir. Bu fark 6zellikle
sulama sistemlerinde kullanilan borular igin optimum
su hizi araligi olan 1.5-2.5 ms! icin (S40 tipi filtrenin
calisma debisi olan 45-70 mh™ debi degerleri
araliinda) daha da azalmakta ve deneysel Olclim ile
hesaplama sonuglari arasindaki fark 3 kPa diizeyinde
olup calisma basing degerine gore %1 lik bir sapma
ortaya gikmaktadir. Ozellikle bu hidrosiklon icin yaygin
olarak kullanilan calisma debi araligi olan 45-60 m°h
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igin bulunan similasyon sonuglari ile deneysel verilerin
tam uyumlu oldugu soylenebilir.

Calisma  kapsaminda  gergeklestirilen  analiz
sonuglarindan filtre icindeki hiz dadilimlan da
incelenmistir. Bu amagla S40 tipi hidrosiklon filtrede 4
farkh su giris hizinda (0.93, 1.46, 1.93, 2.97 ms!) ve
yaklasik 30, 45, 60 ve 90 m3h™ debi degerlerinde,
hidrosiklon icinde meydana gelen hiz degisimlerinin
RSM tiirbilans modeli ile belirlenen sonuglarina iliskin
bulgular Sekil 4'de verilmistir.

S40 tipi hidrosiklon filtre icin alt deger olarak kabul
edilen 0.93 ms™ hizda (30 m*h* debi degerindeki)
girdap kilavuzu bdlgesinde ve hidrosiklon konik
kismindaki hizlarin birbirlerine oldukga yakin oldugu ve
ayinm igin gerekli olan kritk hizlarin olustugu
gorilmektedir.

ikinci ve (dgiincli sekiller incelendiginde girdap
kilavuzu uzantisinin ve hidrosiklonun i¢ ve dis girdap
sininndaki arayliz capinin belirgin bir sekilde olustugu
gorilmektedir. Hizin yiikselmesine bagdh olarak bu
arayliziin kaybolmaya bagladigi dordincli sekilden
aciklikla goriilmektedir. Hidrosiklon filtreler igin giris
capina bagh olarak optimal cevre hizlarinda calisiimasi
iyi bir ayinm igin 6nemli olan kritik arayliz gapinin
olusmasinda etkili oldugu soylenebilir. Yiksek hiz (2.97
ms™?) dederinde ise bu sinir arayiiz capinin yavas
yavas birbirine karisti§i, girdap kilavuzu girisinde
oldukca  ylksek  hizlarin  olustugu  aciklikla
gorilmektedir.

R“

o
-

Sekil 4. S40 tipi hidrosiklon filtre icin 4 farkh su giris hizinda (0.93, 1.46, 1.93, 2.97 ms ') meydana gelen hiz
degisimlerinin RSM tiirbiilans modeli ile g6ziimlemesine iliskin sonuclar
Figure 4. The analysis results of velocity variation at 4 different water inlet velocities (0.93, 1.46, 1.93, 2.97 ms™) for S40 type
hydrocyclone filter using RSM turbulance model
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Akiskanlar Dinamigi (HAD) Yontemi ile Belirlenmesi

“P” Olarak Tanimh Hidrosiklon Filtrelerde
Basing (Yiik) Kayiplarina iliskin Bulgular

