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ABSTRACT

This study investigated the yield and quality response of soybean [Glycine max (L.) Merr.] to full and deficit irrigation
applied at different growth stages under sub-humid climate conditions over a two-year period. A rain-fed (non-irrigated)
treatment and 13 different irrigation treatments (1 full and 12 deficit irrigations) were applied to soybeans at four critical
development stages: vegetative (V), flowering (F), pod formation (P) and seed enlargement (S). Deficit irrigation had a
significant effect on seed yield, crude oil content, crude protein content and various agronomic parameters. The highest
seed yield (4004 kg ha™') was obtained with full irrigation (based on the replenishment of 100% of soil water depletion
from a soil depth of 90 cm at 7-day intervals throughout the development period) and the lowest (1974 kg ha'') with the
rain-fed treatment, with a 50.6% difference in average yield between full irrigation (VFPS) and rain-fed treatments. The
rain-fed treatment also resulted in the lowest crude oil content (19.1%) and the highest crude protein content (33.6%).
As a result, it may be concluded that while VFPS treatment may be the best choice for maximum yield under local
conditions, irrigation schedules should be reconsidered when water cost is high and/or water is scarce; in such cases, an
irrigation schedule that includes water deficit at the vegetative development stage can be applied.

Keywords: Deficit irrigation; Soybean; Seed yield; Yield components; Crude oil content; Crude protein content

Yar1 Nemli Iklimde Farkh Gelisme Donemlerinde Uygulanan Tam ve
Kisintilh Sulamanin Soya Fasulyesinin Verim ve Kalitesine EtKkisi
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OZET

Bu ¢alismada, yar1 nemli iklim kosullar1 altinda iki y1l siireyle soya fasulyesinin farkl gelisme dénemlerinde uygulanan
tam ve kisintili sulamaya verim ve kalite tepkileri arastirtlmigtir. Deneme konularmin olusturulmasinda soya fasulyesi
bitkisinin dort kritik gelisme donemi (vejetatif; V, cigeklenme; C, bakla olusumu; B ve tane gelisimi; T donemleri)
dikkate alinmistir. Buna gore, 13 farkli sulama konusu (1 tam ve 12 kisintili sulama) ve susuz konu olmak tizere 14
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deneme konusu olusturulmustur. Calisma sonuglarina gére; kisintili sulama, soya fasulyesi tane verimi, yag orani,
protein orani ve belirli agronomik parametreler tizerine 6nemli diizeyde etki gostermistir. En yiiksek tane verimi (4004
kg ha') tam sulama konusundan (VCBT konusu, her 7 giinde bir 0-90 cm derinligindeki mevcut nemi tarla kapasitesine
tamamlayacak miktarda sulama suyu uygulanmasi), en disiik tane verimi (1974 kg ha'), tam sulama konusu ile
kargilastirildiginda % 50.6 azalma ile susuz konudan elde edilmistir. Ayrica, en disiik yag orani (% 19.1) ve en yiiksek
protein orani (% 33.6) susuz konuda dl¢iilmiistiir. Sonug olarak, VCBT konusunun yari-nemli iklim kosullar altinda en
yiiksek tane verimine ulasmak i¢in en iyi se¢im olabilecegi, ancak su {icreti yiiksek ve/veya su kit oldugunda, sulama
programlarmin tekrar ele alinmasinin gerektigi, boyle kosullarda, vejetatif gelisme doneminde su kisintisina yonelik bir

sulama programinin uygulanabilecegi belirlenmistir.

Anahtar Kelimeler: Kisintili sulama; Soya fasulyesi; Tane verimi; Verim bilesenleri; Yag orani; Protein orani

1. Introduction

Drought has been the major environmental
constraint to plant survival and crop productivity
in recent years (Boyer 1982), and most climate-
change scenarios envision increasing aridity in
many regions of the world in the years to come
(Petit et al 1999). Given that the major agricultural
use of water is for irrigation, a decrease in water
supply will require more efficient water use, with
deficit irrigation one way of maximizing water
use efficiency (WUE) and obtaining higher yields
per unit of irrigation water applied. With deficit
irrigation, crops are exposed to a degree of water
stress during a particular period or throughout
the growing season, with the expectation that
any reduction in yield will be insignificant when
compared to the benefits gained by diverting the
saved water to other crops (Kirda 2002).

Full irrigation is economically justifiable only
when water is readily available and irrigation costs
are low (James 1993). In regions where there is a
water deficit, irrigation can significantly increase
soybean yields (Korte et al 1983a; Kadhem et al
1985; Scott et al 1987; Karam et al 2005). Irrigation
has also been reported to increase profits from
soybean in areas with soil-moisture deficits (Salassi
et al 1984). However, soybean is produced in many
arid, semi-arid and sub-humid regions where water
resources are limited and deficit irrigation is a
necessity. In such areas, new irrigation techniques
that make use of deficient irrigation practices can

© Ankara Universitesi Ziraat Fakiiltesi

result in a more efficient use of water resources
(Rosadi et al 2005).

Soybean has adapted to a wide array of
climatic, soil and growth conditions, although
it is mostly grown on rain-fed land (Fageria et al
1997). Soybean yield is highly affected by soil-
water availability (Ashley & Ethridge 1978; Korte
et al 1983b). Depending on the hybrid, the growth
period usually ranges from between 90-120 days
and requires 450-700 mm of water (Doorenbos
& Kassam 1979). Foroud et al (1993) reported
that soybeans are most susceptible to water stress
during stages R1 (beginning of flowering through)
R5 (beginning of seed formation), whereas Yazar et
al (1989) indicated soybean to be most susceptible
to water stress during grain filling (R5-6), followed
by the flowering (R1-2) and vegetative (Vn) stages.
Dogan et al (2007) showed that any water stress
imposed on soybeans during R3 (beginning of
pod formation), RS and R6 (full seed) resulted in
substantial reductions in yield compared with full
irrigation, with the greatest yield reduction at the R6
stage. Biomass and 1000-seed weight also showed
significant differences.

Understanding the critical timing of irrigation
for crops in humid and sub-humid areas may allow
for a more judicious use of limited water supplies
(Sweeney et al 2003). This study aimed to determine
the yield and quality response of soybean to full and
deficit irrigation applied at different growth stages
under sub-humid climatic conditions.

130
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2. Material and Methods

This study was conducted at the Uludag University
Faculty of Agriculture Research and Training
Centre (40° 11°N latitude; 29° 04’E longitude,
100 m altitude) in Bursa, Turkey under sub-humid
climatic conditions during the 2005 and 2006
growing seasons. According to long-term climatic
data (1975-2003), the annual mean rainfall,
temperature and relative humidity of the region
were 676 mm, 14.5 °C and 66%, respectively. The
soil of the experimental field at depths of 0-120
cm is characterized by its clay content (48.5%
clay, 28.7% loam and 22.8% sand), with less than
1 percent organic matter (0.47%). Bulk densities
of the 0-0.30, 0.30-0.60, 0.60-0.90 and 0.90-1.20
m soil profiles were 1.35, 1.36, 1.34 and 1.38 g
cm?, respectively, and the total available moisture
(TAM) of the experimental field for the 0-120 cm
soil profile was 232.7 mm. Soil pH (saturated paste)
and electrical conductivity (EC) were 6.9 and 0.6 dS
m!, respectively.

The experiment was conducted on 23.4 m? (3.9
x 6.0 m) plots using a randomized complete block
design with three replications. Soybeans (Nova
variety) were planted on 21 April 2005 and 3 May
2006 at a seeding depth of approximately 3 cm with
row spacing of 0.65 m and plant spacing of 5 cm.
The crop phenological cycle was divided into four
critical periods based on soybean growth stage, as
follows: vegetative (V, V5-R1), flowering (F, R1-
R3), pod formation (P, R3-R5) and seed enlargement
(S, R5-R7), to determine the effects of irrigation
treatments (Table 1). Irrigation water was applied at
7-day intervals as full and deficit according to the
treatments given in Table 2. In 2005, rainfall was
adequate for uniform emergence. In 2006, plots
were irrigated by sprinkler irrigation after planting,
and 60 mm of irrigation water was applied for
seed-zone wetting to obtain uniform emergence.
Following emergence, drip irrigation was used, with
the amounts of irrigation water measured using a
water meter, and the pressure for each plot stabilized
according to pressure gauges mounted on the pipe
for each plot. A polyethylene lateral drip line was
designed for each row using 16 mm-dia. lateral

pipes with 2 L h'! in-line drippers spaced at 20 cm.
Dripper discharge and spacing were selected based
on clay soil texture and a soil infiltration rate of 5.8
mm h'. Based on a soil analysis conducted prior to
sowing, 50 kg ha' fertilizer containing N, P and K
were applied prior to sowing, and an additional 50
kg ha'' N was added in the form of urea when plants
reached 25-30 c¢cm in height. Given that the tested
soybeans were not inoculated and that no soybeans
had been previously grown on the same plot, the
absence of any beneficial nitrogen-fixing rhizobia
was assumed.

Table 1- Soybean growth stages
Cizelge 1- Soya fasulyesi gelisme dénemleri

Vegetative stages

VE Emergence

VC Cotyledon

V1 First node

Vn nth node
Reproductive stages

R1 Beginning of bloom

R2 Full bloom

R3 Beginning pod

R4 Full pod

RS Beginning seed

R6 Full seed

R7 Beginning maturity

RS Full maturity

Soil water content (SWC) of the 0-120 cm soil
profile was measured in the centre of the plot at
depths 0f 0.16, 0.45, 0.75 and 1.05 m once per week
prior to irrigation using a neutron probe (503 DR
Hydroprobe, CPN International, Inc., Martinez, CA,
USA), and volumetric water content at a depth of
0.3 m was assessed on the basis of soil sampling.
Crop evapotranspiration (ET) for each treatment,
defined as the residual soil water balance for the
time between two successive SWC measurement
dates was calculated by using Equation 1.
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Table 2- Irrigation treatments

Cizelge 2- Sulama konular:

Treatments Description
VFPS 100% soil water depletion (SWD) replenished for a soil depth of 90 cm on a 7-day basis
throughout the development period (full irrigation)
V., ,FPS The same as S1, but 75% SWD replenished at vegetative stage
vV, FPS The same as S1, but 50% SWD replenished at vegetative stage
V,,FPS The same as S1, but 25% SWD replenished at vegetative stage
VF_PS The same as S1, but 75% SWD replenished at flowering stage
VF, PS The same as S1, but 50% SWD replenished at flowering stage
VF,.PS The same as S1, but 25% SWD replenished at flowering stage
VFP_S The same as S1, but 75% SWD replenished at pod formation stage
VFP_S The same as S1, but 50% SWD replenished at pod formation stage
VFP,.S The same as S1, but 25% SWD replenished at pod formation stage
VEFPS,, The same as S1, but 75% SWD replenished at seed enlargement stage
VFPS,, The same as S1, but 50% SWD replenished at seed enlargement stage
VEFPS,, The same as S1, but 25% SWD replenished at seed enlargement stage
Rain-fed Non-irrigated
ET=I+P+AS-R-D (1) Plant height at maturity was measured by

Where; I, the depth of irrigation water (mm) as
measured using water meters; P, precipitation (mm)
as recorded by the meteorological station; AS, the
change in soil-water content (mm); R, the depth of
runoff (mm), and D, the drainage below the root
zone (mm). Because the amount of irrigation water
was controlled, run-off was assumed to be zero.
Percolation was accounted for by using moisture
measurements related to the 120-cm soil profile for
soil water budget calculations.

The applied irrigation amounts were calculated
for each soil layer up to 90 cm soil depth. The amount
of water required per irrigation was determined with
the Equation 2 (James 1993).

. n <(fc1 - 9w130>< Dy X py, - (fe, — Bwnzox D, X pb")P )

Where; I, applied irrigation water (mm); fc,
gravimetric soil water content at field capacity (%);
0, initial gravimetric soil water content (%); D, depth
of the soil layer (cm); p,, dry bulk density (g cm™); n,

randomly selecting and measuring 10 plants from
each plot. Number of pods and number of seeds
per plant were also recorded. Leaf area index
(LAI) was measured at four developmental stages
from three plants per plot using a portable leaf area
meter (Model LI 3000A, LI-COR Inc., Lincoln,
NE, USA). Crops were harvested on 20 September
2005 and 2 October 2006, and 1000-seed weight,
oil and protein contents were measured, with crude
oil assessed using the Soxhlet extraction technique
(Pomeranz & Clifton 1994), and protein content
evaluated according to Kjeldahl (Ivanov 1974).

WUE values were calculated separately for
each treatment as the ratio of seed yield to seasonal
ET (Bos 1980; Howell 2001; Pala et al 2007), and
irrigation water use efficiency (IWUE, kg m™) was
determined by using the Equation 3 (Bos 1985;
Zhang et al 1999).

. : . -7,
number of soil layers; P, ratio of wetting area (%). IWUE = (YIIR—Rr) 3)
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Where; Y,, seed yield of irrigated soybean (kg
da'); Y, seed yield of rain-fed soybean; IRR, the
amount of applied irrigation (mm).

Data for all parameters were subjected to
analysis of variance (ANOVA). The F-test was used
to determine the effects of irrigation treatment, year,
block and treatment % year interaction at the 0.05
and 0.01 probability levels, with F-protected least
significant difference (LSD) calculated at 0.05,
according to Steel & Torrie (1980).

3. Results and Discussion

3.1. Weather conditions

Table 3 provides a comparison between long-term
meteorological data and monthly climate data during
both growing seasons. The measured temperature
and relative humidity values for the 2005 and 2006
growing seasons were typical, considering the long-
term means of the region. However, the total rainfall
values recorded from April to October were 212 and
193 mm in 2005 and 2006, respectively, which were
approximately 27% (2005) and 34% (2006) below
the long-term mean rainfall of 292 mm.

3.2. Growth stages

Emergence was observed about two weeks
from sowing in both years (Table 4). Five-node

vegetative growth period of experimental years
was observed about 45-50 days from sowing and
flowering observed after 24-25 subsequent days.
Pod formation was observed about 16-18 days after
flowering and seed enlargement was observed 17-19
days from pod formation. Seed enlargement period
of experimental years lasted about 13-16 days and
seeds reached to maturing period. The total growth
period of experimental cultivar (Nova) was then
calculated about to be 150 and 152 days. Karam et al
(2005) reported soybean total growth period under
semi-arid climate conditions of Lebanon as 138-140
days. Such a difference might have been resulted
from climate, plant and irrigation program.

Table 4- Soybean growth stages under experimental
conditions

Cizelge 4- Denemenin yiiriitiildiigii kosullarda soya
fasulyesinin gelisme donemleri

Stages Date

2005 2006
Planting 21.04 03.05
Emergence 06.05 19.05
Vegetative (five node) 05.06 22.06
Flowering 30.06 16.07
Pod formation 18.07 01.08
Seed enlargement 04.08 20.08
Maturity 20.08 02.09
Harvest 20.09 30.09

Table 3- Total monthly precipitation, mean temperature and relative humidity of the study location during
the 2005 and 2006 growing seasons and long-term averages

Cizelge 3- Arastirma alamina iliskin 2005 ve 2006 gelisme dénemleri ve uzun yillar ortalamas: olarak aylik

toplam yagus, ortalama sicaklik ve oransal nem degerleri

Months Precipitation (mm) Temperature (°C) Relative humidity (%)
LT 2005 2006 LT 2005 2006 LT 2005 2006

April 70 56 20 12.9 13.7 12.1 68 60 74
May 47 23 9 17.6 17.6 16.6 65 68 61
June 33 21 43 22.3 21.2 21.5 58 58 64
July 20 55 2 24.5 24.7 23.8 57 62 52
August 15 4 3 24.1 25.1 26.4 60 63 50
September 35 16 91 20.1 20.1 19.9 65 68 65
October 72 37 25 15.3 13.2 16.7 72 72 63
Total/Mean 292 212 193 19.5 19.4 19.6 64 64 58

LT, longterm averages
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3.3. Leaf area index, plant height, seed yield and
components

All measured characteristics showed significant
differences among treatments for 2005, 2006 and
for the 2005-2006 average (with the exception of
1000-seed weight, which showed no significant
differences for 2006). The two-way interaction of
irrigation treatment x year also resulted in significant
differences for seed yield (at 5%) and crude oil (at
1%) (Table 5).

Maximum leaf area index (LAI) values were
observed at the pod-formation growth stage. LAI
was significantly affected by deficit irrigation at
all growth stages, with the highest LAI values
observed in the VFPS_  treatment at the pod-
formation growth stage (7.41) and the lowest
values in the rain-fed treatment at the vegetative
growth stage (2.81) (Table 6). These findings are
in agreement with the results reported by Cox &
Jolliff (1986), De Costa & Shanmugathasan (2002)
and Karam et al (2005). The LAI values observed
in VFPS,  treatment of seed enlargement period,
LAI value at the end of pod formation period and
LAI values of VFPS, V_FPS, V_FPS, V, FPS,
VFPS_. and VFPS,, treatments of pod formation
period were all placed in the first group. Such a
case indicated that water deficits respectively at
flowering period and pod formation period resulted
in decreased LAI values at pod formation period.
Especially 50 and 75% water deficits at flowering
period (respectively the treatments of VF PS
and VF PS) caused significant decrease in LAI
values through defoliation and increases were
then observed in LAI values after the irrigations
performed at pod formation period. Karam et al
(2005) stated that the compensation mechanisms of
the growth parameters, mainly leaf area, did occur
under deficit irrigation conditions, assuming that
water stress of a certain period during flowering
did not limit the plant ability to recover from water
stress.

It was observed that deficit irrigations
significantly reduced plant heights. VFPS treatment
resulted in plant height (98.2 cm) significantly

Table 5- ANOVA results for seed yield, crude oil
percentage, crude protein percent and certain
agronomic parameters of soybean under different
irrigation treatments in 2005, 2006 and 2005-2006
average

Cizelge 5- Farkli sulama konularina gove soya fasulyesinde
gozlenen tane verimi, yag orani, protein orani ve belirli
agronomik parametrelere iliskin 2005, 2006 ve 2 yilin
birlestirilmis verilerine ait ANOVA sonuglar

Source df Significance of F-values
1 2 2005 2006  2005-2006
Plant height
Years (Y) - 1 ns
Blocks 2 4 ns ns *
Treatments (T) 13 13 ** ok ok
YxT - 13 ns
Error 26 52
Number of pods per plant
Years (Y) - 1 ns
Blocks 2 4 ns ns **
Treatments (T) 13 13 ** ok ok
YxT - 13 ns
Error 26 52
Number of seeds per plant
Years (Y) - 1 ns
Blocks 2 4 ns * *ok
Treatments (T) 13 13 ** ok ok
YxT - 13 ns
Error 26 52
Seed yield
Years (Y) - 1 ok
Blocks 2 4 ns ns ns
Treatments (T) 13 13 ** HE o
YxT - 13 *
Error 26 52
1000 seed weight
Years (Y) - 1 ok
Blocks 2 4 ns ns ns
Treatments (T) 13 13 * ns ok
YxT - 13 ns
Error 26 52
Crude oil percent
Year (Y) - 1 ok
Blocks 2 4 ns ns ns
Treatments (T) 13 13 ** * *k
YxT - 13 Hok
Error 26 52
Crude protein percent
Years (Y) - 1 ok
Blocks 2 4 ns ns ns
Treatments (T) 13 13 ** wok wok
YxT - 13 ns
Error 26 52

df, degrees of freedom; 1, individual year; 2, combined over 2 years;
ns, non-significant; *, significant at the 5% of probability level
(P <0.05); **, significant at the 1% of probability level (P<0.01)
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Table 6- Effects of irrigation treatment on leaf area index (LAI) measured at four growth stages (2005-2006

average)
Cizelge 6- Sulama konularimn dort gelisme déneminde élgiilen yaprak alan indeksine (YA etkileri (2 yiln
ortalamasi)
Treatments Growth stages
Vegetative Flowering Pod formation Seed enlargement
VFPS 3.56 tuv* 6.45 def 7.23 ab 5.70 hyj
V. ,FPS 3.52 tuv 6.24 efg 7.10 ab 5.61 1jk
vV, FPS 3.48 tuv 5.91 ght 7.17 ab 5.57 11
V,,FPS 327v 5.93 ghi 7.16 ab 5.52 j-m
VF_PS 3.49 tuv 5.99 gh 6.27 efg 5.571-
VF, PS 3.50 tuv 5.66 h-k 5.32 k-0 5.52 j-m
VF,.PS 3.60 tuv 5.06 n-q 478 q 5.19 m-p
VFP_S 3.55 tuv 6.36 def 6.91 be 5.42 j-n
VFP_ S 3.59 tuv 6.25 efg 6.72 cd 5.42jn
VFP,S 3.54 tuv 6.53 def 6.20 fg 5.00 opq
VEPS,, 3.72 st 6.60 cde 7.20 ab 5.41 j-n
VEPS,, 3.37 tuv 6.42 def 7.41 a 52210
VEFPS,, 3.64 stu 6.39 def 7.21 ab 4.84 pq
Rain-fed 281w 398s 439r 3.32uv
LSD (0.05) 0.367
Source df Significance of F-values
1 2 2005 2006 2005-2006
Years (Y) - 1 *k
Blocks 2 4 ns ns ns
Treatments (T) 13 13 ok Hok ok
YxT - 13 ns
Main plot error 26 52
Stages (S) 3 3 *x ** **
TxS 39 39 o wox ok
YxS - 3 ns
YxTxS - 39 ns
Sub plot error 84 168

*, means with different letters in the same column are significantly different (P<0.05); df, degrees of freedom; 1, individual year; 2,
combined over 2 years; ns, non-significant; *, significant at the 5% of probability level (P<0.05); **, significant at the 1% of probability

level (P<0.01)
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higher than all the other treatments, whereas rain-
fed treatment resulted in plant height (64.8 cm)
significantly lower than all the other treatments.
On the other hand, significant differences were
not observed in plant heights of V, FPS, VF_PS,
VFP_S, VFP_S and VFPS, treatments (Table
7). These findings are in agreement with those of
Brady et al (1974), Korte et al (1983b), Kadhem et
al (1985), Specht et al (1989), Karam et al (2005)
and Rosadi et al (2005) who reported that irrigation
applications significantly increased plant height
when compared to rain-fed conditions. Results
revealed decreasing plant heights with increasing
water deficits in four growth stages. The 75% water
deficit at flowering period (VF,PS treatment)
decreased plant height by 22.3%. Plant height
decrease ratios of V, FPS, VFPS, and VFP,S
treatments were respectively observed as 17.0%,
15.9% and 13.7%. Such findings indicated that plant
heights were more sensitive to water deficit applied
during flowering and vegetative growth period than
the other periods since the plants already completed
substantial portion of vegetative growth during pod
formation and seed enlargement periods.

Number of pods per plant and number of seeds
per plant were also significantly affected by deficit
irrigation, with values for all irrigation treatments
higher than those for rain-fed treatment (Table
7). Several previous studies (Korte et al 1983b;
Kadhem et al 1985; Karam et al 2005) have reported
similar results.

The highest (56.9) and the lowest (23.4) number
of pods per plant were respectively observed in
VFEPS and rain-fed treatments (Table 7). Increasing
water deficit in each growth stage (75% water
deficit), especially in seed enlargement period,
resulted in significant decreases in number of pods
per plant. The decrease in number of pods per plant
in V__FPS, VF_PS, VFP_S and VFPS,, treatments
were respectively observed as 18%, 22%, 31% and
35%. These results indicted decreased number of
pods per plant with increasing water stress and the
greatest decrease was observed in seed enlargement
period. Ul-Haq & Brown (1985) applied 15-day
water stress at different growth periods of soybean

and observed the decrease in number pods per plant
of flowering, pod formation and seed enlargement
periods respectively as 19%, 32% and 42%. Current
findings on decrease in number of pods per plant are
parallel to findings of those studies.

While the highest number of seeds per plant
was observed in VFPS full irrigation treatment with
159.4, the lowest value was observed in rain-fed
treatment with 62.2 (Table 7). Such results indicated
that water deficit throughout the total growth
period resulted in significant decreases in number
of seeds per plant. Except for seed enlargement
period, 25% water deficit applied in each growth
stages (V_,FPS, VF_PS and VFP_ S treatments)
yielded similar number of seeds per plant. The
greatest water deficit treatments (75%) of four
different growth stages made the plant resistance
levels against water deficits more remarkable. The
decrease in number of seeds per plant in V FPS,
VF_PS, VFP,S and VFPS treatments were
respectively observed as 18.3%, 23.3%, 30.7% and
36.1%. Such results indicated under water deficit
conditions that the greatest decrease in number of
seeds per plant was observed in seed enlargement
and pod formation periods and these periods were
followed by flowering period. Karam et al (2005)
reported insignificant decreases in number of seeds
per plant in soybean grown under semi-arid climate
conditions and water deficit at flowering period and
indicated a 20% decrease compared to full irrigation
at seed enlargement period. Hodges & Heatherly
(1983) reported decreased yields with water stress
applied at flowering and pod formation periods
soybean since water stress decreased number of
plants per unit area. Current findings comply with
the results of those previous studies.

In the present study, the highest seed yield (4004
kg ha') was observed with the VFPS irrigation
treatment, followed by the V. FPS (3910 kg ha™)
and V_ FPS (3889 kg ha') deficit irrigation
treatments (Table 7). Evett et al (2000) carried
out a drip irrigation water deficit experiment over
clay-loam soils of Bushland-Texas and reported
the highest mean soybean yield of full irrigation
treatment as 3830 kg hal. Doss et al (1974), Ashley
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Table 7- Effects of irrigation treatment on seed yield, crude oil content, crude protein content and certain

plant characteristics (2005-2006 average)

Cizelge 7- Sulama konularimin tane verimi, yag orani, protein orani ve belirli bitki ozelliklerine etkileri (2 yilin

ortalamast)
Treatments  Plant Number of Number of Seed 1000-seed  Crude oil Crude protein
height pods per seeds per vield weight content content
(cm) plant plant (kg ha'') (2 (%) (%)
VEFPS 98.2a" 569a 1594 a 4004 a 136.1 a 22.7a 305¢g
V., ,FPS 90.2abc  52.9a-d 149.7 abc 3910ab  131.2abc  22.3 abc 31.5 def
V. FPS 86.7 bc 49.5 a-e 141.0 a-d 3889ab  128.5b-e  22.2a-d 323 bc
V,,FPS 81.5¢cd 46.8 c-f 130.2 b-f 3798 bc 1279b-e  21.7cde 314ef
VF_.PS 89.1 abc  53.9 abc 147.8 abc 3793 bc  131.8 ab 22.2 a-d 31.1fg
VEF, PS 86.2 be 45.8 def 128.8 c-f 3528 ef  1289bcd  21.7 cde 32.4bc
VF,.PS 76.3d 44.3 efg 122.2 d-g 3174t 1253 def  21.1ef 32.9 ab
VFP_S 93.6 ab 54.8 ab 151.2 ab 3687cd  1282b-e  21.9 bed 32.2 bed
VEP_S 90.0 abc  47.7 b-e 131.4 b-f 3385fg  127.0b-e  21.6de 32.4bc
VFP,S 84.7bcd 393 fg 1104 fg 30951 1244 def  20.6f 32.5bc
VEFPS,, 92.6 ab 48.6 b-e 1343 b-e 3554de  1263cde 22.6a 306 ¢g
VFPS,, 87.7 be 41.9 efg 117.9 efg 3256 gh  1259cde  22.3 abe 32.1 cde
VEFPS,, 82.6 cd 37.1¢g 101.8 g 2932 1233 ef 22.4 ab 32.1 cde
Rain-fed 64.8 ¢ 234h 62.2h 1974 k 1204 f 19.1¢g 336a
LSD (0.05) 9.298 7.865 21.94 14.83 5.413 0.6314 0.7184

*, means with different letters in the same column are significantly different (P<0.05)

& Ethridge (1978) and Kabalan (1998) indicated the
highest seed yields as between 3500-4200 kg ha''.
Paltineanu et al (1994) in another study reported the
highest seed yield of sprinkler-irrigated soybean as
4010 kg ha'. The seed yields of the present study
at full irrigation were similar to values reported
by above specified studies. Full VFPS irrigation
produced a seed yield 50.6% greater than that of
the rain-fed treatment, whereas V__FPS and V_FPS
deficit irrigation treatments produced yields 49.5%
and 49.2% greater, respectively, than rain-fed
treatment, and V,.FPS VF_ PS, VFP,S and VFPS
treatments produced yields 48%, 37.8%, 36.2% and
32.6% greater, respectively, than rain-fed treatment.
Seed yield significantly reduced as the level of
water deficit increased. These results indicated
that soybean seed yield was not affected by deficit
irrigation during the vegetative development stage,

but seed yield was significantly reduced when
deficit irrigation was applied during flowering, pod
formation, or seed enlargement (Figure 1), with
soybeans exhibiting the greatest sensitivity to deficit
irrigation at the seed enlargement stage. In general,
this is in agreement with Chang (1983), Karam et
al (2005) and Dogan et al (2007). Other researchers
(Eck et al 1987; De Costa & Shanmugathasan 2002;
Karam et al 2005; Rosadi et al 2005; Dogan et al
2007; O’Shaughnessy et al 2011) have also reported
reductions in soybean seed yields under water deficit
and drought-stress conditions.

In the present study, the highest 1000-seed
weight value was obtained from the VFPS (136.1 g)
irrigation treatment and the lowest from the rain-fed
treatment (120.4 g) (Table 7). These results are in
line with those of Griffin et al (1985) and Shafii et al
(2011). Considering the growth periods, the lowest
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Figure 1- Variations in seed yield among irrigation treatments for 2005, 2006 and 2005-2006 average

Sekil 1- Sulama konularina gére 2005, 2006 ve 2 yilin birlestirilmis verileri i¢in tane verimi degisimleri

mean 1000-seed weight (123.3 g) was observed in
75% water deficit treatment of seed enlargement
period (VFPS ). Karam et al (2005) reported
significant decreases in 1000-seed weight of
soybean grown under semi-arid climate conditions
of Lebanon with water deficit at flowering period
and indicated 10% decrease compared to water
deficit treatment of seed enlargement period.
Smiciklas et al (1992), De Souza et al (1997) and
Dogan et al (2007) also reported decreased seed
weights of soybean with water stress exerted at seed
enlargement period.

3.4. Quality components

Soybean crude oil and crude protein contents were
significantly affected by irrigation treatment (Table 7).
The VFPS treatment had the highest crude oil content
(22.7%), and rain-fed treatment had the lowest crude
oil content (19.1%). Results revealed increased crude
oil contents with increasing irrigation treatments.
The highest crude oil content of soybean seeds was
observed in full irrigation in which water requirements
were fully met during the irrigation season. Maximum
seed yield in full irrigation of the present study is in
line with a previous study showing that both soybean
oil content and yield were highest with the application

of both irrigation and fertilizer (Xiaobing et al 2004).
Other studies have also demonstrated soybean yields
to increase when sufficient water and fertilizer
are available, and they have also shown positive
correlations between soybean yield and oil content
(Schoner & Fehr 1979; Calpten 1986; Xu & Zhang
1995). Crude oil contents of 75% water deficits of
V,.FPS VF PS, VFP, S and VFPS  treatments were
respectively 1%, 1.6%, 2.1% and 0.3% lower than
the crude oil content of full irrigation treatment. Such
findings indicated that decreases in crude oil contents
under water deficit conditions at different growth
periods were not much different from each other and
the ratios were quite low.

Full irrigation (VFPS) resulted in the lowest
crude protein value (30.5%), which is in line with
Xiaobing et al (2004), who reported protein content
decreased as soybean yield was maximized with
irrigation and fertilizer application. Xiaobing et
al (2004) reported that maintaining a higher level
of field water capacity during the growing season
is detrimental to seed protein accumulation in
soybeans. Hartwig & Kilen (1991) indicated a
general inverse relationship between soybean seed
yield and seed protein content. Complied with that
study, while the highest yield was observed in full
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irrigation (VFPS) treatment of the present study,
the lowest crude protein content (30.5%) was also
observed in full irrigation treatment. Crude protein
contents of 75% water deficit treatments of V_ _FPS
VF,PS, VFP_S and VFPS_ were respectively
2.9%, 7.9%, 6.5% and 5.2% higher than the crude
protein content of full irrigation treatment. Such
findings again indicated that decreases in crude
protein contents under water deficit conditions at
different growth periods were not much different
from each other and the ratios were again quite low.

With regard to crude oil and protein contents,
Bellaloui & Mengistu (2008) reported different
responses of cultivars to irrigation. Such different
responses may underline maturity or/and genotype
differences and their adaptations to environmental
stress factors such as soil water content and
temperature (Bellaloui & Mengistu 2008).

3.5. Applied irrigation water, evapotranspiration
and soil water content

The average annual amount of irrigation water
applied in 2005-2006 varied from 30 mm for

the rain-fed treatment to 622 mm for the VFPS
treatment. For all treatments, an average 30 mm of
irrigation water was applied for plant emergence
in 2005-2006. The present study found seasonal
ET (2005-2006 average) varied between 355
mm (rain-fed treatment) and 809 mm (VFPS)
(Table 8). Doorenbos & Kassam (1979) reported
water requirements (ETm) for maximal soybean
production to vary between 450-700 mm per season,
depending on climate and length of growing season,
which they reported to range, in general, from
between 100-130 days. By comparison, the present
study had longer growing periods (152 days in 2005
and 150 days in 2006), which could account for the
higher ETm value observed for full VFPS irrigation
in the present study when compared to Doorenbos
& Kassam (1979). Another similar study conducted
by Karam et al (2005) in 2000 and 2001 reported a
mean ETm value of 763 mm and a mean growing
season of 139 days.

The soil water content courses of irrigation
treatments for 90 cm soil profile, in 2005 and 2006
growing season are presented in Figure 2 and 3.

Table 8- Total amounts of irrigation water, seasonal evapotranspiration (ET), water use efficiency (WUE)
and irrigation water use efficiency (IWUE) for soybeans (2005-2006 average)

Cizelge 8- Soya fasulyesi i¢in toplam sulama suyu miktari, mevsimlik bitki su tiiketimi (BST), su kullanim etkinligi
(SKE) ve sulama suyu kullanim etkinligi (SSKE) (2 yilin ortalamast)

Treatments  Total irrigation ~ Seasonal ET WUE IWUE
(mm) (mm) (kg m?) (kg m?)
VFPS 622 809 0.49 0.33
V., ,FPS 585 766 0.51 0.33
V, FPS 547 743 0.52 0.35
V,FPS 510 698 0.54 0.36
VF_.PS 589 756 0.50 0.31
VF, PS 556 712 0.50 0.28
VF,,PS 523 675 0.47 0.23
VFP_S 579 761 0.48 0.30
VFP_S 536 721 0.47 0.26
VFP,S 493 664 0.47 0.23
VEFPS 588 763 0.47 0.27
VEPS,, 554 732 0.44 0.23
VFPS,, 519 696 0.42 0.18
Rain-fed 30 355 0.56 0.00
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According to irrigation programs of experimental
treatments, limited irrigation water were applied for
different phenological stages. Due to this irrigation
scheduling consideration, water stress was observed
for one individual period of each irrigation treatment.

Because of this, soil water content fluctuations of
different treatments throughout the growing season,
except water limited periods, were very close to
each other (Figure 2 and 3).
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Figure 2- Variations of soil water content of VFPS, V_FPS, V_FPS, V, FPS, VF_PS, VF, PS and VF,PS

treatments

Sekil 2- VCBT, V., .CBT, V (BT, V, CBT, VC, BT, VC BT ve VC, BT konular toprak su icerigi degisimleri
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Figure 3- Variations of soil water content of VFP_S, VFP_S, VFP, S, VFPS_, VFPS_, VFPS,_ and Rain-fed
treatments

Sekil 3- VCB,.T, VOB, T VOB, T, VCBT,, VCBT,, VCBT,; ve susuz konular i¢in toprak su igerigi degisimleri
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3.6. Water use efficiencies

The present study found WUE values ranging
from 0.42 kg m> (VFPS)) to 0.56 kg m” (Rain-
fed treatment) and IWUE values ranging from 0.18
kg m? (VFPS,)) to 0.36 kg m* (V,.FPS) (Table 8).
Among the deficit irrigation treatments, the highest
WUE (0.52 and 0.54 kg m?) and IWUE (0.35 and
0.36 kg m™) values were obtained from V, FPS and
V,.FPS deficit irrigation treatments, respectively
(Table 8). Scott et al (1987) reported average WUE
values for soybean ranging between approximately
0.60 kg m™ for full irrigation and 0.73 kg m for
rain-fed irrigation treatments. Evett et al (2000)
found WUE and IWUE values of 0.44 and 0.62
kg m?, respectively, for full irrigation treatment.
Kirnak et al (2013) found WUE values of 0.64 kg
m? for full irrigation and 0.35 kg m? for rain-fed
treatment, whereas IWUE values for full irrigation
and rain-fed treatment were 0.67 kg m= and 0.41 kg
m?, respectively.

4. Conclusions

The results of this study showed that deficit irrigation
had significant effects on LAI, plant height, number
of pods per plant, number of seeds per plant, seed
yield, 1000-seed weight, crude oil content and
crude protein content. The highest seed yield (4004
kg ha') was obtained with full irrigation (VFPS)
and the lowest seed yield (1974 kg ha') with rain-
fed treatment, with an average difference in yield
between the two treatments of 50.6%. V_ FPS and
V., FPS deficit irrigations had seed yields 49.5%
and 49.2% higher than those of rain-fed treatment,
and V,FPS, VF,PS, VFP,S and VFPS deficit
irrigations had seed yields that were, respectively,
48%, 37.8%, 36.2% and 32.6% higher than those
of rain-fed treatment. These results indicated that
deficit irrigation during the vegetative development
period did not significantly affect soybean seed
yield, whereas yield was significantly reduced when
deficit irrigation was applied during the flowering,
pod formation, or seed enlargement periods. In
addition to the highest seed yield, VFPS treatment
also produced the highest crude oil content (22.7%),
whereas the rain-fed treatment had the lowest crude

oil content (19.1%). In contrast, the highest crude
protein content was obtained with rain-fed treatment
(33.6%) and the lowest with VFPS (30.5%).
However, when WUE and IWUE values are taken
into consideration, V_FPS and V,FPS deficit
irrigation treatments can be recommended instead
of VFPS irrigation in areas where water costs are
high and/or water is scarce.
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ABSTRACT

Faba bean, reflecting all properties of legume crops such as soil improvement and benefit of human health, also contains
L-dopa which can be used to cure Parkinson’s disease, is a rare plant. The study was conducted in Samsun province
to determine the L-dopa content of leaf, flower and pod of faba bean genotypes. Four cultivars and 18 lines were
sown on November in randomized complete blocks design with 3 replications. Samples were taken from leaves at
vegatative period, flowers and fresh pods at generative period of faba bean. The L-dopa content was determined by
HPLC. According to the result of variance analysis, the differences among genotypes for L-dopa content of flowers and
fresh pods were found significant (P<0.01). L-dopa content of leaves, flowers and fresh pods varied between 10.88-
33.41, 40.95-96.37; 4.16-52.28 mg kg, respectively. L-dopa content of flowers of 20 genotypes, except a cultivar and
a line, were found in same group statistically. Avarage L-dopa content of leaf, flower and pod of faba bean were 19.36,
75.87 and 25.27 mg kg, respectively. The most common form of consumption of faba bean in Turkey and treatmet for
Parkinson’s disease in some countries is fresh pod. However this study showed that L-dopa amount in flower is higher
(P<0.01) than that of leaf and pod. Results of this study revealed that L-dopa content of 7 lines were richer than that of
others. If agronomic characters of 7 lines are well, their potential to become a new variety should be investigated.

Keywords: Faba bean; L-dopa; Flower; Pod; Leaf

Bakla (Vicia faba L.) Genotiplerinin L-Dopa (L-3, 4-dihydroxyphenylalanine)
Iceriklerinin Tespiti
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OZET

Bakla bitkisi baklagil bitkilerinin toprak 1slah1 ve besleyicilik agisindan tiim 6zelliklerini tastyan ayrica yasli toplumlarda
sik¢a goriilen Parkinson hastaliginin tedavisinde kullanilabilen L-dopa igeren nadir bitkilerdendir. Bu ¢alisma, Samsun

JOURNAL OF AGRICULTURAL SCIENCES 22 (2016) 145-151

TARIM BiLIMLERI DERGISi —



Determination of L-Dopa (L-3, 4-dihydroxyphenylalanine) Content of Some Faba Bean (Vicia faba L.) Genotypes, Topal & Bozoglu

ilinde bakla genotiplerinin yaprak, ¢igek ve taze meyvelerindein L-dopa iceriklerini belirlemek i¢in yiiriitiilmiistiir.
Calismada, 4 cesit ve 18 hat 3 tekrarlamali olarak tesadiif bloklari deneme desenine gore Kasim ayinda ekilmistir.
Denemede bitkinin vejetatif donemde yapraklari, generatif dénemlerde cigek ve taze meyvelerinden 6rnekler alinarak
Yiiksek Basingli Sivi Kromotografi sistemi (HPLC) ile L-dopa igerikleri belirlenmistir. Yapilan varyans analizi sonucu
L-dopa igerikleri bakimindan genotipler arasinda ¢igek ve meyvede (P<0.01) istatistiki farkliliklar bulunmustur.
Genotiplerin L-dopa igeriklerinin; yaprakta 10.88-33.41, ¢igekte 40.95-96.37 ve meyvede 4.16-54.29 mg kg™ arasinda
degistigi tespit edilmistir. Bir ¢esit ve bir hat harig, geri kalan hatlarn ¢igeklerindeki L-dopa igeriginin istatistiki olarak
farkli olmadigi tespit edilmistir. Ortalama L-dopa igerigi sirastyla yaprak, ¢icek ve meyvede 19.36, 75.87 ve 25.27
mg kg olmustur. Tiirkiye’de halk arasinda Parkinson i¢in baklanin en yaygm kullanim sekli meyvesidir. Ancak bu
calisma da cigekdeki L-dopa iceriginin yaprak ve meyvedeki L-dopa iceriginden daha yiiksek oldugu (P<0.01) tespit
edilmistir. Bu ¢aligma sonucunda, L-dopa igerigi bakimindan 7 hattin digerlerinden zengin oldugu belirlenmistir. Bu
hatlarin agronomik 6zellikleri de dikkate alinarak geside aday olabilme olasiliklari arastirilmalidir.

Anahtar Kelimeler: Bakla; L-dopa; Cigek; Meyve; Yaprak

1. Introduction

In recent years, quality factor has been taken into
account in plant breeding studies due to increased
demand healthy balanced diet by consumers. Public
opinion of a lot of countries in the world agree
that measures must to be taken to avoid sickness is
less expensive than the cost of treating a disease.
Hence, one of the most important step to be healty
is nutrition with healty nutrient. The production
and consumption of food which promotes a healty
community is widely preferred. Therefore, to reveal
the role of these products in prevention of diseases
has become an important area of research nowadays.