“P" olarak tanimli hidrosiklon filtreler igin RNG k-g,
Realizable k-€¢ ve RSM tirbilans modelleri ile
gerceklestirilen akis analizlerinden elde edilen yiik
kayiplarina iliskin sonuglar S20, S25, S30 ve S40 tipi
hidrosiklon filtreler igin sirasiyla Sekil 5'de verilmistir.
Genel olarak biiyUlk giris cikis capli hidrosiklon filtreler igin
dedisik debi dederlerinde
sonuglar ile galismada ele alinan RNG k—¢, Realizable k—¢
ve RSM tirbiilans modelleriyle yapilan akis analizleri
sonucunda elde edilen modeller uyumlu bir tahminleme
gergeklestirmistir. Ozellikle RSM tiirbillans modelinin gok
yakin bir tahminlemeyi gerceklestirdigi goriilmektedir.
Kiguk giris cikis caplh hidrosiklon filtreler icin modeller ile
tahminlerin tam uyumlu olmamasi, similasyon igin
hazirlanan  kati hatasiz  olmalarindan
kaynaklanmaktadir. Ozellikle kiiglik boyutlu hidrosiklon
filtrelerde silindirik ve konik kisimlarda saclarin birlestigi
kenarlarda, silindirik kisma giris borusunun teget
olarak badlanti yaptigi bdlimde pargalarin kesimi
sirasinda ve kaynakl birlestirme asamasinda baz
hatali bélimler olusabilmektedir. Ancak kati model
gizimlerinde yekpare kusursuz birlesimlerin olusturulmasi
ve yukarida ifade edilen birlesme hatalarinin tam olarak
gizilen parga lizerine aktarilamamasi nedeniyle gercek
Olglimler ile similasyondan elde edilen sonuglar arasinda
farkliliklar olusmaktadir. Bu nedenle deneysel olarak elde
edilen sonuglarin hemen hemen hepsi HAD g6ziimlemesi
ile elde edilen yik kayip sonuglarina gore daha ytiksek
olmaktadir. Bu durum deneysel yiik kayiplar degerlerinin
HAD c¢6ziimlemesi ile elde edilen yik kayip sonuclar ile
karsilastinldigi tiim sekillerde de goriilmektedir. Bununla
birlikte model verilerinin egrilerinin uyumlu oldugu, ancak
yuksek debilerde (hidrosiklon filtrelerin gergek calisma
sinirinin - Gstiine  gikildiginda) sapmanin  arttigi, ancak
bunun en bliylik sapmada bile %12-16 aralidinda kaldigi
aciklikla gorilmektedir.

laboratuvarda bulunan

modellerin
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Sekil 5. “P" olarak taniml hidrosiklon filtrelerde

deneysel yiik kayiplari ile farkl tiirbiilans modellerine

gore HAD goziimlemesi ile yiik kayip sonuglarinin

karsilastiriimasi

Figure 5. Comparison results of experimental and CFD
analysis head losses based on diffferent turbulance models

for P type hydrocyclone filters



Hidrosiklon Filtrelerde Ayirma Etkinligine Iliskin
Bulgular

Calisma kapsaminda ele alinan “S” ve “P” tanimh
hidrosiklon filtrelerde ayirma etkinligi HAD “Ayrik Faz
Modeli (DPM)” ydntemiyle ortaya konmus, ©rnek
olarak S20 tip hidrosiklon filtresinin iki farkli calisma su
hizina (debi dederine) iliskin sonuglar verilmistir. Birinci
hiz olan filtre girisinde 0.65 ms* hiz ve yaklasik 5
m°h~ debi dederi icin ayirma etkinligine iliskin olarak,
analiz baslangicinda 120 adet partikiil yoriingede yer
almis, bunun 119 adedi toplama tankinda toplanmis
(ny), filtre cikisindan gegen partikil olmamis ancak 1
adet partikiil ise olusan girdap nedeniyle hareketine
devam ettijinden islem tamamlanmamistir. Bu
durumda hidrosiklonun genel toplama etkinligi %100
olarak hesaplanmis ve hidrosiklon iginde degisik
caplardaki partikiillerin meydana getirdigi yoriingelerin
durumu ve ayirma durumu Sekil 6'da verilmistir.
Partikiillerin tamaminin ayrildi§i sekilden de aciklikla
gorilmektedir.

S20 tipi hidrosiklon filtresinin girisinde daha yliksek
giris hiz ve debi (2.93 ms™ hiz ve yaklagik 23 m’h™
debi) dederleri igin ayirma etkinligine iliskin
gergeklestirilen analiz baslangicinda 120 adet partikail
yoriingede yer almis olup, bunun 88 adedi toplama
tankinda toplanmis (77,), 15 adedi filtre cikisindan
gegmis (n,) ve 17 adet partikiil ise olusan girdap
nedeniyle hareketine devam ettiinden islem
tamamlanmamistir. Bu durumda hidrosiklonun genel
toplama etkinligi, %85.44 olarak hesaplanmis ve
hidrosiklon icinde dedisik caplardaki partikiillerin
meydana getirdigi yoriingelerin durumu ve ayirma
durumu Sekil 7'de verilmigtir.