Grain legume are protein plants. Mean of
nutritional values and quality of legume crops for
human and animals are high protein and amino
acids content and low antinutritional factors. Turkey
is a homeland of the most of legume crops and one
of these plants is faba bean (Sehirali 1988). In recent
years, the importance of these food for human health
has been increasing. Faba bean can be grown in
temperate climatic conditions and it is an important
legume plant that should be included in crop rotation
for soil improvement. Faba bean that has L-DOPA
(L-3,4-dihydroxyphenylalanine) content is one of
the rare plants and this substance used medically in
the treatment of Parkinson’s disease (PD).

PD, the second most common neurodegenerative
disease in the world, is characterized by progressive

© Ankara Universitesi Ziraat Fakiiltesi

motor symptoms marked by slowness of movement,
gait problems, rigidity and tremors (Chowdhury
et al 2014). Later symptoms can include thinking,
sleep, emotional and behavioral problems including
dementia (Fox 2013). After the loss of 80 percent
or more of the nerve cells in the substantia nigra,
symptoms of PD will develop (Fox 2013). PD is
a common disease of unknown etiology in elderly
people and one of the major causes of disability
among elderly (Lucas-Carrasco et al 2014). Over
age 50 in Western Europe’s 5 most and the world’s
10 most populous countries PD patients were
between 4.1 and 4.6 million in 2005 and will double
to between 8.7 and 9.3 million by 2030 (Dorsey et
al 2007). Higher rates were reported for Caucasians
in Europe and North America, intermediate rates
for Asians in China and Japan, and the lowest rates
for Blacks in Africa (WHO 2006). The number of
patients with PD in Turkey are approximately 100
thousand and 10,000 new patients are diagnosed
every year (PHD 2016).

Acetylcholine is the principal neurotransmitter
in brain so there is a balance between acetylcholine
and dopamine. This balance is distrupted in favour
of dopamine in Parkinson’s. Unlike dopamine,
L-dopa is able to cross the barrier between the
blood and brain. It is converted into dopamine
by an enzyme called dopa-decarboxylase in the
brain, and can replace some of the lost dopamine
(Musacchio 2013). Thus, L-dopa can be used to
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increase dopamine concentrations in the treatment
of PD. L-dopa is a chemical that is made and used
as part of the normal biology of some animals and
plants as legume crops.

A total of 724 species from 447 genera of 135
families have been screened and has been reported
in species of legumes as Baptisia, Lupinus, Mucuna
and Vicia at levels up to 1.9% (Daxenbichler et
al 1971). It was analyzed that contain L-dopa in
some species from Euphorbiaceae, Gramineae and
Leguminoseae families and reported that Vicia faba
contained 0.15-0.18%, Mucuna deringiana 2.3% and
in spring and autumn shoot of Robinia pseudoacacia
and Sarothamnus scoparius (Kohlmunzer et al
1975). In a study that was investigated to amino acid
and L-dopa content in 10 legume plants as chickpea,
bean, lentil, lupen, faba bean were determined that
V. faba var. minor had been the most rich in L-dopa
(Longo et al 1974). Shetty et al (2003) reported
that faba bean can be important food in diet of
Parkinson’s patient because of L-dopa content.

The amount of L-dopa or levodopa can vary
greatly, depending on the species of faba, the area
where it is grown, soil conditions, rainfall, and
other factors. It appears that the young pod and
the immature (green) beans inside the pod contain
the greatest amount of levodopa, and the mature
or dried bean contain the least. 84 g of fresh green
fava beans or canned green faba beans, drained
may contain about 50-100 mg of levodopa (Holden
2006).

Cenarruzabeitia et al (1978) investigated
exchange of L-dopa content in vegetative period of
faba bean and reported that L-dopa increased with
growing period and the highest level of L-dopa is
in flower.

Vered et al (1997) suggested that faba bean
might be of value in treating conditions such as
hypertension, heart failure, renal failure, and liver
cirrhosis in which natriuresis and diuresis are
medically beneficial.

We believe that the importance and consumption
of faba bean will increase when the avaliability of
complementary medicine of faba bean has been

proved by scientific studies as well as used to food
and role of soil improvement. Aims of this study are
to determine different faba bean genotypes which
have high level L-dopa and also to find out level of
L-dopa in different plant parts of them.

2. Material and Methods

Material of this study were composed of 22
genotypes, four of which were registreted faba bean
cultivars (Eresen-87, Filiz-99, Kitiki-2003, Lara)
and 16 lines obtained from ICARDA and 2 lines
collected from study region.

Experimental area was approximately 197 m
elevation from the sea in Samsun province located
between 41°21°49.79” N and 36°11°24.51” E in
Middle Blacksea region coastal section, north of
Turkey. Samsun province has warm and humid
climate. In the experiment period, total rainfall
was 589 mm. In this period, average monthly
temparature varied from 6.10 to 24.8 °C and relative
humidity ranged from 57.04 to 81.87%.

According to soil analysis result, the soil texture
of the experimental area clay which was rich in
phosphorus (64.3 mg kg!' P), medium in organic
matter (2.7%), and non-saline (0.523 dS m™), and
soil pH was neutral (6.9).

Experiment was conducted in a randomized
complete block desing with 3 replications. Plots
were organized 8 m? and spacing 50 ¢cm x 10 cm.
Seeds were sown on November 9 in 2010.

Samples for L-dopa analysis were collected
from 5 different plants at 3 different period which
are the beginning of flowering for leaf sample,
middle of full flowering time for flower sample and
pod setting periods for green pods that took place
in mid part of plant. These samples were initially
dried in air after than dried 24 h of oven dry at 45 °C,
ground in a grinder and stored in +4 °C refrigerator.
Sample preparation, extraction and determination of
L-dopa were conducted according to Shivananda et
al (2003). L-dopa concentration of samples extract
was determined by thermo seperation HPLC (High
Performance Liquid Chromotography) that included
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autosampler on a C 18 column (4.6x250 mm) at 2
mL min! and 30 °C with a sodium dihydrogen
orthophosphate buffer (pH 2.8) as mobile phase and
at 280 nm wavelength of UV detector.

To determine L-dopa content, 6 different standart
solution were prepared. Pure chemical L-dopa oven
dried at 45 °C for 72 hours, was weighed (S,: 2, S;:
4,8,:8,8,:16, S.: 32, S.: 64 mg) and dissolved in
0.1 M orthophosphoric acid and volume was made
up to 100 mL using double distilled water to give a
concentration range of 20 to 500 mg L' solution.
Prepared standarts being read on HPLC Thermo SP
and determined L-dopa’s coming duration was at
third minute. These were used to plot a standart graf
and regression formula after than were estimeted
L-dopa amount.

Analysis of variance using the SPSS-13 program
was performed after L-dopa data were transormed.
DUNCAN’s multiple range test was used at the
statistical grouping.

3. Results and Discussion

Commonly grown faba bean varieties is capable of
indeterminate growth (Sepetoglu 1994). For this

reason flowering potential of faba bean is high.
In Samsun ecological conditions, in our 2-year
study to determine flowering and pod setting
in 12 different genotypes, the total number of
flowers per plant varied between 9-279 and 10.2-
27.1% of flowers blossemed have been found to
set pod (Bozoglu 2005). This is a significant loss
of energy. Perhaps these flowers can be evaluated
as a crude of medicine for PD. Cenarruzabeitia
et al (1978) examined the L-dopa change during
the vegetative period of faba bean and reported
that flower is the organ which contains the highest
L-dopa.

In this study it was determined the content
of L-dopa in different components of 22 bean
genotypes which were sown in winter under the
conditions of Samsun. The L-dopa content of faba
bean genotypes of different plant parts are shown
in Table 1 and HPLC chromotogram examples are
shown in Figure 1. According to the analysis of
variance, the contents of L-dopa is not statistically
different in the leaves of faba bean genotypes, but
the content of L-dopa of flower and fruit is highly
significant (P<0.01).

Table 1- L-Dopa amount in the different parts of faba bean (Vicia faba L.) genotypes

Cizelge 1- Bakla (Vicia faba L.) genotiplerinin farkli kisimlarindaki L-dopa miktart

Genotypes  L-Dopa content (mg kg™') Genotypes  L-Dopa content (mg kg)
Leaf Flower** Pod** Leaf Flower** Pod**

Vi 11.85 40.95b 16.34 c-g A\ 21.53 7540 a 32.13 a-d
Vi 15.79 79.59 a 40.81 abc Vi, 23.93 96.37 a 25.55 b-f
Vi 17.83 73.55a 5.04¢g V. 26.62 69.46 a 26.77 a-d
Vo 17.95 85.74 a 39.39 a-d Vi 10.88 8342 a 1524 d-g
v 24.41 85.02a 54.29 a Vi 18.47 79.06 a 7.79 fg
' 20.04 88.29 a 50.09 ab A\ 18.88 88.24 a 50.14 ab
v, 13.23 46.47b 4.16 g Vi 33.41 83.13a 33.13 a-d
vV, 22.82 90.17 a 5.18¢g Vi 16.75 7249 a 6.70 fg
v, 12.71 79.65 a 8.55 efg Va 16.29 71.35a 17.24 c-g
A\ 25.99 66.57 a 24.66 b-f V., 16.96 7239 a 30.33 a-d
V., 16.83 74.70 a 15.66 c-g v, 22.88 85.18 a 46.70 ab

** P<0.01
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Figure 1- Some examples from HPLC chromotogram of L-DOPA

Sekil 1- L-dopa HPLC kromotogramlarindan bazi ornekler

The content of L-dopa varied in the leaves 10.88-
33.41 mg kg, in flower 40.95-96.37 mg kg! and in
green pod 4.16-54.29 mg kg for faba bean genotypes.
The use of faba bean against shaking, rigidity and
slownes of movement caused by Parkinson’s disease
is known among the people in Turkey. Therefore
fresh pods of faba bean is consumed. But it can be
seen from the average rate of L-dopa content in leaf,
flower and fruit of broad bean genotypes, flower has
the most L-dopa content organ of plant. Ingle (2003)
reported that L-dopa ratio was 0.2-0.75% in green
peel of pod, 0.09% flowering green plant and 0.006-
0.01% in green seed. Mohseni Mehran & Golshani
(2013) obtained L-dopa from fava beans which
were in the fresh and dry sprouted form, whose
concentrations were 1.4, 1.5 and 2.6, 2.4 mg mL"'
respectively. The results of this study indicate that
faba beans are a good source of natural L-dopa.

In our study, concerning the amount of L-dopa
in faba bean genotypes, whereas 22 genotypes is in
the group that content highest L-dopa, 2 genotypes
remained outside of this group. 10 genotypes (V,, V,,
Vi, VoV, V., V. VeV, V,,) which consists the
highest content of L-dopa in fruit also remained in
the group which content the highest in flower. Also it
has been found that the content of L-dopa in flower
and fruit of lines is higher than the registered varieties
(Figure 2). It can be seen in figure 2 content of
L-dopa in leaf and flower of faba bean lines that were
used in this study were higher than cultivars. L-dopa

level in fresh pods were closed. According to t-test,
L-dopa amount in flower is higher (P<0.01) than
leaf and pod. In our study, the highest L-dopa rate
was 0.0096% and this rate was lower than scanned
literature. It could be many reasons as kind of seed
and soil conditions. Longo et al (1974) reported
that V. faba var. minor had been the most content
of L-dopa; Huang & Chen (1998) reported that if
potasium nitrate and ammonium nitrate are used
together L-dopa content increases and phosphate
are negatively correlated with calcium but positively
correlated with zinc content of soil.

L-Dopa {mgkg") Hvarieties @lines

90
80
70 A
60
50 A
40 A
30 1
20 A

flowwer green pod

parts of plant

Figure 2- L-Dopa amount (mg kg™) in leaf, flower
and pod of faba bean varieties and lines

Sekil 2- Bakla hat ve c¢esitlerinin yaprak, ¢icek ve
bakladaki L-dopa miktarlar: (mg kg™')
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4. Conclusions

In today’s nutrition concept, health protective
properties of food is important as well as their
use as a food source. In all over world there is
an increasing demand for preventive medicine,
alternative medicine and natural ways of treatment.
This has increased the popularity in the use of
plants. The faba bean can be used as it is a plant
contains L-dopa. With this feature, it was the subject
of our study.

In this study it is aimed to determine the
content of L-dopa in different parts of 22 faba
bean genotypes which are sown in winter under the
conditions of Samsun. Hence it is aimed to find a
feature-rich genotype and discover whether the faba
beans can be used for medical purposes rather than
a food source.

Faba bean (Vicia faba L.), due to content of
L-dopa are used as supportive therapy in addition
to being a food product. After the result of variance
analysis, the content of L-dopa in flowers and
green pod were found to be statistically different in
between the genotypes. Flowers of faba bean are not
used as a food or tea. But L-dopa content of flower
was founded more than pod and leaf. How can
flowers of faba bean be used as a food, this situation
should be investigated.

Using these results, it is essential to select
L-dopa-rich genotypes and analyze samples that will
collected more frequently during the development
of the plant.

The fact that this metabolite content of plant does
not mean that it can be suggested in direct medical
purposes. It would not be scientific. Also these
metobolites are considered blockers. Recieving
less creates a drug effect (positive) when recieving
in high dose it creates some health problems.
For this reason, studies with a multidisciplinary
infrastructure that could be used for medical
purposes should be laid out. The most important
step for the sustainability of life is the sustainability
of agriculture. In order to this, the sustain of soil and
biodiversity should be preserved. In this respect, we
consider legumes significant and faba bean among

them is not widely used in our country. However,
our country is one of the homeland of faba bean.
To determine the use of the plant against PD will
increase its popularity.
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ABSTRACT

Existing information on the ecology, distribution and plant traits of Lotus taxa is scant for the natural flora of Turkey,
which is one of the most important countries in the Mediterranean zone for genetic resources and genetic diversity of these
species. Therefore, the aim of this study was to determine (i) morphologic, agronomic, phenologic, stand persistence traits
and growth habits of some wild narrowleaf birdsfoot trefoil (NBT; Lotus tenuis Waldst. & Kit.), and (ii) the relationships
between these traits and altitude, latitude or longitude of the natural habitats, the samples of which were obtained from
diverse natural areas of Black Sea Region, Turkey. The altitudes of sampling sites ranged from 1 to 1510 m. A total of 86
wild NBT were sampled in the study. NBT was present in all ranges of altitude, although its frequency was the highest in
altitudes between 1-300 m. On the other hand, considerable variations were determined for the investigated traits, except
for growth habit in which all populations had decumbent growth habit. The results of the present study indicate that NBT
better adapted to lowlands and studied region offers important genetic resources for further researches and also may serve
as a valuable breeding material for new grazing-type and disease resistant NBT varieties.
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1. Introduction

OZET

Genetik kaynaklar bakimindan Akdeniz Tklim Kusagi’'nda yer alan en énemli iilkelerden biri olan Tiirkiye nin, dogal
florasinda yer alan gazal boynuzu tiirlerinin; ekolojisi, dagilimi ve bitkisel 6zellikleri hakkindaki bilgi oldukga smnirlidir.
Bu nedenle bu ¢alismada, Tiirkiye’nin Karadeniz Bolgesi dogal alanlarindan 6rneklenen yabani daryaprakli gazal
boynuzu (DGB) populasyonlariin; morfolojik, agronomik, fenolojik ve tesis omrii 6zellikleri ile gelisme formlarinin
belirlenmesi ve bu 6zellikler ile drnekleme alanlarinin rakim, enlem ve boylam degerleri arasindaki iligkilerin ortaya
konulmas1 amaglanmustir. Ornekleme alanlarinin rakimlari 1 ile 1510 m arasinda degismistir. Calismada 86 adet yabani
DGB orneklenmistir. DGB, ¢alisma yapilan her rakim derecesinde bulunmakla birlikte, bulunma sikligi 1-300 m rakim
araliginda daha fazla olmustur. Diger yandan gelisme formu harig, incelenen tiim 6zelliklerin ¢ok 6nemli varyasyonlar
gosterdikleri belirlenmistir. Biitin DGB populasyonlart yatik gelisme formu gostermislerdir. Calismadan elde edilen
sonuglar, DGB populasyonlarmin diigiik rakimli alanlara daha iyi uyum sagladigini ve ¢alisilan bolgenin, basta otlakiye
amacli ve hastaliklara dayanikli yeni DGB g¢esitlerinin gelistirilmesi olmak {izere yapilacak her tiirlii ¢alismalar i¢in
zengin genetik materyal kaynagina sahip oldugunu géstermistir.

Anahtar Kelimeler: Dar yaprakli gazal boynuzu; Genetik kaynak; Varyasyon; Gelisme formu; Hastaliga dayanim

resources, including genetic diversity studies,

Turkey is one of the most important countries in the
Mediterranean zone for plant genetic resources and
genetic diversity. The natural environment of Turkey
is very diverse, ranging from subtropical to the
cold temperate zones. This ecological diversity has
contributed to high genetic diversity and has allowed
the successful introduction and cultivation of a great
number of plant species. Davis (1970) reported 925
legume species in 60 genera from Turkey. The Black
Sea Region in the north of Turkey is also one of the
richest regions for plant genetic resources diversity.
This region is show much variation and distribution
for many legume species and thus it is an important
region for investigation of birdsfoot trefoil genetic
resources (Tan 2010).

The narrowleaf birdsfoot trefoil (Lotus tenuis)
(NBT) is herbaceous perennial forage which is
adapted to low fertility, water logged and saline
soils (Dear et al 2003). It is increasingly used
in pastures over the world because of their high
adaptation capability and productivity in a wide
range of soils and climatic conditions like other
Lotus species (Blumenthal & McGraw 1999). In
Turkey, the scientific information on the ecology,
distribution and plant characteristics of Lotus taxa
genetic resources, including NBT are scant (Uzun et
al 2008). Efficient utilization of the genetic potential
requires detailed knowledge about the genetic

evaluation and classification (Beuselinck & Steiner
1992).

The objectives of this research were to
determine morphologic, agronomic and phonologic,
stand persistence traits and growth habits of some
wild NBT populations sampled from the Black
Sea Region of Turkey, and also to determine the
relationships of these traits with geographic features
of sampling sites.

2. Material and Methods

A total of 86 wild populations of NBT seeds were
sampled from the natural areas of the Black Sea
Region (31°33’- 37°32° E and 40°06° - 42°03° N),
Turkey in summer periods of 2009 and 2010. The
sampling area has an irregular topography with
elevations from 1 to about 1510 m (Table 1 and
Figure 1). The distance between two sampling sites
was at least 8 km. All the chosen sites were checked
for NBT plant and as it stumbled up on, this site was
recorded as sampling site. The size of the each site
was nearly 1 ha. Each population was represented
by minimum 50 plants (Brown & Marshall 1995).
The populations were sampled mainly from
meadows or pastures that had not been cultivated or
actively managed for pasture improvement. In each
population, mature pods were randomly sampled on

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 152-160

153



BaziYabani Dar Yaprakl Gazal Boynuzu (Lotus tenuis Waldst. & Kit.) Populasyonlarinin Morfolojik, Agronomik..., Uzun et al

a site with uniform growing conditions. Accession
codes of NBT populations were created by traffic
codes of province, the first two letters of county and
sample order (Table 1).

The glasshouse and field studies of this study
were carried out in the Black Sea Agricultural
Research Institute, Samsun, between 2010 and 2012
years. The experimental site was located at 41°17’
N, 36°21’ E, elevation 4 m. The area has a mild and
humid climate with a mean annual temperature of
14.4 °C and a mean annual precipitation of 675.1
mm (1974-2013 years).

Firstly, the seeds of each population were
sown into plug trays containing peat and grown in
glasshouse conditions under natural light in mid of
September 2010. Forty-five seedlings from each
population were randomly selected and transplanted
into the field with three replications at the 8-10 cm
length stage at spacing of 0.9 x 0.9 m in end of
November 2010.

In this study, hay yield, seed yield, and root and
crown-rot diseases severity data were obtained in
2011 and 2012 years. Other data were obtained at
the first experimental year. The 15 plants from each
population were harvested manually at the beginning
of flowering stage for hay three times in 2011 and
two times in 2012. When 65-70% of the pods turned
brown in colour, the other 15 plants were harvested
for seed yield. The ratios of disease of populations
were determined at the end of the second growing
season. Morphological and phenological data were
obtained on the remaining 15 plants. The data were
obtained and evaluated according to ICARDA
(2001) and IBPGR (1991).

Firstly, the data were analyzed by means of
descriptive statistics (meantstandard deviation).
Secondly, the relationship between evaluated traits
and geographical features of the collecting-site
locations were investigated by using correlation
analysis. Thirdly, for a better overview of diversity
or similarity in populations, principal component
analysis (PCA) and scatter plot analysis were
performed with PASW/SPSS  Statistics 18
programme on traits to determine relationships

among populations. In the PCA, the data were
used to generate Eigen Values, the percentage of
the variation accumulated by PCA and the load
coefficient values which relate the values. Those
PC with Eigen Values >1.0 were selected and
those traits with load coefficient values >0.6 were
considered highly relevant traits scored for that PC
(O’Rourke et al 2005).

3. Results and Discussion

3.1. Distribution regarding to altitude

Distributions of populations based on altitude of
sampling sites are given in Table 1. The ratio of
gathered NBT populations were 41% in 0-300 m,
25% in 301-600 m, 20% in 601-900 m, 12% in 901-
1200 m and 2% in 1201-1510 m altitude. These
results indicate that there was a decrease in present
frequency of NBT with increasing altitude. Although
it has been reported that NBT may be adapted to all
ranges of altitude (Davis 1970; Drobna 2010), based
on findings of present study and some other studies
(Steiner & Santos 2001; Drobna 2010), it can be
said that NBT better adapted to lowlands.

3.2. Population description

In the study, it was observed that all of populations
had spreading growth habit and there were no
rhizome.

Based on the leaflet measurements which were
performed at bloom stage the populations were
variable for middle leaflet length and width. The
middle leaflets size ranged between 0.90-1.76 cm and
(length) and 0.28-0.67 cm (width). The populations
differed in the number of stems per plant, ranged
from 23.33 to 73.17. The length of main stem varied
between 50.00 and 96.67 cm. The populations were
also quite variable for stem height. The stem height
of populations changed between 8.22 and 30.67
cm (Table 2). Plant heights of all populations were
low due to the decumbent growth habit. As known,
shorter forage species are considered more suitable
for grazing than taller types (Ayala 2001). Indeed,
collecting sites of the populations have been grazed
throughout the year.
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Table 1- Distribution of 86 wild narrowleaf birdsfoot trefoil populations based on altitude of sampling sites

Cizelge I- Orneklenen 86 yabani dar yaprakl gazal boynuzunun bolge yiikseltilerine gore dagilimi

No Altitude (m)
0-300 301-600 601-900 901-1200 1201-1510
1 37CI01(37)* 05MI02(2) 05TA04(15) 05GU02(5) 37DE02(39)
2 67CA01(43) 05MI03(3) 05GUO01(4) 78ES02(58) 37T002(42)
3 67CA02(44) 05MI01(1) 05HAO01(8) 55LA01(80)
4 67CA03(45) 05GO01(6) 05HA02(9) 60AR01(22)
5 67CA04(46) 05G0O02(7) 60MI01(16) 60AR02(23)
6 67DE01(47) 05MEO01(10) 37AR01(35) 37MI02(33)
7 67G001(49) 05SU01(11) 37MI01(32) 37AG01(34)
8 67G002(50) 60MI102(17) 37TO01(41) 371H01(36)
9 67FI01(51) 60MI03(18) 78ES01(57) 37IN01(40)
10 67SA01(52) 60MI04(19) 78SA02(56) 37DE01(38)
11 74MI01(59) 60MI05(20) 14MNO1(77)
12 74MI02(60) 60MI06(21) 14MN02(78)
13 74MI103(61) 60REO01(31) 14 MNO03(79)
14 74IN01(63) 78MI102(54) 14MI101(76)
15 52UNO01(71) 78MI01(53) 55VE02(82)
16 52UN02(72) 78SA01(55) 181LO1(85)
17 52UN03(73) T4AMO1(62) 181L02(86)
18 52UN04(74) 190S01(66)
19 52FA01(75) 190S02(67)
20 57MI01(83) 190S03(68)
21 57HE01(84) 190504(69)
22 05TA01(12) 190S05(70)

23 05TA02(13)
24 05TA03(14)
25 60ER01(24)
26 60ER02(25)
27 60ER03(26)
28 6ONI0I(27)
29 60NI02(28)
30 60NI03(29)
31 60NI04(30)
32 67DE02(48)
33 74UL01(64)
34 74UL02(65)
35 55VEO0I(81)

*, the values in the parenthesis described the codes of population’s distribution in Figure 2

Figure 1- Black Sea Region from which wild narrowleaf birdsfoot trefoil (Lotus tenuis Waldst. & Kit.)

genetic resources were sampled

Sekil 1- Yabani dar yaprakli gazal boynuzu genetik kaynaklarmin toplandigi Karadeniz Bélgesi
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The number of raceme per plant, number of
flowers and pods per raceme varied from 604 to
2566,3.73t06.80 and 2.17 to 4.93, respectively. The
maximum number of seed per pod was 28.7 and the
minimum 7.0. There were significant correlations
between leaflet length (r= -0.255%), stem number
(r= -0.278**), stem length (r= -0.376*%*), stem
height (= -0.213*), number of seed per pod
(= -0.280*) and altitude. In addition to, the
correlation between raceme number (r= -0.227%)
and latitude was statistically significant (Table 2).

As shown in Table 2, average DM yields were
146.40 and 121.30 g plant! in the first and the
second years, respectively. The populations 74MI103
and 190S02 had highest mean DM yields per plant
(223.60 and 257.80 g plant', respectively), while
the lowest mean DM yields per plant was 64.00
g plant! in population 37DEO1 at the first year
and 42.26 g plant! in 37MI02 at the second year,
respectively. The low DM yield might be attributed
to the less cutting number according to first year,
because plants did not re-grow or die after second
cutting in 2012.

The leaf to stem ratio varied between 0.54
and 1.02. Leaf to stem ratio is an important trait
in determining herbage quality, diet selection and
forage intake (Forbes & Coleman 1993). This trait
has been used successfully to predict forage quality
parameters in birdsfoot trefoil and alfalfa (Buxton et
al 1985). Also, these authors reported that attempts
to improve forage quality of alfalfa and birdsfoot
trefoil should be directed toward the lower portion
of the plant canopy and stem.

The populations were also quite variable for
seed yield. Average seed yields were 28.10 and
24.25 g plant”! in 2011 and 2012 years, respectively.
The reason of the differences of seed yields in first
and second year might be attributed to differences of
insect pollinator amount and activity in these years.

The highest seed yields per plant were 74.64
and 91.90 in population 190S02, the lowest 3.33
and 2.39 g plant™ in population 37IHO1 in 2011 and
2012, respectively. 1000 seed weigh ranged between
0.78 and 1.61 g.

There were significant correlations between DM
yield (r=-0.477** and r=-0.247* in 2011 and 2012,
respectively), leaf/stem ratio (r= 0.224*), 1000 seed
weight (r= 0.479**) and altitude. Furthermore, the
correlation between seed yield (r= -0.232*) and
latitude was statistically significant in the first year
but no significant in the second year.

The first flower, full flower and end of flowering
stage of populations were ranged between 239
and 266, 269 and 275, and 307 and 316 days,
respectively. Mean number of days to first pod
and mature pod were varied from 257 to 274 and
from 279 to 296 days, respectively. Correlation
between altitude and number of days to last flower
was significant (0.237*). There were significant
correlations between number of days to first flower
(r= -0.395**), first pod (r= -0.325*%*  full flower
(r=-0.380*%*), first mature pod (r= -0.547**) and
altitude. No significant relationship was found
between evaluated traits and longitude (Table 2).

The results related to morphological traits were
corroborated those obtained by Drobnd (2010)
who reported that the most variable were the
quantitative traits related to stem and number of
inflorescence per stem. Variability also exists for
specific agronomic traits, including herbage yield
and quality, flowering habit, insect resistance and
reproductive compatibility (Santos et al 2001).
The morphological traits of plants in terms of size
and growth habit are influenced by genotype and
environment or their interaction. Furthermore,
morphological variations among populations are
strongly associated with geographical features
of the collecting-site locations (Drobna 2010). In
the present study, considerable variations for the
morphological traits of NBT populations in terms
of size and reproductive growth were resulted in
the genotype due to the populations grown in the
same environment. The number of stem per plant
(r= 0.465%%*), stem length (r= 0.628**) and stem
height (r= 0.628**) were the main contributor
to DM yield (data not shown in table) because
the general appearance of the plants ranged
from small and weak to large plants with a high
number of stems (Drobna 2010). The DM yields
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Table 2- Descriptive statistics of morphologic, agronomic and phenologic traits and correlation coefficients
(r) between traits and sampling-site altitude and latitude of narrowleaf birdsfoot trefoil populations (n= 86)

Cizelge 2- Yabani dar yaprakl gazal boynuzunun morfolojik, agronomik ve fenolojik ozelliklerine iliskin
tamimlayict istatistikler ve bu ozellikler ile yiikselti ve enlem arasindaki korelasyon katsayilari (r), (n= 86)

Among- Correlation coefficient
Traits Mean+SD Min-Max population . .
Altitude Latitude
CV(%)
Central leaflet length (cm) 1.27+0.17 0.90-1.76 13.44 -0.255%* -0.110
Central leaflet width (cm) 0.44+0.09 0.28-0.67 19.74 -0.107 -0.073
No. of stems per plant 45.44+9.70 23.33-73.17 21.34 -0.278** 0.155
Length of main stem (cm) 73.94+11.1 50.00-96.67 14.96 -0.376** -0.021
Height of stem (cm) 17.23+4.76 8.22-30.67 27.62 -0.213* -0.185
No. of raceme per plant 1544+439.3 604-2566 28.44 -0.189 -0.227*
No. of flowers per raceme 5.59+0.51 3.73-6.80 9.10 -0.131 0.165
No. of pods per raceme 3.32+0.48 2.17-4.93 14.46 -0.075 0.101
No. of seeds per pod 16.02+3.91 7.00-28.70 24.39 -0.280** 0.095
DM yield (g plant™) 2011 146.40+40.2 64.00-257.80 27.48 -0.477** 0.085
2012 121.30+44.83 42.26-234.89 37.00 -0.247* -0.109
Leaf/stem ratio (%) 0.73+0.11 0.54-1.02 15.69 0.224* 0.010
Seed yield (g plant™) 2011 28.10+14.2 3.33-74.64 50.48 -0.175 -0.232%*
2012 24.25+16.3 2.39-91.90 67.00 -0.057 -0.189
1000 seed weight (g) 1.11+0.17 0.78-1.61 15.48 0.479%%* -0.127
Disease severity (%) 2012 42.38+19.5 0-92 46.02 0.180 -0.144
No. of days to first flower 255+4.86 239-266 1.91 0.119 -0.395%*
No. of days to first pod 26343.57 257-274 1.36 0.077 -0.325%*
No. of days to full flower 271+1.48 269-275 0.55 -0.009 -0.380%*
No. days to first mat. pod 286+4.10 279-296 1.43 0.113 -0.547%*
No. of days to last flower 31142.15 307-316 0.69 0.237* -0.011

** P<0.01; *, P<0.05

of 74MI03, 67FI01, and 60MIOS populations
were higher compared to other populations based
on stem number, stem length and height, which
are the most variable morphological traits in the
present study. Therefore, our results on variation
in morphological traits also support the idea that
variation in morphological traits are revealed by
the existence of considerable variation in form
and growth of plants such as stem length and
shape, number of flowers in inflorescence etc. as
mentioned by Drobna (2010).

As reported by Drobna (2010), morphological
and agronomical variations were strongly
associated with altitude of the collecting-site. The
traits of stem, leaflet length, number of seed per
pod, herbage yield, leaf to stem ratio and 1000 seed
weight were influenced highly by altitude (Table
2). All morphological traits exhibited negative
correlation with altitude in our study. Most of the
populations from locations with lower altitude
tended to produce plants with high DM yield,
number of longer stems, seed yield and the number
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of raceme per plant, inflorescence per plant and seed
per pod etc. compared to populations from locations
with higher altitude.

A major factor limiting more widespread
use of Lotus taxa is the fact that achieving a high
seed yield in these species is difficult (McGraw
& Beuselinck 1983). In high variation in terms of
seed yield of Lotus taxa, number of raceme per
plant, number of pod per raceme, number of seed
per pod and seed weight have been identified as
major contributing traits (Garcia-Diaz & Steiner
2000; Vignolio et al 2010). Furthermore, Li &
Hill (1989) and Qingfeng (1989) reported that the
seed yield is primarily determined by the number
of inflorescences produced per plant, in turn,
inflorescence number is primarily depending on the
number of shoots available at the time of flowering.
In the present study, there are the significant positive
relationships between seed yield and the number of
raceme per plant (r= 0.423**) and also seed per pod
(r= 0.281*%*) (data not shown). Therefore, it can be
suggested that high number of raceme, number of
seed per pod, 1000 seed weigh and stem number
should be used as selection criteria for improving
seed production according to our results and reports
by above researcher.

A high phenotypic variability among the
populations in terms of studied phenological traits
can be related to a high phenotypic plasticity
and/or genetic variations among the individuals
(Ferraro et al 2010). This causes the spreading of
NBT in the heterogeneous environment. Indeed,
genetic differentiation in phenotypic traits has
been frequently demonstrated among populations
of wide-ranging species (Quinn & Wetherington
2002). Flowering habit of NBT is indeterminate,
so flowering is extended over a long period of
time. Qingfeng (1989) reported that the continuous
development of new shoots replacing older
flowering shoots was the main cause of the long
flowering period.

3.3. Stand persistance

There was no diseased plant in the first year, while
the ratio of disease of populations varied from

17 to 92% in 84 populations in the end of second
year. Disease was not observed in 37TO01 and
67CAO01 populations. These two populations can
be very important in disease resistance studies.
Lotus taxa have poor stand persistence (Altier
& Kinkel 2005). These authors reported stand
losses of 68 to 90% within 2 year of establishment
due to root and crown-rot diseases for birdsfoot
trefoil. Persistence in humid regions is shortened
by disease (Beuselinck et al 1984). The moisture
was quite high our study area in vegetation period
varied between 78.1 and 82.6%. The results of our
study were similar to the study of these authors.
Astley (1987) reported that germplasm collections
can contain genes for resistance to pests, diseases,
and abiotic stresses, and help to ensure that
potentially useful genetic variation is preserved
for future needs. Rhizomatous types of Lotus
taxa offer an additional strategy to improve stand
persistence (Beuselinck et al 2005). However, no a
rhizomatous growth form within populations was
observed.

3.4. Principal component and cluster analysis

To assess the relative significance of evaluated
traits, PCA was carried out. PCA revealed that
the first six PCs explained 68.47% of the total
variation. The attributes that appeared to be the
major sources of diversity within the evaluated
populations were the number of days to first flower,
first pod, full flower and first mature pod (PC1).
Length of main stem, number of raceme per plant,
dry matter and seed yields explained PC2. The
1000 seed weight, leaflet length and width, and
number of stems per plant explained on the PC3,
PC4, and PC6, respectively. Therefore, the above-
mentioned traits primarily must be taken into
consideration for selection. Based on the distance
matrix for the distributions of populations on the
first two axes, some populations (e.g. populations
of 45, 49, 64 and 78 etc.) were closely similar to
each other while some (e.g. populations of 32, 13,
61 and 76) were notably quite different from each
other (Figure 2).
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Figure 2- Distribution of populations on the PC1
(22.59) and PC2 (39.92) refer to the codes of Table 1

Sekil 2- Cizelge 1’deki kodlara gére PCI1 (22.59) ve
PC2 (39.92) popiilasyon dagilimi

4. Conclusions

The results of the present study indicate that studied
region may offer important NBT genetic resources
for further researches and serve as a valuable
breeding material. For example, new grazing-
type and disease resistant NBT varieties may be
improved from studied populations for improving
pasture where alfalfa and other legumes cannot
grow.
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OZET

Brachypodium distachyon (yalanci parlak brom), serin mevsim bugdaygilleri i¢in yeni bir model bitkidir. Bu ¢alismada,
Namik Kemal Universitesi Ziraat Fakiiltesi Tarla Bitkileri Boliimii koleksiyonunda bulunan ve iilkemizin farkli cografik
bolgelerinden toplanmis 48 adet dogal B. distachyon popiilasyonu materyal olarak kullanilmigtir. Deneme tesadiif
bloklar1 deneme desenine gore 3 tekrarlamali olarak kurulmus ve kontrolsiiz sera (plastik) kosullarinda yiirtitiilmustiir.
Popiilasyonlar 17 morfolojik 6zellik bakimindan karakterize edilmis ve morfolojik karakterlerin yiikseklik ile olan
iliskileri incelenmistir. Popiilasyonlarin ortalama olarak bitki boylarinin 24.7 cm, bayrak yaprak ayasi boyunun 5.6
cm, bayrak yaprak ayasi eninin 4.5 mm, biyokiitlenin (kok hari¢) 4.5 g bitki!, basakli sap sayisinin 34 adet, basaksiz
sap sayisinin 4 adet, bitki basina basakcik sayismin 111 adet, bitki basina tohum sayisinin 372 tohum, bitkilerin
sahip oldugu tohum agirhigmin 1.95 g, bin tane agirliginin 5.22 g oldugu belirlenmistir. Ayrica, tohumlarin ¢imlenme
stiresinin ortalama 15 giin, bitkilerin basak ¢ikarma siiresinin 125 giin ve ¢igeklenme siiresinin 136 giin oldugu tespit
edilmistir. Bitkilerin genel olarak yesil renkte, tliylii yapida ve dik formda oldugu, ancak bazi popiilasyonlarda yatik
ve yari dik formlarin da bulundugu gézlenmistir. Morfolojik karakterlerdeki varyasyon Temel Bilesen Analizi (PCA)
kullanilarak incelenmistir. Yapilan korelasyon analizinde yiikseklik arttik¢a bitkilerde ¢imlenme siiresinin azaldigi, bin
tane agirhigi ve bitki goriiniimii degerlerinin arttig1 tespit edilmistir. Calismadan elde edilen sonuglara gére B. distachyon
koleksiyonunda morfolojik karakterler bakimindan biiyiik bir varyasyon oldugu saptanmustir.

Anahtar Kelimeler: Brachypodium distachyon; Morfolojik 6zellik; Varyasyon; Temel bilesen analizi; Korelasyon;
Genetik kaynak
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ABSTRACT

Brachypodium distachyon is a new model plant species for cool season grasses. In this study, 48 natural B. distachyon
populations from the collection stored at Namik Kemal University, Department of Field Crops; which were collected
from different geographic regions of Turkey were used. Seventeen morphological characters and their relationship with
altitude were investigated in the study. Based on the result of study, average properties were 24.7 cm for plant height,
5.6 cm for length of flag leaf, 4.5 mm for width of flag leaf, 4.5 g for biomass weigth (except the root), 34 for spike
number per stem, 4 for number of stem without spike, 111 for number of spikelet per plant, 372 for number of seed per
plant, 1.95 g for seed weight per plant, and 5.22 g for the thousand kernel weight. Additionally, average duration for
seed germination, heading and anthesis were determined to be 15, 125, and 136 days respectively. It was determined
that most of the plants had green colour, feathered structure and erect forms. But, semi-erect and even prostrate forms
were also observed in some populations. All the data was subjected to principle component analysis. The results of the
analysis indicate that B. distachyon collection used in this study have a tremendous morphological variation. Based on
the results, duration of the germination had a negative correlation with increasing altitude while thousand kernel weight
and plant appearance had a positive correlation.

Keywords: Brachypodium distachyon; Morphological characteristics; Variation; PCA; Correlation; Genetic resources

1. Giris

Brachypodium distachyon (Bd), sistematik olarak
ekonomik vetarimsal agidan cesitli onemli 6zelliklere
sahip 600 cins ve 10000 den fazla tiir igeren Poaceae
familyasinda yer almaktadir (Robertson 1981; Davis
1985). Yapilan ¢alismalarda B. distachyon tiiriiniin
Pooideae alt familyasinin geligsmesi sirasinda ortak
atadan gelen 6nemli tahillar ve yem bitkilerinin
¢ogunlugunu igeren “‘core pooid” cinsinden
ayrildigr belirlenmistir (Draper et al 2001; Vogel
et al 2009). B. distachyon, kii¢iik bir genom (2n=
10, 0.631 pg 2CDNA"!, Wolny & Hasterok 2009) ve
habitusa sahip olmasi, diploid olmasi, kendi kendini
dollemesi sayesinde iki generasyon dongiisii ile saf
hatlarin elde edilmesi (Draper et al 2001; Vogel
et al 2009), bir generasyonda ¢ok sayida tohum
iretebilmesi (Brkljacic et al 2011), vejetasyon
stiresinin kisa olmasi (Draper et al 2001; Vogel et al
2006; Garvin et al 2008; Mur et al 2011), sera veya
laboratuar kosullarinda kolayca yetistirilebilmesi
(Vogel et al 2006; Garvin et al 2008; Vogel et al
2009), biiyik bir ekonomik o6neme sahip olan
tahillar (bugday, arpa, yulaf, cavdar) ve ¢ayir mera
bitkileri ile yakin akraba olmasindan (Catalan et al
1997; GPWG 2001) dolay1 son yillarda bugdaygil
bitkileri i¢in model bitki olarak kabul edilmis ve
2010 yilinda genomu sekans edilmistir (Vogel et

© Ankara Universitesi Ziraat Fakiiltesi

al 2010). Gliney Avrupa, Kuzey Afrika ve giiney
bat1 Asya’dan Hindistan’a kadar uzanan bolgelerde
dogal olarak yetismekte olan (Mur et al 2011)
B. distachyon ile c¢ok cesitli alanlarda calismalar
yapilmis ve yapilmaktadir. Bu caligmalara 6rnek
olarak; hastalik ve kurakliga dayaniklilik (Ozdemir
et al 2008; Opanowicz et al 2008), serin mevsim
bugdaygillerinin degisik karakterlerini haritalamada
kullanmak tizere inbred hatlar gelistirmek (Vogel
et al 2009; Mur et al 2011), tiirler arasindaki
filogenetik iliskileri agiklayabilmek (Catalan et al
2011), genetik ve morfolojik ¢esitlilik ile cografi
bolge arasindaki iliskiyi arastirmak (Filiz et al 2009;
Vogel et al 2009; Mur et al 2011; Jaroszewich et al
2012; Neji et al 2015), Brachypodium’un morfolojik
ozellikleri ve gelisim basamaklarini tahil tiirleri ile
karsilastirmak (Watt et al 2009; Guillon et al 2012)
verilebilir.

Canlilarin smiflandirilmasinda, 1slah ¢alismalarinda
ve genetik cesitliligin belirlenmesinde genetik
ozellikler yaninda morfolojik karakterler de
oldukca degerli bilgiler vermektedir. Bu nedenle
calismada, {iilkemizin farkli cografik yap1 ve
iklime sahip alanlarindan toplanmis B. distachyon
popiilasyonlarindaki morfolojik ¢esitliligi belirlemek
ve yiikseklik ile morfolojik karakterler arasindaki
iliskileri tespit etmek amaglanmistir.
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2. Materyal ve Yontem

2.1. Materyal

Bu calismada, iilkemizin Marmara, Ege, Akdeniz,
Ic Anadolu ve Giineydogu Anadolu Bélgelerinin
dogal florasindan toplanmis ve Tarla Bitkileri
Boliimii Genetik Kaynak Koleksiyonunda muhafaza
edilen 48 adet B. distachyon popiilasyonu bitki
materyali olarak kullanilmistir. Popiilasyonlarin
kod numaralar1 ve toplandiklar1 cografi bdlgelerin
ozellikleri Cizelge 1°de verilmisgtir.

2.2. Yontem

Bu c¢aligma, 2012-2013 yillarinda Namik Kemal
Universitesi  Ziraat Fakiiltesi Tarla Bitkileri
Bolimii'nde yiritilmistiir. Popiilasyonlara ait
tohumlar, 05 Aralik 2012 tarihinde torf-perlit
(3:1 oraninda) karigimi  kullanilarak, ¢oklu
plastik saksilara ekilmistir. Ekim islemi {ig
tekrarlamali olarak (her popiilasyondan 10’ar bitki)
gergeklestirilmistir  (Sekil 1). Giinlik kontroli
yapilan tohumlarin ¢imlenme tarihleri (giin) tespit
edilmistir. Kontrolsiiz sera kosullarinda yiiriitiilen
calismada, ekimden 2 ay sonra bitkicikler i¢erisinde
torf- perlit karisimi bulunan daha biiyiik saksilara
(7 em x 7 cm) aktarilmistir (Sekil 2). Gerektikge
bitkilere su ve gilibre verilmistir. Bitkilerin
basaklanma ve ¢igceklenme tarihleri (giin), bitki
boyu (cm), bayrak yaprak boyu (cm) ve eni (mm)
gibi morfolojik karakterleri belirlenmistir (Sekil
2). Gelismeleri devam eden bitkilerin form yapilar
(bitki goriinlisii) dik, yatik ve yart dik olarak
degerlendirilmistir (Sekil 3). Bitkilerin yaprak rengi
ve tiliyliilik derecesi sterio mikroskop (Olympus
SZ61) kullanilarak incelenmis ve dijital kamera ile
fotograf ¢ekimi yapilmistir (Sekil 4, 5). Bitkilerin
gelisme durumlarina gore genel goriiniisleri (1: gok
koti, 2: koti, 3: orta, 4: iyi, 5: ¢ok iyi), renkleri (1: agik
yesil, 2: yesil, 3: koyu yesil) ve tiyliiliikk dereceleri
(1: az tiyld, 2: tiyld, 3: ¢ok tiylii) skala yapilarak
incelenmistir (Sekil 5). Hasat yapilmadan once
her popiilasyona ait 6rneklerin basakli ve basaksiz
sap sayilar1 ile basakg¢ik sayilart belirlenmistir.
Bitkiler kok kisimlarindan kesilerek saksilardan
uzaklastirilmis, hassas terazi kullanilarak bitkilerin

toplam biyokiitleleri (g) hesaplanmistir. Daha sonra
bitki basina tohum sayisi, tohum agirlig1 ve bin tane
agirligi karakterleri belirlenmistir. Varyans analizleri
SAS’in GLM (General Lineer Model) prosediirii
kullanilarak gergeklestirilmistir. Popiilasyonlardaki
varyasyon Temel Bilesen Analizi (PCA) ile
incelenmistir. Morfolojik karakterlerin birbirleriyle
ve yiikseklik ile olan iligkilerini belirlemek igin
korelasyon analizi yapilmistir.

3. Bulgular ve Tartisma

Calismada incelenen morfolojik karakterler ve elde
edilen verilerin minimum, maksimum ve ortalama
degerleri Cizelge 1’de verilmistir. Yapilan dl¢ctimler
sonucunda popiilasyonlarin ortalama bitki boylarinin
11 ile 43 cm (ortalama 24.7 cm) arasinda degistigi
ve bu farkliliklarin istatistiki olarak 0.01 diizeyinde
onemli oldugu bulunmustur. Bd111, Bd8§3, Bd100,
Bd65, Bd94 ve Bd99 popiilasyonlarinin bitki boyu
bakimindan en yiiksek (= 28 cm) degerlere, Bd38,
Bd67 ve Bd41 popiilasyonlarinin ise en diisiik
(< 20 cm) degerlere sahip oldugu belirlenmistir.
Farkli arastiricilar tarafindan yapilan ¢aligmalarda
bitki boyu 3-30 cm (Davis 1985), 20 cm (Draper et
al 2001), 34 (21-52) cm (Filiz et al 2009), 15 cm
(Vogel & Bragg 2009), 26 (18-35) cm (Catalan et al
2011) ve 5-18 cm (Oney 2013) olarak agiklanmustir.
Calismamizda elde edilen sonuglar ile daha Once
yapilmis olan g¢aligmalardan elde edilen sonuglar
birbirine oldukc¢a benzer olup, aradaki farkliliklarin
kullanilan genotip ve yetistirme kosullarinin farklt
olmasina baglanabilir.

B. distachyon popiilasyonlarinin bayrak yaprak
ayast boylarinin 2 ile 11.5 cm (ort. 5.6 cm),
enlerinin ise 2 ile 7 mm (ort. 4.5 mm) arasinda
degistigi belirlenmistir. Her iki karakter bakimindan
popiilasyonlar arasindaki farklilik istatistiki olarak
0.01 diizeyinde dnemli bulunmustur. Bayrak yapragi
ayast biiyiikliigiine gore en yiiksek degere (> 8 cm)
sahip olan popiilasyonlar Adi, Koz, Bis, Kah ve Gaz
seklinde siralanmaktadir. Bd41, Bd68, Bd42, Bd105,
Bd67, Bd15 ve Bd 84 ise en diisiik (< 4 cm) degere
sahip popiilasyonlardir. Bayrak yaprag: ayasi eninin;
Adi, Gaz, Kah ve Koz popiilasyonlarinda en yiiksek
degerde (> 6 mm), Bd15, Bd68, Bd41, Bd12, Bd14,
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Sekil 1- Tohumlarin cimlenmesi ve ¢oklu plastik saksilarda gelisimi: A, B, C

Figure 1- Germinayion of seeds and their development in multi plastic pots: A, B, C

Sekil 2- A, bitkilerin serada yetistirilmesi; B, C, morfolojik karakterlerin incelenmesi

Figure 2- A, growing plants in the greenhouse; B, C, investigation their morphological characteristics

Sekil 3- Popiilasyonlara ait bitki formlari: A, dik; B, yar dik; C, yatik

Figure 3- Plant formations related to populations: A, vertical; B, half vertical; C, horizontal
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Sekil 4- A, yaprak rengi tonlar1 ve numaralari: 3, koyu yesil; 2, Yesil; 1, acik yesil; B, farkl renge sahip

bitki ornekleri

Figure 4- A, the color tones of leaves and their numbers: 3, dark green, 2, green; 1, light green; B, plants having

different colors

Sekil 5- Bitkilerin tiiyliiliik 6zellikleri: 1, az tiiylii; 2, tiiylii; 3, cok tiiylii

Figure 5- Hairiness features of plants: 1, low hairy, 2, hairy; 3, high hairy

Bd105, Bd16, Bd38, Bd11 ve Bd3 popiilasyonlarinda
ise en diisiik degerde (< 3.5 mm) oldugu saptanmuistir.
Davis (1985) yaptig1 calismada bayrak yaprak ayasi
enini 1-6 mm, Catalan et al (2011) ise 2.8+0.3 mm
olarak agiklamislardir. Bayrak yapragi eni i¢in daha
once yapilmis olan ¢aligmalarda elde edilen degerler
ile bu ¢alismada elde edilen degerler biiyiik benzerlik
gostermektedir. Aradaki farkliliklarin - kullanilan
genotip ve yetistirme sartlarindan kaynaklandigt
diisiiniilmektedir.

Popiilasyonlarin ortalama biyokiitle degerlerinin

1.2 ile 8.9 g bitki! (ort. 4.5 g) arasinda degistigi ve

farkliliklarin istatistiki olarak 0.01 diizeyinde 6nemli
oldugu saptanmistir. En yiiksek biyokiitle (> 5 g)
sirastyla Bd92, Bd100, Bd81, Bd83, Bd97, Bd65
ve Bd62 popiilasyonlarinda tespit edilmistir. Bd41,
Bd42 ve Bd16 popiilasyonlarinda ise biyokiitlenin
en disiik (< 3.5 g) oldugu belirlenmistir. Filiz
et al (2009) diploid ve tetraploid popiilasyonlari
kullandiklar1 caligmalarinda bitki biyokiitlesinin 0.4-
15.7 g bitki! arasinda degistigini agiklamiglardir. Bu
calismadaki biyokiitle degerlerinin caligmamizda
bulunan degerlerden daha yiiksek olmasmin
sebebi olarak giliniimiizde yeni bir tiir olarak
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adlandirilan tetraploidlerin (B. hybridum, Catalan
et al 2011) de kullanilmis olmasi ve calismanin
yapildigr ortam kosullar1 gosterilebilir. Tetraploid
Brachypodium bitkileri (bu bitkiler 3 yil kadar
once Catalan et al (2011) tarafindan Bracypodium
distachyon’dan ayrilarak Brachypodium hybridum
olarak tanimlanmistir) c¢aligmamizda kullanilan
diploitlerden daha biiyiik bir habitusa sahiptir.

Popiilasyonlarin sahip oldugu basakli sap
sayisinin 4 ile 135 (ort. 34) adet arasinda degistigi
ve farkliliklarin istatistiki olarak 0.01 diizeyinde
onemli oldugu bulunmustur. Bd86, Bd14, Bd3,
Bd15 ve Bd89 popiilasyonlar1 en yiiksek (> 45)
basakli sap sayisina sahip iken; Koz, Bis ve
Kah en disiik (< 25) basakli sap sayisina sahip
popiilasyonlardir. Popiilasyonlarin bagaksiz sap
sayisinin 0 ile 65 (ort. 4) adet arasinda degistigi
ve farkliliklarin istatistiki olarak 0.01 diizeyinde
onemli oldugu belirlenmistir. Bd3, Bd86 ve Bd88
popiilasyonlarinda basaksiz sap sayisinin en yiiksek
(=9), Bd94, Bis ve Bd100 popiilasyonlarinda ise en
diisiik (< 2) degerde oldugu belirlenmistir. Yapilan
calismada bitki basina bagakgik sayisinin 10 ile 403
(ort. 111) adet arasinda degistigi ve basake¢ik sayist
bakimindan farkliliklarin istatistiki olarak 0.01
diizeyinde 6nemli oldugu bulunmustur. En yiiksek
(= 130) basake¢ik sayist Bd65, Bd92, Bd86, Bd62,
Bd91, Bd93 ve Bd92 popiilasyonlarinda, en diisiik
(< 80) basakeik sayist ise Bd41, BdS, Bd11 ve Koz
popiilasyonlarinda belirlenmistir. Bitki bagina tohum
sayisinin 36 ile 853 (ort. 372) adet arasinda degistigi
ve farkliliklarin istatistiki olarak 0.01 diizeyinde
onemli oldugu belirlenmistir. Bd62, Bd65, Bd100,
Bd92 ve Bd91 popiilasyonlart bitki bagina tohum
say1st bakimindan en yiiksek (> 440) degere sahip
iken, Bd11 ve Bd41 popiilasyonlarinin ise en diisiik
(< 300) degerlere sahip oldugu belirlenmistir. Daha
once yapilan ¢alismalarda bitki basina tohum sayisi
80-200 tohum bitki' (Draper et al 2001) ve 4-193
tohum bitki! (Filiz et al 2009) olarak belirlenmis
olup, bu calismaya gore oldukca diisiik degerler
elde edilmistir. Brkljacic et al (2011) ise tohum
sayisinin 100-1000 tohum bitki™ arasinda degistigini
aciklamistir. Calismalar arasindaki farkliliklarin
kullanilan genotip ve yetistirme sartlarindan

kaynaklandig1 diistiniilmektedir. Calismamizda bitki
basina ortalama tohum agirliginin 0.5 ile 5.1 g (ort.
2.0 g) arasinda degistigi ve farkliliklarin istatistiki
olarak 0.01 diizeyinde 6nemli oldugu belirlenmistir.
Bitki bagina tohum agirligi bakimmdan en yiiksek
(> 2.5 g) degerler Bd100, Bd92, Bd112, Adi ve Kah
popiilasyonlarinda gozlenirken, en diisiik (< 1.4 g)
degerler Bd11, Bd41, Bd14, Bd67, Bd12, Bdl3,
Bd16,Bd42,Bd66,Bd84 ve Bd86 popiilasyonlarinda
gozlenmistir. Popiilasyonlarin sahip oldugu bin
tane agirligi 5.2 g (2.6-11.0 g) olarak hesaplanmis
ve farkliliklarin istatistiki olarak 0.01 diizeyinde
onemli oldugu bulunmustur. Kah, Bd112, Gaz, Bis,
Bd99 ve Adi bin tane agirlig1 bakimindan en yiiksek
(> 6.5 g) degerlere sahip iken, Bd3, Bd14, Bd16,
Bd41 ve Bd81 popiilasyonlarinin ise en diisiik (< 4.0
g) degerlere sahip oldugu belirlenmistir.

Calismada c¢imlenme siiresinin 14 ile 40
(15) giin arasinda degistigi belirlenmistir. Ancak
popiilasyonlar arasindaki bu farkliliklar istatistiki
olarak 6nemsiz bulunmustur. Draper et al (2001)’de
caligmalarinda benzer sonucu elde etmis ve
c¢imlenmenin 2 hafta igerisinde gergeklestigini
bildirmislerdir. Popiilasyonlarin basaklanma
stirelerinin 88 ile 178 (ort. 125) giin arasinda degistigi
ve farkliliklarin istatistiki olarak 0.01 diizeyinde
onemli oldugu bulunmustur. Calismada Bd11, BdS,
Bd15 ve Bd3 popiilasyonlarmm en uzun siirede
(> 140 giin), Gaz, Bis, Adi, Kah, Koz ve Bd99
popiilasyonlarinin ise en kisa siirede (< 104 giin)
basak cikardiklar1 belirlenmistir. Popiilasyonlarin
ciceklenme stirelerinin 100 ile 187 (ort. 137) giin
arasinda degistigi ve farkliligin istatistiki olarak
0.01 diizeyinde onemli oldugu belirlenmistir.
Cigeklenme siiresi en uzun olan (> 150 giin)
popiilasyonlar Bd11, Bd8, Bdl5, Bd3, Bd14, Bd16
ve Bd4 seklinde siralanmaktadir. Gaz, Bis, Adi, Kah
ve Koz popiilasyonlar ise en kisa zamanda (< 115
giin) ¢iceklenen popiilasyonlar olarak belirlenmistir.
Farkli arastiricilar tarafindan yapilan ¢alismalarda ise
nispeten daha diisiik degerler elde edilmistir. Ornegin,
Filiz et al (2009) yaptiklar1 caligmada ¢igeklenme
stiresinin 49-154 giin, Catalan et al (2011) ise 63-
129 giin olarak agiklamislardir. Yiiriitiilmiis olan
bu caligmalarda bitkilerin soguklama ihtiyaglari
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karsilanarak vernelize edilmis olmalart farkliligin
sebebi olarak diisiintilmektedir. Yiirtitmiis oldugumuz
bu caligmada ise kontrollii iklim odamiz olmadig:
icin bitkiler uygun sicaklikta vernelize edilememis ve
bitkiler kontrolsiiz sera kosullarinda dogal yetistirme
kosullarinda yetistirilerek vernelize olmuslardir.
Bundan dolayida bitkilerin ¢iceklenmeleri daha uzun
zaman almistir.

Yapilan gozlemler sonucunda, gelisme durumlarima
gore bitkilerin genel goriintslerinin 2 ile 5 (ort.4)
arasinda degerler aldigi ve degerler arsindaki
farklhiliklarin istatistiki olarak &nemli olmadig
belirlenmistir. Bitki renginin 1 ile 3 (ort. 2) degerleri
arasinda degistigi ve popiilasyonlarm genellikle
yesil renkte oldugu tespit edilmistir. Bitkilerdeki
renk degisiminin istatistiki olarak énemli olmadig1
goriilmustiir. Filiz et al (2009)’da yaptiklari ¢alismada
bu ¢alismada oldugu gibi bitki renginin agik yesilden
koyu yesile kadar degistigini, Oney (2013) ise
bitkilerin agik sart renkte oldugunu bildirmistir.
Yapilan gozlemlerde bitkilerin genellikle tiiylii oldugu
(2) tespit edilmis, ancak tiiy miktarmdaki degisimler
arasindaki farkliligin istatistikiolarak 6nemli olmadig:
belirlenmistir. Bu konuda farkli sonuglar elde edilmis
caligmalar bulunmaktadir. Davis (1985) bitkilerin
tilystiz, Filiz et al (2009) tiiysiiz (1) ile ¢ok tiiylii (5)
arasinda, Catalan et al (2011) ise bitkilerin tiiysiiz
veya az tiiylii 6zellikte olduklarini bildirmislerdir.
Incelenen popiilasyonlarda bitkilerin genellikle dik
formda oldugu, ancak bazi popiilasyonlarin yatik ve
yart dik formlara sahip olduklari belirlenmistir. Filiz
et al (2009) yaptiklar1 caligmada benzer sonuglart
elde etmislerdir. Vogel & Bragg (2009) ve Oney
(2013)’de bitkilerin genellikle dik formlu oldugunu
bildirmislerdir.

Temel bilesenler analizinde kovaryans matrisi
alimmis ve ilk dort karakterin popiilasyonlardaki
genetik cesitliligi % 99, ilk on ii¢ karakterin ise
% 100 aciklanabilir hale getirdigi goriilmiistiir
(Cizelge 2). Yapilan korelasyon matrisi analizinde
eigen degerlerinin 1’den biiyiik olmasi, ele alman
ana bilesen agirlik degerlerinin giivenilir oldugunu
gostermektedir (Mohammadi & Prasanna 2003). Bu
nedenle temel bilesenler analizi i¢in 6z degeri 1°den
biiyiik olan ilk dort karakter secilmistir. Segilen dort

karakterde kiimiilatif varyansm % 80.2 oldugu, birinci
ve ikinci karakterlerin toplam varyasyonun yarisindan
fazlasma (% 59.9) sahip oldugu belirlenmistir
(Cizelge 3). Toplam varyasyonda liglincii ve dordiinci
karakterlerin etkisi daha az oldugu i¢in analiz iki
karaktere gore yapilmis, bitki boyu ve bayrak yaprak
ayast boyu karakterlerinin diger karakterlere gore daha
onemli oldugu bulunmustur. Temel bilesenler analizi
incelendiginde (Cizelge 4), bitki boyu karakterinde en
yiiksek varyasyonun Bd62 popiilasyonunda (110.98),
en diisiik varyasyonun ise Bd3 popiilasyonunda (2.05)
oldugu belirlenmistir. Bd92 (94.78), Bdl1 (-86.88)
ve Bd91 (86.88) popiilasyonlar1 birinci karakter
bakimindan yiiksek diizeyde varyasyon gosteren diger
popiilasyonlardir. Bd38 popiilasyonunda ise varyasyon
diizeyi oldukc¢a disiiktiir (-4.39). Bayrak yaprak
ayast boyunda goriilen varyasyon Gaz (-49.55), Bis
(-48.87), Koz (-44.95), Adi (-43.23) ve Kah (-41.77)
popiilasyonlarinda diger popiilasyonlara goére daha
yiiksek diizeydedir. Bu karakter bakimindan en diisiik
diizeyde varyasyona sahip Bd109 (0.23), Bd93 (-0.40),
Bd97(-0.45) ve Bd84 (0.46) popiilasyonlaridir. Toplam
varyansin % 91’ini veren iki karakter bakimindan
popiilasyonlar 2 gruba ayrilmaktadir. Bayrak yaprak
ayast boyuna gore gergeklestigi belirlenen ayrimda;
6 poptilasyon 1. grupta, digerleri ise 2. grupta yer
almaktadir (Sekil 6). Birinci grupta yer alan Bd99
disindaki popiilasyonlarin (Gaz, Kaz, Adi, Kah, Bis)
ayni cografik bolgeden toplamis olmalari dikkat
¢ekmektedir.

Yiikseklik ile morfolojik karakterler arasindaki
iliskiyi degerlendirmek amaciyla yapilan korelasyon
analizinde (Cizelge 5); yiikseklik arttikca bitki
boyunun artt1g1, ancak bu iliskinin istatistiki olarak
onemli olmadigi belirlenmistir. Oney (2013)’de
calismasinda bu iliskinin istatistiki olarak anlamli
olmadigini, yiikseklik artis1 ile bitki boyu arasinda
hem negatif hem de pozitif korelasyon oldugunu
bildirmistir. 0-600 m arasinda bitki boyu artarken,
600-900 m arasinda azaldigini, 900 m’den sonra bitki
boylarinin tekrar arttigini agiklamustir. Yiikseklik ile
basakli sap sayisi ve basakgik sayisi arasinda pozitif
korelasyon tespit edilmis ancak bu iligkinin istatistiki
olarak &nemli olmadig1 gériilmiistiir. Oney (2013)
calismasinda farkli bir sonug elde ederek yiikseklik ile
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Cizelge 2- Kovaryans matris sonuclari

Table 2- Results of the covariance matrix

Karakterler Oz degerler Varyans (%)  Yigmali varyans (%)
Bitki boyu 2314.30315 0.7868 0.7868
Bayrak yaprak ayast boyu 371.50573 0.1263 0.9130
Bayrak yaprak ayas1 eni 209.10146 0.0711 0.9841
Bitki agirligt 33.77592 0.0115 0.9956
Basakli sap sayisi 6.54526 0.0022 0.9978
Basaksiz sap sayis1 3.12249 0.0011 0.9989
Bagakeik sayist 1.85174 0.0006 0.9995
Tohum sayist 0.45811 0.0002 0.9997
Tohum agirligt 0.36212 0.0001 0.9998
Bin tane agirlig 0.16389 0.0001 0.9999
Cimlenme siiresi 0.13043 0.0000 0.9999
Basaklanma siiresi 0.09551 0.0000 0.9999
Cigeklenme siiresi 0.06304 0.0000 1.0000
Bitki goriintisii 0.04998 0.0000 1.0000
Bitki rengi 0.03956 0.0000 1.0000
Bitkideki tiiyliiliik derecesi 0.02325 0.0000 1.0000

Cizelge 3- Korelasyon matrisi eigen ve varyans degerleri

Table 3- Eigen and variance values of the correlation matrix

Ana bilegenler Oz degerler Varyans (%) Yigmali varyans (%)
PRIN

Bitki boyu 7.80533538 0.4591 0.4591
Bayrak yaprak ayas1 boyu 2.38100295 0.1401 0.5992
Bayrak yaprak ayasi eni 2.19347964 0.1290 0.7282

Bitki agirligt 1.26091247 0.0742 0.8024

PRIN 2 (Ikincil Ana Bilesen)

1 (Kaz, Gaz, Kah, Bd99, Adi, Bis)

I (Diger aksesyonlar)
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Sekil 6- Temel bilesenler analizi

Figure 6- Principal component analysis
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Cizelge 4- Temel bilesenler analiz sonuglar1 ve PC
eksenleri

Table 4- Results of the principal component analysis
and PC axes

Popiilasyon Prinl Prin2
no (Bitki boyu) (Bayrak yaprak ayasi boyu)
Bd3 2.05 23.49
Bd4 22.35 23.60
Bd 8 -32.04 1.54
Bd 11 -86.88 21.79
Bd 12 -63.00 9.63
Bd 13 -54.95 -2.21
Bd 14 -45.77 13.31
Bd 15 -30.25 11.70
Bd 16 -40.02 15.45
Bd 37 20.74 6.74
Bd 38 -4.38 18.04
Bd 41 -75.02 -9.94
Bd 42 -43.61 6.49
Bd 62 110.97 6.58
Bd 63 37.27 7.11
Bd 65 83.64 20.70
Bd 66 -40.22 9.59
Bd 67 -42.47 15.03
Bd 68 44.57 19.24
Bd 69 65.77 9.80
Bd 81 54.66 -10.48
Bd 83 41.41 -6.61
Bd 84 -45.36 0.46
Bd 85 -5.51 5.66
Bd 86 -13.30 24.23
Bd 88 -16.79 11.80
Bd 89 -56.35 19.70
Bd 90 12.83 0.69
Bd 91 86.88 4.49
Bd 92 94.78 -5.12
Bd 93 62.95 -0.40
Bd 94 4.75 -0.97
Bd 95 -27.17 8.54
Bd 96 32.29 3.59
Bd 97 28.86 -0.45
Bd 99 -8.24 -37.00
Bd 100 85.39 -6.16
Bd 105 -72.05 2.61
Bd 108 -13.31 -1.53
Bd 109 -17.31 0.22
Bd 111 9.73 -0.70
Bd 112 -13.24 -5.61
Bd 117 9.12 -6.33
Bis 5.33 -43.23
Gaz 8.29 -48.87
Koz -16.88 -49.54
Kah -16.95 -41.77
Adi -43.51 -44.95

basak ve basakgik sayist arasinda negatif korelasyon
bulundugunu, bu sonucun &nemli olmadigini ifade
etmistir. Yiikseklik arttikga biomas, tohum agirligi ve
bin tane agirhginin arttig1 belirlenmistir. Yiikseklik
ile bin tane agirhig1 arasindaki iligki istatistiki olarak
onemlidir. Bu konuda yapilan ¢alismalarda farkli
sonuglar elde edilmistir. Moles & Westoby (2003),
Bu et al (2007) ve Hui et al (2012) yiikseklik artis1 ile
tohum iiretimi ve biyomas arasinda negatif korelasyon
bulundugunu rapor etmistir. Diger taraftan Pluess
et al (2005) tiir i¢inde ve tiirler arasinda yiikseklik
artisina paralel olarak tohum veriminin de arttigini
vurgulamaktadirlar. Bazi caligmalarda ise yiikseklik
artisi ile tohum verimi arasinda higbir iligkinin
bulunmadigr belirtilmektedir (Guo et al 2010; Oney
2013). Calismada yiikseklik arttikca cimlenme siiresi
ve tlylilik derecesinin azaldigi, bitki goriinimi
degerinin  arttig1  belirlenmistir. ~ Yikseklik ile
cimlenme siiresi ve bitki goriiniimii arasindaki iliski
istatistiki olarak onemlidir.

Morfolojik  karakterlerin  birbirleriyle olan
iliskileri incelendiginde; bitki boyu arttik¢a, bayrak
yaprak ayasi boyu ve eni, tohum agirligi ile bin tane
agirhginin azaldigi belirlenmistir. Bitki boyu ile
ciceklenme siiresi arasinda negatif korelasyon, bitki
boyu ile bitki goriiniisii, ¢cimlenme ve bagaklanma
stiresi arasinda ise pozitif korelasyon gozlenmistir.
Bayrak yaprak ayasi boyu artarken, bayrak yaprak
ayast eni, bitki agirligi, tohum agirlig1 ve bin tane
agirhiginin arttigi; basaksiz sap sayisi, ¢imlenme,
ciceklenme ve basaklanma siirelerinin ise azaldigt
tespit edilmistir. Neji et al (2015) yaptiklart
calismada yaprak boyunun lokasyona gore
degistigini bildirmektedirler. Bayrak yaprak ayasi
eninin diger morfolojik oOzellikler iizerine etkisi,
bayrak yaprak ayasi boyunun etkisi ile ayni olup,
farkli olarak bayrak yaprak ayasi boyu artarken
tohum sayist azalmakta, fakat bayrak yaprak
ayast eni artarken tohum sayisi da artmaktadir.
Bitki agirligmin artmasina bagli olarak basakcik
sayisinin, tohum sayisinin, tohum agirhigi ve bin
tane agirliginin arttigl, ¢imlenme, basaklanma ve
gigeklenme siiresinin ise azaldigi goriilmektedir.
Basakli sap sayist arttikca basaksiz sap sayisi,
basaklanma siiresi ve ¢i¢eklenme siiresinin arttigi,
tohum agirligi ve bin tane agirlhiginin ise azaldig
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belirlenmistir. Basaksiz sap sayisinin tohum agirligi,
bin tane agirligi ve bitki gorilinlisii karakterleri ile
negatif, basaklanma siiresi ve ¢igeklenme siiresi
karakterleri ile pozitif korelasyona sahip oldugu
goriilmistiir. Basakgik sayist arttikga, tohum sayist
ve tohum agirligmin arttigi, ¢imlenme siiresinin
ise kisaldigt belirlenmistir. Bitki bagina tohum
say1st, tohum agirlig1 ve bitkideki tiiyliilik derecesi
ozellikleri ile pozitif korelasyona sahip iken,
basaklanma siiresi ve ¢i¢eklenme siiresi 6zellikleri
ile negatif korelasyona sahiptir. Diger 6zelliklerin
pek etkisi bulunmadigi bitkideki tily miktari ile
tohum sayisinin iliskili olmasi dikkat ¢ekmektedir.
Ayrica, tohum sayis1 fazla olan popiilasyonlarin
basaklanma ve ciceklenme siirelerinin kisa oldugu
goriilmektedir. Yapilan analizde bitkinin sahip
oldugu tohum agirligt arttikg¢a bin tane agirligiin
arttigt ve bitki gorlinlisiiniin de olumlu yonde
etkilendigi belirlenmigtir. Tohum agirlig1 arttikca
¢imlenme, basaklanma ve ciceklenme siiresinin
kisaldig1 tespit edilmistir. Vogel et al (2009)
yaptiklart  ¢aligmada bitkilerin  sahip oldugu
tohum agirliginin lokasyona gore de degistigini
bildirmektedirler. Bin tane agirligi ile bitki goriiniisii
arasinda pozitif, ¢imlenme, basaklanma ve
¢iceklenme siireleri arasinda ise negatif korelasyon
oldugu belirlenmistir. Cimlenme siiresi uzun olan
popiilasyonlara ait bitkilerin tily miktarlarinin
az, basaklanma siiresi ve c¢igeklenme siirelerinin
uzun oldugu saptanmistir. Basaklanma siiresi ile
ciceklenme siiresi arasinda pozitif, bitki goriiniisii ile
negatif korelasyon goriilmektedir. Neji et al (2015)
yaptiklart ¢alismada basak¢ik olusturma siiresinin
lokasyona gore de degistigini bildirmektedirler.
Cigeklenme siiresi ile bitki goriiniisii, bitki goriiniisii
ile bitki rengi arasinda negatif korelasyon oldugu
belirlenmistir. Neji et al (2015) ¢alismasinda bitki
goriiniimiiniin  popiilasyonun toplandig1 cografik
bolgeden de etkilendigini agiklamistir. Ayrica
bitki rengi ile tiiyliillik derecesi arasinda pozitif
korelasyon oldugu belirlenmistir.

4. Sonuc¢

Yapilan ¢alisma sonucunda lizerinde ¢alisilan B.
distachyon koleksiyonunun morfolojik karakterler
bakimindan ¢ok genis bir varyasyona sahip oldugu
belirlenmistir. Bir tiirlin basarili bir model sistem

olabilmesi icin en temel sartlardan birisi genis
bir dogal varyasyon gosteren genetik kaynak
koleksiyonuna sahip olmasidir. B. distachyon ¢ok
yeni bir model bitki olmasindan dolayr mevcut
B. distachyon genetik kaynak kolleksiyonlari ¢ok
smirli sayida aksesyona sahiptir. Bu nedenlerden
dolayi, iilkemizin iklim ve topografya bakimindan
cok farkli olan cografik bolgelerinden toplanmis ve
Namik Kemal Universitesi, Ziraat Fakiiltesi, Tarla
Bitkileri boliimiinde muhafaza edilen B. distachyon
genetik kaynak koleksiyonu tiiriin basarili bir model
sistem olabilmesine biiyiik bir katki saglayacak
nitelikte bir koleksiyondur. Kolleksiyonu olusturan
B. distachyon aksesyonlari oOzellikle {ilkemizin
onemli bitki gruplarindan olan ve biiyiik genomlara
sahip tahillar ve bugdaygil yem bitkisi bitkilerinin
onemli tarimsal Ozelliklerinin  haritalanmasinda
kullanilabilecek markorlerin gelistirilmesinde ve yine
bu grup igerisinde yer alan bitkilerin heterokromatik
bolgelerinin  haritalamasinda kullanilabilir. Daha
da onemlisi bu koleksiyon kullanilarak bu grup
icerisindeki bitkilerin karakterleri hizli bir sekilde
genler (gene function) ile iliskilendirilebilir.
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OZET

Bu calisma istavrit baliginin (7rachurus mediterraneus Steindachner, 1868) Dogu Karadeniz’de kafeslerde kiiltiir
potansiyeli lizerine yapilan ilk ¢alismadir. Baliklar, ag tuzaklarla dogadan yakalanmis ve dogrudan kafeslere transfer
edilmistir. Blyiitme ¢alismasi Ekim 2010 ile Ekim 2011 arasinda yiritilmustiir. Ebatlar1 5x5x3 m olan kare kafes,
birbirinden tamamen bagimsiz esit hacimli ii¢ esit kiiciik kafese (5x1,6x1.5 m) boliinmiis ve her bir kiigiik kafese yaklasik
1000’er adet balik stoklanmustir. Baliklar ticari deniz levregi yemi ile doyuncaya kadar elle giinde iki kez yemlenmistir.
Calismanin basinda 12.20+£0.97 cm ve 24.09+3.25 g olan ortalama boy ve agirlik degerleri ¢alisma sonunda 19.61+1.47
cm ve 76.80+16.24 g’a (n= 100) ulagsmustir. Ortalama yem degerlendirme ve yasama oranlari sirastyla 2.334+0.21 (2.12-
2.54) ve % 95.58-98.59 olarak hesaplanmistir. Bu sonuglara gore, deniz kafeslerinde istavrit baliginin su sicakliginin 12
°C’nin altina distiigi kis aylart haricinde biiyliyebildigi sonucuna varilmustir.

Anahtar Kelimeler: Istavrit baligi; Akuakiiltiir; Yem degerlendirme orani; Kondisyon faktorii; Yasama orani

Growth Performance of Horse Mackerel (Trachurus mediterraneus
Steindachner, 1868) Reared in Sea Cages at the Southeastern Black Sea
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ABSTRACT

This study is the first potential culture of the Mediterranean horse mackerel (7Trachurus mediterraneus Steindachner,
1868) in cages in the Southeastern Black Sea. The wild fish was captured by net and transferred into sea cages. Growth
study was performed between October 2010 and October 2011. Sea cage which 5x5x3 m dimensioned, was divided
there equal volume (5x1, 6x1.5 m) independent from the other, and the fish of approx. 1000 specimen was stocked in

JOURNAL OF AGRICULTURAL SCIENCES 22 (2016) 179-186

TARIM BiLIMLERI DERGISi —



istavrit Baligi (Trachurus mediterraneus Steindachner, 1868)'nin Dogu Karadeniz'de Kafeslerde Biyime..., Bagcinar et al

per volume. Commercial seabass feed was used, and ad libitum feeding regime was set as twice a day. At the beginning,
the experimental fish were 12.20+£0.97 cm in length and 24.09+3.25 g in weight, and at the end of study, they reached
to 19.61+1.47 (n= 100) cm in length and 76.80+16.24 g in weight. Average feed conversion ratio and the survival rate
were calculated as 2.33+0.21 (2.12 to 2.54), and 95.58-98.59%, respectively. According to the results of this study, there
is a potential for culturing horse mackerel in sea cages and fish grow trough out the year except winter when water

temperature decreased to the 12 °C.

Keywords: Horse mackerel; Aquaculture; Food conversion ratio; Condition factor; Survival rate

1. Giris

Karadeniz’de balik¢iligin 1980°1i yillarin sonunda
yasadigi kriz esnasinda 6nemli tesvik ve beklentilerle
baslatilan ag kafeslerde balik yetistiriciligi
beklenen gelismeyi gosterememistir. Bunda AR-
GE calismalar1 gergeklestirilmeden ticari diizeyde
iretime baslanmasinin yani1 sira Karadeniz’in
hidrografik ozelliklerinin (su sicakligi, kiy1 yapisi,
akint1 ve dalgalar) 6nemli pay1 vardir. Daha sonraki
yillarda bazi akademik calismalarin yiiriitiilmesine
ragmen bunlar sektdrel gelisimi ydnlendirici
seviyeye ulasamamustir (Basginar et al 2013). Gerek
talepteki artis gerekse iiriine saglanan dogrudan
destek nedeniyle mevcut igletmeler kapasitelerini
artirma ve deneme-yanilma yoluyla yeni arayislara
baslamiglardir. Ancak, mevcut durumda yetistirilen
tir sayisinda artis gozlenmemistir. Bu nedenle
tir sayisimmt ve yeni ekonomik yaklasimlarin
gelistirilmesi ihtiyact dogmustur.

Istavrit balig1 Karadeniz’de hamsiden sonra
en fazla av verimine sahip olan bir tiirdiir ve girgir
tekneleri tarafindan avlanmaktadir (Celikkale
et al 1999). Istavrit baligi iiretim miktari
ilkemizde 1985-1990 yillar1 arasinda yaklasik
100 bin ton seviyelerinde iken oldukc¢a hizli bir
sekilde azalmig ve 2009 yilinda 28268 ton olarak
gerceklesmistir (TUIK 2012). Istatistikler ve tiir
iizerinde yapilan calismalar, stoklar iizerinde av
baskisinin oldukg¢a fazla oldugunu gostermektedir
(Sahin et al 2009).

Istavrit  baliklart tizerinde yiiriitiilen
caligmalarin biiyiik bir boliimii balik¢ilik biyolojisi
(Yiicel & Erkoyuncu 2000; Satilmig et al 2003;
Sahin et al 2009; Ozdemir et al 2009), isleme

© Ankara Universitesi Ziraat Fakiiltesi

ve degerlendirme (Diizgiines & Karacam 1991;
Kartal et al 2003; Erdem & Bilgin 2005; Patir &
Inanli 2005), biyoekolojik calismalar (Samsun
et al 2006; Yankova & Raykov 2006) ve hastalik
(Boran et al 2013) olarak goriilmektedir. Istavrit
yetistiriciligi  lizerine yapilmis bilimsel bir
literatiire rastlanmamigtir. Halen istavritten dol
almmamis olmast ve Gida, Tarim ve Hayvancilik
Bakanlig1 tarafindan tiirtin avciliga dayali kafes
yetistiricili§ine izin verilmemis olmasi 6nemlidir.
Dogadan yavru toplanarak yapilan yetistiriciligin,
balik stoklarmi oldukca yiprattigi bir gercektir.
Ancak, tiiriin izerindeki av baskis1 stoklardaki balik
buytkligini ve dolayisiyla pazar degerini (TL
kg!) azaltmaktadir. Av sezonunun bagladigi Eyliil
aymin ilk haftalarinda girgir teknelerinin yogun
olarak avladigi tiiriin istavrit olmasi, ardindan
palamut ve hamsi avciliginin baglamasi ile av
baskisinin azaldigi goriilmektedir. Av sezonunun
kapanmas1 ile (Nisan ayi), pazarlanabilir balik
tir sayist ve miktarinda azalma yasanmakta
ve tezgahlarda rastlanan balik tiirlerinin biyiik
boliimiinii  kiiltiir baliklar1 olan alabalik, deniz
levregi ve cipura almaktir. Yetistiricilikte sadece
t¢ tiir ile smirli kalinmasi, tiiketici tercihinde
sinirlanmalara, kii¢iik balik¢ilar tarafindan avlanan
dogal baliklarin (istavrit, mezgit, zargana, kefal,
barbunya gibi) fiyatlarinda artigsa neden olmakta ve
balik tiiketimi azalmaktadir.

Deniz kafeslerinde alabaliklar daha hizh
biiyiimesine ragmen (Korkmaz & Kirkagag 2008),
nisan ayindan itibaren hasat nedeniyle dolu kafesler
sayisal olarak azalmakta ve haziran aymdan sonra
ise tamamen bosalmaktadir. Sevilerek tiiketilen
istavrit baligiin bogalmis olan alabalik kafeslerinde
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besiye alinmasi, birka¢c aylik semirtme ile yaz
aylarinda pazarlanmast ile kiltiir balik¢iliginin
yillik siirekliligi saglanabilir.

Bu c¢aligmanin temel amaci; kiiltiir sartlarinda
deniz levregi kafeslerine disaridan  girerek
bliyliyebilen ve suni yem aliminda problem
gostermeyen (Basginar et al 2013) istavrit baliginin
yetistiricilik potansiyelini irdelemektir.

2. Materyal ve Yontem

Saha calismalari (Bakanlik ile yapilan resmi
yazismalar geregi) 3/1 Numarali Su Uriinleri
Avciligin1 Diizenleyen Teblig kapsaminda (boy,
zaman, avlanma yoOntemi) ylritilmiistir. Bu
nedenle ¢aligmada kullanilan istavrit baliklar1 Eyliil
ayinda tuzaklarla yakalanmis ve kafes ortamina
uyum saglamalar1 beklendikten sonra Ekim ayinda
semirtilmeye baslanmis ve bir yil sonra semirtme
sonlandirilmistir.

Calisma, Dogu Karadeniz’de Trabzon ili Yomra
Ilgesi Derbent Burnu mevkiinde (Sekil 1) karadan
0.6 mil agikta Dogu Karadeniz Kiiltiir Balik¢iligi
A.S. (DOKABAS)’ye ait isletmede yapilmistir.
Karadan denizdeki kafeslere gidis ve gelisler servis
tekneleri ile saglanmustir.

Istavrit baliklar1 dogadan Eyliil 2010°da tuzak
aglar ile yakalanip ilk 6nce 14 m ¢capli HDPE (High
Density Polietilen) malzemeden yapilmis 3 adet
kafese stoklanmis, suni yeme bu kafeste aligtirma
yapildiktan sonra kontrolii daha kolay olan 5x5x3
m ebatlarindaki ag kafese transfer edilmistir.
Caligmada ag kafes; tamamen birbirinden bagimsiz,
baliklarin ka¢ma, birbirine gegcme ve yem gegisi
olasiligmi ortadan kaldiracak sekilde tekerriir
olusturma amaciyla yeniden dizayn edilmis (ebatlar
5x1, 6x1.5 m; kafes ag1 10 mm goz agikliginda
ve agin su uzerinde kalan kismimin yiiksekligi 1
metre) ve kullanilmistir. Agin tabanina akintilardan
en az seviyede etkilenmesi amaci ile 8 kg’lik 8
adet agirlik baglanmistir. Kafesin iizeri kuslardan
koruma amagli 30 mm goz agikliginda ¢ift kat kus
koruma agi ile ortiilmiistiir.

UKRAYNA
.3
ROMANYA e
i RUSYA
. \ FEDERASYONU
BULGARISTAN >
KARADENIZ
Galigma
Sahasi cRCISTAN
gEstanbul ‘s Bahm
Samsm ? =
TURKIYE CUMHURIYETI Trabzon

Sekil 1- Karadeniz’de biiyiitme kafesleri sahasi

Figure 1- Grow out sea cages local in the Black Sea

Calismada ortalama boyu 12.20+1.01 cm ve
agirhigt 24.09+6.16 g olan baliklar boélmelere
rastgele dagitilmis, sirastyla 999 adet, 1013 adet ve
1000 adet (toplam 3012 adet) olarak stoklanmustir.
Baliklarin elle muameleye karsi hassas olmalari
nedeniyle miimkiin oldugunca el degmeden iglemler
yapilmis, ayn1 zamanda atmosferik sartlar (riizgar,
akinti, dalga) nedeniyle baslangigta sayilar tamamen
esitlenememistir.