Sekil 6. RSM tiirbiilans modeli igin 2” (S20)
hidrosiklon filtrede 0.65 ms™ hiz degerinde ayrik faz
modeli icin degisik caplardaki partikiillerin meydana

getirdigi yoriingeler ve ayirma durumu
Figure 6. The trajectory and separation of particles at
different diameters, and a velocity of 0.65 ms-! for the
discrete phase model for RSM turbulance model for 2” (S20)
hidrocyclone filter

2"
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Sekil 7. RSM tiirbiilans modeli icin 2" (S20)
hidrosiklon filtrede 2.93 ms™ hiz degerinde ayrik faz
modeli icin degisik caplardaki partikiillerin meydana

getirdigi yoriingeler ve ayirma durumu
Figure 7. The trajectory and separation of particles at
different diameters, and a velocity of 2.93 ms-! for the
discrete phase model for RSM turbulance model for 2” (S20)
hidrocyclone filter

Lot

SONUC ve ONERILER

Bu galismada, damla sulama sistemlerinde yaygin
olarak kullanilan 2”7, 212", 3" ve 4” anma giris ve gikis
gapina sahip hidrosiklon filtrelerin yiik kaybi ve ayirma
etkinligi dederlerinin HAD y6ntemiyle ortaya konmasi
amagclanmistir.

Tarimsal sulamada kullanilan hidrosiklon filtrelerde
suyun giris ve cikis noktalari arasinda meydana gelen
yik kayiplarini tahminlemeye yonelik olarak yapilan
HAD simiilasyonunda RSM tirbiilans modeli, RNG k—¢
ve Realizable k-¢ modelleri kullanilmistir. Yapilan
analizlerde literatlirde de tirbdilansli akis icin dogruya
en yakin sonuglar verdigi belirtilen RSM tirbilans
modeli diger modellere gére daha yiiksek dogrulukta
deneysel verileri tahminleyebilmektedir. RSM tiirbilans
modeli ile birlikte kullanilan ve standart duvar
fonksiyonunda ihmal edilen yiksek basing ve hiz
degisimlerini gdz 6niine alarak hesaplama yapan non-
equilibrium  duvar fonksiyonu, model dogruluk
derecesini  yukseltmigtir. Deneysel  sonuglarla
uyumluluk gdésteren simiilasyon sonuglari, literatiirde
incelenen  model calismalarinda  oldugu  gibi
uygulamada kullanilan gergek boyutlu hidrosiklonlarda
da HAD simiilasyonunun yuk kayiplarinin
tahminlenmesinde etkin sekilde kullanilabilecegini
gostermektedir. Bununla birlikte hidrosiklonlarin
gercek calisma sininnin Ustiindeki debilere cikildidinda
sapma artmis ancak bu durumda bile en bliyiik sapma
%12-16 araliginda kalmistir.
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Akiskanlar Dinamigi (HAD) Y6ntemi ile Belirlenmesi

Hidrosiklon filtrelerde aylirma etkinliginin
belirlenmesinde ise “Ayrik Faz Modeli (Discrete Phase
Model - DPM)" yontemiyle analizler gergeklestiriimis ve
ayirma etkinligine iliskin sonuclar elde edilmistir. Genel
olarak yuk kayiplarinin tahminlemesinde denemelerde
elde edilen yik kayip dederlerine daha vyakin
hesaplama sonuglari veren RSM tirbilans modeli ile
ayirma etkinligi irdelenmistir. Deneysel sonuglarla
uyumluluk gdsteren similasyon sonuclari, gercek
boyutlu hidrosiklonlarda HAD simiilasyonunun ayirma
etkinliginin tahminlenmesinde etkin sekilde
kullanilabilecegdini gostermektedir.

Calisma sonucunda elde edilen verilerin, hidrosiklon
imalati yapan sektor temsilcilerine aktarilarak, etkinligi
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TARIM MAKINALARI BiLiMi DERGiSi YAYIN iLKELERI

1. Dergide asagidaki konularda hazirlanan ve daha 6nce yayinlanmamis arastirma ve makaleler yayinlanir,

Tarimda Yenilenebilir ve Yeni Enerji Kaynaklari

Tarimda Enerji Kaynaklarinin Etkin Kullanimi

Tarim Makinalarindaki Son Gelismeler

Traktor ve Sistem Araglarinda Gelisme Egilimleri

Algilama ve Kontrol Sistemlerindeki Yenilikler

Hasat Sonrasi iglemler

Biyosistem Miihendisliginde Optimizasyon Teknikleri ve Uygulamalari
Tarimsal Mekanizasyon Planlama ve Yonetiminde Son Gelismeler

disket/cd ile birlikte yayin komisyonuna génderilir.