Calismada Gida, Tarim ve Hayvancilik Bakanligi
tarafindan verilen sartli izinler nedeniyle zorunlu
olarak 1" yash istavrit baliklari kullanilmigtir.
Bu nedenle kullanilan baliklar eseysel olgunluga
ulagsmis durumdadir.  Baliklarda yas tayini
otolitlerden yapilmistir.

Arasgtirma siiresince baliklarin beslenmesinde
ticari bir firma tarafindan firetilen % 48 ham
protein, % 18 ham yag ve 4400 kcal kg' metabolik
enerji iceren 2 mm ekstrude deniz levregi yemi
kullanilmisgtir.

Arastirma, 09 Ekim 2010-18 Ekim 2011 tarihleri
arasinda 375 giin siireyle yiiriitilmiistiir. Calismada
0. (baslangig), 31, 62, 93, 124, 157, 185, 213,
261, 286, 307, 333 ve 375. (son) giinlerde 6l¢iim
yapilmistir. Baliklar 6l¢lim oOncesi fenoksietanol
(50 mg L' su) ile bayiltilip sakinlestirilmistir.
Kafeslerde, su sicakliklart giinliikk, ¢dziinmiis
oksijen ve tuzluluk aylik olarak Ol¢iilmiis; akinti
durumu, riizgar siddeti ve yonii, dalga yiksekligi ve
bulaniklik izlenmistir. Ayrica kafes aglari haftada bir
dalgig tarafindan kontrol edilmis, olasi risklere karsi
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gozlem yapilmis, eger varsa Olii baliklar diizenli
olarak kayit altina alinmustir.

Baliklarin tartiminda sudan etkilenmeyen +0.1
g hassasiyetli AND marka ve HL-300WP model
terazi kullanilmistir. Baliklarin tam boyu +1 mm
hassasiyetli cetvel, gilinlik sicaklik ve ¢oziinmiis
oksijen Oxyguard Gamma marka ve model cihaz ile
Olciilmiistiir.

Baliklar giinde iki kez (sabah 08.00; aksam kisin
16.00, ilkbahar ve sonbaharda 17.00, yazin ise 18.00)
olmak tizere doyuncaya kadar elle yemlenmistir.
Yem alma istegi kriter alinarak, yemleme esnasinda
baliklarin hareketleri goz onlinde bulundurulmus,
yem almaya kars1 hareket azalinca yemlemeye son
verilmistir. Giinliik olarak tiikketilen yem miktarlari
kaydedilmistir.

Yem degerlendirme oranm1 (FCR), agirlikga
spesifik biiyiime orani (SBO, ), kondisyon faktori
(K) ve yasama orani (S) Esitlik 1, 2, 3 ve 4’e gore
hesaplanmuistir.

Yem degerlendirme orant (FCR);

FCR= F/((Bg+B,+m)) (1)
Agirlikea spesifik bliylime orani (SBO,);

SBO_= 100 ((InW -InW))/t -t) 2)
Kondisyon faktori (K);

K=100 (W/L?) 3)
Yasama orani (S);

S=100 (N/N)) 4

Burada; F, bir periyotta tiiketilen yem miktar1
(g); B, biyokiitle (g); m, dlen baliklarin toplam
agirligi (g); 1, ilk deger; s, son deger; W, agirlik
(g); L, tam boy (cm); t, slire (glin); N, balik sayist
(adet)’dur.

3. Bulgular ve Tartisma

Caligma sahasinda yillik ortalama tuzluluk
%0 15+1.09; ¢ozlinmiis oksijen degeri ise 8.4+1.04
mg L' olarak hesaplanmigtir. Aylik ortalama
minimum su sicakligr 8.9+0.4 °C olarak Nisan
aymda, maksimum 25.8+0.8 °C olarak Agustos
ayinda belirlenmistir. Calisma siiresince, dalga

yiiksekligi, riizgar siddeti ve yoni, akinti hizi ve
yoni, bulaniklilik izlenmis, ancak kafes ortami igin
tehlike olusturacak seviyelere ulasmamustir.

Calismada kullanilan istavritler belirli araliklar
ile rastgele Ornek alinarak, ortalama boy ve
agirliklart 6l¢iilmiistiir. Calisma basinda ortalama
boyu 12.20+0.97 cm ve ortalama agirligi 24.09+3.25
g olan istavrit baliklarinin ¢aligma sonundaki
ortalama boyu 19.61+£1.47 cm ve ortalama agirligt
76.8+16.24 g olarak hesaplanmistir (Cizelge 1).
Kis aylarinda su sicakligindaki diisiise bagli olarak
biiyiime hizinin azaldig: belirlenmistir (Sekil 2).
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Sekil 2- Ekim 2010-Ekim 2011 arasi istavrit
baliklarmmin agirhk artis1 ve ortalama deniz suyu
sicaklig1 degisimi

Figure 2- Growth performance of Mediterranean horse
mackerel and mean seawater temperature during the
trial

Istavrit baligiin Dogu Karadeniz sartlarinda
yem degerlendirme oranlari incelendiginde diisiik
ve yiiksek su sicakliklarinda daha yiiksek degerler
hesaplanmistir. En diisiik (en iyi) deger Ekim-Kasim
2010 doneminde 1.20£0.03 olarak belirlenmistir.
Calisma siiresince hesaplanan ortalama yem
degerlendirme orani ise 2.33+£0.21 (2.12-2.54)’tiir
(Cizelge 1). 09 Mayis-26 Haziran 2011 doneminde
ise agirlik kayb1 meydana gelmis ve bu nedenle yem
degerlendirme orani hesaplanamamustir. Yapilan
gonad incelemelerinde baliklarin yumurtladiklar
(Basgiar et al 2013) ve bu nedenle agirlik azalmasi
olustugu (SGRw= -0.07+0.01) belirlenmistir.
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Calisma baglangicinda istavrit  baliklarinin
kondisyon faktorleri ortalama 1.32+0.12 (1.04-
1.56) olarak hesaplanmistir. ilerleyen periyotta
ortalama kondisyon faktdrlerinde artig gézlenmistir.
Kis aylarinin gelmesi ile birlikte yem alimina
bagli olarak kondisyon faktorleri azalma egilimine
girmistir. ilerleyen aylarda ise boyca biiyiime
oraninin, agirlik¢a biiylime oranina goére daha fazla
olmast nedeniyle kondisyon faktoriinde diisme
gozlenmistir (Cizelge 1).

Caligmanin  ilk ve ikinci periyotlarinda,
agirlik¢a spesifik biiylime oranlari en yiiksek degeri
sergilemistir. Su sicakligindaki azalmaya bagl
olarak yem tiikketimi ve dolayisi ile bliylime orant
azalmistir (Cizelge 1). Calisma sonunda boyca
ve agirlikga spesifik biliyiime oranlari sirasiyla
0.127£0.011 ve 0.305+0.001 olarak hesaplanmistir.
Agirlikga biiylime oran1 dél verimi nedeniyle
beklendigi gibi 213-260. giin periyodunda negatif
olarak gerceklesmistir (Basginar et al 2013).

Caligma siiresince dlen baliklar toplanmis ve
kaydedilmistir. En fazla dlen balik kasim ayimnda

gergeklesmistir. Caligma siiresince yasama orant
ortalama % 97.42+1.61, Olim orami 2.58+1.61
olarak hesaplanmigtir.

Istavrit ile ilgi yapilan 6nceki galismalar baligin
morfolojik, biyolojik, ekolojik o6zellikleri, avcilik
ve isleme konulari iizerinedir, ancak yetistiricilik
ile ilgili bilimsel bir g¢alisma ise daha once
yapilmamuistir.

Istavrit baliklari ile ilgili olarak populasyon
dinamigi tizerine yapilan c¢alismalar, baliklarin
yaz aylarinda iredigini ve bir yasinda eseysel
olgunluga ulastigin1 ortaya koymustur (Geng et
al 1998), dolayisiyla yasal av boyu, ilgili teblig
geregi olarak 13 cm olarak belirlenmistir. Bu
aragtirmada kullanilan baliklarin ortalama baslangi¢
boyu belirlenirken bu kritere uygunluga o6zen
gosterilmeye c¢alisilmistir ve baliklar bir yasint
doldurmustur. Bir yasin1  dolduran Trachurus
mediterraneus igin ortalama boy daha once 12.66
cm, agirhik 13.72 g (Sahin et al 2009), 13.83 cm
ve 20.80 g (Geng et al 1998), Trachurus trachurus
icin ise bu degerler 11.96 cm ve 14.26 g olarak

Cizelge 1- Ortalama boy (L; cm), agirhk (W; g), kondisyon faktorii (K) agirhkea spesifik bilyiime oran
(SGRw) ve yem degerlendirme orani (FCR) degerleri (£sd)

Table 1- Mean length (L, cm), weight (W; g), condition factor (K), specific growth rate in weight (SGRw), and

food conversion ratio (FCR) values (+sd)

Giin L (cm) W (g) K SGRw FCR
0 12.20+0.97 24.09 £3.25 1.32+£0.12 1.45+0.02 1.20 £ 0.03
30 13.37+0.19 37.03 +£0.50 1.54+0.09 0.51£0.01 2.73£0.42
61 15.12+£0.02 43.40+0.51 1.25+0.02 0.24 £0.05 2.14£0.86
92 16.25+0.23 47.76 £2.49 1.11£0.05 0.19+£0.07 3.72+1.03
123 16.33+0.14 49.93 +£1.05 1.14 £ 0.02 0.05 +0.01 2.83£0.42
156 16.92+0.17 50.83 +1.07 1.05+0.04 0.02 +0.03 244 +£1.77
185 17.10£1.01 51.43+£1.62 1.02+£0.12 0.05+0.01 1.16 £0.24
213 17.15+1.03 52.29+1.76 0.96 + 0.06 -0.07 £0.01 -
261 17.20 £ 1.05 50.62 £ 1.82 0.99 +0.05 0.66 £ 0.01 1.80+£0.23
286 17.43 £1.09 59.71 +£2.01 0.98 +0.06 0.19+0.01 2.06+£0.15
307 17.87+1.12 62.30 £2.11 1.09 +0.07 0.27 £0.01 1.80 £ 0.04
333 18.47 £1.30 66.78 £2.12 1.06 £ 0.08 0.31£0.01 1.44 £0.08
375 19.64 £1.51 76.02 £2.31 1.00 £ 0.07 - -
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(Yicel & Erkoyuncu 2000) bildirilmistir. Aragtirmada
kullanilan baliklarin baslangi¢ biiyiikliigli Geng et al
(1998)’in bildirdigi boy degerleri ile benzerdir, ancak
agirlik yoniinden daha biiytiktiir.

Caligmanin sonlandirildigt dénemde, baliklar
ikinci yasimi tamamlamistir. Baliklarin ¢aligmanin
sonunda ulastigt agirhiga sahip dogal bireylere
rastlanmadigi i¢in karsilastirma yine literatiire
bagl olarak yapilmistir. Karadeniz’de iki yasini
tamamlayan Trachurus mediterraneus igin ortalama
boy daha 6nce 13.77 cm, agirlik 19.21 g (Sahin et
al 2009), Trachurus trachurus igin ise bu degerler
14.68 cm ve 27.70 g (Yicel & Erkoyuncu 2000)
olarak bildirilmistir (Cizelge 2). Arastirmada
Olciilen degerler, her iki istavrit tiirii igin bildirilen
degerlerden oldukea yiiksektir. Karadeniz’de dogal
olarak yasayan ve bilyliyen istavrit baliklarmin,
elde ettigimiz degerlere ulasmalar; Trachurus
mediterraneus i¢in yaklasik 5 yil (Sahin et al 2009),
Trachurus trachurus tirl ic¢in ise 7 yil (Yicel &
Erkoyuncu 2000) gerektirmektedir. Dogal olarak
baliklarin su sicakliginin diismeye basladigr kis
doneminde yem alimini azaltmalari ve agik denizde
stiriiler halinde yagarken besin igin rekabet etmeleri
ve avlanmak i¢in enerji harcamalari biiyiime
performansini kiiltiir ortaminda stoklanan bireylere
gore olumsuz etkilemektedir. Dogal besinlerin enerji
iceriklerinin yapay yeme gore oldukca diisiik olmast
ve yem tiiketimi i¢in ¢ok daha az enerji harcanmasi
ve predatorlerden kurtulmak igin harcanmasi igin
gereken hareket enerjisinin bilylimeye ayrilmasi,
biiylimeyi olumlu yonde etkilemektedir.

Baliklarin iyi beslenip beslenmediklerinin diger
bir gostergesi kondisyon faktoriidiir. Aylik olarak
hesaplanan kondisyon faktoriinii Sahin et al (2009)
Trachurus mediterraneus icin Agustos ayimnda
disi bireylerde 1.007; erkek bireylerde 0.936;
Geng et al (1998) ise bu degerleri en diisiik Nisan
ayinda 0.73, en yiksek Ekim aymda 0.83 olarak
bildirmistir. Bostanct (2009) tarafindan bildirilen
ortalama kondisyon faktorii ise 0.99’dur. Trachurus
trachurus tiri i¢in bildirilen ortalama kondisyon
faktorti degerleri 0.808 (Satilmis & Erdem 2008);
0.843 (Yiicel & Erkoyuncu 2000) ve 0.805 (Samsun
et al 2006) olarak hesaplanmisti. Bu projede
hesaplanan kondisyon faktorii degerleri en diisiik
Mart aymda 1.05+0.04 (1.02-1.09) en yiiksek Kasim
aymda 1.54+0.09 (1.43-1.59) olarak belirlenmistir.
Dolayistyla  kiiltiir ortaminda baliklarin  yem
aliminin en az seviyelere diistiigii kis aylarinda bile
dogal ortamda bulunan yas gruplarina gore ¢ok daha
iyi beslendikleri ortaya konmustur.

Daha Once istavrit yetistiriciligi ile ilgili gerek
bilimsel ve gerekse ekonomik bir veri olmadigindan
dolay1 yem degerlendirme oraninin saglikli olarak
tartisilmas1  miimkiin ~ goéziikkmemektedir. Yem
degerlendirme oranmi etkileyen diger bir faktor,
tire ozel yemin hangi biyokimyasal o6zellikleri
tasimasimnin  gerektiginin  ortaya konulamamis
olmasidir. Ancak, istavrit baliginin deniz ortaminda
yasamasi ve karnivor olmalar1 nedeniyle, beslemede
deniz levregi yemi kullanilmasi tercih edilmistir.
Deniz levregi yeminin istavrit baligmin tim
gereksinimlerin ne diizeyde karsilayacagi konusunda
kismen kondisyon faktorii degerleri dnemli bilgileri

Cizelge 2- iki yasindaki istavrit baliklarinin boy ve agirlik degerleri

Table 2- Length and weight values of horse mackerel species at age 2

Tiir Boy (cm) Agirlik (g) Kaynak

T. mediterraneus 13.83 20.80 Geng et al (1998)

T. mediterraneus 13.77 19.21 Sahin et al (2009)

T trachurus 14.68 27.70 Yiicel & Erkoyuncu (2000)
T. trachurus 12.58 - Samsun et al (2006)

T. trachurus 17.90 69.90 Giiroy et al (20006)

T. mediterraneus 19.64 76.02 Bu ¢alisma
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verebilmektedir. Kondisyon faktoriiniin oldukga
yliksek olmasi, baligin bu yemle iyi biyiidiigiini
ve hatta baligin i¢ organlarinda yaglanmaya neden
oldugunu gostermektedir. Ticari agidan 6nemli olan
yem degerlendirme oranlar1, Karadeniz Bolgesi’nde
yapilan calismalarda deniz levreginde 1.16-7.01
(Okumus et al 1997) ve ¢ipurada 1.4-3.2 (Sahin et
al 1999) degerleri arasinda degisim gostermistir.
Bu projede istavrit baliklar1 i¢in hesaplanan yem
degerlendirme oranlar1 0.83 ile 3.72 arasinda degisim
gostermistir. Dolayisiyla istavrit igin yem kalitesi
ve balik biiyiikligii ve mevsime bagli yemleme
orani (tiiketim miktari) ¢aligmalari1 yapilarak yem
degerlendirme oraninda iyilesme yapmak miimkiin
goziikmektedir. Baligin mevsime bagli olarak birim
satis fiyat1 ise yem degerlendirme oranmin kabul
edilebilir seviyelerde oldugunu gostermektedir
(Bascinar et al 2013), ancak gelecek yillarda ortaya
cikabilecek durumlart degerlendirebilmek icin
tiire 6zgii yem ve ekonomik analiz ¢aligmalarinin
yapilmasi diisiiniilmelidir.

Kiltiir ortamimda diger en 6nemli ekonomik
kayip Olim oranlarinin Ongoriilenden yiiksek
olmasidir. Ozellikle deniz levregi ve alabalikta
gorillen bazi hastaliklar toplu dliimlere yol
a¢gmaktadir. Calismanin yiiriitiildiigli kafes alaninda
yer alan diger kafeslerde hem alabalik hem de deniz
levregi kiiltiiri devam etmektedir. Alabaliklarda
ve deniz levreginde hastaliklara karsi Onlem
(dezenfeksiyon vb) alinirken istavritler i¢in herhangi
bir 6nlem alinmamistir. Calisma siiresince yasanan
toplam 6liim orani ise % 2’nin altinda seyretmistir.

Calismada elde edilen bilgilere gore istavrit
baligmin kiiltiir potansiyelin var oldugu ortaya
konmustur. Bu caligmanin ilk bilimsel ¢alisma
oldugu g6z 6niinde tutuldugunda, yapilmasi gereken
calismalarin olduk¢a fazla oldugu ve yeni bilgiler
1s18inda farkli stratejilerin uygulanmasinin gerekli
olabilecegi agiktir.

4. Sonuclar

Istavrit baliklarinin dogadan toplanarak kafes
ortamina transfer edilebilecegi ve yem aliminda
zorluk gostermeyecegi proje sliresince gézlenmistir.

Bu sonuca gore istavrit baliklarinin semirtme
seklinde yetistirilebilecegi sonucuna varilmistir.

Istavrit bahiklarinmn aktif yem alimi ve biiyiime
hizinin sicak donemde meydana geldigi belirlenmistir.
Baliklarin Haziran-Temmuz déneminde gosterdikleri
yumurtlama faaliyetinin sona erdigi i¢in dogadan
istavrit toplamanm Agustos ayinda yapilmasimnin
daha yararli olabilecegi sdylenebilir. Ancak Agustos
aymnda uygulanan av yasagi nedeniyle, baliklarin
sadece kafeslerden olusan tuzaklar yardimiyla
toplanmasiim ve orkinos yetistiriciliginde oldugu
gibi belirli bir kota ¢er¢evesinde hareket edilmesinin
daha yararli olacagi kanaati olusmustur.

Ulkemiz yetistiricilik sektoriine sonradan katilan
gokkusagr alabaligi yerine, istavritin kafeslerde
dort mevsim yetistirilebilecegi ve yaz aylarinda
kafeslerin bos kalmasini dnleyebilecegi sonucuna
varilmistir.
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ABSTRACT

Dallisgrass (Paspalum dilatatum Poir.) reduces discharges in irrigation canals and causes problems in operation and
maintenance of canals. This study has been conducted to determine roughness coefficient in vegetated canals caused by
dallisgrass and to investigate the relationship between available soil phosphorous and dry mass of dallisgrass. The study
also aims to find out the relationships among roughness coefficient, dallisgrass density and soil phosphorous in vegetated
canals in Moghan plain, Iran. The results showed that the roughness coefficient varied from 0.01 to 0.32 and averaged
at 0.09. The variation in roughness coefficient in vegetated canals by dallisgrass may be explained solely by the flow
velocity and canal slope, assuming that there are no spatial variability’s of the other affecting variables. Therefore, a
regression model comprises both the roughness coefficient as a dependent variable and the flow velocity and canal slope
as an independent variable is developed. The available soil phosphorus both on the sides and at the bottom of vegetated
canals were from 4.2 to 37 mg kg'. The highest dry mass of 16 kg per 100 m*> was acquired from the canal with soil
phosphorus of 16.7 mg kg''. Also, another model was developed to describe the roughness coefficient as a function of
the flow velocity, canal slope, dallisgrass density and soil phosphorous. It is recommended that identifying phosphorus
sources and limiting its distribution in irrigation canals is necessary to reduce the dallisgrass density in canals.

Keywords: Available soil phosphorous; Dallisgrass (Paspalum dilatatum Poir.); Hydraulic resistance; Irrigation canals;
Roughness coefficient

Otlanmis Kanallarda Kanal Geometrisi, Akis Hizi, Adi Yalanci1 Dari
(Paspalum dilatatum Poir.) Yogunlugu ve Toprak Fosfor Oraninin
Hidrolik Direnc¢ Uzerine EtKisi

ESER BILGiSi

Arastirma Makalesi

Sorumlu Yazar: Abolfazl NASSERI, E-posta: nasseri_ab@yahoo.com, Tel: +98 (412) 266 39 15
Gelis Tarihi: 22 Aralik 2013, Diizeltmelerin Gelisi: 30 Aralik 2014, Kabul: 12 Ocak 2015

JOURNAL OF AGRICULTURAL SCIENCES 22 (2016) 187-195

TARIM BiLIMLERI DERGISi —



Canal Geometry, Flow Velocity, Dallisgrass (Paspalum dilatatum Poir.) Density and Soil Phosphorous Effects..., Nasseri

OZET

Adi yalanci dar1 (Paspalum dilatatum Poir) sulama kanallarinda akisi azaltmakta ve isletme-bakim sorunlarina neden
olmaktadir. Bu ¢alisma, otlanmis kanallarda Adi yalanci dari’nin piiriizliilikk katsayisini nasil etkiledigini ve topraktaki
mevcut fosfor ile adi yalanct dart kuru agirhigr arasindaki iligkiyi arasgtirmak amaciyla yapilmistir. Ayrica; ¢alisma
iran’da Mogan ovasinda bulunan otlanmis kanallardaki piiriizliiliik katsayist ile adi yalanci dar1 yogunlugu ve topraktaki
mevcut fosfor miktart arasindaki iligskiyi belirlemeyi de amaglamaktadir. Arastirma sonucunda; piiriizlilik katsayisi
degerleri 0.01-0.032 arasinda degismis ve ortalama olarak 0.09 olarak bulunmustur. Diger degiskenlerin olmadig1
varsayildiginda, adi yalanci dart ile otlanmis kanallardaki puiriizliiliik katsayisi degiskenlerini, sadece akis hizi ve kanal
egiminin etkiledigi sdylenebilir. Bu nedenle; bagimli degisken olarak piiriizliiliikk katsayisini, bagimsiz degisken olarak
da akis hiz1 ve kanal egimini kapsayan regresyon modeli gelistirilmistir. Otlanmis kanallarin kenarlarinda ve tabanindaki
mevcut fosfor miktar1 4.2’den 37 mg kg™'’e kadar yiikselmistir. En yiiksek kuru madde miktar1 16.7 mg kg™ fosfora sahip
kanaldan 100 m*’ye 16 kg olarak elde edilmistir. Ayrica, akis hiz1 fonksiyonu, kanal egimi, adi yalanci dar1 yogunlugu
ve mevcut toprak fosforunu piiriizliilikk katsayisi olarak tanimlayan baska bir model de gelistirilmistir. Sonug olarak;
kanallardaki adi yalanct dar1 yogunlugunu azaltmak i¢in fosfor kaynaklarinin belirlenmesi ve sulama kanallarinin
dagilimmin siirlandirilmasimin gerekli oldugu 6nerilmektedir.

Anahtar Kelimeler: Yarayisl toprak fosforu; Adi yalanci dari (Paspalum dilatatum Poir.); Hidrolik direng; Sulama

kanallari; Piirtizllik katsayist

1. Introduction

Dallisgrass (Paspalum dilatatum Poir.) grows in
water conveyance canals and reduces water velocity
and discharges in these canals. Consequently,
dallisgrass causes problems in operation and
maintenance of irrigation and drainage canals.
Dallisgrass affects water velocity in irrigation canals
and furrows.

Water velocity and soil infiltration along an
irrigation canal and furrows depend on several
factors such as time, canal or furrow characteristics
(compaction and surface sealing), soil characteristics
and flow (wetted perimeter and flow section area)
characteristics (Kostiakov 1932; Izadi & Wallender
1985; Trout 1992; Nasseri et al 2004; Nasseri et
al 2008). Also in surface irrigation, Heermann et
al (1969) and Esfandiari & Maheshwari (1998)
reported that surface roughness affects these
factors and is one of the key input parameters in
surface irrigation models. Accordingly, infiltration
parameters could be affected by surface roughness
which is often expressed in terms of Manning’s
roughness coefficient, n (Harun-Ur-Rashid 1990).
Trout (1992) reported that roughness varies
according to crop and soil characteristics such as

© Ankara Universitesi Ziraat Fakiiltesi

crop growth, residue management, tillage practices
and soil type. On the other hand Kruse et al (1965)
and Maheshvari & McMahon (1992) reported that
roughness changes with depths of flow and then
Trout (1992) related surface roughness with the
power function of flow velocity. Kruse et al (1965)
and Heermann et al (1969) stated that roughness is
connected with absolute roughness and hydraulic
radius. In suitable conditions for grass germination,
its distribution was made by seed (Tropical Forages
2009). There are several factors affecting the growth
and distribution of this grass in water canals. The
moist and fertile environment are the basic factors
in the growth of this grass. This grass grows in soils
withapH of4.5to 8.0 (Tropical Forages 2009) and its
production ranges from 3 to 15 t hayear!. Research
on dallisgrass response to soil nutrients and canal
water properties is very limited. On the other hand,
Moghan plain is one of the most important region
for agricultural production in Iran and dallisgrass
covers the majority of earth canals which are used
for the transport of water to the farms.

This study has been conducted to determine
roughness coefficient in vegetated canals caused by
dallisgrass and to investigate the relationship between
available soil phosphorous and dry mass of dallisgrass.
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2. Material and Methods

The experimental area was Moghan plain located at
the north-west of Iran with the latitude from 39° 22’
to 39°45° N, longitude from 47° 22’ to 47° 45’ E and
sea level 32.0 m. The annual average air temperature,
relative humidity and pan evaporation are 14.5°
C, 72% and 111 mm month’!, respectively. Annual
rainfall in this plain is 332 mm (Nasseri 2000).

In the experimental area nine sections of earth
canal that vegetated with dallisgrass (Paspalum
dilatatum Poir.) were selected (Karimi 1995). The
water flow velocity was measured by a flowmeter and
canals geometric characteristics (with profilimetery

devices) were measured by means of profilimetery
devices at the 35 parts of these nine separate canals.
The roughness coefficient was estimated by the
Equation 1 (Manning’s relation) (Chow 1959).

RO.67SO.5
= T

Where; n, R, S and V, are roughness coefficient,
hydraulic radius (m), canals bed slop (mm™) and
water flow velocity (m s'), respectively. Table 1
shows roughness coefficient values for different
conditions and it indicates n varies with different

)

n

effective factors which mentioned in Table 1.

Table 1- Roughness coefficient values for different conditions of irrigation

Cizelge 1- Farkli sulama kosullary igin piiriizliiliik katsayist degerleri

Conditions Applied n values Effective factors Reference
models
Basin irrigation Volume 0.043 Irrigation events and Harun-Ur-Rashid (1990)
Border irrigation balance 0.033 systems
Border irrigation for corn Zero inertia Weed growth, border Khanjani & Barani
farm model length (1997)
and irrigation events
Overland flow 0.60 Ree (1949)
Bare soil 0.04 Crop covers USDA (1974)
Bare soil 0.04 Chow (1959)
Cultivated areas 0.02
Irrigated and smooth soil 0.02 Walker (1989)
Fresh tilled soil 0.04 Irrigation events
The first irrigation event for Volume 0.07-0.121 Sepaskhah & Bondar
wheat covered furrows balance (2002)
The third irrigation event 0.047
The seventh irrigation event 0.136
Furrows under different flow  Hydrodynamic 0.025-0.060 Infiltration parameters Nasseri & Abbasi (2012)
rates model
C Channels with dense weeds, 0.050-0.120  Channels with weeds Chow (1959)
high as flow depth
General furrow 0.02 General furrow Valipour & Montazar
(2012a)
Valipour & Montazar
(2012b)
Valipour & Montazar
(2012¢)
Border irrigation 0.048-0.189  Open and closed-end Mahdizadeh Khasraghi
borders et al (2014)
Furrow irrigation 0.15 Cutback and surge Valipour (2013)

irrigation
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The dallisgrass density was measured by a wooden
square plot. Then, the density was converted to the 100
m? (1 m width and 100 m length of canal). Dry mass of
this grass was measured by an oven with temperature
of 108 °C for 24 h. The bottom and sides of irrigation
canals were subjected to soil samplings (Figure 1). The
available soil phosphorus was measured by Olsen or
sodium bicarbonate method (Olsen & Dean 1976).
Electrical conductivity and pH of canal water were
measured, as well in this study. The regression analysis
with the least square procedure was applied to relate a
dry mass of grass to the soil phosphorus.

Dallisgrass
grass

>—>>>Dallis

_ Canal bottom '* ©
o ol o o o o o3 o o SR A L e e A Mg Mgy A Mg Aoy Rs

Figure 1- A cross section of vegetated irrigation
canal with dallisgrass

Sekil 1- Adi yalanci dart ile otlanmis olan sulama

kanalimin kesiti

3. Results and Discussion

3.1. Dallisgrass resistance to the water flow in
irrigation canals

The roughness coefficient variations with the
flow velocity, flow section area, wetted perimeter,
hydraulic radius and canals slopes were depicted
by the Figure 2 (a-e). The results showed that the
roughness coefficient varied from 0.01 to 0.32 and
averaged as 0.09. The flow velocity ranged from 4
to 40 and averaged as 17 cm s™'. The flow section
area ranged from 75 to 6763 cm? and had an average
value of 1840 cm?. The wetted perimeter changed
between 26-346 cm and averaged as 111 cm. The
hydraulic radius averaged as 18 cm and was changed
from 2 to 42 cm. The canal slopes ranged from 0.01
to 0.80 and averaged as 0.33 percent. Also, the flow

discharge varied from 400 to 149000 cm? s' and
averaged as 33000 cm? s,

The partial correlations of roughness coefficient
were statistically significant by 5% (P<0.05) for flow
velocity and canal slope. According to the results of
this study 25 to 45% of the variation of roughness
coefficient in vegetated canals by dallisgrass
(Paspalum dilatatum Poir.) is caused by the flow
velocity and canal slope, respectively, when all the
other variables are held constant. In other words, the
variation in roughness coefficient in vegetated canals
by dallisgrass (Paspalum dilatatum Poir.) may be
explained solely by the flow velocity and canal slope,
assuming that there are no spatial variability’s of the
other affecting variables. Therefore, a regression
model comprises both of the roughness coefficients
and in vegetated canals by dallisgrass (Paspalum
dilatatum Poir.) as a dependent variable and the flow
velocity (¥, cm s and S, %) and canal slope as

0
independent variables is derived by Equation 2.

7S
n=2257-"-" 2)
\%

The correlation coefficient of the model is 0.90
which explains more than 80% of the variability in
roughness coefficient. Table 2 shows the analysis of
variance in the estimated roughness coefficient in
the regression model. Since the P value in the table
is less than 0.005, there is a statistically significant
relationship between the variables at P<0.005.

The measured roughness coefficient versus
estimated values from obtained model at a low limit,
predicted and upper limit values are shown in Figure
3. The calibration line models were developed as the
following for the measured and predicted roughness
coefficient. As follows, there are satisfactory
agreements between the measured and predicted
values of roughness coefficient.

Upper limit line N egice = 192 (0 )
One by one line N dioed = 1-00 (M casured)
Regression line Npegied = 0-81(n )
Low limit line N edicted — 0.10 (M, cagured)
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Figure 2- The roughness coefficient variations versus variations of flow velocity a, flow section area; b,
wetted perimeter; c, hydraulic radius; d, and canal slope w; e, and flow discharge f

Sekil 2- a, akis hizi; b, akis kesit alani; c, 1slak ¢evre; d, hidrolik yarigap; e, kanal egimi ve f; debi degisimlerine

bagh piiriizliiliik katsayist degigimleri

Table 2- Analysis of variance and regression for acquired model of roughness coefficient

Cizelge 2- Elde edilen piiriizliiliik katsayist modelinin istatistiksel analizleri

Source Sum of squares Df Mean square F-value P-value

Model 0.415 1 0.415 148.260 0.000

Residual 0.095 34 0.003

Total 0.511 35

Parameter Estimate Standard error t- statistic P-value
2.257 0.185 12.176 0.000
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Figure 3- Predicted roughness coefficient versus
measured values

Sekil 3- Olgiilen ve tahmin edilen piiriizliiliik katsayis:
degerleri

3.2. Dallisgrass response to the soil phosphorous

The measured available soil phosphorous values
are shown in Figure 4. The water electrical
conductivity (EC), pH and soil phosphorous
averaged as 750.60+9.42 (mmhos cm™), 8.55+0.01
and 14.45+3.19 mg kg, respectively.

A regression model for dry mass of dallisgrass
as a function of soil phosphorus was obtained
(Moghaddam 2008) as shown in Equation 3.

DM =-0.05P>+1.70 P 3)

Where; DM and P, are dry mass of dallisgrass
(kg per 100 m?) and soil phosphorus (mg kg'),
respectively. This model and its paramerts of P
and P? are significant in the model (Table 3). The

40
35
30
25
20
15
10

Soil phosphorus (mg kg‘l)

1 2 3 4 5 6 7 8 9

Canal sections

Figure 4- Available soil phosphorus from nine
sections of canals (mg kg')

Sekil 4- Kanalin dokuz kesitinde yarayisl toprak
fosforu (mg kg')

determination coefficient (R?) of this model is
determined as 0.76, which means that about 76%
of variation in dry mass can be explained by soil
phosphorus. Measured and predicted dry mass of
dallisgrass versus soil phosphorus values were
shown in Figure 5.

3.3. Relationship between roughness coefficient,
dallisgrass density and soil phosphorous

A model comprise roughness coefficient as
a function of the flow wvelocity, canal slope,
dallisgrass density and soil phosphorous was
developed by regression analysis and presented in
Equation 4.

Table 3- Analysis of variance and regression for acquired model of dry mass

Cizelge 3- Elde edilen kuru madde modelinin istatistiksel analizleri

Source Sum of squares Df Mean square F-value P-value
Model 1424.14 2 712.07 11.31 0.006
Residual 440.84 62.98

Total 1864.98

Parameter Estimate Standard error t- statistic P-value
P2 -0.05 0.01 -3.29 0.01

P 1.70 0.39 4.39 0.00
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Figure 5- Measured and predicted dry mass of
dallisgrass versus soil phosphorus values, where
DM and P are dry mass of dallisgrass (kg per 100
m?) and soil phosphorus (mg kg™)

Sekil 5- Olgiilen ve tahmin edilen adi yalanct dart kuru
madde miktarina bagl toprak fosfor degerleri, (DM ve
P adi yalanci dart kuru madde miktart (kg 100 m™),
toprak fosforu (mg kg)

\/S
n=0.289(DD.P)"* ¥~ 4)
\Y%

Where; DD, is dallisgrass density per 1 m?.

The determination coefficient of the model
is 0.80 which fitted models explain 80% of the
variability in roughness coefficient with mentioned
variables. The analysis of variance for the estimated
roughness coefficient by the regression model was
shown in Table 4. Since the P value in the table is
less than 0.005, there is a statistically relationship
between the variables at the 0.5% level (P<0.005).

Figure 6 shows the measured roughness coefficient
versus estimated values from Equation 4 as low limit,
predicted and upper limit values. The calibration
line models were developed as the following for the
measured and predicted roughness coefficient. There
are satisfactory agreements between the measured
and predicted values of roughness coefficient.

1. Upper limit Line 3. Regression line

= 0.6
_g 2. 1:1 line 4. Low limit Line
= 05
5 1 2
8
» 04
177}
0]
£ 03
>
3 ® Average values
= 0.2 @® Low limit values
=] o
E] v  Upper limit values
% 0.1
= 4
% o0
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Measured roughness coefficient
Figure 6- Measured and predicted roughness
coefficient values

Sekil 6- Olgiilen ve tahmin edilen piiriizliliik katsayisi
degerleri

Upper limitline 7 pgiciea = 1-33 (Myueqqurea )
One by one line il KON C—
Regression line N predicred = 0-80 (Mpsirea )
Low limit line R predicred = 007 (Myeasurea )

4. Conclusions

Investigation of dallisgrass (Paspalum dilatatum
Poir.) resistance to the water flow in irrigation canals
and dalligrass response to the soil phosphorous
indicates the following results.

The roughness coefficient varied from 0.01
to 0.32 and averaged at 0.09. The variation in
roughness coefficient in vegetated canals by
dallisgrass may be explained solely by the flow
velocity and canal slope, assuming that there are no

Table 4- Analysis of variance and regression for acquired model of roughness coefficient

Cizelge 4- Elde edilen piiriizliiliik katsayist modelinin istatistiksel analizleri

Source Sum of squares Df Mean square F-value P-value

Model 0.411 1 0.41 139.94 0.000

Residual 0.099 34 0.003

Total 0.511 35

Parameter Estimate Standard error t- statistic P-value
0.289 0.024 11.83 0.000
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spatial variability’s of the other affecting variables.
Therefore, a regression model comprises both of the
roughness coefficient as a dependent variable and
the flow velocity and canal slope as independent
variables is provided. The available soil phosphorus
of the sides and bottom of vegetated canals changed
between 4.2 to 37 mg kg'!. The highest dry mass of
was acquired as 16 kg per 100 m? from the canal
with soil phosphorus of 16.7 mg kg!'. A model was
developed to describe the roughness coefficient as a
function of the flow velocity, canal slope, dallisgrass
density and soil phosphorous. It is suggested that
phosphorous sources should be identified and the
distribution of phosphorous should be limited in
irrigation canals so that the density of dalligrass
in canals can be reduced. Research on roughness
coefficient for other types of vegetation in irrigation
and drainage canals is recommended.
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ABSTRACT

The aim of this study is to monitor drought in the Seyhan Basin by using Standardized Precipitation Index (SPI) based on
a long term monthly precipitation of 11 meteorological stations and secondly, to also carry out regional frequency analysis
using the index flood procedure coupled with the L-moments method based on recorded precipitation data of the most drought
month for each year acquired from Standardized Precipitation Index method for each station. The SPI values of each station
for 3, 6, 9 and 12-month time scales were calculated. According to the results, all stations are on the boundary of drought.
Research results show that the wettest station is Ulukisla and the most drought station is Karaisali with respect to the average
SPI values. According to the drought frequency values, however, the station having the highest drought occurrence frequency
is the Karaisali station, whereas the station having the lowest drought frequency is the Tufanbeyli station. Results show that
the Seyhan Basin is on the boundary of drought and mildly wet. Drought occurrence frequency is 47.7%. L-moments method
was used to define homogenous regions. Homogenous regions for 3 and 6-month time scales minimum precipitation series
couldn’t be obtained while homogenous regions for 9-month time scale minimum precipitation series were obtained only by
dividing the whole basin into two parts. The whole basin is homogenous for the 12-month time scale minimum precipitation
series. The Pearson Type 3 distribution is found to be most suitable for two homogenous sub-basins regarding 9-month time
scale minimum precipitation series, whereas the Generalized Normal distribution is found to be most suitable for the whole
basin with respect to 12-month time scale minimum precipitation series.

Keywords: The Seyhan Basin; Standardized precipitation index (SPI); L-moments; Climate change; Rainfall
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OZET

Bu caligmanin amaci Seyhan Havzasi’ndaki 11 meteorolojik istasyonun uzun donem aylik yagis degerlerine dayali
Standart Yagis Indeksi’ni (SYT) kullanarak kuraklik takibi yapmak ve ayrica ikinci olarak her istasyonun her yili igin
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Standart Yagis indeksi yonteminden elde edilen en kurak aynin yagis degerlerine indeks taskin yontemine dayali
L-momentler metodu uygulanarak bolgesel frekans analizi yapmaktir. Her istasyonun 3, 6, 9 ve 12 ay siireli SYT
degerleri hesaplanmistir. Sonuglara gore biitiin istasyonlar kuraklik sinirindadir. Ortalama SYT degerlerine gore en 1slak
istasyon Ulukisla iken en kurak istasyon Karaisali’dir. Kuraklik frekans degerlerine gore ise kuraklik meydana gelme
frekansi en yiiksek Karaisali istasyonu iken kuraklik meydana gelme frekansi en diisiik istasyon Tufanbeyli’dir. Sonuglar
gosteriyor ki, Seyhan havzasi kuraklik sinirinda ve biraz 1slaktir. Kuraklik olugma frekans1 % 47.7°dir. L-momentler
metodu homojen bolgeleri belirlemek i¢in kullanilmistir. 3 ve 6 aylik minimum yags serilerinden homojen bolgeler elde
edilemezken 9 aylik minimum yagis serisinde havza iki kisma ayrilarak homojen alt havzalar elde edilmistir. 12 aylik
minimum yagis serisinde ise tim havza homojen ¢tkmigtir. 9 aylik minimum yagis serisi i¢in homojen iki alt havzaya
en iyi uyan dagilim Pearson Tip 3 dagilimi iken 12 aylik minimum yagis serisi i¢in tiim havzaya uyan en iyi dagilim

Genellestirilmis Normal dagilim olmustur.

Anahtar Kelimeler: Seyhan Havzasi; Standart yagis indeksi (SYT); L-momentler; Tklim degisikligi; Yagis

1. Introduction

Drought is defined elementarily as the deficiency
of the customary total precipitations and dry air for
the water basins, in any piece of land of the world
for a specific timeframe by both hydrologist and
those concerned. Drought is one of the hardest,
imponderable and unstoppable climatic incidents
like floods, hurricanes etc. There are in general
three types of droughts taken into account, they
are, meteorological, agricultural and hydrological
drought (Wilhite & Glantz 1987). Meteorological
drought is wholly relevant to weather conditions;
it is described as decrease in the normal amount of
precipitations relative to at least recorded 30 years
of precipitation series. Meteorological drought
influences the other two types of drought and begins
before them. Agricultural drought is considered as
the lack of soil moisture which leads to wilting and
plant death in farmlands, even if there are adequate
precipitations and water resources, agricultural
drought could occur because of the excessive usage
of water and may be unnecessary agricultural
activities. If moisture free wind blows, the intensity
of the drought will be exacerbated. Hydrological
drought occurs when the precipitation and amount of
water in reservoirs are enough but either population
to make use of the water is high or rural activities
and irrigation activities are excessive. So when
hydrological drought happens, urban life definitely
comes across problems and hydroelectric power
production and sprinkler systems will be affected

© Ankara Universitesi Ziraat Fakiiltesi

adversely. No wonder, this engenders economic
crisis and decrease financial support. In a long period
of dry weather, we observed a drought of more than
2 weeks diminished the soil moisture quite slowly
and if it lasts longer, it raises maximum evaporation
rate then all water reservoirs even subsurface water
may clear away. For this reason hydrologists name
the drought as creeping phenomenon.