Makale Microsoft Word yazilimiyla, bir adet yazar isimli, iki adet isimsiz makale ciktisi olarak 3 nlsha,

3. Makaleyle birlikte "Makale hicbir yerde yayinlanmamistir' beyaninin bulundugu tiim makale

yazarlarinin imzasi olan dilekge gdnderilir.

Yayinlanmayan makaleler geri verilmez.
5. Bir yazarin ayni sayida ilk isim olarak en fazla iki makalesine yer verilir.
6. Makalelerin bilimsel sorumluluklan yazarlarina aittir.

Makaleler, yayin komisyonunca uygun goriilmesi ve hakemler tarafindan kabul edilmesi halinde yayimlanir.

TARIM MAKiINALARI BiLiMi DERGiSi YAZIM KURALLARI

1. Makale genel olarak; Bashk, Tiirkce ve ingilizce 6zet, Giris, Materyal ve Yontem, Arastirma
Bulgulari, Tartisma ve Sonug, Literatiir Listesi, ana basliklari altinda hazirlanmalidir. Eger
isteniyorsa tesekkiir bolima literatir listesinden hemen 6nce yer almalidir.

2. Makalenin tamami metin, cizelge ve sekiller dahil olmak {izere 8 sayfayl gegmeyecek sekilde A4 kadidina
Gift siitun olacak sekilde yazilmalidir (siitun genisligi 7.62, siitunlar arasi 0.75).

3. Makale metni, Ustten 4.0 cm, alttan 3.0 cm, sag ve sol yandan 2.5 cm bosluk birakilarak yazilmaldir.

4. Makale metni, 1.25 satir aralikl ve “Tahoma” yazi karakteri ile yaziimalidir.

5. Hakem dizeltmelerindeki iletisimi kolaylastirmak amaciyla satirlar her sayfada yeniden baglayacak sekilde
numaralandiriimalidir.

6. Makale bashdinda sozciiklerin sadece bas harfleri biiyllk, 13 yaz karakteri blylkliga ile koyu ve
ortalanmis olarak yaziimaldir.

7. Yazar adlar, bashktan sonra 2 satir bosluk birakiimali, yazarlarin adlan kiglik, soyadlar biylik
kisaltiimaksizin, 10 yazi karakteri biiyikligi ile koyu yazilmaldir. Birden fazla yazar adi virglille ayrilarak
yan yana siralanmaldir.

8. Yazar adlarindan sonra bosluk birakilmadan yazarlarin galistiklari kurum adlari, adresleri ve sorumlu
yazarin e-posta adresi yer almalidir.

9. Adreslerin ardindan 2 satir bosluk birakilarak “Ozet” bdlimiine baslanmalidir. Ozet metni 9 yazi karakteri
blyukligu ile 1 satir aralikli yazilmali ve altinda “Anahtar kelimeler:” yer almalidir.

10. Ozet bdlimiinin ardindan 1 satir bosluk birakilarak ingilizce baslik 10 yaz karakteri buyiklugi ile
yazilmalidir. Ingilizce basliktan sonra 1 satir bosluk birakilarak “Abstract” béliimiine baslanmalidir.
Abstract metni yazim alani 14 cm genisliginde tek situn olacak sekilde 9 yazi karakteri blyukliga ile 1
satir aralikli yazilmali ve altinda “Key words:” yer almalidir.

11. BOolim basliklari ve metin, “Tahoma” yazi karakteri ile 9 biyiikligiinde yaziimaldir.

12. Bolum bagliklari, koyu, biiyik harfle ve soldan hizali olarak, bélimler igindeki alt basliklar ise ilk harfleri
buylk olacak sekilde koyu yazilmali, basliklarin hepsi numarasiz olmalidir.

13. Makale metni, sagdan ve soldan hizali olarak yazilmal paragraflarin ilk satirinda 0.5 cm girinti yapilmalidir.
Paragraf aralarinda bosluk birakilmamalidir.

14. Metin iginde literatir agiklamalar soyadi ve tarih verilmek suretiyle (Witney, 1998; Howell and Hiller,

1974; Pitts et al, 1986) diizenlenmelidir. Birden fazla kaynak belirtiimek istendiginde bunlar noktal virgiil
ile aynimalidir. ikiden fazla yazar olmasi durumunda birinci yazardan sonra "ark. “veya "et al.”kisaltimasi
yapilmalidir.



15.

16.

17.

18.

19.
20.

Esitlikler MSWord “Equation Editor” kullanilarak, ayrn bir satir/lar halinde yazilmaldir. Esitlikler
numaralandirimalidir. Esitlikler satir ortasina, esitlik numaralari ise bu kolonun sadina dayali olarak
parantez icinde yer almalidir. Esitliklerdeki matematik simgeler agiklanmalidir.

Cizelge ve sekiller, biiylikligiine gbre metin igerisinde konu akisina uygun olarak yerlestiriimelidir. Tek
stitun igerisine sigmayan Cizelge veya sekiller sayfa bagina veya sonuna yerlestirilmelidir.

Gizelge basliklari gizelgelerin lizerine, sekil basliklar ise seklin altina, koyu ve ilk harfleri kiiglik olarak
yazilmalidir. Cizelge ve sekillerin igerikleri, “Tahoma” yaz karakteri ile 8 biyikliginde olmaldir.

Gizelge ve sekiller bilgisayar ortaminda siyah-beyaz olarak hazirlanmalidir.

Metrik birim sistemleri (SI) kullaniimalidir.
Metin icinde anilan bitlin literatirler, “Literatiir Listesi”"nde yer almalidir. Literatir listesi alfabetik sirada
8 yazl karakteri buyikligiinde asadidaki gibi diizenlenmelidir.

Kitaplar icin;
Birinci yazarin soyadi, adinin bas harfi, diger yazarlarin adinin bas harfi, soyadi, yayin yili, (kitapta
b6lim yazarlar iseler, bolim adi ve kitabin yazari), kitabin adi (/italik), yayinevi.

Merriam, J. L., M. N. Shearer, C. M. Burt, 1983. Evaluating Irrigation Systems and Practices. Chap.17,
pp.721-760. In: Design and Operation of Farm Irrigation Systems. M.E.Jensen (ed.), ASAE , 2950 Niles
Road, St.Joseph, Michigan, 49085.

Dergiler igin;
Makalede birinci yazarin soyadi, adinin bas harfi, diger yazarlarin adinin bas harfi, soyadi, yayin yili,
makalenin adi, derginin adi, cilt no, say! no, sayfa no.

Kang, Y., S. Nishiyama, 1996. Analysis of Microirrigation Systems Using a Lateral Discharge Equation.
Transactions of the ASAE 39 (3): 921-929.

Schaeffer, L. R. 1997. Subject: Random Regressions.
http://chuckagsci.colostate.edu/wais/logs/agdg869258263.html , Erisim: Kasim 1997.

Dpt, 2002. Sekizinci Bes Yillik Kalkinma Plani. Gida Sanayii Ozel Ihtisas Komisyon Raporu.
http://ekutup.dpt.gov.tr/gida/oik646.pdf , Erisim: Kasim 2002.
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1.

The Journal accepts original and unpublished research articles and review articles in the following fields;

e Renewable and New Energy Resources in Agriculture

o Efficient Use of Energy Resources in Agriculture

e Recent Developments in Agriculture

¢ Development Trends in Tractors and System Devices

e Recent Developments in Sensors and Control Systems

e Postharvest Operations

¢ Optimization Techniques and Applications in Biosystems Engineering

e Recent Developments in Machinery Planning and Management
The manuscript written in Microsoft Word format should be submitted via electronic media, as either floppy
disk or CD or email, to the Editorial Board in three copies, only one with the names of the authors.
The manuscript must be accompanied by a “Form of Declaration that the Manuscript has not been published
elsewhere”. The form which can be found at http://www.tarmakder.org.tr/basvuru.doc must be filled in
completely and signed by all the authors.
Manuscripts are published if the Editorial Board confirms and the referees accept. Those unpublished
manuscripts are not given back.
An author can have maximum two papers as the first author to be printed at the same issue.
Authors are responsible for the scientific content of their manuscripts.

Writing Rules

1.

10.
11,

12.

13.

Manuscripts, in general, should follow this order: Title, Abstract both in English and Turkish, Introduction,
Materials and Methods, Research Results, Discussion and Conclusions, Acknowledgements (if necessary) and
References. Contributors who are not native Turkish speakers may submit their manuscripts with an abstract
written in English only.