The amount of precipitation shortage impinges
upon nearly all aspects of the social, environmental
and economic life of a society. In terms of social life,
drought has gross impacts such as; augmentation of
poverty, migration, politic clashes, decrease in life,
physical and mental stress for human body. In terms
of environmental life, shortage of drinking water
and food, rising plant, animal and human diseases,
increase in desertification and wind erosion rate,
extinction of animal and rare plant species. In terms
of economic life, decrease in tourism, commercial
livestock raising, hydroelectric power and energy,
increase in food prices. At present, scientists have
discovered that drought and other climatic incidents
are caused by not only prominent and notorious
global warming but also sun spots and sun flares,
scientists are pondering that sun spots and sun
flares will be increased at highest level in 2000s,
so this will raise the radiation level and global heat
(Vardiman 2008). The change in the amount of
radiation and heat means that atmospheric pressure
will be influenced unfavorably and climatic fatal
affairs which already cannot be determined properly
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and occur unpredictably mostly come out. There are
some studies about impacts of large scale volcanic
eruptions and air pollution on occurring droughts.
The other exotic factors have force on droughts
are aerosol gases sprayed from colossal volcanic
eruptions and industrial exhaust gases. This gases
such as CO, (carbon dioxide) and SO, (sulfur
dioxide) alter the patterns of precipitations and
have greenhouse effect which constitute the global
warming. Heat and radiation coming from the sun
could not be reflected to the space because of the
greenhouse effect (NASA 2010a).

The Dbeginning pattern of precipitation
commences with the collision of little microscopic
rain drops, they collide or bond, but the air is
polluted and covered by greenhouse effected gases,
then the rain drops could not become together and
consist of precipitation, this gives rise to drought
(Fang et al 2013). A good example of this is the
Pinatubo volcano, which erupted in 1991 and is one
of the largest volcanic eruption in the 20th century,
as there was decrease in the amount of precipitation
for some seasons, sprayed gases moved with strong
winds around the World (Trenberth & Dai 2007).
As known, northern hemisphere’s heat increases
rapidly rather than southern hemisphere, since there
are larger continents in the northern hemisphere than
the southern hemisphere. In the south, oceans cover
larger places than the mainlands. The mainland
cools down and heats up more quickly than water
covered areas. During the period 1997-2006
average temperature of the northern hemisphere had
increased almost 0.53 °C (0.27 °C for the southern
hemisphere) in comparison with the period 1961-
1990 (WMO 2007). Separately, sea ice volume
affects the climate and then droughts.

Not so far or above the “Planet Earth”, there is one
more unfavorable driver which is called ‘heat island’.
Wide concrete roads, dark structures are deprived of
green areas in metropolitan cities induced heat island.
Since energy and heat coming from the sun in daytime
absorbed by this type of factors mentioned. So, the
difference in temperatures between metropolitan
cities and very near rural areas can be 10 °C or more,
this of course affects the rain pattern (NASA 2010b).

Drought has short or long periods; it depends on the
characteristics of the drought. In the world, principally
middle zones of the broad continents such as America,
Asia and Africa have the wildest drought events by
reason of being far from warm sea and sea moisture.
The most unpredictable points of drought are the
beginning and ending time. Intensity of forthcoming
drought can never be measured but only predicted
from extreme dry periods which happened before,
scientist and hydrologist are interested particularly
on this point. Nowadays technology may not detect
characteristics of droughts and other intense climatic
events flawlessly, especially when to start and end,
but by utilizing various mathematic algorithms
these problems could be clarified. Knowledge of the
characteristics of the drought is vital for water running
and urban organizations. There have been a lot of
drought monitoring tools developed by hydrologists
in literature such as Palmer Drought Severity Index
(PDSI), Erinc and De Martonne methods. In this
paper Standardized Precipitation Index (SPI) drought
monitoring tool developed by (McKee et al 1993)
is used. It is significant to scrutinize the data for
the frequency of occurrence of drought, extreme
precipitations cause floods, whereas minimum
precipitations cause droughts. Frequency analysis
method is used prevalently to estimate the droughts
and floods, precipitation time series are a must for
planning hydraulic structures, and researchers usually
use the maximum precipitation data to estimate flash
floods. However, in this paper, minimum precipitation
depths instead of maximum precipitation depths were
employed to monitor the drought. For frequency
analysis, L-moments method developed by (Hosking
1986; 1990) was used by utilizing precipitation data
of the most drought months which are detected from
SPI results of each year for all stations.

2. Material and Methods

2.1. Material

In this study, the Seyhan Basin, one of the biggest
and fertile basins in Turkey, North Mediterranean and
Europe, is selected as a study area and comes after the
Nile Basin in terms of size. The Seyhan Basin is one
of the 26 basins in Turkey and located in the south.

198

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 196-215



Drought Analysis of the Seyhan Basin by Using Standardized Precipitation Index (SPI) and L-moments, Topgu & Seckin

The Seyhan Basin’s area is 20450 km? and constitutes
of the 2.82% of Turkey. The Seyhan Basin provides
both economic and agricultural resources to Turkey
and the world. This basin has innumerable biological
species. Therefore researchers focus on Seyhan Basin
for drought or other issues. For instance, Gurkan
(2005) simulated for both based on decrease in
precipitation amount and increase in temperature and
potential evapotranspiration. Fujihara et al (2008)
used the inverse approach to model hydrological risk
and vulnerability to changing climate conditions in the
Seyhan River basin. Sen et al (2008) aimed a research
to predict future climate and its possible impact on
water resources and agricultural water use in Seyhan
basin for the period 2071-2100 by using climate
model RegCM3, Topcu (2013) carried out a thesis
to assess the drought in Seyhan Basin and analyzed
monthly precipitation for SPI and used outputs for
L-moments. Selek & Tuncok (2014) conducted
a study to determine the basis for climate change
adaptation of water resources management policies
in Seyhan River basin. It was determined that even
though there was no water stress in Seyhan basin in
2010, many parts of the basin were expected to suffer
significant shortages over the coming years. Altin
& Barak (2012) calculated the Erinc Drought Index
by using precipitation series of 29 meteorological
stations for the period of 1970-2009 in Seyhan Basin.
Climate type is determined and mapped.

Table 1- Main characteristics of stations

Cizelge I- Istasyonlarin temel karakteristikleri

In this study at least recorded 20 years of
precipitation time series are used for analysis.
Totally 11 meteorological stations are employed
for this dissertation, the main characteristics of the
stations are shown in Table 1. Data of the stations
are obtained from Turkish State Meteorological
Service. Locations of stations are shown in Figure
1. Precipitation depths increase from the north to
the south unlike temperature due to high geographic
formations.

Rinarbasi

Tomarza

Samz %
Tufanbeyli

Camard
Fekeg

Pozant

% Karaisali

Figure 1- Locations of the stations in the Seyhan Basin

Sekil I- Istasyonlarin Seyhan Havzasi ndaki konumlar

Station name ~ Number — Observation years  Elevation (m) Latitude Longitude Size (vear)
Adana 17351 1970-2012 27 37°00°30”N  35°20°67”E 43
Camardi 6893 1970-1994 1500 37°49°54” N 34°59°03”E 25
Feke 6902 1970-1994 620 37°49°04”N  35°54’46”E 25
Karaisali 17936 1970-2012 241 37°15°05”N  35°03’47”E 43
Karatag 17981 1970-2012 22 36°33°51”N  35°22°96”E 43
Pinarbagi 17802 1970-2010 1500 38°43°17°N  36°23°39”E 41
Pozanti 17934 1970-1993 750 37°25°00”N  34°53°00”E 24
Sariz 17840 1970-2011 1500 38°28°47°N  36°29°49”E 42
Tomarza 17837 1970-2010 1400 38°26°00”N  35°48°00” E 41
Tufanbeyli 6204 1986-2012 1350 38°15°54”N  36°13’13”E 27
Ulukisla 17906 1970-2012 1453 37°33°00”N  34°29°00” E 43
Tarim Bilimleri Dergisi — Journal of Agricultural Sciences 22(2016)196-215 199
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2.2. Method

2.2.1. Standardized precipitation index (SPI)
method

Droughts and floods are widespread subject of the
hydraulic engineers and researchers. This method is
used commonly to monitor the drought because of
the simple algorithm and rapid response. The SPI
was developed by (McKee et al 1993) for providing
drought information in Colorado. Seasonal (3,
6-month time scale) or long period (9, 12, 24,
48-month time scale) drought can be analyzed, which
affects all types of water resources even subsurface
water. Soil moisture is affected immediately from
abrupt precipitation changes. Hence, 3 or 6-month
time scale monitoring is preferred. On the other
hand, underground water, rivers and reservoirs do
not respond rapidly to swift precipitation changes.
Therefore, 12-month or long period time scale (24,
48, 72-month) monitoring is chosen. There are
lots of studies about Standardized Precipitation
Index for monitoring drought all around the world
like (McKee et al 1993; Edwards & McKee 1997;
Guttman 1999; Tiirkes 1999; Komiisci 2001;
Lloyd-Hughes & Saunders 2002; Tonkaz 2006; Li
et al 2008; Abolverdi & Khalili 2010; Keskin &
Sorman 2010). Anli (2014) carried out a study to
analysis meteorological drought in provinces of
South Eastern Anatolia Region by using temporal
variation of reference evapotranspiration (ET)
and RDI (Reconnaissance Drought Index). Study
results show that significant increasing trends for
reference evapotranspiration have been detected
and according to RDI, mild drought has been
experienced in general. In addition, there have been
a significant amount of events where moderate and
severely droughts occurred. Guenang & Kamga
(2014) computed SPI using 55 years of precipitation
data recorded 24 observation stations in Cameroon.
Four statistical distribution functions (gamma,
exponential, Weibull and lognormal) are fitted to
data. Drought thresholds determined. McRoberts &
Nielsen-Gammon (2012) developed high-resolution
drought-monitoringtoolto assess droughtonmultiple
time scales using the SPI. Regional frequency

analysis is performed. Dutra et al (2013) assessed
the predictive capabilities of an integrated drought
monitoring and seasonal forecasting system (up to 5
months lead time) based on SPI. The forecasts were
evaluated over four basins in Africa. Jha et al (2013)
computed the SPI with monthly precipitation dataset
for each of the 14 mainland agro climatic zones of
India. Showed that only six out of 14 mainlands
have a significant trend during summer monsoon.
Blain (2012) carried out analyses by evaluating
the normality assumption of the SPI distributions.
Observed that Pearson III distribution was better
than the Gamma 2-parameter distribution. Xie et al
(2013) investigated the spatiotemporal variability of
drought incidence in Pakistan during 1960-2007 by
SPI for 3, 6 and 12-month scales. Analysis revealed
that droughts are wide-spread and often occur over
large areas. Simsek & Cakmak (2010) analyzed the
drought experience in 2007-2008 Agricultural Year
of Turkey. The drought was evaluated by using SPI,
Percent of Normal Index (PNI) and the analyses
of precipitation and temperature analysis. The SPI
is the non-dimensional drought index. This index
is computed for long time precipitation series for
the preferred time scales. The SPI calculated by
Equation 1.

SPI = (Xj — X)/ o )

Where; SPI, standardized precipitation index;
Xj, data point; X, mean; 0, standard deviation of
the data

The gamma distribution is convenient for
precipitation series and the distribution parameters
can be calculated by maximum likelihood
approximation of Thom (1958). If precipitation data
has zero values, mixed distribution by Thom (1951)
can be used for incorporation of zero probability
and non-zero probabilities (Equation 2).

H(x) = q + (1-q) G(x) (@)
Where; q, the probability of zero precipitation;
G(x), the gamma cumulative probability function.
Probabilities calculated by Equation 2 are
transformed into the standard normal distribution
for calculation of the SPI values (Guttman 1998).

200

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 196-215



Drought Analysis of the Seyhan Basin by Using Standardized Precipitation Index (SPI) and L-moments, Topgu & Seckin

SPI method shows the drought category
corresponds to output values (Table 2). If the SPI
gives negative values, it means there is drought
and lack of precipitation; if the SPI gives positive
values, it means there is no drought and enough
precipitation. Yet, the negative values are getting
lower, the degree of the drought shifts from no
drought to extremely drought and then catastrophe
bursts. And same for the positive values, if the
positive values are getting higher the degree of the
drought shifts from no drought to extremely wet and
flash floods are seen. The drought frequency of a
station is obtained by dividing drought event size
by total observation size. Frequency values show us
how often drought conditions happen in a station for
a prespecified time scale.

Table 2- Standardized precipitation index categories

Cizelge 2- Standart yagis indeksi kategorileri

SPI index values Drought category
2.00 or more
1.50-1.99
1.00 - 1.49 Moderate Wet
0.0-0.99 Mild Wet
0.0 - (-0.99) Mild Drought
(-1.00) - (-1.49) Moderate Drought

(-1.50) - (-1.99)
(-2.00) or less

2.2.2. Index-flood method

Index flood method is a reliable procedure as to
pooling summary statistics from different data
samples. Its early applications were based on flood
data in hydrology (Dalrymple 1960). However,
Hosking & Wallis (1997) pointed out that this
method can be applicable to every kind of data.

According to the index-flood method, the
exceedance probability distribution of annual peak
discharge is accepted as identical for hydrologically
homogeneous regions except for a site-specific
scaling factor called the index flood (Dalrymple
1960; Hosking & Wallis 1997).

The important physiographic and meteorological
characteristics of a basin are reflected by this index
flood parameter. In this method, the relationship in
Equation 3 is recommended to estimate the flood
quantile Q..

Qr = arki ©))

Where; T, return period at site i; p, the product
of index flood (average likely flood); q, the regional
growth factor. p is also the function basin area and
slope. q is a dimensionless frequency distribution
quantity common to all sites within a hydrologic
homogeneous region.

A relationship based on available information
gathered from the gauged sites is recommended to
estimate index flood.

Once an appropriate frequency distribution has
been found within a hydrologic region with N sites,
regional growth curves are determined to represent
the relationship between g, and T.

It can be summarized that index flood method
based on regional flood-frequency analysis has three
steps: hydrologic homogeneous regionalization,
selection of regional frequency distribution and
estimation of index flood relationship. To estimate
design flood of any intermediate values of return
periods (e.g. T=2, 5, 10, 20, 50, 100 ...years), the
index flood-based regional relationships can be
used.

2.2.3. L-moments method

L-moments method was developed by (Hosking
1986; 1990). This method is widely used for
regionalization,  estimation  parameters and
determine the quantiles. L-moments method is the
linear function of the probability weighted moments
(PWM). There are really comprehensive studies
in literature like Dalrymple (1960), Landwehr et
al (1979a; 1979b; 1979¢), Hosking (1986; 1990),
Gebeyehu (1989), Hosking & Wallis (1993;1997),
Fowler & Kilsbyc (2003), Eslamian & Feizi (2000),
Seckin & Yurtal (2008), Norbiato et al (2007),
Parida & Moalafhi (2008), Seckin et al (2010a;
2010b; 2011), Dodangeh et al (2011) and Tallaksen
et al (2011). Anl1 et al (2009) conducted a study to
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determine regional analysis of the annual maxima
precipitation influenced on floods in Trabzon
Province. Annual maxima precipitation series of
10-78 years of 10 precipitation gauging stations
over Trabzon Province were used as a material.
Probability parameter estimation and regional
analysis were used based on L-moments statistics.
Some quantile functions were obtained through
Monte Carlo simulation techniques. For flood
management and the design of urban drainage
networks, useful precipitation values were estimated
for some quantile probabilities of the at-site and
regional analysis for the Generalized Logistics and
Generalized Extreme Value distributions obtained
from simulation. Shi et al (2010) screened the data
from 12 stream flow gauging sites of the Wujiang
water system in Guizhou Province by using the
discordancy measure, and homogeneity of the
region is then tested employing the L-moments-
based heterogeneity measure. Eslamian et al (2012)
used two indexes of cumulative precipitation deficit
(CPD) and maximum precipitation deficit (MPD) for
evaluating the severity of drought in a certain month
and regional frequency analysis has been carried
out by L-moments. Gingras & Adamowski (1994)
conduct a simulation study to compare parametric
L-moments and nonparametric approaches in flood
frequency analysis. Saf (2009) carried out a study
to determine regional probability distributions for
the annual maximum flood data observed at 45
streamflow gauging sites in the Kucuk and Buyuk
Menderes River Basins in Turkey using index
flood L moments. The generalized normal extreme
value distribution has been identified as the best-
fit distribution for the upper- and lower-Menderes
subregions. Aydogan et al (2014) performed a
regional flood frequency analysis of Coruh Basin
with the L-moments method. The flow values
determined from the quantiles estimated with the
L-moments method were compared with those
estimated previously with an at-site frequency
analysis (Gumbel distribution) on the basin master
plan for four large dams in the Coruh Basin.
Dubey (2014) used the L-Moments for parameter
estimation of Generalized Extreme Value (GEV)
distribution. Regional flood frequency relationship

for the chosen basin is developed utilizing GEV
distribution.

L-moments are defined in Equation 4 (Hosking
& Wallis 1997).

4)
A3z =6Mj50—6M; 19+ Mjqo

}\'4 = 201\/‘[130 _30M120 +12M110 _MIOO

The significance or meaning of this would be
that: M, is the zeroth, M| is the first, M, is the
second, and M, is the third probability weighted
moments. Followed by these definitions listed

below.

- The L-mean, A, is a measure of central tendency
which is the same as the conventional mean.

- The L-standard deviation, A,, is a measure of
dispersion, as A, and A, are the third and the
fourth L-moments.

- M,, is the expected value of the random
variable, x, weighted by its probability of non-

exceedance, P .
nex

- M, and M,  are the expected values of x
weighted by (P )>and (P__ )’, respectively.
- The dimensionless L-moment ratios are defined

by Hosking (1990) as in Equation 5.

To=A2/A1 (L-variation coefficient, L-Cv)
T3=As/A2 (L-skewness coefficient, L-Cs) %)
Ts=Aa/A> (L-kurtosis coefficient, L-Ck)

Stedinger et al (1993) developed the relationships
for the parameters and the L-moments for various
distributions.

For a Probability Distribution that takes on
merely positive values, 12 varies within the interval:
0 <12 < 1, and the other ratios are within: —1 < 13
<+1, and —1 < 14 < +1. These properties would be
claimed to be an advantage over the Conventional
Coefficients of the skew and the kurtosis, because
as the latter mentioned may assume very high
magnitudes and former would constantly remain in
the reasonable and confined interval of (-1, +1).
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The arithmetical average of a sample series is the
estimate of A . The estimates of the L-coefficients
of 1,, 7,, and 7,, are calculated using the recorded
sample series with the aid of a suitable plotting
position formula. For which the biased-Landwehr
formula is preferred, as done in this study also, to
estimate P__ ’s of the elements of the series.

2.2.4. Homogeneity tests

Hosking (1991; 1993) recommended the following
three statistical measures for homogeneity tests as
discordancy measure (D), heterogeneity measure
(H) and goodness of fit measure (Z).

2.2.5. Discordancy measure (D)

This test is based on the L-moments ratios and
utilized to identify the sites of a given group that
are discordant with the other sites of entire group.
Discordancy measure depends on the number of
sites. Discordant sites should be discarded from the
analyzed or evaluated in another region. Hosking &
Wallis (1997) presented a table which shows critical
values of discordancy statistic correspond to a
number of sites (Table 3). The site is accepted to be
harmonious if discordancy value of site is smaller
than the critical value of the discordancy statistic.

Table 3- Critical values of discordancy statistic, D

i

Cizelge 3- Uyumsuzluk ol¢iisiiniin kritik degerleri, D,

No. of sites Critical No. of sites Critical

in region value in region value
5 1.333 11 2.632
6 1.648 12 2.757
7 1.917 13 2.869
8 2.14 14 2.971
9 2.329 >15 3
10 2.491

Discordancy measure (D)) is defined in Equation
6, 7 and 8.

D, =%(ui e Ty 6)
i=N1YyN u (7

S=3N (u—D(u—-07 (®)
Where; u,, vector of LCv, LCs, LCk for a site I;
S, covariance matrix of u; u , mean of vector u,

2.2.6. Heterogeneity measure (H)

The heterogeneity measure (H) is proposed for
identification of the degree of heterogeneity of
group of sites and H, can be estimated by Equation
9 and 10.

®

(s=2,3,4) (10)

Where; V, weighted standard deviation of
L-coefficient of variation values; p and ¢ , the mean
and standard deviation of a number of simulations
of V.

Suppose that the proposed region has N sites,
with site i having record length n, and sample
L-moment ratios t,”, 1,%, 1,%. Denote by t,®, ,®,
7,® the regional average L-Cv, L-Skewness and
L-Kurtosis. V,, weighted standard deviation of
L-coefficient of variation values can be expressed
as Equation 11.

N _ N 12
Vi :{ 2”1(72(1) _TzR)z/E”z }
i=1 i=1

It is possible to construct heterogeneity measures in
which V in equation (11) is replaced by other measures
of between-site dispersion of sample L-moments. One
of the measures is based on L-Cv and L-Skewness (V)
can be expressed as Equation 12.

N . . /2 /N
v, = ;“i{(TZ(') _TZR )2 +(r3(’) —T3R )2} /;ni (12)

and the other based on L-Skewness and L-Kurtosis
(V3) can be expressed as Equation 13.

N ; : /2 /N
v3:izlni{(%()_%k)z+(T4()_T4R)2} /Zln (13)

If heterogeneity of a region H<I then the region
is acceptably homogeneous. 1<H<2, then the region

(11)
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is possibly heterogeneous. H>2, then the region is
definitely heterogeneous.

2.2.7. Goodness of fit measure (Z)

Hosking & Wallis (1993) proposed a well-matched
measure for goodness of fit dependent upon
L-kurtosis. The ZPT goodness of fit test is used
for selecting the appropriate regional frequency
distribution function for a group of sites. Goodness
of fit measure (Z) compares the difference between
sample L-kurtosis and population L-kurtosis.

The Goodness of fit measure for each distribution
is defined by the ZPST statistic, which is outlined
below in Equation 14.

DIST |
pisT _ T4 —ta+Py
7 _t4 T4TP4
Oy

(14)

Continuing, ty is the average of L-Ck values
computed from an observed sam%le series in a given
region, B, is the bias of t, T, is the average
L-Ck values computed from simulation for a fitted
distribution, and o, is the standard deviation of
L-Ck values (from simulation), and B, and o,.
Equation 15 and 16 presented for clarification.

Nsim

B =Nt 2, (17 1)

m=1

Neim P
o, =[(Nsim —1)1{ > (tgm _{4)2 —Nsim[sﬁH (16)

m=]

(15)

The above equation explains that N is the
number of simulated regional data sets that are
generated using a Kappa distribution and m is the
index denoting the simulated region. The fit is
considered to be suitable if ZP'ST is sufficiently close
to zero. A reasonable criterion example would be
considered by Equation 17.

25| <1.64 (17)

A detailed description of the index flood
procedure and L-moments is described by Hosking
& Wallis (1997). The non-exceedance probability of
an element in a sample series is estimated by the so-

called biased-Landwehr plotting position formula,
which is Equation 18.
(i-0.35)

F; = (18)

1

The above equation defines that: F, is the
estimate of P___of the j’th element in the j’th sample
series arranged in ascending order, and n, is the
number of elements in the j’th sample series.

3. Results and Discussion

3.1. SPI results

Standardized Precipitation Index shows climatic
changes and drought conditions in 11 meteorological
stations accomplished for preferred time scales. The
precipitation-time series were used to procure the
SPI values for 3, 6, 9 and 12-month time scales.
The results show that the most severe drought
years were 1973, 1988, 1989, 2001 and 2008 for
the most of the 11 stations. The wettest years were
1979, 1981, 1994. The periods have the most severe
drought months are seen in Table 4. One can infer
roughly from Table 4 that drought have experienced
quinquennial overall basin.

Table 4- The most severe drought periods
Cizelge 4- En siddetli kurak periyotlar

Adana (1970-1975), (1997-2005)

Camardi  (1989-1992)

Feke (1970-1975), (1984-1987), (1989-1991)
Karaisali  (1970-1975), (1989-1993), (2003-2009)
Karatas  (1982-1985), (1989-1992), (2003-2007)
Pinarbagi  (1984-1987), (1989-1990), (1993-1994)
Pozantt 1973, 1982, 1984, (1989-1993)

Sariz (1981-1985), (1999-2003)

Tomarza  (1973-1974), (1999-2001)

Tufanbeyli 1989, 1999, 2001, (2003-2008)
Ulukisla (1973-1975), (1981-1985), (1989-1994),

(2004-2007)
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As shown in Table 5, most of the minimum
SPI values are seen in 6-month (seasonal) time
scale. The minimum SPI value of a month -3.76
(exceptionally drought) was experienced in Tomarza
station for 6-months period in May 1989. One can
see the SPI results and read from example following
figures for the 12-month period of Karaisali and
Tufanbeyli stations, graphs for the other stations
and explanations are not dwelled on because of
their similarities. With reference to average monthly
SPI values, the most severe drought station is the
Karaisali station, the maximum and minimum SPI
values were observed as 3.59 (extremely wet) and
-3.6 (extremely drought) respectively in 3-month
period. Extreme SPI values for Karaisali station
are seen in Table 6. We can see the monthly flash
drought and precipitation changes by reading SPI
graph (Figure 2). Period 2005 to 2009 was moderate
drought and mild drought. Especially year 2008 was
severe drought (Figure 3). The drought frequency
is 50.9% for this station. It means that drought
incidents are experienced more than wet conditions

and happens more often. Moderate drought with
frequency value 9.1% was observed in 12-month
period. Probability occurrence corresponds to
drought categories for Karaisali station are seen in
Figure 4.

Table 5- The minimum SPI values of stations

Cizelge 5- Istasyonlarin minimum SPI degerleri

Station Minimum SPI Period  Month Year
Adana -3.18 6-month February 1973
Camardi -3.68 6-month June 1989
Feke -32 3-month January 1973
Karaisali -3.6 3-month April 1989
Karatag -3.74 6-month July 1989
Pinarbast -3.75 6-month May 1989
Sariz -3.39 9-month January 2001
Pozanti -3 3-month April 1989
Tomarza -3.76 6-month May 1989
Tufanbeyli -3.37 6-month June 1989
Ulukisla -33 6-month October 1984

Table 6- Extreme SPI values of droughts and precipitations for Karaisah station, presenting 3, 6, 9 and

12-month time scales

Cizelge 6- Karaisali istasyonunun 3, 6, 9 ve 12 aylik zaman serileri i¢in ekstrem SPI degerleri

3-month period

6-month period

9-month period 12-month period

Exceptional drought month April
Observed year 1989
SPI value -3.6
Exceptional wet month March
Observed year 1994
SPI Value 3.59
The most severe year

in respect to the 2007
average SPI value

SPI value -0.88
The most wet year

in respect to the 1988
average SPI value

SPI value 0.99

July October April
1989 1989 2008
-2.98 -2.42 -2.15
June September December
1994 1994 1994
3.42 3.45 3.31
2008 2008 2008
-1.36 -1.7 -1.84
1994 1994 1994
1.54 2.24 2.84
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Figure 2- 12-month SPI analysis for Karaisah
station

Sekil 2- Karaisaly istasyonunun 12 aylik SPI degerleri
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Figure 3- 12-month average annual SPI analysis for
Karaisal station

Sekil 3- Karaisali istasyonunun yulik ortalama 12
aylik SPI degerleri
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50.0
40.0
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Probability Occurrence (%)

i e
i No Mild Moderate Severe Extreme
drought drought drought drought drought
W 3-month period 50.7 347 8.4 3.1 29
® 6-month period 480 365 8.6 57 12
W 9-month period 481 36.7 B.3 57 1.0
® 12-maonth period 49 4 345 9.1 52 0.8

Figure 4- Probability of drought occurrence for
Karaisali station, presenting 3, 6, 9 and 12-month
time scales and different drought categories

Sekil 4- Karaisali istasyonunun 3, 6, 9 ve 12 aylik SPI
degerleri ve farkli kuraklik kategorilerine gére olusma
olasiliklar

The Tufanbeyli station is the wettest station
with respect to drought frequency. Frequency
value is 45.9%. The most exceptional drought was
observed as -3.37 (extremely drought) in 6-month
period. Extreme SPI values for Tufanbeyli
station are shown in Table 7. Instantaneous
monthly drought changes are seen in Figure 5.
The climate after the year 2002 to 2009 shifted
from mild drought to severe drought. Severe
drought observed in year 2011 is remarkable. A
little increment of amount of precipitation was
observed in the last 3 years (explicitly shown in
Figure 6), severe drought with frequency value
5.1% was lived in 12-month period. Probability
occurrence corresponds to drought categories for
Tufanbeyli station are seen in Figure 7. The Adana
station is a mild drought station. The drought
frequency is 47.7% for this station. Exceptional
droughts were seen in the 12-month period, the
climate is prone to shift having less precipitation
and more drought. For the Pozanti1 station the
drought frequency is 49.2%, severe drought
was observed especially in the 12-month period.
Exceptional and severe precipitations occurred
in the period from 1974 to 1978. Exceptional
precipitations shown in 12-months are prone to
shift to mild precipitations for the concluding
10 years, exactly like the other stations. For the
Pinarbasi, Tufanbeyli, Sariz, Karatas, Tomarza,
Camardi, Feke, Ulukigla stations drought
frequencies are consecutively 46.3%, 45.9%,
46.2%, 46.8%, 46.8%, 48.3%, 49.8%, 47%. We
have to underline that comparing stations in
terms of drought, indeed, entails meteorological
stations to have same size data. Because,
observation size and beginning values alter the
results of SPI. All stations seriously must have
same beginning and end time. Longer data show
the results realistically. In fact, Ulukisla station
is the wettest station concerning just average SPI
values not the drought frequency by reason of
frequency includes size.
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Table 7- Extreme SPI values of droughts and precipitations for Tufanbeyli station, presenting 3, 6, 9 and

12-month time scales

Cizelge 7- Tufanbeyli istasyonunun 3, 6, 9 ve 12 aylik zaman serileri i¢in ekstrem SPI degerleri

3-month period

6-month period

9-month period 12-month period

Exceptional drought month January June September October
Observed year 2001 1989 1989 2001
SPI value -3.24 -3.37 -3.27 -2.6
Exceptional wet month September November November January
Observed year 2002 1996 1988 1989
SPI Value 242 2.83 2.43 1.87
The most severe year
in respect to the 1989 1989 2001 2001
average SPI value
SPI value -1.35 -1.46 -1.78 -1.85
The most wet year
in respect to the 1988 1988 1988 1988
average SPI value
SPI value 1.09 1.26 1.4 1.47
3 _ 50.0
2 ? 50.0
; uw\v Al | Q § :EE
ST | o
z = 10.0
=" BiE= B ' e B
oy No Mild Moderate | Severe Extreme
2 W l | drought drought drought drought drought
@ 3-month period 56.4 30.5 4.4 4.4 4.0
3 ® 5-month period 547 3.4 5.0 4.4 38
u 9-month period 540 321 6.7 19 51
- o 5 - 144 . a0 - J. H12-manth period 513 35.3 34a 5.1 4.8

Months

Figure 5- 12-month SPI analysis for Tufanbeyli station
Sekil 5- Tufanbeyli istasyonunun 12 aylik SPI degerleri
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Figure 6- 12-month average annual SPI analysis for
Tufanbeyli station

Sekil 6- Tufanbeyli istasyonunun yillik ortalama 12
aylik SPI degerleri

Figure 7- Probability of drought occurrence for
Tufanbeyli station, presenting 3, 6, 9 and 12-month
time scales and different drought categories

Sekil 7- Tufanbeyli istasyonunun 3, 6, 9 ve 12 aylik SPI
degerleri ve farkl kuraklik kategorilerine gore olusma
olasiliklar

The results also indicate that high elevation
located stations have lower amount of precipitation,
yet, because of the low temperature and sun energy,
they have lowest evaporation rate so this engenders
less drought events. Generally, all of the stations are
on the boundary of drought. According to results, we
can claim that the Seyhan Basin, average frequency
of drought of the 11 stations considered, is neither
drought nor wet but experiencing extreme event
from time to time. Basin has the 47.7% frequency of
occurrence of drought.
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3.2. L-moments results

L-moments method was employed to perform
regional frequency analysis. The amount of
precipitations which correspond to minimum
monthly SPI values of the each year were utilized
as input data for L-moments method. After
procuring input data, L-moments method was
employed to specify the homogenous regions.
After all, the best distributions for the basins or
the sub-basins were elected. Generalized Extreme
Value, Generalized Logistic, Generalized Normal,
Generalized Pareto, Pearson Type 3 and Wakeby
distributions were implemented to homogenous
regions and sub-basins. Unfortunately, there
are no proper distributions for 3 and 6-month
periods minimum precipitation series, even tried
dividing whole basin into several parts to detect
homogenous regions. Heterogeneity values (H1),
(H2) and (H3) are enormously greater than the
critical value ‘1°. But, for the 9 and 12-month
periods minimum precipitation series, achieved
homogenous regions and distributions. Results
are seen in the following.

3.2.1. The results of the stations in terms of
12-month period minimum precipitation series

All of the 11 stations are in accordance with
each other when the 12-month period minimum
precipitation series are used in L-moments. All of
the discordancy values are smaller than the critical
value ‘D= 2.632> which determined by Hosking
& Wallis (1997) for the number of 11 stations.
Discordancy values (D,) and L-moments ratios
(t, t3, t4, t5) of each station are seen in Table 8.
Heterogeneity values (H1), (H2) and (H3) are
smaller than the critical value ‘1’ (Table 9). And Z
(goodness-of fit test) value 0.35< 1.64. Considering
this, the Generalized Normal distribution is the
most proper for the entire basin as regards the
12-month time scale minimum precipitation series
(Table 10). The values of dimensionless growth
factors (Q,/Q, ) for various return periods are
calculated by using regional parameters (Table
11) and shown in Table 12. Growth curves for
whole basin, growth factors (Q,/Q,_ ) of best fitted
distributions correspond to y (gumbel reduced
values), are drawn in Figure 8.

Table 8- L-moments ratios and discordancy values for 12-month minimum precipitation series

Cizelge 8- 12 aylik minimum yagus serileri i¢in L-moment oranlar: ve uyumsuzluk él¢iileri

Station name Observation size  Average precipitation t t3 t4 t5 Di

Adana 42 52.4 0.4837  0.2637  0.125 0.078 0.62
Camardi 24 354 0.4331 0.2441  0.119 -0.006  0.76
Feke 24 80.4 0.4053 0.1425  0.097 0.1201  0.57
Parbas1 40 27.1 0.4666 0.327 0.228 0.1586  0.58
Tomarza 40 29.3 0.394 0.1414  0.105 0.078 0.61
Sariz 41 33.8 03947  0.0742  0.112 0.1377  1.88
Ulukisla 42 21.2 0.3951 0.2597  0.184 0.1257 143
Karaisali 42 72.0 0.485 0.3248  0.253 0.1719  1.69
Karatag 42 81.5 0.5137 03523  0.153 0.0596  1.51
Pozant1 23 69.6 0.4666 03713  0.223 0.1072  0.94
Tufanbeyli 26 343 0.4917  0.2863  0.166 0.1096  0.42
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Table 9- Heterogeneity (H) measures for whole
basin

Cizelge 9- Tiim havzanmin heterojenlik él¢iileri

All stations
H1 -0.06*
Heterogeneity H2 0.68
H3 0.06

Table 10- Values of the ZP'ST Statistic of various
distributions for whole basin

Cizelge 10- Tiim havzann ¢esitli dagilimlar i¢in Z°T
degerleri

Distribution Whole basin
Gen. extreme value Z=1.04
Gen. normal 7=0.35%
Pearson type 111 7=-0.88

* H<I whole basin is definitely homogenous

*, absolute Z-statistic value closest to zero and lower than 1.64

Table 11- Regional parameters for various frequency distributions for whole basin

Cizelge 11- Tiim havzamn farkl frekans dagilimlart i¢in bolgesel parametreleri

X1 ALPHA K
Distributions (location parameter) (scale parameter) (shape parameter)
Gen. extreme value 0.591 0.571 -0.125
Gen. normal 0.8 0.712 -0.525
Pearson type 111 1 0.857 1.52
XI ALPHA BETA GAMMA DELTA
Wakeby -0.06 1.243 1.607 0.485 0.167

Table 12- Values of dimensionless growth factors (Q,/Q, ) for various return periods for whole basin

Cizelge 12- Tiim havzann farkl doniis periyotlart i¢in boyutsuz biiyiime faktorii (Q,/Q, ) degerleri

T return F
y (Gumbel period (non-exceedance Observed values
reduced values)  (vear) probability) GEV GNO PE3  WAKEBY y* 0/0,.
-0.834 1111111 0.1 0.138 0.136  0.131 0.112 -1.224 0.017
-0.476 1.25 0.2 0.327 0316 0.294 0.284 -0.726 0.158
0.367 2 0.5 0.805 0.8 0.792 0.816 -0.244 0.43
1.5 5 0.8 1.533 1.553  1.589 1.552 0.248 0.738
2.25 10 0.9 2.074 2101 2.142 2.058 0.747 1.043
32 25 0.96 2.835 2.842 2843 2.78 1.23 1.375
39 50 0.98 3.46 3.428  3.358 3.395 1.754 1.713
4.6 100 0.99 4.138 4.04  3.865 4.083 2.321 2.188
53 200 0.995 4874  4.683  4.366 4.854 2.845 2.553
6.21 500 0.998 5.948 5.584  5.02 6.022 3.404 2.942
6.9 1000 0.999 6.845 6.307  5.51 7.032 4.571 3.644

y", Gumbel reduced values using Hosking plotting position formula; y*; Hosking noktalama pozisyon formiilii ile hesaplanan Gumbel

azalan degerler
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Figure 8- Growth curves for the whole basin

Sekil 8- Tiim havza icin biiyiime egrileri

3.2.2. The results of region 1 and region 2 in terms
of 9-month period minimum precipitation series

Two homogenous regions are procured by
dividing basin, by selecting stations with respect
to approximate elevation values, as Region 1 and

Region 2 for 9-month period minimum precipitation
series. Discordancy values (D) and L-moments
ratios (t, t3, t4, t5) of region 1 and region 2 are
seen in Table 13 and Table 14. Heterogeneity
values (H1), (H2) and (H3) are smaller than the
critical value ‘1’ for all regions (Table 15). Also
Z (goodness-of fit test) values -0.88<1.64 and
0.57<1.64 for region 1 and 2 respectively. The
Pearson Type 3 distribution is the most proper for
two homogenous sub-basins as regards the 9-month
time scale minimum precipitation series (Table 16).
The values of dimensionless growth factors (Q,/
Q,,.) for various return periods are calculated by
using regional parameters (Table 17) and shown
in Table 18 and Table 19 for region 1 and region
2 respectively. Growth curves, growth factors (Q,/
Q,,.) of best fitted distributions correspond to y
(gumbel reduced values), are drawn in Figure 9 for
region 1 and Figure 10 for region 2.

Table 13- L-moments ratios and discordancy values for region 1

Cizelge 13- Bilge 1’in L-moment oranlart ve uyumsuzluk degerleri

Region 1
Station name Observation size ~ Average precipitation t t3 t4 t5 Di
Adana 42 473 0.477 0.2348  0.1099  0.0828 1.09
Feke 24 82.5 0.4594  0.2416  0.1041  0.0775 0.51
Karaisali 42 63.9 0.4538  0.2627 0.203  0.1666 1.12
Karatag 42 41.6 0.522 0.301 0.1485  0.0882 1.18
Pozanti 23 58.1 0.3867  0.2211 0.1559  0.0911 1.1
Table 14- L-moments ratios and discordancy values for region 2
Cizelge 13- Bolge 1’in L-moment oranlart ve uyumsuzluk degerleri
Region 2
Station name Observation size  Average precipitation t t3 t4 t5 Di
Camardi 24 33 0.3365 0.156 0.1864  0.0494 1.26
Pinarbas1 40 222 0.4081 0.158 0.1212  0.1103 0.32
Tomarza 40 25.6 0.3259 0.211 0.1423  0.0338 1.27
Sariz 41 29.8 0.3908 0.083 0.0617  0.0635 1.54
Ulukisla 42 16.6 0.3838 0.224 0.1391  0.0421 0.42
Tufanbeyli 26 39.6 0.4765 0.197 0.0682  0.0764 1.2
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Table 15- Heterogeneity (H) measures for region 1
and region 2

Cizelge 15- Bolge 1 ve Bolge 2 ’nin heterojenlik ol¢iileri

Table 16- Values of the ZP'ST Statistic of various
distributions for region 1 and region 2

Cizelge 16- Tiim havzamn ¢esitli dagilimlar i¢in Z°T

degerleri
Region 1 Region 2
. . Distribution Region 1 Region 2
HI -0.21 0.59 Gen. extreme value Z=1.25 7Z=1.33
Heterogeneity H2 -1.5 -0.23 Gen. normal 7=0.77 7Z=1.13
H3 -1.45 -0.94 Pearson type III Z=-0.08* Z=0.57*
Gen. pareto Z=-1.12

* H<I sub-regions are definitely homogenous —
*, absolute Z-statistic values closest to zero and lower than 1.64

Table 17- Regional parameters for various frequency distributions in sub-regions 1 and 2

Cizelge 17- Alt bélgeler 1 ve 2 'nin farkli frekans dagilimlart igin bélgesel parametreleri

XI ALPHA K
(location (scale (shape
Region Distributions parameter) parameter) parameter)
Gen. extreme value 0.573 0.589 -0.131
Gen. normal 0.789 0.736 -0.534
Region 1 Pearson type 111 1 0.893 1.545
Gen. pareto -0.021 1.208 0.183
XI ALPHA BETA GAMMA DELTA
Wakeby -0.058 1.345 0.546 0.093 0.508
Gen. extreme value 0.679 0.554 -0.002
Gen. normal 0.882 0.648 -0.353
Region 2 Pearson type 111 1 0.705 1.039
XI ALPHA BETA GAMMA DELTA
Wakeby -0.021 1.467 2.94 0.71 -0.095

Table 18- Values of dimensionless growth factors (Q,/Q, ) for various return periods in Region 1

) degerleri

ave

Cizelge 18- Bolge 1'in farkl doniis periyotlart i¢in boyutsuz biiyiime faktorii (Q,/Q

y (Gumbel reduced

20834 -0476 0367 1.5 225 32 39 46 53 621 69
values)
T return period LIl 125 2 5 10 25 50 100 200 500 1000
(year)
F (non-exceedance | 02 05 08 09 09 098 099 0995 0.998 0.999
probability)
GPA 0.105 0243 0765 1.663 2249 2918 3355 3739 4.078 4.465 4.718
GEV 0.108 0301 0.794 1549 2.114 2912 3572 4289 5072 622 7.184
GNO 0.105 029 0789 1571 2.143 2921 3.538 4.185 4.865 582  6.589
PE3 0.101 0267 078 1.61 2.188 2922 3463 3.996 4522 5211 5.727
WAKEBY 009 0246 0795 1.613 2.109 2733 3262 3916 4778 6427 8262
y* 21219 <0763 -0281 0242 0743 121 1737 2325 2844 3421 455
Q/Q,. 0.004 0.112 0349 0736 1.042 1383 1.776 2.186 2.638 3.007 3.64

y", Gumbel reduced values using Hosking plotting position formula; y*, Hosking noktalama pozisyon formiilii ile hesaplanan Gumbel
azalan degerler
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Table 19- Values of dimensionless growth factors (Q,/Q, ) for various return periods in Region 2

Cizelge 19- Bolge 2’nin farkly doniis periyotlart igin boyutsuz biiyiime faktorii (Q,/Q, ) degerleri
T return F
v (Gumbel reduced  period (non-exceedance Observed values
values) (year) probability) GEV  GNO  PE3  WAKEBY  y* Q/Q,,
-0.834 111111 0.1 0.217 0215 0.21 0.187 -1.228  0.055
-0.476 1.25 0.2 0.415 0411 04 0.376 -0.793  0.216
0.367 2 0.5 0.882 0.882 0.88 0.889 -0.289  0.494
1.5 5 0.8 1.511  1.517  1.531 1.533 0.254 0.8
2.25 10 0.9 1.929 1931 1946 1.946 0.75 1.129
32 25 0.96 2457 2451  2.447 2447 1.245 1.398
3.9 50 0.98 2.85 2.835 2.805 2.798 1.77 1.702
4.6 100 0.99 3.24 3217 3.15 3.127 2.318 1.966
5.3 200 0.995 3.63 3.601  3.485 3435 2.846  2.206
6.21 500 0.998 4.144 4114 3916 3.812 3.39 2.319
6.9 1000 0.999 4534 4508 4236 4.076 4589  2.851

y", Gumbel reduced values using Hosking plotting position formula; y*, Hosking noktalama pozisyon formiilii ile hesaplanan Gumbel

azalan degerler
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Figure 9- Growth curves for region 1
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Sekil 10- Bolge 2 i¢in biiyiime egrileri
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4. Conclusions

Turkey is in the temperate (semi-arid) zone of
the world. Due to its geographical change in
short distance, there are various climate types.
Some parts (northeast) are exceptionally wet but
some parts (central south) severe drought. These
circumstances affect, no doubt, the whole country
economically, agriculturally, culturally and socially.
The Standardized Precipitation Index identified the
drought conditions realistically for the specific 3,
6, 9 and 12-month time scales. Probing the drought
for 4 different time scales provides us tracing the
bad or good impacts of the drought or excessive
precipitations on water resources, reservoirs and
underground water in the Seyhan Basin. Considering
the output data, severe and extreme drought mostly
experienced for 6-month time scale. SPI showed
the pattern of drought of 11 stations in the Seyhan
Basin successfully and unfolded the years have
flash climatic changes, keeping in view monthly
precipitation alteration. L-moments method was
exploited to have probable minimum precipitations
which will create drought. We can readily attain
the minimum amount of precipitation correspond
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to requested return periods by using growth factor
values multiplied by average precipitation. These
data should be put into cognizance by farmers,
politicians and water resource planners even citizens,
consequently, the data may be used for other basins
having the same climatologic characters throughout
the world. For further researches precipitation values
should not singly be used for monitoring drought,
because occurrence of drought cannot be explained
by only lack of precipitation. Urbanization and
housing, vegetation condition, reservoir storage,
number of snowy days, number of days without
rain, wind direction, solar radiation, day length and
duration of insolation, air temperature and humidity
also affect occurrence of drought. For this reason
all these factors, at least some of them must be
combined during analysis and calculation drought.

The Mediterranean region, including the Seyhan
Basin, is detected as the most vulnerable to global
warming (IPCC 2007). Scientists on this point
say that temperature in this basin would increase
about 2-3.5 °C until the end of this century (CSB
2011). Rising temperature accelerates the rate of
evaporation, principally, from the beginning of
the 2000s till now, as results show, there was a
considerable decline in the amount of precipitations.
The worst of all, the Seyhan Basin is going through
not only decrease in precipitations but also increase
in temperatures and more frequent drought events. If
these drivers come together too often, it could worsen
the climatic situation already irresolute. Whether it
is human induced or complexity of the atmosphere
itself, unluckily global warming threatens the
world, needless to say our study area ‘the Seyhan
Basin’. We can see the flash or creeping alteration of
precipitations from graphs. Serious precautions must
be taken before colossal disasters emerge.
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OZET

Bu arastirma, geng elma agaglarinin; aga¢ gelisimi, meyve verim ve kalitesi tizerine farkli sulama programlarinin
etkilerini arastirmak igin 2000-2007 yillar1 arasinda Igdir Ovasi kosullarinda yapilmistir. Sulama programlari, 90
cm'lik toprak katmanindaki mevcut nemin, farkli zaman araliklarinda (S1: 7 giin, S2: 14 giin, S3: 21 giin ve S4: 28
giin) tarla kapasitesine getirilmesi seklinde uygulanmistir. Aragtirmada, Golden Delicious (GD), Starking Delicious
(SD) ve Granny Smith (GS) olmak tizere MM 106 anaci iizerine asilanmis 3 farkli elma gesidi ve agag¢ alti mikro
yagmurlama sulama yontemi kullanilmistir. Agag gelisimi ile meyve verim ve kalitesi iizerine sulama programlarinin
etkisi istatistiksel olarak 6nemsiz olmustur. Istatistiksel olarak 6nemli farkliliklar, genellikle, yillar ve gesitler arasida
elde edilmistir. Yillarin ortalamasi olarak; GD ¢esidinde aga¢ gelisim ve agag basina meyve verim degerleri (13.9 cm?
yil't ve 60.3 kg aga¢™!), GD ve SD gesitlerinde birim govde kesit alanina diisen meyve verimi (her iki gesit igin de 0.49 kg
cm?) ve SD ¢esidinde birim tag hacmine diigen meyve verimi (7.4 kg m™) diger ¢esitlerinkinden daha yiiksek olmustur.
GS cesidinde asitlik ve sertlik degerleri (% 1.18 ve 6.3 kg cm?) ve GD ¢esidinde suda ¢dziinebilir kuru madde degeri
(% 12.2) diger gesitlerinkinden daha yiiksek olmustur. Cesitlerin tamaminda, en yiiksek su kullanim etkinligi ve sulama
suyu kullanim etkinligi degerleri S4 sulama programindan elde edilmistir. Sonug olarak, Igdir Ovasi kosullarinda, su
tasarrufu i¢in, su kullanim etkinligi en yiiksek olan S4 sulama programiin uygulanmasinin uygun olacagi kanaatine
varilmustir.

Anahtar Kelimeler: Golden delicious; Starking delicious; Granny smith; Verim; Kalite; Sulama planlamast; Igdir ovasi
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ABSTRACT

This study was carried out to investigate the effects of different irrigation regimes on the vegetative growth, fruit yield
and quality of young apple trees from 2000 to 2007 year in Igdir Plain conditions. Irrigation regimes were applied by
increasing the available water at 90 cm depth soil profile to field capacity in different time intervals (S1: 7 days, S2: 14
days, S3: 21 days and S4: 28 days). Three apple varieties grafted on MM106 rootstock (Golden Delicious, GD; Starking
Delicious, SD; and Granny Smith, GS) and under-tree micro sprinkler irrigation method was used in this study. Effects of
irrigation regimes on vegetative growth, fruit yield and quality were not statistically significant. Statistically significant
differences were generally obtained among years, and cultivars. The average values of vegetative growth and fruit yield
per tree of the GD (13.9 cm? year' and 60.3 kg tree™), fruit yield per unit trunk cross - sectional area of the GD and the
SD (0.49 kg cm? for both cultivars), and fruit yield per unit crown volume of the SD (7.4 kg m*) were more than those
of other cultivars for the experimental years. Titrable acidity and pulp hardness of the GS (1.18% and 6.3 kg cm?), and
total solids soluble in the water for the GD (12.2%) was more than other cultivars. The highest water use efficiency, and
irrigation water use efficiency were obtained from the S4 irrigation regime for all the cultivars. Consequently, the S4
irrigation regime to have the highest water use efficiency should use to conserve the water for the cultivation of apple
in Igdir Plain conditions.

Keywords: Golden delicious; Starking delicious; Granny smith; Yield; Quality; Irrigation scheduling; Igdir plain

1. Giris

Verim ve Kkalitesi yiiksek {irlin yetistirmek igin
yeterli miktarda suyun uygun zamanda ve en
uygun yontemle verilmesi gerekir. Bu amaca,
bitkilerin farkli gelisme donemlerinde suyun
bitki gelisimi ve verimi iizerindeki etkisinin iyi
bilinmesi ile ulasilabilir. Bu bakimdan ekonomik
ve uygulanabilir sulama programlarina gereksinim
duyulmaktadir. Son yillardaki gelismeler ve
yoresel uygulamalardaki yenilikler, yeni sulama
programlarinin olusturulmasini gerektirmektedir.

Bitkisel iiretimi artirmak i¢in eksik suyun
tamamlanmasi  yaninda,  sulama  suyunun
uygulanma yontemi de dnemlidir. Aga¢ alti mikro
yagmurlayicilar ile ihtiyag duyulan su kolaylikla
verilebilecegi gibi bu sulama yontemi ile tiirdes
su dagilimi saglandigindan, iiriinde 6nemli artislar
saglanmaktadir. Agac altt mikro yagmurlama sulama
yonteminin, yapragimni doken meyve agaclarinin
sulanmasinda kullanimi son y1llarda yaygimlagmistir.
Anilan sistemin damla ve ylizey sulama sistemlerine
gore; diisiik bakim giderleri, bir kaynaktan daha
genis 1slatma alan1 saglamasi, seyrek sulama
araliklarindan dolayr daha iyi yabanct ot kontrolii
saglamasi, daha az tikaniklik olugmasi ve tikanma
probleminin kolay anlasilmasi gibi istiinliikleri

© Ankara Universitesi Ziraat Fakiiltesi

vardir (Fereres & Goldhamer 1990). Bu sulama
yonteminde, bitki besin elementlerinin kokler
tarafindan alindigi 1slatilan toprak hacmi arttig
icin, dzellikle kumlu topraklarda yetistirilen meyve
agaclarinda kullanimi ¢ok Onemlidir. Ayrica ticari
giibrelerin, anilan sistemle birlikte verilebilmesi,
onun bir diger {istiin yanini olusturmaktadir (Yazar
& Tekinel 1989).

Bu c¢aligmada, yiliksek sulama randimanina
sahip aga¢ alti mikro yagmurlama sulama
yonteminin, yeni kurulmus elma bahgelerinin
sulanmasinda kullanilma olanaklar1 ve farkli sulama
programlarinin gen¢ elma agaglarinin  vejetatif
gelisme, meyve verim ve kalitesi iizerine olan
etkileri arastirilmigtir.

2. Materyal ve Yontem

2.1. Materyal

Arastirma, Igdir Ovasinda yer alan Toprak ve
Su Kaynaklari Arastirma Istasyonu arazisinde
1999 yilinda kurulmus olan elma bahgesinde,
2000-2007 yillar1 arasinda yiritilmistir. 1gdir
Ovasi, Dogu Anadolu Bolgesinde 44° 49’ ve 45°
31’ dogu boylamlar: ile 39° 03’ ve 40° 03’ kuzey
enlemleri arasinda yer almaktadir. Ovanin denizden
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yliksekligi ortalama 850 m’dir. Uzun yillik verilere
gore; ortalama yagis miktart 255.7 mm ve yillik
ortalama sicaklik 12.1 °C’dir. Oransal nem yillik
ortalama olarak % 55’dir. Arastirmanin yiiriitaldigi
yillarda bitki yetigme doneminde kaydedilmis yagis
degerleri Cizelge 1°de verilmistir.

Arastirmada, MM 106 yar1 bodur anaglari {izerine
asilanmis li¢ ayr1 elma c¢esidi kullanilmigtir. S6z
konusu ¢esitler, Golden Delicious (GD), Starking
Delicious (SD) ve Granny Smith (GS) olup, mevcut
cesitler arasinda tozlasma problemi yoktur. Deneme
bahgesi, agaclarin sira {izeri ve sira arast mesafeleri
3 m x 4 m olarak 1999 yilinda tesis edilmistir.

Arastirmanin  yuriitildigi  topraklar ovanin
genelini tanimlayacak karakterde olup killi-tin
yapida, derin, orta kirecli, hafif bazik reaksiyonlu,
organik maddece fakir, fosfor durumu az ve
potasyum durumu ¢ok fazla 6zellik gdstermektedir.
Topraklarin su alma hizi 6.9 cm h'! olarak
belirlenmistir. Arastirma yeri topraklarina ait bazi
fiziksel analiz sonuglar1 Cizelge 2'de verilmistir.

Istasyonda igme suyu olarak kullanilmakta
olan yeralti suyu, bu arastirmada sulama suyu
olarak kullanilmistir ve tuzluluk agisindan 2. smif,
sodyum igerigi agisindan 1. sinif oldugu (T2Al)
belirlenmistir.

Parselleri agag¢ alti mikro yagmurlama sulama
yontemi ile sulamak icin her parsele (her agag
sirasina) 32 mm dis ¢apli 1 adet PE lateral boru
hatt1 yerlestirilmis ve baslangi¢c noktasina kiiresel
vana takilmistir. Lateral hatlar iizerine iki agacin
orta noktasina gelecek sekilde 3 m araliklarla
mini yagmurlama baghiklar1  yerlestirilmistir.
Yagmurlama basliklarinin  basinct test edilmis
olup, test sonucunda s6z konusu bagliklarin 1.5 atii
calisma basmcindaki debileri 40 L h', islatma yar1
gapt ise 1.5 m ve dolayisiyla yagmurlama hizi 6 mm
h' olarak tespit edilmistir. Sulamalarda islatilan
alan yiizdesi % 58.9 olarak hesaplanmustir.

2.2.Yontem

Arastirma, tesadiif bloklarinda boliinmiis parseller
deneme desenine gore, ana parsellerde 4 sulama
programu (ilk sulamay1 takiben 7 giinde bir sulama,
S1; ilk sulamayr takiben 14 giinde bir sulama,
S2; ilk sulamayi takiben 21 giinde bir sulama, S3
ve ilk sulamay1 takiben 28 giinde bir sulama, S4),
alt parsellerde 3 g¢esit (GD, SD ve GS) olacak
sekilde 3 tekerriirlii olarak diizenlenmistir. Her
alt parselde 7 aga¢ bulunmaktadir. Deneme
bahgesinin tesis edildigi 1999 yilinda fidanlarin
tutmalar1 ve esit sartlarin saglanmasi acisindan
parseldeki tim agaglara esit su uygulanmistir.

Cizelge 1- Arastirmanin yiiriitiildiigii yillarda yetisme doneminde diisen yagis degerleri (mm)

Table 1- Precipitation values in growing period of the experimental years

Yillar 2000 2001 2002 2003 2004 2005 2006 2007
Yagis (mm) 142.0 189.3 253.0 260.5 208.5 180.5 216.3 222.8
Cizelge 2- Arastirma yeri topraklarina iliskin baz fiziksel analiz sonuclari
Table 2- Some physical analysis results of soils in the experimental area
Toprak Tarla kapasitesi ~ Solma noktast KSTK* Hacim Biinye analizi (%)
derinligi Pw Pw Pw agirhig . .. Biinye
(cm) (%) mm (%) mm (%) mm (g cm?) Kum Silt Kil
0-30 31.5 1154 174 63.8 14.1 51.6 1.22 29 35 36 CL
30-60 31.9 120.7  17.1 64.5 148 562 1.26 28 36 36 CL
60-90 35.0 1343 174 66.8 176 675 1.28 31 34 35 CL
90-120 27.2 99.4 164 60.1 10.8 393 1.22 15 55 30 SiCL

*, kullanilabilir su tutma kapasitesi
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Sulama programlarinin uygulanmasina 2000 yilinda
baslanmustir.

Toprak nemi, her bir sulama programi igin
gravimetrik yonteme gore saptanmistir (Giingdr &
Yildirim 1989). Bu amagla, sezon basinda (Mart
ay1 ortasinda), her ayin son giiniinde, yapilan her
sulama oOncesinde ve sezon sonunda (Ekim ay1
sonunda) topraktaki mevcut nemi belirlemek igin
toprak ornekleri almmustir. Ornekler, topraktaki
nem igerigini en iyi yansitacak sekilde, orta blokta
sulama programlarina ait parsellerde agaglarin sira
iizerinden, yagmurlama basligi ile aga¢ arasindan
0-30, 30-60, 60-90 ve 90-120 cm derinlikler arasi
toprak katmanlarindan alinmistir.

Denemede, sulamalara bitki kok bolgesindeki
elverisli nem yaklasik % 65’e diistiigiinde baslanmis
ve ilk su parsellerin tamamina esit olarak verilmistir.
Sulamalarm tamaminda 90 cm derinligindeki
toprak katmaninin nem diizeyi tarla kapasitesine
getirilmistir. Her sulamada uygulanan sulama suyu
miktar1 (/, mm), Esitlik 1’e gore hesaplanmustir.

;_(K-MR).y,-D-P
100

Burada; TK, tarla kapasitesinde tutulan nem
miktart (%); MR, sulama oncesi Olgiilen nem
miktar1 (%); y topragin hacim agirligt (g cm™); D,
1slatilan topraf( derinligi (mm) ve P, 1slatilan alan
oranint ifade etmektedir. Derinlik (mm) cinsinden
hesaplanan sulama suyu miktari, parsel alani ile
carpilarak hacim cinsinden bulunmus ve parsel
girisindeki su sayaci ile 6lgiilerek verilmistir.

(M

Bitki su tiiketimi degerleri aylik ve mevsimlik
olarak hesaplanmustir. Bitki su tiiketiminin (ET, mm)
belirlenmesinde, Esitlik 2 kullanilmigtir (Doorenbos
& Kassam 1988). Bu amagla, 90 cm derinligindeki
toprak katmaninin, yetisme sezonu igerisinde
Ol¢iilmiis olan toprak nemi degerleri kullanilmigtir.

ET=P+I-D-RFAS 2

Burada; P, etkili yagis (mm); I, uygulanan
sulama suyu miktar1 (mm); D, drenajla kaybolan
su miktar1 (mm); R, ylizey akigla kaybolan su
miktar1 (mm) ve AS, toprak katmaninda tutulan nem

miktarindaki degigsmeyi (mm) ifade etmektedir.
Arastirma siiresince, bitki biiylime mevsimi boyunca
diisen yagisin tamamu etkili yagis olarak alinmigtir
(Gling6r & Yildirim 1989). 90 cm derinligindeki dist
toprak katmanindaki eksik nemi tarla kapasitesine
getirmek i¢in su Olgillii olarak verildiginden ve
belirli araliklarla nem kontrolii yapilarak 90 cm nin
asagisinda nem degisimi olmadig: belirlendiginden
dolay1 drenajla su kaybi olmadigi anlagilmistir.
Ayrica, uygulanan sulama ydnteminden dolay1
yluzey akis olusmadigindan Egsitlik 2 yukarida
verilen bilgiler dogrultusunda degerlendirilerek
Esitlik 3 elde edilmistir ve bu esitlige gore bitki su
tiikketimi belirlenmistir.

ET=P +IFAS 3)

Azot kaynagi olarak % 46’lik ire (suda
eritilerek), fosfor kaynagi olarak ise fosforik
kullanilmistir. Agag basina esit olarak her yil 60 g
N, 25 g P,O, verilmistir. Azot ve fosfor sivi halde
gilibre tanki vasitasiyla sulama suyu ile birlikte
verilmistir (TOPRAKSU 1978). Elma agaglarinda,
dinlenme periyodunda olmak {izere, ilk ii¢ yilda
sekil budamasi, sonraki yillarda da verim budamasi
yaptlmistir. Hastalik ve zararlilara karst gerekli
ilaclamalar yapilmigtir. Yabanci ot kontrolii, sira
aralar1 rotovator ile 5 cm derinliginde islenerek, sira
iizerinde ise yabanci ot ilac1 kullanilarak yapilmustir.

Agaclarin  vejetatif ozellikleri kis dinlenme
periyodunda incelenmistir. Her alt parselde 6nceden
belirlenmis 3 agacta as1 yerinin 15-20 cm yukarisinda
ve dallanmanin bagladigi yerde olmak iizere govde
kesit alan1 ve ayni agaclarda ta¢ genigligi (m) ve
tag yiksekligi (m) belirlenmistir (Koksal 1982;
Celik 1988). Agac govde kesit alanindaki yillik artig
miktar1 bakimindan gévde gelisiminin hizli oldugu
2000-2003 yillarina ait degerler istatistiksel analize

tabi tutulmustur. Normal verimlerin alinmaya
baslandigr 2003 yilindan itibaren denemenin
sonlandirildigt 2007 yilina kadar agaclarin

tamaminda toplanan meyveler tartilarak agac¢ basina
meyve verimleri (kg aga¢™') ve dekara verimler
(kg da') belirlenmistir. Her parselde vejetatif
Olciimlerin yapildig1 3 agacta birim ta¢ hacmine
ve birim govde kesit alanina diisen meyve verimi
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degerleri belirlenmistir. Birim tag hacmine ve birim
govde kesit alanina diisen meyve verim degerleri,
agaclarin sira iizeri mesafeyi kapatarak vejetatif
gelismelerini tamamlamis oldugu 2005 yili ve
sonraki yillar i¢in, aga¢ gelisim ve verim degerleri
dikkate alinarak belirlenmis ve istatistiksel olarak
analiz edilmistir. Meyve eti sertligi 6 mm g¢apinda
delici uca sahip penetrometre ile, suda ¢oziinebilir
toplam kuru madde miktar1 siizilmemis meyve
suyunda Carl-Zeis-Abbe el refraktometresi ile
dogrudan % olarak olgiilmiistiir (Karagali 20006).
Olgunlagsmanin gostergesi olan titre edilebilir asit
orani, 1:5 oraninda saf su ile seyreltilmis meyve
suyunda ¢ozeltinin rengi glilkurusu pembe oluncaya
kadar 0.1 N NaOH c¢ozeltisi ile titre edilerek malik
asit cinsinden belirlenmistir (Karagali 2006). Agag
basina diisen meyve verimi ve yukarida belirtilen
meyve kalitesi ile ilgili degerler 2003-2007
yillart i¢in belirlenmis ve istatistiksel analize tabi
tutulmustur.

Su kullanim etkinligi ve sulama suyu kullanim
etkinligi degerleri, 2003-2007 yillar1 ortalamast
olarak, her bir sulama programinda her bir cesit
icin elde edilen dekar bagina meyve verimleri, bitki
su tiiketimi ve sulama suyu degerlerine boliinmek
suretiyle elde edilmistir.

Agac gelisimi, meyve verimi ve Kkalitesine
ait  verilerin, tesadif bloklarinda boliinmiis
parseller deneme desenine gore oOncelikle yillik
olarak varyans analizleri yapilmistir. Daha sonra
varyanslarin homojenligi kontrol edilmek suretiyle,
yil birlestirmesi yapilarak toplu varyans analizleri
yapilmistir (Yurtsever 1984). Agac basma diisen
verim degerleri, varyanslarin homojen olmamasi
nedeniyle toplu analize tabi tutulmamistir. Varyans
analizleri JMP 7 yazilimi1 kullanilarak F testine
gore % 5°1ik hata siniri dikkate alinarak yapilmistir
(SAS 2007). Istatistiksel analizlerde % cinsinden ve
0-1 araliginda olan desimal degerlerin doniisiimii
yapilmistir. Varyans analizi sonuglarina gore ortaya
cikan farkliliklar % 5 hata sinirinda LSD testi esas
alimarak gruplandirlmistir (Yurtsever 1984; SAS
2007).

3. Bulgular ve Tartisma

2000-2007 yillarma ait mevsimlik sulama suyu
miktart1 ve su tiketim degerleri Cizelge 3’de
verilmistir. Uygulanan mevsimlik sulama suyu
miktarlart (yillarin ortalamas: olarak), sulama
programlart igin 286-524 mm, Olgiilen bitki
su tiketim degerleri ise 504-735 mm arasinda
olmustur. Bu konuda yapilmis ¢alismalarda, elma
agaclarina verilen sulama suyu miktarlar1 ve bitki
su tiiketimleri; Kivang (1991) tarafindan 495-814
mm, Koksal et al (1999) tarafindan 609-733 mm,
Gilnbatili & Demiréren (1980) tarafindan 547-845
mm ve Giingdér & Kanburoglu (1978) tarafindan
531-920 mm olarak tespit edilmistir. Cizelge 3'e
gore, S1 sulama programina oranla; S2, S3 ve S4
sulama programlarinda sirasiyla % 26, % 42 ve
% 45 daha az sulama suyu kullanilmistir. Bitki su
tiiketimleri ise, S1 sulama programina oranla S2,
S3 ve S4 sulama programlarinda sirastyla % 17,
% 28 ve % 31 daha az olmustur. Programlarin su
tilketimleri arasindaki bu farklilik, sulamalarin
yapilma sikligindan kaynaklanmistir ve toprak
katmaninda olusan farkli nem diizeyleri, bitkilerin
farkli miktarlarda su kullanimina neden olmustur.
Farkli sulama programlarinin, sulamalardan 1 giin
onceki 90 cm derinlikteki toprak katmaninin su
icerigine olan etkileri 2001, 2004 ve 2007 yillart
icin (arastirmanin baslangi¢, orta ve son yillarint
karsilayacak sekilde) Sekil 1-3°de verilmistir.

400 4
E 3504 ——5I
£
= —a—S2
2 300 7
= —*—S3
£ 1
S 2507 a4
-
£ TK
S 200 - o _____
2
—-——-SN
150 !
2 o, 2 2
2 “ “ %, 2001
2, 2, 2, 2
“ % % %
Zaman (giin)

TK, tarla kapasitesi; SN, solma noktasi

Sekil 1- 2001 y1li icin sulama programlarinin toprak
nem icerigine olan etkileri

Figure 1- Effects of irrigation regimes on soil moisture
content for 2001
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Cizelge 3- Uygulanan sulama suyu miktarlari ve dl¢iilen su tiiketim degerleri

Table 3- Amounts of irrigation water applied and values of evapotranspiration determined

Sulama Sulama Sziarsa Bitki su Suama Sulama Sts‘imza Bitki su
Yillar program araligi mith}arz tiiketimi Yillar program aralig mi k;;arz tiiketimi
(giin) (1. mm) (ET, mm) (gtin) (@ mm) (ET, mm)
S1 7 455 565 S1 7 450 590
S2 14 310 454 S2 14 350 485
2000 2005
S3 21 272 369 S3 21 287 444
S4 28 266 358 S4 28 266 445
S1 7 529 673 S1 7 580 892
S2 14 385 539 S2 14 422 744
2001 2006
S3 21 283 484 S3 21 345 686
S4 28 282 483 S4 28 297 570
S1 7 663 886 S1 7 666 952
S2 14 439 663 S2 14 475 769
2002 2007
S3 21 340 579 S3 21 355 659
S4 28 315 577 S4 28 313 600
S1 7 392 615 S1 7 524 735
s2 14 353 593 2000- s2 14 386 612
2003 2007
S3 21 277 492 Ort. S3 21 306 531
S4 28 264 473 S4 28 286 504
S1 7 454 706 S1 7 508 751
) 14 353 644 2003- s2 14 391 647
2004 2007
S3 21 290 535 Ort. S3 21 311 563
S4 28 284 519 S4 28 285 522
400 1 400 -
o w0l —e—s1 g 150 ] o
E —a—S2 =
B 300 ¥ ¥ W I
5 —%—53 2 300
< E M S
H 250 ] —a s E 250 ] ¥ o
i 200 4 K £ TK
g N B 200 - I
150
% 7, ~3 >, =, 130
.0%007 '0%007 %%"007 .0%007 .0&?‘)"07 - 0?00-‘3 09'0% Jaa%, e)qf) "
%, %, %, %,
Zaman (giin) -
Zaman (giin)

Sekil 2- 2004 y1li icin sulama programlarinin toprak

nem icerigine olan etkileri Sekil 3- 2007 yil1 i¢cin sulama programlarinin toprak

] o ) ) ) nem icerigine olan etkileri
Figure 2- Effects of irrigation regimes on soil moisture Fi L E L . 7 moi
content for 2004 igure 3- Effects of irrigation regimes on soil moisture

content for 2007
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Agag govde kesit alanindaki yillik artig miktar
bakimindan yillar arasinda, istatistiksel olarak
onemli farkliliklar belirlenmistir. En yiiksek artis
miktari 2003 yilinda (18.9 cm? yil'!), en diisiik
artls miktar1 ise 2000 yilinda (7.4 cm? yil') elde
edilmistir. Yillar arasindaki bu farkliligin, gelisme
donemindeki agaglara ait genel bir 6zellik oldugu
kanaatine varilmistir. Her bir yil i¢in ve yillarin
ortalamasi olarak, sulama programlarinin gévde
kesit alanindaki yillik artis miktarina etkisi
Onemsiz olmustur. Benzer sonuglar, Koksal et
al (1999) tarafindan da elde edilmistir. 2002 y1l1
harig, her bir yi1l i¢in ve yillarin ortalamast olarak
cesitler arasindaki fark Onemli bulunmustur.
2000 ve 2001 yillarinda en yiiksek degerler GD
gesidinden (sirasiyla 9.1 ve 11.5 cm? yil'!'), 2003
yilinda ise GD ve GS g¢esitlerinden (sirasiyla
21.1 ve 19.3 cm? yil'!) elde edilmistir. Yillarin
ortalamasi olarak en yiiksek yillik artis degeri
GD ¢esidinden (13.9 cm? yil'!) elde edilmistir.
Birlestirilmis analizlerde yi1l x sulama programi
ve yil x sulama programi x gesit interaksiyonlari
onemli bulunmazken, yil x ¢esit interaksiyonu ile
sulama programi x ¢esit interaksiyonlart dnemli
bulunmustur. Farkliliklarin 6nemli ¢iktigr yil x
¢esit interaksiyonuna gore en yiiksek yillik artis
degeri 2003 yilinda GD gesidinden (21.1 cm? y1l-
) elde edilmistir (Cizelge 4). Sulama programi x
¢esit interaksiyonu 2003 yilinda ve birlestirilmis
analizlerde onemli ¢ikmistir. 2003 yilinda, en
yiiksek yillik artis degeri S3 sulama programinda
GD ¢esidinden (24.3 cm? yil'!) elde edilmistir.
Birlestirilmis analizlerde (tim yillar ortalamasi
olarak) ise ayni istatistik grupta yer alan S1 ve S3
sulama programlarinda GD g¢esidi (sirasiyla 14.3
ve 15.6 cm? yil'!) en yiiksek yillik artisa sahip
olmustur (Cizelge 5).

Agac basma verim bakimindan sadece 2004
yilinda sulama programlari arasindaki farklar 6nemli
olmustur, diger yillarda ise nemli olmamistir. 2004
yilinda en yiiksek verim S1 sulama programindan
(40.5 kg agac™) elde edilmistir. 2005 y1l1 harig, diger
yillarin tamaminda agag¢ basina verim bakimindan
¢esitler arasindaki farklilik 6nemli olmustur. 2003,
2004 ve 2006 yillarinda en yiiksek verimler GD

gesidinden (sirasiyla 18.4, 69.4 ve 142.7 kg agac™),
2007 yilinda ise GS ¢esidinden (84.2 kg agac™)
elde edilmistir. Cesitler i¢in yillar arasindaki verim
farklilig1 dikkate alinarak degerlendirildiginde, GD
¢esidinde periyodisitenin etkisi agik¢a goriilmektedir
(Cizelge 4). Sulama programi x ¢esit interaksiyonu
bakimindan ortaya g¢ikan farkliliklar sadece 2005
yilinda 6nemli olmustur. En ytliksek verim S2 sulama
programinda GD g¢esidinden (56.2 kg agag™) elde
edilmistir (Cizelge 5). Orta et al (2001), Starking
Delicious elma ¢esidinde yiizey ve damla sulama
yontemlerinde farkli sulama programlarinin verim
ve kalite ozelliklerine etkisinin olmadigini tespit
etmislerdir. Koksal et al (1999), elma cesitlerinde
aga¢ altt mikro yagmurlama yonteminde farkli
sulama programlarinin, aga¢ basina diisen meyve
verimleri {izerine etkisinin; Starkspur Golden
Delicious ¢esidinde 6nemsiz, Starkrimson ¢esidinde
ise onemli oldugunu belirtmiglerdir.

Birim govde kesit alanma diisen verim
bakimindan yillar arasindaki farklilik 6nemli
olmamustir. Sulama programlar: arasindaki farklilik
sadece 2007 yilinda 6nemli olmustur. En yiiksek
verimler ayni istatistik grup icersinde yer alan S2
ve S3 sulama programlarindan (sirasiyla 0.49 ve
0.47 kg cm?) elde edilmistir (Cizelge 4). Koksal et
al (1999), agag alt1 mikro yagmurlama yonteminde
farklt sulama programlarmin, birim govde kesit
alanina diisen meyve verimleri {izerine etkisinin;
Starkspur Golden Delicious ve Starkrimson
cesitlerinde Onemsiz oldugunu belirtmislerdir.
2005 yilinda gesitler arasindaki farklilik onemsiz
olmasina ragmen, 2006 ve 2007 yillarinda ve
yillarin ortalamasi olarak gesitler arasindaki farklilik
onemli ¢ikmistir. 2006 yilinda en ytiksek verim GD
¢esidinden (0.84 kg cm?) elde edilmistir. 2007 y1linda
ise en yiiksek verim ayni istatistik grup igerisinde
yer alan SD ve GS gesitlerinden (her iki gesit i¢in
de 0.52 kg cm?) elde edilmistir. GD g¢esidinde
2006 ve 2007 yillarindaki bu farkliligin, yukarida
da belirtildigi gibi periyodisiteden kaynaklandig:
kanaatine varilmistir. Yillarin ortalamasi olarak
en yliksek verim GD ve SD cesitlerinden (her iki
gesit icin de 0.49 kg cm™) elde edilmistir (Cizelge
4). Sulama programi x ¢esit interaksiyonu sadece
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Cizelge 5- Agac gelisimi ve meyve verimi iizerine sulama programi x ¢esit interaksiyon etkileri

Table 5- Effects of irrigation regimexcultivar interaction on vegetative growth and fruit yield

Gévde kesit alamindaki ~ Gévde kesit alanindaki

Birim gévde kesit

Sul. Agag basina verim .. . Birim tag hacmine diigen
rog yillik artig yillik artis (2005 yily) alanina diigen verim verim (2005 yilt)
prog. (2003 Yil) (Tiim yillar ort.) (2007 yil1)
GD SD GS GD SD GS GD SD GS GD SD GS GD SD GS

S1  20.9ab* 12.0d 22.1ab 143a 8.7f 12.8bc 23.7cd 44.8ab 36.6bc 0.12¢ 0.6lab 0.49bcd 2.7¢ 13.7a 5.7bcde
S2 18.2bc 18.2bc 18.3bc 1l.6cde 12.2cd 12.1cd 56.2a 40.7abc 29.2bcd 0.37cd 0.65ab 0.47bcd 11.0ab  9.5abc 4.9 cde
S3  243a 17.0c 193bc 15.6a 11.0de 1l.1de 12.1d 27.6bcd 36.8bc 0.14e 0.72a 0.57abc 4.1de  7.2abcde 7.5 abed
S4  208ab 164c 172c 14.lab 10.6e 11.6cde 45.2ab 33.9bcd 38.8 abc 0.09¢ 0.34d 0.54abc 7.1bcde 9.3abed 4.6 cde

* harflendirmeler, LSD testine gore 6nemli olan farkliliklar1 géstermektedir (P<0.05)

2007 yilinda énemli olmustur ve en yiiksek verim
S3 sulama programinda SD ¢esidinden (0.72 kg cm?)
elde edilmistir (Cizelge 5). Y1l x sulama programi
ve yil x sulama programi x g¢esit interaksiyonlari
onemli olmazken, yil x ¢esit intetraksiyonu dnemli
olmustur. Y1l x ¢esit interaksiyonuna gore en yiiksek
verim 2006 yilinda GD ¢esidinden (0.84 kg cm?)
elde edilmistir (Cizelge 4).

Birim tag hacmine diisen verim bakimindan yillar
arasindaki farklililk 6nemli olmustur. En yiiksek
verim 2005 yilinda (7.0 kg m?) elde edilmistir.
Her bir yil i¢in ve yillarin ortalamasi olarak sulama
programlari arasinda fark Onemli olmamustir.
Benzer sonuglar, Koksal et al (1999) tarafindan
da elde edilmistir. Cesitler arasindaki farklilik,
yillarm tamaminda ve yillarin ortalamasi olarak
o6nemli olmustur. En yiiksek verimler 2005 ve 2007
yillarinda SD ¢esidinden (sirastyla 9.8 ve 5.9 kg m™),
2006 yilinda ise GD ¢esidinden (8.9 kg m?) elde
edilmistir. Yillarin ortalamasi olarak en yiiksek verim
SD ¢esidinden (7.4 kg m™®) elde edilmistir (Cizelge
4). Sulama programi x cesit interaksiyonu sadece
2005 yilinda 6nemli olmustur ve en yiiksek verim
S1 sulama programinda SD ¢esidinden (13.7 kg m™)
elde edilmistir (Cizelge 5). Yil x sulama programi
ve yil x sulama programi x cesit interaksiyonlari
onemli olmazken, yil x gesit interaksiyonu 6nemli
olmustur. Y1l x ¢esit interaksiyonuna gore en yiiksek
verim 2005 yilinda SD ¢esidinden (9.8 kg m) elde
edilmistir (Cizelge 4).

Titre edilebilir asitlik bakimmdan yillar
arasindaki farklilik 6nemli olmustur. Ayni istatistik

grup igerisinde yer alan 2003, 2005 ve 2007
yillarindaki asitlik degerleri (sirasiyla % 0.74,
% 0.74 ve % 0.75), 2004 ve 2006 yillarinda elde
edilen asitlik degerlerinden (sirasiyla % 0.61 ve
% 0.64) onemli diizeyde daha yiiksek olmustur.
Sulama programlar1 arasindaki farklilik sadece
2003 yilinda 6nemli olmustur. 2003 yilinda S1
sulama programindan elde edilen asitlik degeri
(% 0.80), ayn1 istatistik grup i¢inde yer alan diger
sulama programlarina gore dnemli derecede yiiksek
olmustur (Cizelge 6). Koksal et al (1999) ve Orta et
al (2001), benzer sekilde sulama programlarinin titre
edilebilir asitlik lizerine etkisinin 6nemsiz oldugunu
belirtmislerdir. Yillarin ortalamasi olarak sulama
programlari arasindaki fark 6nemli bulunmamustir.
Tiim yillarda ve yillarin ortalamasi olarak g¢esitler
arasindaki farklar énemli olmustur. Tiim yillar ve
yillarin ortalamasi igin en yiiksek asitlik degerleri
GS ¢esidinden (ortalama % 1.18), en diisiik asitlik
degerleri ise SD ¢esidinden (ortalama % 0.38) elde
edilmistir ki bu durum olmas1 gereken bir sonugtur.
Sulama programi x ¢esit interaksiyonlar1 tiim y1llarda
ve yillarin ortalamasi olarak Onemsiz olmustur.
Birlestirilmis analizlerde y1l x sulama programi,
sulama programi x ¢esit ve yil x sulama programi x
¢esit interaksiyonlar1 dnemli bulunmamus, yil x ¢esit
interaksiyonu ise dnemli bulunmustur. Y1l x gesit
interaksiyonunda en yiiksek deger 2003 yilinda GS
¢esidinden (% 1.23) elde edilmistir (Cizelge 6).
Suda ¢oOziinebilir kuru madde (SCKM)
bakimindan yillar arasindaki farklilik 6nemli
olmustur. En yiiksek SCKM degerleri ayni istatistik
grup igerisinde yer alan 2003 ve 2006 yillarinda
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(swrastyla % 12.3 ve % 12.1) elde edilmistir. Sulama
programlari arasindaki farklilik sadece 2007 yilinda
onemli ¢cikmistir. 2007 yilinda ayni istatistik grup
icerisinde yer alan S1 ve S3 sulama programlarindan
elde edilen SCKM degerleri (sirasiyla % 11.2 ve
% 11.5), aym istatistik grup iginde yer alan S2 ve
S4 sulama programlarindan elde edilen degerlerden
(sirasiyla % 10.4 ve % 10.6) daha yiiksek olmustur
(Cizelge 6). Benzer sekilde, sulama programlarinin,
SCKM miktarlar1 lizerine etkisinin 6nemsiz oldugu,
Koksal et al (1999) tarafindan da belirtilmistir.
Yillarin ortalamasi olarak sulama programlari
arasindaki fark dnemsiz olmustur. Tiim yillarda ve
yillarin ortalamasi olarak gesitler arasindaki farklar
onemli olmustur. En yliksek SCKM degerleri, 2003,
2004 ve 2007 yillarinda GD g¢esidinden (sirasiyla
% 14.7, % 11.6 ve % 12.1) elde edilmistir. 2005 ve
2006 yillarinda ise, ayni istatistik grup icerisinde
yer aldiklarindan dolayi, GD ve SD ¢esitlerinden
(2005 y1l1 igin sirastyla % 10.3 ve % 9.8, 2006 y1li
icin sirasiyla % 12.4 ve % 13.2) elde edilmistir.
Yillarin ortalamasi olarak en yiiksek SCKM degeri
GD ¢esidinden (% 12.2) elde edilmistir. Sulama
programi x cesit interaksiyonlar: tim yillarda
ve yillarin ortalamasina gére onemli olmamistir.
Birlestirilmis analizlerde yilxsulama programi,
sulama programi x ¢esit ve yil x sulama programi x
gesit interaksiyonlari dnemli bulunmamus, yil x gesit
interaksiyonu ise onemli bulunmustur. Y1l x gesit
interaksiyonunda en yiiksek deger 2003 yilinda GD
¢esidinden (% 14.7) elde edilmistir (Cizelge 6).

Sertlik bakimindan da yillar arasindaki farklilik
onemli bulunmustur. En yiiksek sertlik degerleri,

ayni istatistik grup icerisinde yer alan 2005 ve
2007 yillarinda (her iki yil i¢in de 6.0 kg cm™) elde
edilmistir. Yillarin tamaminda ve birlestirilmis
analizlerde (yillarin ortalamasi olarak) sulama
programlar1 arasindaki farklilik 6nemsiz ¢ikmis
olmasina karsin gesitler arasindaki farklilik 6nemli
olmustur. En yiiksek sertlik degerleri 2005 yili
haricindeki diger yillarda GS c¢esidinden (2003,
2004, 2006 ve 2007 yillar1 igin sirasiyla 6.2, 5.8,
6.2 ve 6.9 kg cm™), 2005 yilinda ise, ayni istatistik
grup igerisinde yer aldiklarindan dolayi, SD ve
GS g¢esitlerinden (sirastyla 6.2 ve 6.6 kg cm?) elde
edilmistir. Yillarin ortalamasi olarak en yiiksek
deger GS ¢esidinden (6.3 kg cm?) elde edilmistir.
Elde edilen bu degerler, bu konudaki bilgi ve
duyusal goézlemlerle de uyusmaktadir. Sulama
programi x cesit interaksiyonlar tiim yillarda ve
yillarin ortalamasma gore 6nemli bulunmamistir.
Birlestirilmis analizlerde y1l x sulama programi,
sulama programi x ¢esit ve yil x sulama programi x
¢esit interaksiyonlar1 dnemli bulunmamus, yil x gesit
interaksiyonu ise 6nemli bulunmustur. Yil x ¢esit
interaksiyonunda en yiiksek deger 2007 yilinda GS
¢esidinden (6.9 kg cm?) elde edilmistir (Cizelge 6).