The total number of A4 pages of the whole manuscript including text, tables and figures must not exceed 10
and the text should be written in two-column format with a column width of 7.62 cm and spacing of 0.75 cm.
The page margins of the manuscript must be as follows; top: 4.0 cm, bottom: 3.0 cm, left and right: 2.5 cm.
The manuscript must be typed in Tahoma font type with 1.25 cm of line spacing.

In order to ease the description of evaluation notes of the referee, lines should be numbered starting with 1
at each page.

The title should be written in 13 points of font size, bold and center aligned. First letter of each word of the
title should be capital.

Author names should be listed after 2 blank lines below the title and typed in bold with 10 points font size.
Authors’ first names should be in small letters, e.g. James, and surnames all in capital letters, e.g. BROWN.
For more than one author, names should be separated by a comma on the same line.

Next line after the authors’ names, without giving any blank line, names and addresses of the authors’ and
the email address of the corresponding author should be provided.

Abstract should follow the addresses after 2 blank lines. Abstract text body should be typed in as 1 column of
14 cm width, 9 points font size with a line spacing of 1. Keywords should follow the abstract as a separate
line.

Section headings and the text should be in “Tahoma” font type with 9 points of font size.

Section headings should be bold capital letters and left aligned. Sub-headings of the sections should also be
bold but small letters starting with a capital letter. No numbering will be given to any of the headings.
Alignment of the text body of the manuscript should be justified with 0.5 cm of first line indentation. No
spacing will be given between the paragraphs.

References should be cited in the text by the last name(s) of the author(s) and year of publication, for
example, (Brown, 1984) or (Ulusoy and Evcim, 1984). If the citation is the subject of the sentence, then only
the date should be given in parentheses, for example, According to Hatipoglu (1984) or as suggested by



14.

15.

16.

17.

18.
19.

Ulusoy and Evcim (1984). For citation of references with three or more authors, only the first author’s name
followed by “et al.” should be used, for example, (Ucucu et al.,, 1988) or as shown by Ucucu et al. (1988). If
there is more than one reference in the same year for the same author(s), then please add the letters “a”,
“b”, etc. to the year, for example, (Berkel, 1970a, 1970b). If there are more than one reference cited
following each other, semicolon ( ; ) should be used to separate.

Equations should be typed by using the MSWord “Equation Editor” as a separate line between the text.
Equations must be center aligned and numbered. Numbering should be placed in parentheses as right
aligned of the equation line. Definitions for symbols used within the equations must be provided following the
equation.

Tables and figures should be placed within the text close to their citation. Those tables or figures which do
not fit to their column should be placed either top or bottom of the page in one column format.

A brief but complete and self-explanatory caption should be given to tables and figures. Captions must be
above the tables as left aligned and below the figures as center aligned. Caption text should be in Tahoma
font type, 8 points font size, bold and in sentence format (only the first letter is capital).

Tables and figures must be prepared in black and white or grayscale. Figures as photos or drawings must
have a good contrast of dark and light.

Metric SI (Systeme International d’ Unites) units must be used in manuscripts.

References should be in 8 points font size and listed alphabetically at the end of the text without nhumbering.
References to books, journal articles and URL web sites, etc. should be listed as given below:

For Books;

Last name of the first author, initial(s) of first name(s), initial(s) of the co-author first name(s), full last name
of the co-author, publication year, (if they are the authors of a section of a book then the section heading
and the author(s) of the book), title of the book (in italics), publishing company. e.g.;

Merriam, J. L., M. N. Shearer, C. M. Burt, 1983. Evaluating Irrigation Systems and Practices. Chap.17,
pp.721-760. In: Design and Operation of Farm Irrigation Systems. M.E.Jensen (ed.), ASAE , 2950 Niles
Road, St.Joseph, Michigan, 49085.

For Journal articles;

Last name of the first author, initial(s) of first name(s), initial(s) of the co-author first name(s), full last name
of the co-author, publication year, title of the manuscript, title of the journal, volume number, issue number
and page number. e.g.;

Kang, Y., S. Nishiyama, 1996. Analysis of Microirrigation Systems Using a Lateral Discharge Equation.
Transactions of the ASAE 39 (3): 921-929.

For URLSs;
e.g.;

Schaeffer, L. R. 1997. Subject: Random Regressions.
http://chuckagsci.colostate.edu/wais/logs/agdg869258263.html , Erisim: Kasim 1997.

Dpt, 2002. Sekizinci Bes Yillik Kalkinma Plani. Gida Sanayii Ozel Thtisas Komisyon Raporu.
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