Sulama programlarmin su kullanim etkinligi ve
sulamasuyukullanimetkinligi degerleri Cizelge 7°de
verilmistir. Yillarin ortalamasi olarak, en yiiksek su
kullanim etkinligi ve sulama suyu kullanim etkinligi
degerleri S4 sulama programindan (6.62 ve 12.12
kg da' mm™'), en disiik degerler ise S1 sulama
programindan (4.99 ve 7.37 kg da' mm') elde
edilmistir. Boylece, en fazla sulama suyu uygulanan
sulama programinda su kullanim ve sulama suyu

Cizelge 7- Sulama programlari ve ¢esitlerin su kullanim etkinligi ve sulama suyu kullanim etkinligi degerleri

Table 7- Values of water use efficiency, and irrigation water use efficiency for irrigation regimes and cultivars

Su kullanim etkinligi ve sulama suyu kullamm etkinligi (kg da”’ mm™)

Sulama programi
Golden Delicious Starking Delicious Granny Smith Ortalama
S1 6.36*-9.40** 4.25-6.28 4.36-6.44 4.99-7.37
S2 6.42-10.63 5.05-8.35 4.24-7.01 5.24-8.66
S3 8.34-15.10 5.24-9.49 5.34-9.66 6.31-11.42
S4 8.77-16.07 5.31-9.72 5.77-10.56 6.62-12.12

*, su kullanim etkinligi; **, sulama suyu kullanim etkinligi
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kullanim etkinligi degerleri diisiik, en az sulama
suyu uygulanan sulama programinda ise yiiksek
cikmigtir. Bu durum, uygulanan sulama suyundaki
artisa bagli olarak verimin artmamasindan, hatta
fazla su wuygulanan sulama programlarindan
elde edilen verimlerin, daha az su uygulanan
programlardan elde edilen verimlerden daha diigiikk
olmasimndan kaynaklanmigtir. Cesitler bakimindan
da su kullanim etkinligi degerleri farkli olmustur.
Cesitlerin her iiciinde de en yiiksek degerler S4
sulama programindan, en diisiik degerler GD ve SD
gesitlerinde S1 sulama programindan, GS ¢esidinde
ise S2 sulama programindan ve elde edilmistir. En
yiiksek sulama suyu kullanim etkinligi degerleri,
biitlin ¢esitler i¢in S4 sulama programindan,
en disiik degerler ise yine tiim gesitler i¢in S1
sulama programindan elde edilmistir. Tiim sulama
programlari ve ¢esitler dikkate alindiginda, en
ylksek su kullanim etkinlii ve sulama suyu
kullanim etkinligi degerleri S4 sulama programinda
GD ¢esidinden (8.77 ve 16.07 kg da'! mm™) elde
edilmistir. En diisiik su kullanim etkinligi degeri S2
sulama programinda GS ¢esidinden (4.24 kg da’!
mm) ve en disiik sulama suyu kullanim etkinligi
degeri ise S1 sulama programinda SD ¢esidinden
(6.28 kg da' mm') elde edilmistir.

4. Sonuclar

Farkli sulama programlarimin elma agaclarinin
gelisimi, meyve verimi ve kalitesi lizerine olan
etkileri genel olarak istatistiki agidan Onemsiz
olmustur. Onemli farkliliklar, genellikle, yillar ve
¢esitler arasinda elde edilmistir. Yillar arasindaki
farkliligin 6nemli ¢ikmasi, 6zellikle agaglarin geng
olmasindan ve dolayisiyla olgunlastik¢a gelisim ve
verimlerinin artmasindan kaynaklanmistir. Cesitler
arasindaki farkliligin, genellikle 6nemli ¢ikmasi ise
cesitlerin potansiyelleri geregi beklenen bir durum
olarak algilanmistir. Ozellikle, meyve kalite kriterleri
yoniiyle c¢esitler arasindaki farklarin tiim yillarda
onemli olmast ve farklilik gruplandirmasinda
yillarin  tamaminda ¢esitlerin grup siralarmin
hemen hemen ayni olmasi, ¢esit Ozelliklerinden
kaynaklanan bir durum olarak algilanmustir.

Yillarin ortalamasi olarak; en yiiksek agac
gelisim degeri ve aga¢ basina diisen en yiiksek
meyve verimi GD ¢esidinden, birim goévde
en kesitine diisen en yiiksek verim GD ve SD
gesitlerinden ve birim ta¢ hacmine diisen en yiiksek
verim SD ¢esidinden elde edilmistir. Tim yillar ve
yillarin ortalamasi icin en yiiksek asitlik degerleri
GS cesidinden, en diisiik asitlik degerleri ise SD
gesidinden elde edilmistir. En yiiksek SCKM
degerleri, tim yillar ve yillarin ortalamast igin
GD c¢esidinden elde edilmistir. En yiiksek sertlik
degerleri, tiim yillar ve yillarin ortalamasi igin GS
¢esidinden elde edilmistir. Su kullanim etkinligi
ve sulama suyu kullanim etkinligi, sulama suyu
arttikca azalmistir. Cesitlerin tamaminda en yiiksek
su kullanim etkinligi ve sulama suyu kullanim
etkinligi S4 sulama programindan elde edilmistir.
Sulama programlarinin verim ve kalite {izerine
etkileri nemsiz ve dolayisiyla suyun etkin kullanimi1
onemli oldugu i¢in, su kullanim etkinligi en yiiksek
olan S4 sulama programinin uygulanmasinin uygun
olacagi kanaatine varilmistir.
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OZET

Aydin’da 2012-2014 yillar1 arasinda yiirtitiilen bu arastirmanin amaci1 Ege Bolgesi kosullarinda bireysel ve kitlesel
ana ar1 (Apis mellifera) kislatma basarisini karsilastirmaktir. Ardi sira 2 yil Anadolu aris1 Ege ekotipi (AE) ve Italyan
wrkindan (It) yetistirilen ana arilar banka kolonilerinde kitlesel ve giftlestirme kutularinda ve rusetlerde (kontrol) bireysel
kislatilmistir. Kitlesel kislatma i¢in birinci y1l AE ve It irkindan ana arili (ABK) ve ana arisiz (ASBK) banka kolonileri,
ikinci y1l ise ana arisiz banka kolonileri (ASBK) kullanilmugtir. Birinci yil, her 2 irktan (AE: 4 koloni, It: 4 koloni) 8
banka kolonisinde (ABK: 4 koloni, ASBK: 4 koloni) toplam 112 ana ar1, ikinci y1l ise, 4 ASBK (AE: 2 koloni, It: 2
koloni)’de toplam 56 ana ari kitlesel kiglatilmistir. Her 2 yilda 20 ¢iftlestirme kutusunda 10 It ve 10 AE ana ar1 bireysel
kislatilmistir. Yaklagik 3 ay siiren her kiglatma dénemi sonunda her grupta ana ar1 yagama giicii (%) saptanmustir. Kitlesel
kislatmanin ana arilarin iireme performansini etkileyip etkilemedigini test etmek igin birinci yil kitlesel ve bireysel
kislatilmis ana arilardan rasgele 30’u (banka kolonisi: 10, ¢iftlestirme kutusu: 10, ruset: 10) tiretim kolonilerine kabul
ettirilmistir. Ana ar1 yagama giicii; banka kolonisinin irkina (P>0.05) ve kiglatilan ana armim genotipine (P>0.05) gore
degismemistir. Fakat banka kolonisinin tipi ana ar1 yasama giictinii etkilemistir (P<0.01). Birinci y1l, ASBK’da kislatilan
ana arilarin % 64.3’li, ABK’da kislatilan ana arilarin ise % 17.9’u kigtan ¢ikabilmistir (P<0.01). Her 2 yilda da banka
kolonilerinde ana ar1 yagsama giicii (% 64.3 ve % 71.5) ¢iftlestirme kutularinda yagama giiciine (% 100 ve % 100) gore
daha diisiik (P<0.01) bulunmustur. Kitlesel kislatilan ana arilarin test kolonilerinde yumurtlama performanslari bireysel
kislatilanlardan farkli bulunmamistir (P>0.05).

Anahtar Kelimeler: Bal aris1; Ana ar1; Banka kolonisi; Kitlesel depolama; Kislatma; Ege Bolgesi
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ABSTRACT

This study was conducted between 2012-2014 years in Aydin province to compare the success of individual and mass
storage of mated honey bee queens (Apis mellifera) under the winter conditions of Aegean region. The queens reared
from Italian (It) and Aegean ecotype of Anatolian (AE) honey bee races in 2 consecutive years were overwintered
en masse in reservoir colonies and individually in colonies held in Kirchain mating boxes and 5-frame nucleus hives
(control group). In the first year, both queenright reservoir (QRR) and queenless reservoir (QLR) colonies were prepared
from both naturally mated It and AE queens for mass storage, whereas only queenless reservoir (QLR) colonies from
both races were used in the second year. A total of 112 mated queens were stored both in 4 QRR and 4 QLR in the first
year, whereas a total of 56 mated queens were stored only in 4 QLR in the second year. In both years, 10 It and 10 AE
queens were individually overwintered in 20 mating boxes. At the end of about 3-month overwintering period in both
years, queen survival (%) was determined in all experimental groups. In order to test whether mass storage affected
the reproductive performance of queens, 30 queens overwintered in the first year in reservoir colonies (10 queens),
mating boxes (10 queens) and nucleus hives (10 queens) were introduced into test colonies. The queen survival (%)
was not affected by both the race of reservoir colony (P>0.05) and of the queen overwintered (P>0.05). But, the type of
reservoir colony affected queen survival (P<0.01). In the first year, 64.3% of queens stored in QLR colonies survived for
3 months, whereas 17.9% of queens survived in QRR colonies (P<0.01). In both years, the queen survivals in reservoir
colonies (64.3% and 71.5% in QLR colonies) were lower than those in colonies held in mating boxes (100% and 100%;
P<0.01). The reproductive performances of queens stored in reservoir colonies were not found different from those of

individually overwintered queens in test colonies (P>0.05).

Keywords: Honey bee; Queen; Reservoir colony; Mass storage; Overwintering; Aegean Region

1. Giris

Anaar yetistiriciliginin olanakli olmadig1 yilin kritik
zamanlarinda, ana ar1 gereksiniminin kargilanmasi
icin bir onceki y1l yetistirilen ana arilarin kitlesel
olarak banka kolonilerinde, bireysel olarak da
ciftlestirme kutularinda kiglatilmast miimkiindiir.
Ana arilarin kitlesel olarak banka kolonilerinde
depolanmasi biyolojik ve ekonomik olarak uygun bir
sistemdir (Levinsohn & Lensky 1981; Wyborn et al
1993; Genger 2003). Banka kolonilerinde ana arilar1
kitlesel kislatmanin basarisi; banka kolonisinin ¢ok
gliclii olmasi, ana arisiz olmasi, iyi beslenmesi ve
iyl bir yalitimin saglanmasina baghdir (Wyborn et
al 1993).

Bankalama basarisinin gdstergesi, ana arilarin
banka kolonilerinde depolanmasi sirasinda ve
sonrasinda yasayan ana ar1 oraninin (ana ari yagama
giicli) yiiksek olmasidir. Yumurtlayan gen¢ ana
arilarm, yazin kisa siire, kigin ise uzun siire (3-5
ay) kitlesel olarak banka kolonilerinde depolanmast
iizerine basarili sonuclar elde edilmistir (Levinsohn
& Lensky 1981; Dietz et al 1983; Wyborn et al 1993;

© Ankara Universitesi Ziraat Fakiiltesi

Genger 2003). Dietz et al (1983), kisin bankalanan
ana arilarin 3 aylik siiregte % 89.6’sinin, sonraki
38 giinliik siiregte ise hizli bir azalma sonucu,
% 46.4’Uniin yasadigini bildirmislerdir. Levinsohn
& Lensky (1981), subtropik iklim kosullarinda ana
arisiz banka kolonilerinde ekim-kasim aylarinda
depolanan ciftlesmis ana arilardan yasayanlarin
oranint ilk yil % 35, ikinci, {iglincli ve dordiincii
yilda ekim-subat aylarinda 5 ay boyunca depolanan
ana arilardan yasayanlarin oranini sirasiyla; % 57,
% 81 ve % 86 olarak bildirmislerdir. Ayni
arastiricilar, yaz aylarinda (Mayis-Agustos) iki
ana aril1 banka kolonilerinin ballik béliimiinde 2
ay depolanan ana arilarin % 78’inin yasadigini
bildirmislerdir. Wyborn et al (1993), ana arilar1 kis
boyunca banka kolonilerinde kitlesel depolamuslar,
ana ar1 1zgarasindan yapilan kafeslerdeki ana arilarin
yasama oranini en fazla % 25, ahsaptan yapilmis ve
telle kaplanmus bireysel kafeslerde tutulan ana arisiz
banka kolonilerinde yasama oranini ise ortalama
% 60 olarak belirlemislerdir.

Tiirkiye’de ana arilarm kitlesel kiglatilmasi
iizerine ilk ¢alisma, Genger (2003) tarafindan
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yaptlmistir.  Yilin kritik zamanlarinda ana ari
gereksinimini karsilamanin 6nemini vurgulayan
arastirict, banka kolonilerinde ana arilari kiglatmak
icin basarili bir yontem tasarlamistir. Arastirici,
karasal iklim kosullarinda 5 ay boyunca, ana arilari
2 farkli sekilde tasarlanmis banka cercevesinde,
ana aril1 ve ana arisiz banka kolonilerinde kitlesel,
ciftlestirme kutularinda bireysel kiglatmistir. Genger
(2003), ana arili banka kolonilerinde depolanan
tim ana arilarin 6ldiiglint, ana arisiz banka
kolonilerinde iizeri elek teli ile kapatilmis dogal
petekli banka ¢ercevesinde kislatilmis ana arilarin
% 40.5’inin, elek telli bireysel kafese yerlestirilmis
banka c¢ergevesinde kiglatilmig ana arilarin ise
% 16.7’sinin 5 ay yasayabildigini bildirmistir.

Banka kolonilerinde bagarili  bir sekilde
depolanan ana arilarin koloniye kabul edildikten
sonraki performanslart da 6nemlidir. Woyke (1988)
depolanan ana arilarin bankalama uygulamasindan
zarar gordiigini ve performanslarinin disiik
oldugunu belirtirken, baz1 arastiricilar  da
(Shehata 1982; Wyborn et al 1993; Genger 2003)
bankalamanin ana arilarin performanslarini olumsuz
etkilemedigini bildirmislerdir.

Ege Bolgesi, sahip oldugu iklim o&zellikleri
ve florasiyla yilin biiylik bdoliimiinde ana art
yetistiriciligine uygun bir bolgedir. Akdeniz
iklim kosullarma sahip olan Giiney Ege’de ana
ar1 yetistiriciligi mart ayindan baglayarak ekim
ayma kadar siirdiiriilebilmektedir (Ugak-Ko¢ &
Karacaoglu 2004; 2005; 2011). Ana ar1 talebinin
yogun oldugu donem, bolgede genel olarak subat
aymnin sonu ile mart ayinin baslaridir. Bolgede, ana
ar1 yetistiren igletmeler ve ana ar1 gereksinimini
isletmesinden karsilayan aricilar igin ekonomik
ve kolay bir depolama yonteminin belirlenmesi
onemlidir. Bu g¢alismada, 2 farkli genotipten
denetimli yetistirilmis ana arilari, ana arili banka
kolonileri (ABK) ve ana arisiz banka kolonileri
(ASBK)’nde kitlesel ve ciftlestirme kutularinda
bireysel kiglatmanin basarisint (kislatilan  ana
arilardan ilkbahara canli ¢ikanlarin orani) ve kistan
canli ¢ikan ana arilarin koloni performanslarint Ege
Bolgesi kosullarinda belirlemek amaglanmistir.
Arastirmada ayrica bireysel ve kitlesel kislatilmis

ana arilarin {retim kolonilerinde yumurtlama
performanslari karsilagtirilmistir.

2. Materyal ve Yontem

2.1. Materyal

Arastirma, Ege Bolgesi’nin gilineyinde yer alan
Aydin 1li’'nde Adnan Menderes Universitesi Ziraat
Fakiiltesi arastirma ariliginda 2012-2014 yillart
arasinda yapilmistir. Arastirmanin canli materyalini
olusturan ana arilar; yapay tohumlanmig damizlik
Italyan aris1 (It; A. m. ligustica) ve Anadolu arist
Ege ekotipi (AE; 4. m. anatoliaca) kolonilerinden
asilama  yontemiyle yetistirilmis ve dogal
ciftlesmistir.

2.2. Yontem

Bu ¢alismada yumurtlayan gen¢ ana arilar, banka
kolonilerinde kitlesel ve ciftlestirme kutularinda
bireysel (normal koloni diizeninde) yaklasik 3
ay kislatilmigti. Banka kolonilerinin ana arilari,
giftlestirme kutularinda ve rusetlerde (kontrol
grubu) tutulan kolonilerin ana arilar1 ve banka
kolonilerinde depolanan ana arilar, yapay tohumlama
ile safligi korunan It ve AE kolonilerinden
secilen birer damizlik koloniden larva transferi
ile mayis-haziran aylarinda yetistirilmistir. Her 2
genotipten yetistirilen ana arilar ayni yorede dogal
giftlestirilmis, bunlardan birka¢i banka kolonisi
olarak hazirlanan yeni kolonilere verilmistir. Banka
kolonilerinde, ¢iftlestirme kutularinda ve rusetlerde
kislatilacak ana arillar ise kislatmaya kadar
ciftlestirme kutularinda tutulmuslardir.

Arastirmanin birinci yilinda (2012-2013), ana
arth (ABK) ve ana arisiz (ASBK) olmak iizere
toplam 8 banka kolonisi kullanilmistir. Bu banka
kolonilerinin hazirlik asamasinda, 4 ABK’nin
2’sine It, diger 2’sine ise AE ana arisi, ayn1 sekilde 4
ASBK’nin2’sine It, diger 2’sine de AE ana aris1 kabul
ettirilmistir. Banka kolonilerinin her birinde 14 ana
ar1 olmak tizere toplam 112 ana ar1 depolanmustir.
It ve AE ana arilarin bireysel kiglatilmast i¢in 20
giftlestirme kutusu (10 It ve 10 AE) kullanilmstir.
Ayrica kitlesel kislatmanin baslangicindan 8 hafta
once 10 ruset kolonisinden 5’ine It, diger 5’ine
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ise AE ana arist kabul ettirilmisti. Ana arilar;
ciftlestirme kutularinda ve rusetlerde bireysel,
banka kolonilerinde kitlesel olarak Kasim aymin
ikinci haftasindan (2012) Subat aymin ilk haftasina
kadar (2013) kislatilmiglardr.

Banka kolonilerinde kislatilan ana arilar, kis
mevsimi boyunca 4 kez denetlenmis ve kolonilere
2 kez kapali yavrulu petek takviyesi yapilmistir.
Banka  kolonilerinin  denetlendigi  giinlerde
giftlestirme kutular1 da denetlenmistir. Kislatma
stiresince, yaklagik olarak 10 giinde bir her banka
kolonisine 500 g, her ¢iftlestirme kutusuna 100 g
kek verilmistir.

Arastirmanin birinci yilinda, ana arisiz banka
kolonilerinde kitlesel kislatilan ana arilardan
yasayanlarin oraninin benzer iklim kosullarinda
yapilan bir c¢alismada elde edilen sonuglara
(Levinsohn & Lensky 1981) gore daha diisiik olmasi
nedeniyle, ASBK’da kitlesel kislatma 1 yil daha
denenmistir. Ancak, ABK’da kitlesel kiglatilan ana
artlarin birgogunun (% 82) 6lmesi ve bu bulgunun
literatiir ile uyumlu olmasi (Genger 2003) nedeniyle
ikinci y1l ABK’da kitlesel kislatmay1 tekrarlamak
gerekli goriilmemistir. Buna bagh olarak ikinci yil,
4 ASBK’da (2 It ve 2 AE) kitlesel kiglatma ve 20
giftlestirme kutusunda bireysel kislatma (Kasim
2013-Subat 2014) yapilmistir.

2.2.1. Banka kolonilerinin hazirlanmasi

Nisan ayinda yetistirilen ana arilardan mayis ayinda
yeni koloniler olusturulmustur. Bu kolonilerin yaz
boyunca bakim ve beslemeleri yapilmis, agustos
aymin sonundan kasim ayinakadar iki ana arili olarak
yonetilmislerdir. Iki ana ar1li yénetilen kolonilerden
4’iniin her 2 ana arisi, diger 4’iiniin ise sadece
kulugkalik boliimiindeki ana aris1 kovanlarindan
almarak ASBK ve ABK hazirlanmistir. Bu
uygulamadan 5 giin sonra, ana ar1 kafes bloklari
banka kolonilerine yerlestirilmistir. Kafes bloklar
yerlestirilmeden hemen 6nce, ABK’nin ana arisi
ballik boliimiine ana ar1 1zgarasi ile hapsedilerek
ana ar1 kafes blogu kulugkalik bdliimiinde yavru
alaninin tam ortasina yerlestirilmistir. ASBK’da
ise ana arisizlik sonucu agik yavrulu peteklerde
yapilmis ana ar1 yiiksiikleri bozulmus, ana ar1 kafes

blogu ABK’da oldugu gibi kulugkalik boliimiinde
yavru alaninin tam ortasina yerlestirilmistir. Kasim
ay1 basinda banka kolonileri; yaklasik 20 kg bal,
4-5 yavrulu petek ve 14-16 arili petek, ciftlestirme
kutulart; yaklasik 200 g ergin ari, 2 balli ve 2
yavrulu petek, rusetler ise 5 arili petek, 1-2 yavrulu
petek ve yaklasik 5-6 kg bal igerecek sekilde
diizenlenmislerdir.

2.2.2. Ana ari kafes bloklarinin hazirlanmast

Bankalanacak ana arilar giftlestirme kutularindan
toplandiktan sonra iizeri 2 mm goézenekli elek teli
ile kaplanmis ahsap kafeslere (6 x 4 x 2 c¢cm) tek
tek konulmus ve kafeslerin delikleri kapatilmistir.
Ardindan yan yana 7, alt alta 2 kafes bir arada
sabitlenerek 14 kafesten olusan tek blok (28 x 14
cm) haline getirilmistir. Ust kisminda bal kemeri
bulunan bir kulugkalik peteginin ortasi kafes blogu
boyutunda (28 x 14 cm) kesilerek ¢ikarilmis ve
buraya kafes blogu monte edilmistir (Genger 2003).

Ana arilarin banka cergevesindeki konumunun
ana art yasama giiciine etkisini belirlemek igin
ana arilar kafes bloklarmma 2 farkli diizende
yerlestirilmistir. Birincisinde, kafes blogunun {ist
boliimiinden baglayarak farkli genotip ana arilar yan
yana getirilerek kafes bloguna dizilmistir. Ikincisinde
ise, genotiplerden biri kafes blogunun iist boliimiine
digeri de alt boliime dizilmistir. Banka g¢erceveleri
banka kolonilerine yerlestirilirken her bir banka
kolonisi tipi (ABK ya da ASBK) ve her bir genotipi
(It ya da AE) temsil eden 2 banka kolonisinden
her birinde 2 farkli kafes blogu diizeninden birinin
olmasi saglanmistir.

2.2.3. Kitlesel ve bireysel kislatilmis ana arilarin
yumurtlama performanst

Arastirmanin birinci yilinda kislatmadan canlt
¢ikan ana arilarin yumurtlama performanslarimi
belirlemek i¢in her gruptan (banka kolonisi ve
ciftlestirme kutusu) rastgele 5 It ve 5 AE ana ar1
(toplam 20 ana ar1) secilmistir. Bu ana arilar 2013
yil1 Mart ayimnin ilk haftasinda her biri 1.5-2 yavrulu
petek, 4-4.5 arili petek iceren 20 koloniye kabul
ettirilmistir. Ergin ar1 ve yavru bakimindan ayni/
benzer kondisyona sahip It ve AE ana arili 5’er
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ruset ise (toplam 10 ruset) kontrol grubu olarak
teste dahil edilmistir. Test (iiretim) kolonileri (30
koloni) Mayis ayina kadar seker surubu ile diizenli
beslenmistir. Test kolonilerinin Nisan ayimdan
Agustos ayma kadar 21 giin arayla toplam 7 kez
aril1 petek sayilari saptanmustir. Kitlesel ve bireysel
kislatilan ana arilarin yumurtlama performanlari
arasinda farklilik bulunmamasi ve bu sonucun
literatiir ile uyumlu olmasi (Shehata 1982; Wyborn
et al 1993; Genger 2003) iizerine ikinci y1l kiglatilan
ana artlarim koloni performanslarinin belirlenmesi
gerekli goriilmemistir.

2.3. Istatistik analiz

Ana art kislatma verileri 3 asamada analiz edilmistir.
Birinci asamada, yillara gére ASBK, ABK ve
ciftlestirme kutularinda kiglatilan ana arilarin
yagsama oranlart P<0.05 6nem seviyesinde y? testi
uygulanarak karsilastirilmistir.  Ikinci asamada,
birinci yilda banka kolonisi tipinin (ABK ve ASBK)
ve kislatilan ana arilarin genotipinin (It ve AE) her
kontrol giiniinde (bankalama siiresi) yasayan ana
art oranini etkileyip etkilemedigi P<0.05 Gnem
seviyesinde y? testi uygulanarak belirlenmistir.
Arastirmanin ikinci yilinda ise, banka kolonisi
genotipinin (It ve AE) bankalama basarisinin (her
kontrol giinlinde yasayan ana arilarin orani) banka
kolonisinin genotipine (It ve AE) bagli olarak
degisip degismedigi P<0.05 6nem seviyesinde y’
testi uygulanarak belirlenmistir. Ugiincii asamada,
birinci y1l ve ikinci y1l ASBK’ne ait ana ar1 yasama
oranlar1 birlikte analiz edilerek, kiglatma basarisinin
yil ve banka kolonisi genotipine gore degisip
degismedigi P<0.05 onem seviyesinde y? testi
uygulanarak belirlenmistir. Ayrica, birinci yil ve
ikinci y1l ASBK’nde ana arilarin yasama giiglerini
(y) belirlemek igin yasayanlar 0, 6lenler 1 olarak
kodlanmustir.

Y- 0 yasadi
1 oldi

Banka kolonisi genotipinin ( X) ve kafeslenen
ana arilarin yerlestirme diizeninin ( X)) ana arilarin
yasama giicii lzerine etkisini belirlemek igin
P<0.05 6nem seviyesinde lojistik regresyon analizi

uygulanmisti. Bu analizde,

esitligi;

lojistik regresyon

e(ﬂo +L X1+ X5)

= 1 +e(ﬁo+ﬁ1X1+ﬁ2X2)

olup =R =1)=1-P(Y=0) olasihk degerini,
p, esitligin sabit degerini, S, ve f, regresyon
katsayilar1 da banka kolonisi genotipinin (X))
ve bankalanan ana arilarin banka c¢ergevesine
yerlestirme diizeninin ( X)) ana ar1 yasama giiciine
etkilerini belirtmektedir.

Arastirmanin birinci yilinda, banka kolonileri,
ciftlestirme kutular1 ve rusetlerde kislatilan
ana arilarin  test kolonilerinde yumurtlama
performanslarinin  6lgiisti olarak kullanilan arili
petek sayisi verileri tekrarlanan deneme diizeninde
SAS paket programi ile analiz edilmistir.

3. Bulgular ve Tartisma

Arastirmanin birinci ve ikinci yilinda ¢iftlestirme
kutularinda bireysel kislatilan ana arilarm timi
(% 100) yasarken, kitlesel kiglatmanimn yapildig:
ABK ve ASBK’da yasayan ana ar1 orani azalarak
devam etmis, 3 aylik kislatma sonunda birinci
yilda yasayan ana ar1 oramt ABK’da % 17.9,
ASBK’da % 64.3, ikinci yilda ASBK’da % 71.5
olarak belirlenmistir (Cizelge 1). Her 2 yilda da
kitlesel kislatilan ana arilardan yasayanlarin orant
bireysel kislatilanlara gore daha diisiik (P<0.01)
bulunmustur.

ABK ve ASBK’da kitlesel kiglatilan ana
arilardan yasayanlarin orani karsilastirildiginda,
ABK (% 17.9) ve ASBK (% 64.3) arasindaki fark
(% 46.4) onemli (P<0.01) bulunmustur (Cizelge
1). Seksen bes giin sonunda It ana arili-ABK’de
kislatilan 28 ana aridan 3’ (% 10.7), It ana arili-
ASBK’de kislatilan 28 ana aridan ise 20’si (% 71.4)
yasarken, AE ana arili-ABK’de 28 ana aridan 7’si
(% 25) ve AE ana arili-ASBK’de ise 16’s1 (% 57.1)
yasamustir (Cizelge 1).

Birinci yil elde edilen veriler dogrultusunda
aragtirmanin ikinci yilinda deneme ASBK ile
yuritilmistir. Kislama sonunda It ve AE ana arilar
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Cizelge 1- Ciftlestirme kutularinda bireysel ve banka kolonilerinde Kkitlesel kislatilan ana arilarin yasama

giicii (%)

Table 1- The survival (%) of queens overwintered individually in mating hives and en mass in reservoir colonies

Bireysel kislatma Kitlesel kislatma®
CK (n=20) ABK (n=56) ASBK (n=56)
Birinci yil denetim giinleri It AE It AE It AE
(n=10) (n=10) (n=28) (n=28) (n=28) (n=28)

1. giin 100 100 98.2 96.4 100 100
15. giin 100 100 89.3 89.3 92.9 92.9
71. giin 100 100 214 A 393A 75.0B 643 B
85. giin 100 100 10.7 A 25.0a 71.4B 57.1b
Genel 100 A 179 B 64.3C

Ikinci y1l denetim giinleri

1. glin 100 100 - - 100 100
10. giin 100 100 - - 96.4 96.4
66. giin 100 100 - - 78.6 75.0
83. giin 100 100 - - 75.0 67.9
Genel 100 A - 71.5B

A, B, C: P<0.01; a, b: P<0.05; It, italyan; AE, Anadolu aris1 Ege ekotipi; CK, ciftlestirme kutusu, ABK, ana arili banka kolonisi; ASBK,

ana arisiz banka kolonisi; # ABK-It ile ASBK-It ve ABK-AE ile ASBK-AE ayni denetleme giiniinde karsilastirilmistir

ile olusturulan ASBK’de yasayan ana arilarin orant
strastyla; % 75.0 ve % 67.9 olarak belirlenmis, fark
onemsiz bulunmustur (Cizelge 1).

Arastirmanin her 2 yilinda ASBK’de ana ar1
yasama giicili verilerine uygulanan lojistik regresyon
analizine gore, hem banka kolonisi genotipinin hem
de ana arilar1 yerlestirme sirasinin kislatilan ana
arilarin yagama giictine etkisi 6nemsiz bulunmustur.
Ayrica ana ar1 yagama giiciine y1ilin etkisi ve genotip
x y1l interaksiyonu 6nemsiz bulunmustur. Birinci ve
ikinci y1l ASBK verileri birlikte analiz edildiginde, It
ana arilar1 ve AE ana arilari ile olusturulan ASBK’de
yasayan ana ar1 oranlari sirastyla % 73.2 ve % 62.5
olarak saptanmis, fark dnemsiz bulunmustur. Ayrica
ASBK ve giftlestirme kutularinda yasayan ana
arilarin genotipinin (AE ve It) yasama giiciine etkisi
Onemsiz bulunmustur.

Bireysel ve kitlesel kislatilan ana arilar ile
olusturulan koloniler ve kontrol grubu kolonilerin
7 olgim doneminde saptanan arili petek sayilari
Cizelge 2’de sunulmustur. Kitlesel kislatilan
ana artlarin  test kolonilerinde sergiledikleri
yumurtlama performansi (arili petek sayisi) bireysel

kislatilanlardan farkli bulunmamigtir (P>0.05). Ana
ar1 genotipleri arasinda farklar énemsiz (P>0.05),
donemler arasi farklar ise o©nemli (P<0.01)
bulunmustur.

Bu calismada, ABK ve ASBK’de depolanan
ana arilardan yasayanlarin orani bazi arastiricilarin
buldugu degerlerden diisiik (Levinsohn & Lensky
1981; Dietz 1983) bazi arastiricilarin (Wyborn
et al 1998; Genger 2003) buldugu degerden ise
yiiksek bulunmustur. Farkli iklim kosullarinin,
banka kolonilerindeki farkli uygulamalarm, banka
kolonisininizolasyonu,anaaridepolamagergevesinin
boyutlari, ballik ya da kulugkaliktaki pozisyonu gibi
bir¢ok uygulama farkliliginin, yasayan ana arilarin
oranin1 etkiledigi bildirilmektedir (Levinsohn &
Lensky 1981; Wyborn et al 1998; Genger 2003).
Ormegin karasal iklim kosullarinda Genger (2003),
ana arili banka kolonilerinde ana arilar1 kitlesel
kislatmanin basarisiz oldugunu, ana arisiz banka
kolonilerinde ise 2 farkli uygulamada % 40.5 ve
% 16.7’sinin 5 ay yasadigini bildirmistir.

Bu c¢alismada, yaklasik 3 aylik depolama
sonunda, ABK’de kiglatilan ana arilarin % 15-25
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Cizelge 2- Ciftlestirme kutulari, banka kolonileri ve rusetlerde kislatilmis ana arilar ile yonetilen test

kolonilerinin farkl donemlerde arili petek sayilari

Table 2- The number of combs covered with bees in test colonies headed by queens overwintered in mating boxes,
reservoir colonies and 5-frame nucleus colonies in different periods

Ciftlestirme kutusu Banka kolonisi Ruset (kontrol)
Donem It AE It AE It AE Genel
(n=5) (n=5) (n=5) (n=5) (n=5) (n=5)
19.04.13 8.1+0.60 8.2+0.60 8.4+0.60 8.0+0.60 8.0+0.60 7.8+0.60 8.1+£0.08*
10.05.13 11.6+£0.60 10.340.60 11.7+0.60 10.4+0.60 11.0£0.60 10.1£0.60 10.9+0.218
31.05.13 12.940.60 12.840.67 13.2+0.60 12.4+0.60 12.6+0.60 11.5+£0.60 12.6+0.29¢¢
21.06.13 14.0+0.60 14.3+0.67 14.4+0.60 13.8+0.60 14.2+0.60 14.2+0.60 14.1£0.29°
12.07.13 11.8+0.67 13.3+0.67 12.8+0.67 13.8+0.67 14.1+0.60 13.8+0.60 13.3£0.37¢P
02.08.13 10.8+0.67 11.3+£0.67 12.6+0.78 11.0+0.78 12.0+0.60 11.3+0.60 11.5+0.248E
23.08.13 10.0+0.67 10.540.67 11.7+0.78 10.3+0.78 10.8+0.67 10.8+0.60 10.6+0.218
Genel 11.3+0.24 11.5+0.25 12.1£0.25 11.4+0.25 11.8+0.23 11.3+£0.24
A, B, C, D, E: P<0.01, It, Italyan; AE, Anadolu ar1s1 Ege ekotipi
gibi az bir kisminin yasadigi belirlenmistir. Bu Calismada, c¢iftlestirme kutularinda bireysel

sonug, Ege Bolgesi’nde ABK’de uzun siire kitlesel
kislatmanin ~ basarisiz  oldugunu  gdstermistir.
ABK’de ana armin kis aylarinda yumurtlamaya ¢ok
kisa siire ara vermesi, bakici is¢i arilarin depolanan
ana artlar1 ihmal etme olasiligini artirmaktadir.
Benzer iklim kosullarinda yapilan bir caligmada
(Levinsohn & Lensky 1981), mayis-agustos aylar1
arasinda ABK’de bankalanan ana arilarin 1 ay
sonunda % 83’liniin yasadigi, 2 ay sonunda ise
% 78’inin yasadigi saptanmistir. Bu calismanin
yapildigt arilikta da yaklasik 10 yildir yetistirilen
ana arilarin elde tutulmasi amaci ile mayis—agustos
aylart arasinda zaman zaman ana arili kolonilerde
2-3 ay gibi uzun siire depola uygulamalarinda
onemli diizeyde ana ar1 kaybi yagsanmamustir.

Wyborn et al (1993) kist sert gecen bolgelerde
yalitima bagli olarak, banka ¢er¢evesindeki ana ar1
sayisinin ve ana arinin ¢ercevedeki konumunun
onemli oldugunu, merkeze yakin ana arilarin
yasama sansinin daha yiiksek oldugunu belirtmistir.
Bu c¢alismada da, depolama c¢ergevesine farkll
genotipler dizilirken buna dikkat edilmistir. Banka
gergevesinde bulunan kafes blogunun merkezindeki
kafeslerde kenardaki kafeslere gore daha az sayida
ana arimnin 6ldigii gdzlenmistir.

kislatma (% 100, % 100), ASBK’de kitlesel
kislatmaya (% 64.3 ve % 71.5) gore daha basarilt
bulunmustur. Bu sonuglara gore, bolge kosullarinda
ciftlestirme kutularinda bireysel kislatma yapmak
bilgi beceri gerektirmemesi ve kolay olmasi
bakimindan daha avantajli goriinmektedir. Bu
calismada her banka kolonisinde 14 ana ari
bankalanmigtir. Cok gii¢lii hazirlanan bir ASBK’de
ise 24-48 arasinda ana ar1 bankalanabilir (Wyborn
et al 1993). Cok sayida ana ar1y1 bireysel kislatmak
besleme ve bakim islerini artiracagi i¢in daha ¢ok
zaman alic1 olabilir. Bu nedenle sonbaharda g¢ok
sayida ana ar1 kiglatmak isteyen ana ar1 yetistiricileri
% 25-30 ana ar1 kaybin1 goze alarak ¢ok sayida ana
ar1y1 bir kag banka kolonisinde kislatabilirler.

Caligmada, her 2 y1lda da ¢iftlestirme kutularinda
kislatilan ana arilarin yagama oraninin (% 100),
karasal iklim kosullarinda, ciftlestirme kutularinda
kislatilan ana arilarin  yasama oranlarindan
(% 80.0 ve % 83.3; Genger 2003) daha yiiksek
bulunmasi, bdlgenin iliman iklim o6zelliklerinden
kaynaklanabilir. Banka kolonileri ve g¢iftlestirme
kutularinda kislatilmis ana arilar ile olusturulan
test kolonilerinin gelisimlerinin kontrol grubu
kolonilerden farkli olmamasi, kitlesel kislatmanin
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ana arilarin yumurtlama performanslarini olumsuz
etkilemedigini gostermistir. Bu sonuc¢ Shehata
(1982), Wyborn et al (1993) ve Genger (2003)’in
bulgulariyla uyusmaktadir.

4. Sonuc¢

Ege Bolgesi ekolojik kosullari nedeniyle uzun
donem ana ar1 yetistiriciligine uygundur. Bolgede
ana ar1 igletmelerinin yetistirdikleri ana arilardan,
sonbaharda elde kalanlar1 bireysel olarak ¢iftlestirme
kutularinda ya da kitlesel olarak ana arisiz banka
kolonilerinde erken ilkbahara kadar depolamalari
karlilig1 artiracaktir.

Sonug olarak, ana ar1 yasama giicii bakimindan
bireysel kiglatma kitlesel kiglatmaya gore, kitlesel
kislatmada da ana arisiz banka kolonileri ana arili
banka kolonilerine goére daha bagarili olmustur.
Ancak, sonbaharda ana ar1 iiretim isletmelerinde
pazarlanmamis ana arilar kalmasi durumunda,
isletmelerin % 25-30 ana ar1 kaybini goze alinarak
bu ana arilart ana arisiz banka kolonilerinde
depolamalart miimkiindiir.
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ABSTRACT

In this study, drying kinetics of 4 mm-thick slices of Tunceli garlic (4//ium tuncelianum) was investigated by using
microwave technique at an interval of 90-600 W microwave output power. Ten mathematical models were used to
represent the experimental data in this study. The determination of coefficient (R?), root mean square error (RMSE),
chi-square (y°) and percentage error (E%) values that show compatibility to these models were determined. The
determination of coefficient (R?) values were found to vary at an interval of 0.9440-0.9993. The Midilli et al model
was determined to be the best model that represents the experimental data. It was seen that drying rate increases with
the increase in microwave output power (P) and decreases with the increase in sample mass (m). Effective diffusion
coefficients (D, " and drying rate constants (k) were determined for different sample masses at microwave output power
of 90 W. Activation energies for both effective diffusion coefficients and drying rate constants were determined by
using an Arrhenius type exponential equation. Activation energies from effective diffusion coefficients and drying rate
constants were found as 3.85 W g'and 3.99 W g! respectively.

Keywords: Tunceli garlic; Thin-layer drying; Microwave drying

Tunceli Sarimsaginin Mikrodalga Kurutma Teknigi ile Kuruma
Kinetiginin Belirlenmesi
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OZET

Bu ¢alismada, mikrodalga teknigi kullanilarak 90-600 W mikrodalga ¢ikis giicii araliginda 4 mm kalinliktaki Tunceli
sartmsagi (Allium tuncelianum) dilimlerinin kuruma kinetigi incelenmistir. Deneysel verileri temsil etmek i¢in on adet
matematiksel model kullanilmigtir. Bu modellere uygunlugu gosteren determinasyon katsayisi (R?), ortalama hata kareleri
karekokil (root mean square error, RMSE), ki- kare (x°) ve yiizde hata (% E) degerleri belirlenmistir. Determinasyon

katsayis1 (R’) degerlerinin 0.9440-0.9993 araliginda degistigi goriilmistir. Midilli et al modeli deneysel verileri
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temsil eden en iyi model olarak belirlenmistir. Mikrodalga ¢ikis giiciindeki (P) artma ile kuruma hizi artarken 6rnek
kiitlesindeki (m) artma ile kuruma hizinin azaldigi goriilmiistiir. Farkli 6rnek kiitleleri i¢in etkin difiizyon katsayilar
®D,,) ve kuruma hiz sabitleri (k) 90 W mikrodalga ¢ikis giiciinde belirlenmistir. Hem kuruma hiz sabitleri hem de etkin
diflizyon katsayilari igin Arrhenius tipi exponansiyel bir esitlik kullanilarak aktivasyon enerjisi belirlenmistir. Etkin
difiizyon katsayilarindan ve kuruma hiz sabitlerinden aktivasyon enerjileri sirasiyla 3.85 W g ve 3.99 W g! olarak

belirlenmistir.

Anahtar Kelimeler: Tunceli sarimsagi; Ince tabaka kurutma; Mikrodalga kurutma

1. Introduction

Allium tuncelianum, whose original name is Allium
macrochaetum Boiss and Haussk subsp. tuncelianum
Kollmann, is an endemic plant that grows in Tunceli
(Turkey) and its environs, especially in the counties
of Ovacik, Pulimiir, Hozat and Pertek. For this
reason, it is called “Tunceli garlic” or “Ovacik
garlic” in the region (Ipek et al 2008). The most
prominent features of Tunceli garlic that distinguish
it from other garlic species are that it is single-cloved
and yields seeds by flowering. It is an economically
valuable plant and people in the region depend on it
for their livelihoods. Various projects are carried out
by the Ministry of Food, Agriculture and Livestock
in order to grow and market Tunceli garlic. It loses
its aroma and taste in a short time if it is not stored
under suitable conditions.

Drying can be described in simple terms
as removing water from a wet/moist material.
However, drying is a complex process of heat and
mass transfer between the moist material and its
environment (Midilli et al 2002). Drying can be said
to be one of the oldest methods of increasing the
durability of food items and consuming them later.
Drying is the best method in terms of preserving
their vitamin potential, appearance, taste, advantage
in packaging due to a reduction in size and the
improvement in storing and transportation of food
products (Doymaz 2013).

Such drying methods as contact drying,
convective drying, radiative drying, freeze drying
and osmotic drying are used to dry vegetables,
fruits and cereal products. (Yagcioglu et al
1999). Microwave drying has an important place

© Ankara Universitesi Ziraat Fakiiltesi

among radiative drying methods. Microwaves are
generally used as heat sources due to their fast
heating capabilities. Microwave drying has gained
popularity as an alternative drying method in the
food industry in recent years (Cui et al 2004). Due
to the fact that the inner temperature of the food that
is dried with microwave is greater than its surface
temperature, a more dynamic moisture transfer
compared to convective drying is achieved (Torringa
et al 2001; Wang & Sheng 2006). Compared to the
traditional and conventional hot air drying methods,
microwave drying method has such advantages
as homogenous energy distribution, high thermal
conductivity, conservation of energy, a smaller area
of drying, a shorter drying time and preservation of
food items from enzymatic decay (Decareau 1992;
Rhen & Chen 1998; Schiffmann 2001).

Microwave drying of various agricultural
products was investigated by various researchers;
for example, potato (Bouraout et al 1994), soybean
(Adu & Otten 1994), white bean (Adu & Otten
1996), grape (Tulasidas et al 1997), apple (Feng
& Tang 1998), carrot (Lin et al 1998; Litvin et al
1998), banana (Maskan 2000), kiwi (Maskan 2001),
parsley (Soysal 2004), spinach (Ozkan et al 2007),
grapevine leaves (Alibasg 2012). Related to garlic
drying, different drying methods were reported in
the literature (Madamba et al 1996; Sablani et al
2007; Babetto et al 2011; Thuwapanichayanan et
al 2014). Microwave drying for garlic clove was
also investigated in some studies (Sharma & Prasad
2001; Sharma & Prasad 2006; Figiel 2009).

The aim of this study is to investigate the drying
kinetics of Tunceli garlic in a microwave oven at
different microwave power levels and different
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amounts of the garlic and to apply the chosen thin
layer drying models. This will be the first study
investigating drying behavior of Tunceli garlic. This
study is also original due to using microwave drying
which is recently used as an alternative drying
method in the food industry for Tunceli garlic.

2. Material and Methods

2.1. Material

Tunceli garlic (Allium tuncelianum) samples used in
this study were obtained from a Tunceli-based and
licensed producer, who grows garlic in a natural-
like medium. Dirt and plant residues of the garlic
samples were cleaned off and stored unpeeled at
4+0.5 °C in a refrigerator. Moisture determination
device with a halogen lamp (AND MXS50, Japan)
was used to determine the initial moisture content
of the garlic samples. The moisture content of the
garlic samples was found to be 1.42 kg kg .
The deviation among the five measurement results
was £2%.

2.2. The experimental set-up and method

In the garlic drying experiments, a domestic
microwave oven with a maximum output power of
800 W and a frequency of 2450 MHz (SIEMENS
HF12G240, Germany) was used. This microwave
oven was modified by attaching 0.01 g sensitive
digital scales to the oven and a pendulum to the
scales (Figure 1). The teflon (PTFE) string attached
to the pendulum was dangled into the oven whose
internal dimensions were 194 mm (H) x 290 mm
(W) x 300 mm (D). A teflon dish (diameter of 120
mm and depth of 5 mm) attached to the teflon string
was used to place the garlic samples in microwave
oven. Changes in mass were monitored periodically
with a chronometer.

Garlic was peeled before each drying experiment
and sliced 4+0.5 mm thick. Garlic slices placed in
the teflon dish were dried at 90, 180, 360 and 600
W microwave output powers until their ultimate
moisture content of 0.05 kg kg, . Drying
experiments were realized in duplicate.

©)

Figure 1- Microwave drying experimental setup. 1,
microwave oven; 2, power and time set; 3, electronic
balance; 4, pendulum hanger; 5, PP pendulum
rope; 6, PTFE plate

Sekil 1- Mikrodal kurutma deney diizenegi 1,
mikrodalga firin; 2, giic ve zaman ayar diigmeleri; 3,
elektronik terazi; 4, sarkag tutucu, 5, PP sarkag ipi; 6,
PTFE tabak

2.3. Modeling of microwave drying curves

Mathematical models to represent the thin layer
drying behaviors of food products and agricultural
products were developed by many researchers. Ten
mathematical models in the literature were used in
this study (Table 1). The dimensionless moisture
ratio (MR) in these models is calculated with the
Equation 1 and 2.

Mc,-Mc,

MR=—"—¢ 1
Mc, -Mc, (1
mc=Y""a ()
Wq

Where; w, (kg) and w, masses of the garlic
samples (kg) at any time of drying and at the end
of drying, respectively; M, and M, moisture
contents of the garlic samples (kg kg, ') in the
beginning and at any time of drying, respectively;
Mc,, equilibrium moisture content (kg kg, ).
It has been regarded as the moisture content at the

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 237-248 239



Determination of Drying Kinetics of Tunceli Garlic with Microwave Drying Technique, Yogurtcu

end of drying in the microwave drying (Ren & Chen
1998; Altan & Maskan 2005).

Drying rate of the garlic slices (DR (kg kg, *
min)) was calculated with the Equation 3.

DR="Cra 2 3)

Where; dt, period between two consecutive
measurements (min).

The constants of the mathematical models were
determined by doing regression analysis. Regression
analyses were done with STATISTICA data analysis
program (version 10). The consistency between the
moisture ratios that were determined experimentally
and calculated from the mathematical model was
determined by using statistical parameters, i.e.
determination of coefficient (R?), chi-square (y°),
root mean square error (RMSE), and percentage
error (E%). Small y? and RMSE values and high
R’ values show that the model was more suitable
(Yaldiz & Ertekin 2001; Midilli & Kiigiik 2003).

The E% values smaller than 10% were acceptable
(Park et al 2002; Mohapatra & Rao 2005). The
values of y°, RMSE and E% were calculated with
the Equations 4, 5 and 6.

N (MRexp, i-MRpre )
Iz — Zl—]( ex]r\)/v,_z pre, ) (4)

5V (MR, MRy, )
RMSE = - (5)
£ = 100 [MRexp, i -MRpre if (6)
N =1 MRexyp, i

Where; MR, experimental moisture ratio at i
th observation; MR, ., predicted moisture ratio for
this observation; N, number of observations and z,
number of constants in the model.

2.4. Diffusion of moisture

Removal of moisture from the solid matter during
drying was diffusion-controlled. The effective
diffusion coefficient for the garlic slices was
determined by using Fick’s diffusion equation. The
effective diffusion coefficient was calculated with
the Equation 7 (Crank 1975).

Mc, -Mc, 8 1 . 2 nz'De/f
=_—4""Ce — % yw __ _i+])7 —L.
MRN8 gy e (it 1 S ) ()

Where; ¢, time (s); L, half-thickness of garlic
slice (m); D, effective diffusion coefficient (m?s7).
For long drying periods Equation 7 can be written as
Equation 8 (i.e. for = 0) (Lopez et al 2000).

Mc, - Mc, 8 72Dy
Mo Mee _ 3 oup (- ;’f-r) (8)
MC()'MCe b2 4-L

MR=

Table 1- Thin-layer drying models applied to Tunceli garlic microwave drying curves

Cizelge I- Uygulanan ince tabaka kuruma modelleri

Model no Model name Model equation Reference
1 Page MR = exp(—kt™) Arslan & Ozcan (2010)
2 Henderson & Pabis MR = aexp(—kt) Yagcioglu et al (1999)
3 Logarithmic MR = aexp(—kt)+c Yaldiz & Ertekin (2001)
4 Midilli et al MR =aexp(—kt")+bt Midilli et al (2002)
5 Weibull Distribution MR = a— b exp(—(k t™)) Corzo et al (2008)
6 Two Term Exponential MR = aexp(—kt) + (1 —a) exp(=k at) Yaldiz & Ertekin (2001)
7 Two-Term MR = aexp(=kqt) + b exp(=k, t) Arslan & Ozcan (2010)
8 Simplified Fick’s Diffusion MR = a exp(—c (t/L?)) Diamante & Munro (1991)
9 Diffusion Approach MR = aexp(—kt) + (1 —a) exp(—k bt) Doymaz (2013)
10 Wang & Singh MR=1+at+bt? Estiirk & Soysal (2010)
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The Equation 8 can be written in logarithmic form
as in Equation 9.

n(R) = in (%)- (”Ji/f -t) ©)

41°

Experimental /n (MR) values and drying time
can be transferred onto a graph and the effective
diffusion coefficient is calculated from the slope
(Equation 10) of line obtained from the graph.

7 Doy

Slope = o (10)

2.5. Effect of sample mass

In microwave technique, the influence time of the
microwave power that was applied depends on
the sample mass. There is no known study in the
literature that shows the effect of sample mass on
Tunceli garlic’s drying kinetics with microwave.
In this study, the drying kinetics of garlic samples
with sample mass ranging from 11 to 44 g were
investigated at 90 W constant microwave output
power.

In order to determine the relationship between
the effective diffusion coefficient and proportion of
sample mass to microwave output power, Arrhenius
type exponential model (Equation 11) proposed by
Dadali et al (2007a) was used.

Desr = Do exp (—22) (11)

Where; Def/, effective diffusion coefficient
(m* s'); D,, pre-exponential factor (m*> s'); E ,
activation energy (W g'); m, sample mass (g) and P,
microwave output power (W).

According to the drying rate constant data,
the activation energy was determined using the
Arrhenius type exponential model (Dadali et al
2007b) in Equation 12.

k =kyexp (— fa m)

P

(12)

Where; k, drying rate constant (min™'); &, pre-
exponential factor (min'); £ , activation energy (W
g1); m, sample mass (g) and P, microwave output
power (W).

3. Results and Discussions

3.1. Drying kinetics

Garlic samples were dried at 90, 180, 360 and
600 W microwave output powers in order to
determine the effect of microwave output power
on drying characteristics of Tunceli garlic. The
change of the moisture ratio with drying times at
different microwave output powers was shown in
Figure 2. It was seen that drying time decreased
with an increase in microwave output power. It
was reached the moisture content of 0.05 kg
kg, - after periods of 32, 11, 5.5 and 4 minutes
at 90, 180, 360 and 600 W microwave output
powers respectively. It took about 25 minutes
to decrease the moisture content of fresh garlic
(Allium sativum L.) slices (4 mm thickness) from
1.9to 0.1 kg kg, ' under vacuum-microwave
drying conditions at 240 W microwave output
power (Figiel 2009).

The change in drying rates with moisture ratios
at different microwave output powers was shown
in Figure 3. The zone between 1.0 and 0.88 for
moisture ratio at 90 W microwave output power
was the pre-heating period. The falling rate period
was seen after the moisture ratio of 0.88. The falling
rate periods for the 180, 360 and 600 W microwave
output powers started around the 0.85, 0.81 and 0.82
moisture ratios, respectively. Similarly, drying rate
was decreased with the decrease in the moisture
content of garlic during drying. This showed that
the dominant physical mechanism in moisture
removal from garlic was diffusion. The results are
compatible with Sharma & Prasad (2001) for garlic,
Dadali et al (2007b) for okra and Arslan & Ozcan
(2010) for onion.

3.2. Evaluation of mathematical models

The model constants regarding the ten mathematical
models that were used to represent the drying
behaviors of garlic samples were given in Table
2. The drying rate constant (k) increased with the
increase in microwave output power in all of the
drying models.
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Figure 2- The relationship between the moisture ratio
and drying time at different microwave output power

Sekil 2- Farkli mikrodalga ¢ikis gii¢lerinde kuruma
stiresi ile nem orami arasindaki iligki

The results of statistical evaluation, which
was an indicator of the compatibility between
experimental results and the models used, were
displayed in Table 3. The model which has the
highest R’ and lowest RMSE, y’ and E% values
is chosen as the best suitable one (Wang et al
2007; Doymaz & Ismail 2011; Doymaz 2013).
The Weibull Distribution model was the most
compatible model according to the RMSE values
obtained at 90 W microwave output power.
According to y’ and E% values, the Page model
showed a better compatibility: however, the
values of R?, RMSE, y° and E% were quite close
to each other in the Page, Midilli et al and Weibull
Distribution models.

The Midilli et al model was clearly seen to be
the most compatible model at 180, 360 and 600
W microwave output powers. Figure 4 shows the
relationship between the experimental moisture
ratios obtained at 90 W microwave output power
and the moisture ratios obtained from the drying
models used in this study.

3.3. The effect of sample mass on microwave
drying kinetics of garlic

The change with time in moisture contents of
garlic samples with different masses was seen in

Figure 3- Drying curves for Tunceli garlic versus
moisture ratio at different microwave output power

Sekil 3- Farkli mikrodalga ¢ikis gii¢lerinde nem orani
ile kuruma hizilarinin degisimi

1.00 & < Page

2 K Henderson&Pabis
080 @ Logarithmic
OMidilli et al.
0.60 1
OWeibull Distribution

+ Two Term Expounential

ATwo-Term

Moisture ratio, MR pre

OSimplified Fick's Diffusion

# Diffusion Approach

0.00 & T :
0.00 020 040

T T B Wang&Simgh
0.60 080 1.00

Moisture ratio, MR exp

Figure 4- Predicted moisture ratio from mathematical
models versus experimental moisture ratio for 90 W
microwave output power

Sekil 4- 90 W mikrodalga ¢ikis giicii igin deneysel nem
oranina karst matematiksel modellerden elde edilen
nem oramni degigimi

Figure 5. Drying time increased with an increase
in sample mass. For example, while it was taken
14.5 minutes for the moisture content of 22 g of
sample mass to drop from 1.40t0 0.05 kg kg, ',
the same amount of moisture content change in
33 g of sample mass was taken 25 minutes. The
change in drying rate with time for different
sample masses at 90 W microwave output power
was displayed in Figure 6. It was clearly seen that
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Table 2- Constants and coefficients of thin-layer drying models for 33 grams of samples at different
microwave output powers

Cizelge 2- Farkli mikrodalga ¢ikis gii¢lerinde 33 gram ornek igin kuruma modellerine ait sabitler ve katsayilar

Microwave(%lput power Model no Constants and coefficients
1 k=10.0124 n=1.7472
2 k=0.0971 a=1.1518
3 k=0.0629 a=1.3362 c=-0.2350
4 k=10.0133 n=1.7193 a=1.0058 b=-0.0001
9% 5 k=0.0134 n=1.7150 a=-0.0045 b=-1.0104
6 k=0.1429 a=2.1718
7 k,=0.0971 k=0.0971 a=0.5670 b=0.5848
8 a=1.1518 c=0.3883
9 k=0.1998 a=-22.9699 b=0.9502
10 a=-0.0618 b= 0.0009
1 k=0.0824 n=1.6642
2 k=0.2591 a=1.1248
3 k=0.1611 a=1.3500 c=-0.2705
4 k=0.0890 n=1.6213 a=1.0137 b=-0.0003
180 5 k=0.0887 n=1.6232 a=-0.0023 b=-1.0158
6 k=0.3902 a=2.1578
7 k=0.5551 k= 0.5050 a=-11.9115 b=12.9084
8 a=1.1248 c=1.0365
9 k=0.2329 a=0.8509 b= 1.0000
10 a=-0.1681 b= 0.0069
1 k=0.2149 n=1.6990
2 k= 0.4694 a=1.1282
3 k=0.2414 a=1.5141 c=-0.4424
4 k=0.2250 n=1.6157 a=1.0101 b=-0.0044
360 5 k=0.2238 n=1.6036 a=-0.0270 b=-1.0371
6 k=0.7052 a=2.1524
7 k,=0.4694 k=0.4694 a=0.5751 b=0.5530
8 a=1.1282 c=1.8776
9 k=0.4192 a=0.8657 b=1.0008
10 a=-0.2937 b=0.0193
1 k=0.3316 n=1.7991
2 k=0.6218 a=1.1192
600 3 k=0.2901 a=1.6204 c=-0.5525
4 k=0.3419 n=1.7194 a=1.0122 b=-0.0047
5 k=0.3401 n=1.7085 a=-0.0206 b=-1.0327
6 k=0.9731 a=2.2225
7 k,=0.6217 k=0.6218 a=0.5582 b=10.5611
8 a=1.1192 c=2.4870
9 k=0.1376 a=8.2168 b=0.7453
10 a=-0.3864 b=10.0318
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Table 3- Statistical results obtained from different thin-layer drying models for various microwave output
powers

Cizelge 3- Farkli kuruma modelleri igin elde edilen istatistiksel sonuglar

Constants and coefficients

Microwave output power (W) Model no

R RMSE 7 E%
1 0.9993 9.3501 10 9.9083 10 5.92
2 0.9568 7.3143 10 6.0632 10 123.22
3 0.9814 4.7936 102 2.7902 10 63.07
4 0.9993 9.0932 10 1.0813 10 6.24
% 5 0.9993 9.0754 10 1.0771 107 6.48
6 0.9952 2.4385 102 6.7391 10 49.52
7 0.9568 7.3143 10 6.9960 10 123.23
8 0.9568 7.3143 10 6.0632 10 123.23
9 0.9971 1.8958 1072 43642 10 35.81
10 0.9812 4.8226 1072 2.6358 10 43.85
1 0.9991 1.0377 102 1.2923 10 5.40
2 0.9603 7.0045 102 5.8876 10 60.94
3 0.9845 4.3808 1072 2.5588 107 19.94
4 0.9993 9.3211 109 1.3033 10 4.74
180 5 0.9993 9.3555 10 1.3129 10 4.97
6 0.9983 1.4673 102 2.5836 10 17.92
7 0.9992 9.8835 10 7.4652 10 11.80
8 0.9603 7.0045 10 5.8876 10 60.49
9 0.9428 8.4070 10 9.4236 10 73.39
10 0.9840 4.4506 1072 2.3769 10 15.52
1 0.9991 1.0500 1072 1.3231 10 6.28
2 0.9547 7.4455 10 6.6522 10 53.91
3 0.9876 3.8919 10 2.0196 10 14.62
4 0.9995 8.0445 10 9.7072 10 2.04
260 5 0.9995 8.1451 10 9.9515 10 2.14
6 0.9958 2.2815 10 6.1371 10 20.56
7 0.9547 7.4455 10 8.3153 10 53.91
8 0.9547 7.4455 102 6.6522 10 53.91
9 0.9351 8.9125 10 1.0591 1072 64.23
10 0.9851 42753 10 2.1933 109 13.66
1 0.9987 1.3281 10 22677 10% 3.49
2 0.9440 8.5584 10 9.4174 10 48.37
3 0.9830 4.7226 10 3.3455 10 12.93
4 0.9990 1.1607 1072 2.4248 10 2.67
600 5 0.9990 1.1646 102 2.4415 10 2.76
6 0.9958 2.4053 102 7.4384 10% 16.17
7 0.9440 8.5584 10 1.3184 10 48.37
8 0.9440 8.5584 10 9.4174 109 48.37
9 0.9779 53751 10 43337 10 13.98
10 0.9801 5.0972 10 2.3405 10 11.98
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Figure 5- The relationship between moisture content
of Tunceli garlic and drying time at various sample
amounts for microwave output power of 90 W

Sekil 5- 90 W mikrodalga ¢ikis giicii i¢in farkli 6rnek
kiitlelerinde kuruma zamant ile nem icerigi arasindaki
iliski

drying rate decreases with an increase in sample
mass. The energy amount that was transferred per
unit sample mass decreased from 8.18 to 2.05
W g! with an increase of sample mass from 11
to 44 g. As a result, while the amount of energy
to remove unit of water mass in a less sample
mass of garlic sample with the same amount of
moisture content was high, less energy per mass
was applied for a larger sample mass. For this
reason, drying rate decreased with an increase in
sample mass.

3.4. Determination of activation energy

3.4.1. The effect of sample mass on moisture
diffusion

The change in the effective diffusion coefficients
obtained from Equation 9 and Equation 10 at 90
W microwave output power for different sample
masses with sample mass was seen in Figure 7.
The effective diffusion coefficient decreased with
an increase in sample mass. This observation
is in agreement with microwave drying of okra
(Dadal1 et al 2007a). The values of D and £ were
determined as 21.5 x 10°m? ¢! and 3.85 W g

Figure 6- Drying curves for Tunceli garlic versus
drying time at various sample amounts for
microwave output power of 90 W

Sekil 6- 90 W mikrodalga ¢ikis giicii icin farkli ornek
kiitlelerinde kuruma siiresine karst kuruma hizinin
degisimi

respectively from the exponential model (Equation
11) with a R? value of 0.9783.

16 1
14 *
- 12
T
o 10
w8
=
561
o
A4
2
0 T T T T T "
0.0 0.1 0.2 0.3 0.4 0.5 0.6
Sample am ount/Power (g W)

Figure 7- Relationship between D . and sample
amount of Tunceli garlic for microwave output
power of 90 W. ¢ estimated data,—model (Equation
11)

Sekil 7- 90 W mikrodalga ¢ikis giicii igin ornek kiitlesi
ile Dd.amszndaki iligki. & hesaplanan veri, — model
(Esitlik 11)
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3.4.2. The effect of sample mass on drying rate
constant

The change in the drying rate constant for different
sample masses at 90 W microwave output power
was determined according to the Midilli et al model.
The drying rate constant values obtained from
this model and statistical evaluation results were
displaced in Table 4. It was seen that the drying
rate constant value decreased with an increase in

sample amount. The values of R?, y? and E% values
for the sample mass interval of 11-44 g changed as
0.9990-0.9997, 4.2615 x 1035-15.6298 x 103 and
6.66-19.35% respectively. High R’ and low E%
values showed that the applied model was suitable.
The compatibility of the data for Equation 12 was
seen in Figure 8. The values of R’, k, and E_ were
determined as 0.9706, 0.0596 min"! and 3.99 W g'!,
respectively.

Table 4- Drying rate constants and statistical analysis of Midilli et al model at various sample amount of

Tunceli garlic for microwave output power of 90 W

Cizelge 4- 90 W mikrodalga ¢ikis giiciinde farkl ornek kiitleleri i¢in Midilli et al modeline gore kuruma hiz

sabitleri ve istatistiksel veriler

Sample amount (g) k (min) R’ RMSE Ve E%
11 0.0406 0.9997 6.2842 10° 5.9237 10° 8.73
22 0.0196 0.9990 11.0256 103 15.6298 10° 19.35
33 0.0133 0.9993 9.3730 10° 11.7139 10 6.66
44 0.0091 0.9997 5.8389 1073 42615107 7.07
0.05 - microwave power, it decreased with an increase
in sample mass. It was seen that the Midilli et al
0.04 7 * model, one of the thin layer drying models used in
0.03 4 this study, was the best fit model to the experimental
= results.
£ 1 . . . .
S ¢ The effective diffusion coefficient (D,) and
0.01 4 drying rate constant (k) values decreased with an
increase in sample mass (m). The activation energy
0.00 ' ' ‘ ' ' ‘ values calculated from the effective diffusion
0.0 0.1 02 03 0.4 0.5 0.6 . .
coefficient and the drying rate constant data were
Sample amountPower (g W)

Figure 8- Relationship between drying rate constant,
k, from Midilli at al model and sample amount of
Tunceli garlic for microwave output power of 90 W.
¢ estimated data, — model (Equation 12)

Sekil 8- 90 W mikrodalga ¢ikis giicii icin ornek kiitlesi
ile Midilli et al modelinden elde edilen kuruma hiz
sabiti, k, arasindai iligki (Equation 12)

4. Conclusions

In the drying of Tunceli garlic with microwave,
while drying rate increased with an increase in

3.85 W g'and 3.99 W g, respectively and these
values were very close. The findings obtained from
this study showed that microwave technique was
viable for the drying of sliced Tunceli garlic.
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OZET

Isparta ili elma bahgelerinden toplanan Panonychus ulmi Koch popiilasyonlarinin etoxazole, spirodiclofen, hexythiazox’a
karst duyarlilik ve detoksifikasyon (esteraz, glutation-S-transferaz (GST), sitokrom P450 monooxygenaz (P450) ve
asetilkolinesteraz (AChE)) enzim diizeyleri belirlenmistir. Bu amagla Isparta ili ve ilgelerinden 2012 ve 2013 yil1 tiretim
sezonunda toplam 13 adet P. u/mi popiilasyonu toplanmistir. Akarisiter akarlara ilaglama kulesi-yaprak biyoassay
yontemi ile uygulanmugtir. Elde edilen veriler POLO PC programu ile analiz edilmis ve LC, degerleri elde edilmistir.
Tarla popiilasyonlarinin LC, degerleri hassas popiilasyonun LC,  degerlerine oranlanarak direng oranlari hesaplanmustir.
P. ulmi popiilasyonlarinin spirodiclofen’e karst direng diizeyleri <1-1.95 kat, hexythiazox’a <1-2.36 kat ve etoxazole
<1-7.30 kat arasinda degismistir. Biitiin popiilasyonlarda detoksifikasyon enzim diizeyleri farkli substratlarla
biyokimyasal olarak incelemistir. Detoksifikasyon enzimlerinin diizeyleri popiilasyonlara gére degismistir.

Anahtar Kelimeler: Panonychus ulmi,; Direng; Esteraz; GST; P450; AChE
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ABSTRACT

Susceptibility of Panonychus ulmi Koch populations collected from apple orchards in Isparta province was studied
against etoxazole, spirodiclofen and hexythiazox, and their detoxification enzyme (esterase, glutathione-S-transferase
(GST), monooxygenaz cytochrome P450 (P450) and acetylcholinesterase (AChE)) levels were determined. For this
purpose, 13 P. ulmi populations were collected from Isparta province and its districts during summer periods of 2012-
2013. Acaricides were applied to mites by spray tower-leaf bioassay method. The data were analyzed by the program
POLO PC and LC, values were calculated. The resistance ratios are calculated by comparing LC,; values of field
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populations with LC, values of the susceptible population. The resistance ratios in P. ulmi populations ranged from
<1 to 1.95-fold for spirodiclofen, <1 to 2.36-fold for hexythiazox, and <1-7.30-fold for etoxazole. In all population,
detoxification enzymes levels were examined biochemically with different substrates. The levels of detoxification

enzymes are changed according to populations.

Keywords: Panonychus ulmi; Resistance; Esterase; GST; P450; AChE

1. Giris

Ulkemizde meyvecilik agisindan Isparta ve gevresi
onemli bir potansiyele sahiptir. Isparta ili uygun
ekolojik kosullart nedeniyle elma yetistiriciligi
bakimindan {lkemizde Onemli bir yeri vardir.
Tiirkiye’de iiretilen toplam elma miktarinin yaklasik
1/5°1 Isparta’da iiretilmektedir. Tiirkiye Istatistik
Kurumu’nun 2013 verilerine gore lilkemizin elma
iiretimi 3.128.450 tondur ve bunun yaklasik 634.862
tonu Isparta’ da iiretilmektedir (TUIK 2014). Elma
bahgelerinin ana zararlist elma ickurdu (Cydia
pomonella L.) olarak bilinmektedir (GTHB 2011).

Elma bahgelerinde, elma igkurdundan sonra
en fazla goriilen zararl tiir kirmizi 6riimeeklerdir.
Avrupa kirmizi oriimcegi Panonychus ulmi Koch.
(Acari: Tetranychidae) ve iki noktali kirmizi
orimcek Tetranychus urticae Koch (Acari:
Tetranychidae) elma bahgelerinde 6nemli zararlara
neden olmaktadir. Avrupa kirmizi Oriimcegi,
diinyanin meyve yetistirilen alanlarinin ¢ogunda en
onemli zararlilardan biridir. P u/mi, yaprak doken
calilar ve Ozellikle Rosacae familyasina ait elma,
armut, erik, seftali gibi ekonomik degeri yiiksek olan
meyve agaglarinda bulunmaktadir (Croft 1975).

Isparta ilinde elma iireticileri zararlhilara karsi
savagimda c¢ogunlukla kimyasal savasimi tercih
etmektedirler. Bolgede erken uyari sistemi kurulu
olmasma ragmen Treticiler bundan geregi gibi
faydalanmamaktadirlar. Demircan &  Yilmaz
(2005), Isparta ili elma bahgelerinde bir iiretim
sezonunda ortalama 12-43 ilaglama yapildigini
belirtmisglerdir. Elma bahgelerinde yapilan yogun
insektisit uygulamasi bahge icerisindeki tiim zararlt
ve yararlt faunasi iizerine etkili olmaktadir. Asirt
ilag kullanimi zararh tiirlerde direng gelisimine,
yararl tiirlerde ise yan etkiye neden olmaktadir.

© Ankara Universitesi Ziraat Fakiiltesi

Direng, normal bir popiilasyondaki
bireylerin ¢ogunu oldiirdligii tespit edilen bir
kimyasal maddenin belirli bir dozuna karsi, aym
popiilasyondaki bazi bireylerin tolerans kazanma
yetenegidir (Hamingway 1998). Etkili bir kimyasal
savag yapmak i¢in zararlilarin ilaglara gosterdigi
duyarlilik diizeylerinin belirli araliklarla kontrol
edilmesinde ve direng belirleme yontemlerinin
gelistirilmesinde yarar vardir. Elma bahgelerinin
onemli bir zararlis1 olan P, u/mi nin yetistirilmesinin
zorlugu nedeniyle ilaglara duyarliligi konusunda
yapilmis calismalar sinirli  sayidadir.  Ayrica
Isparta ve ydresindeki P ulmi popiilasyonlarmin
duyarliliginin belirlendigi bir calismada yoktur.

Bu amagla, Isparta ili elma bahgelerinden
toplanan zararli akar P w/mi’nin kimyasal
savagiminda sik kullanilan etoxazole, spirodiclofen
ve hexythiazox’a karsi duyarlilik diizeylerinin
saptanmasi, detoksifikasyon enzim aktivelerinin
belirlenmesi ¢aligmanin konusunu olusturmustur.

2. Materyal ve Yontem

2.1. Panonychus ulmi popiilasyonlarinin
toplanmasi ve kiiltiire alinmasi

Panonychus ulmi O6rnekleri Isparta ili elma
bahgelerinden 2012 ve 2013 yillarinda toplanmistir
(Cizelge 1). Tesadiifen segilen elma bahgelerinden
toplanan akarla bulasik yapraklar naylon posetlere
konarak etiketlenmis ve buz kaplart ile Siileyman
Demirel Universitesi  Ziraat Fakiiltesi  Bitki
Koruma Boliimii Laboratuvarma getirilmistir. Bu
amagla laboratuvara getirilen tizerlerinde P. ulmi
bulagik yapraklar Stereo-mikroskop altinda kontrol
edilmistir. Akarli yapraklar, i¢i su dolu kiivetler
icerisindeki 2-3 adet elma (Malus domestica
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Borckhausen) ve erik (Prunus domestica Angeleno)
fidanina aktarilarak iklim odalarma alinmistir.
iklim odalar1 26+1 °C sicaklik, % 60-65 nem ve
16:8 aydmlik: karanlik kosullarina ayarlanmigtir.
Popiilasyonlar yeterli yogunluga ulasinca biyoassay
ve biyokimyasal ¢aligmalara baglanmustir.

Caligmalarda karsilastirma popiilasyonu olarak
kullanilan ve 1990 yilindan bu yana ilagsiz ortamda
yetistirilen P. ulmi’nin hassas popiilasyonu HS ise
Bayer CropScience (Almanya)’den saglanmistir
ve tarla popiilasyonlarinda bahsedildigi gibi halen
Siileyman Demirel Universitesi Ziraat Fakiiltesi
Bitki Koruma Béliimii’nde yetistirilmektedir.

2.2. Akarisitler

Calismada hangi akarisitlerin kullanilacagi Isparta
Gida, Tarim ve Hayvancilik {1 Miidiirliigii, Egirdir
Bahge Kiiltiirleri Arastirma Enstitiisii, ilag bayileri
ve Ureticilerle goriisiilerek belirlenmistir. Yapilan bu
goriismeler de Isparta Ili elma bahgcelerinde kirmizi
oriimceklere karsi en fazla kullanilan akarisitlerden
etoxazole (Zoom 10 SC, 110 g L' Sumitomo),
spirodiclofen (Envidor SC 240, 240 g L' Bayer) ve

hexythiazox (Twister 5 EC, 50 g L' Hektas) aktif
maddelerinin ele alinmasina karar verilmistir.

2.3. LC degerlerinin ve direng oranlarinin
belirlenmesi

Bu ¢alismada, P. u/mi’nin yaygin kullanilan ilaglara
kars1 duyarlilik ve detoksifikasyon enzim diizeyleri
incelenmistir. Biyoassay denemelerinde kullanilan
akarisitler larva donemine etkili oldugu igin larval
biyoassay yontemi kullanilmistir. Bu amagla
Rauch & Nauen (2002)’in yontemi uyarlanarak
kullanilmistir.

LC,, belirleme ¢aligmalarinin  tamaminda
0-24 saatlik larvalar kullanilmistir. 0-24 saatlik
larvalar 1slak pamuk iizerine yerlestirilmis erik
yapraklari iizerine ince uglu bir fir¢ca yardimi ile
aktarilmigtir. Larvalarin yaprak disina kagmamasi
icin yaprak disklerin kenar1 Tangle trap yapiskan
ile cevrelenmistir. Bu islere paralel olarak yukarida
ozellikleri verilen akarisitlerden 6-7 farkli dozlarda
konsantrasyonlar hazirlanmistir. Calismalarda ilag
formiilasyonu kullanilmistir. Hazirlanan akarisit
konsantrasyonlari, petrilerde bulunan P, u/mi larvalar

Cizelge 1- Panonychus ulmi popiilasyonlarinin toplanma yerleri ve toplanma tarihleri

Table 1- Collection site and date of Panonychus ulmi populations

Tiir Ornegin toplandigi yer Tarih

Panonychus ulmi HS (Hassas) 22.02.2012
Balkiri-Egirdir 13.06.2012
Tepeli-Egirdir 13.06.2012
Eyiipler-Egirdir 27.06.2012
Egirdir goli kiyisi-Gelendost 13.06.2012
Eski Gelendost yolu-Gelendost 13.06.2012
Harmandren-Atabey 13.06.2012
Agilkoy-Egirdir 30.05.2013
Biiyiik Gokeeli-Isparta 30.05.2013
Yalvag 10.06.2013
Gonen 30.05.2013
Biiyiik Kabaca-Senirkent 10.06.2013
Gelendost yeni yol 30.05.2013
Bagilli-Gelendost 10.06.2013
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tizerine dogrudan 1 bar basingla 2 mL olacak sekilde
ilaglama kulesi ile uygulanmistir. Kontrole ise saf
su uygulanmigtir. Uygulama yapilan akarlar 20-30
dakika havalandirilarak, 26+1 °C sicaklik, % 60-65
nem ve 16:8 aydinlik:karanlik kosullarindaki iklim
kabinine alinmustir. Olii-canli degerlendirmeleri
7. ginde yapilmistir. Kontroldeki oliimler
% 10°u geecmemistir, kontroldeki 6liim oranlari
% 10’u gegtiginde denemeler tekrarlanmistir. LC,
belirlemesinde popiilasyonlarda yaklasik % 10 ile
% 90 arasinda 6liime yol agan ila¢ konsantrasyonlar1
kullanilmaya ¢aligilmistir. Denemeler en az {i¢
tekerriirlii yapilmistir. Her petri, bir tekerriir olarak
kabul edilmis ve her petride en az 15 larva olmasina
O0zen gosterilmistir.  Sayim sonuglarindan elde
edilen veriler dozlara gore toplanarak POLO paket
programinda (LeOra Software 1994) probit analiz
yontemiyle popiilasyonlarin LC, degerleri elde
edilmistir. Direng oranlari, bahge popiilasyonlarinin
LC,, degerlerinin hassas popiilasyonun LC,

50
degerlerine boliinmesiyle bulunmustur.

2.4. Biyokimyasal ¢alismalar

Biyokimyasal ¢alismalarda esteraz, glutation-
S-transferaz (GST) ve cytochrome P450
monooksijenaz (P450) enzim aktiviteleri mikroplaka
okuyucu cihazlar kullanarak belirlenmistir. P450
enzimleri iki farkli substratla PNOD (p-nitroanisole)
ve 7-ECOD (7-Ethoxycoumarin) iki farkl tipteki
mikroplaka okuyucuda (fotometrik ve florimetrik)
Ol¢iilmiistiir.

Panonychus ulmi’nin  esteraz enzimlerinin
kinetik aktivitesinin incelenmesi: Kinetik esteraz
aktivitesinin  belirlenmesinde  a-naphtylacetate
substrati, 96 hiicreli diiztabanli mikroplakada
Stumpf & Nauen (2002)’in gelistirdikleri yontemle
kullanilmistir. 20 adet ergin disi % 0.1 Triton X-100
iceren 100 puL sodyum fosfat buffer (0.1 M, pH 7.5)
icinde plastik pestle yardimiyla eppendorf tiiplerde
ezilmistir. Bu homojenat 10000 g ve +4 °C’da 5
dakika santrifiij edildikten sonra supernatant kismi
enzim kaynagi olarak kullanilmistir. Mikroplaka
hiicrelerine dnce 25 pL 0.2 M fosfat buffer (pH 6)
ve iizerine 10 kez seyreltilen enzim kaynagindan 25
pL konulmustur. Esteraz enziminin kinetik okumasi

200 pL  substrat soliisyonunun eklenmesiyle
baslatilmistir. Substrat soltisyonu 30 mg Fast blue
RR tuzunun 50 mL 0.2 M sodyum fosfat buffer (pH
6)’da ¢oziilmesi ve bu karisima 500 pL 100 mM
a-naphtylacetate’in ilavesiyle elde edilmigtir. Enzim
aktivitesi 23 °C ve 450 nm’de 10 dakika siireyle
mikroplaka okuyucuda (Versamax, Molecular
Devices) okunmustur. Kontrol ise homojenatsiz
olarak okunmustur. Enzim okumalari en az {i¢
tekerriirlii olarak yapilmistir.

Panonychus ulmi’nin GST enzimlerinin kinetik
olarak incelenmesi: GST enziminin kinetik olarak
belirlenmesinde de Stumpf & Nauen (2002)’in
gelistirdikleri yontem kullanilmistir. 30 ergin disi
300 uL Tris HCL buffer (0.05 M, pH 7.5) iginde
eppendorf tiiplerde plastik pestle kullanilarak
ezilmigtir. 100 pL supernatant 10000 g ve +4 °C’da
5 dakika santrifiij edilmistir. 100 pL supernatant,
100 pL 1-chloro-2,4-dinitrobenzene (CDNB) ve
100 pL reduced glutathione (GSH)’dan olusan
toplam hacim mikroplaka hiicrelerine koyulmustur.
Son konsantrasyonda CDNB (% 0.1 v v etanolde)
0.4 mM ve GSH (Tris HCL bufferda) ise 4 mM
olacak sekilde hazirlanmistir. Kontrol hiicrelerinde
ise sadece CDNB ve GSH homojenatsiz olarak
okunmusgtur. Absorbanstaki degisim 340 nm’de 25
°C’de 5 dakikada okunarak belirlenmistir. Enzim
okumalari en az ¢ tekrarli olacak sekilde yapilmustir.

Panonychus ulmi’nin asetilkolinesteraz
(AChE) enziminin kinetik olarak incelenmesi:
Asectilkolinesteraz ~ belirlenmesinde ~ Stumpf et
al (2001) yontemi wuyarlanarak kullanilmistir.
P ulminin 50 ergin disisi eppendorf tiip i¢inde
bulunan 500 pL % 0.1 Trion X-100 igeren 0.1
M fosfat buffer (1 mL, pH 7.5) i¢inde plastik
pestle ile homojenize edilmistir. Buz iginde 20
dakika dokularin c¢oziilmesi beklendikten sonra,
homojenat 10000 g, 4 °C’de 5 dakika santrifiij
edilerek elde edilen supernant enzim kaynagi
olarak kullanilmistir. AChE aktivitesini 6l¢mek i¢in
mikroplaka hiicrelerine 100 uL acetylcholine iodide
(ATChI), 100 pL 5.5-dithiobis (2-nitrobenzoic
acid) (DTNB) ve 100 pL enzim soliisyonu
konmustur. 300 pL’lik son konsantrasyonunda
her bir maddenin miktar1 0.5 mM olmustur. AChE
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aktivitesi mikroplaka okuyucuda 23 °C’de 412
nm’de 20 dakikada olglilmiistiir. Kontrol hiicreleri
ise homojenatsiz olarak okunmustur. Okumalar en
az u¢ tekrarl olacak sekilde yapilmistir.

Panonychus ulmi’nin P450 enziminin fotometrik
aktivitesinin incelenmesi: P450 enzim aktivitesinin
belirlenmesinde substrat olarak p-nitroanisole
(PNOD) kullanilmistir. Bu enzimin belirlenmesinde
Rose et al (1995) yontemi uyarlanarak kullanilmistir.
P450 enzim aktivitesi i¢in popiilasyondan yaklasik
50 adet disi birey ependorf tiipe alinarak 200 pL
homojenizasyon bufferda (0.05 MTris-HCIl+%
1.15 KCl+1 mM EDTA pH 7.7) ezilerek +4
°C’de 20000 g’de 20 dakika santrifiij edilmistir.
Santrifiij sonrasi siipernatant enzim kaynagi olarak
kullanilmisti. PNOD substrat1 ile enzim okunmasi
i¢cin mikroplakanin her kuyucuguna 90 pL enzim
kaynagi+100 uL 2 mM p-nitroanisole ecklenerek
karistm 30 °C’de 3 dakika inkiibe edilmistir.
Reaksiyon 10 pL 9.6 mM NADPH cklenerek
baslatilmig, kontrol hiicreleri ise homojenatsiz
olarak okunmustur. Enzim aktivitesi 405 nm’de 30
°C’de 15 dakika 34 saniye araliklarla mikroplaka
okuyucuda (Versamax, Molecular Devices)
okunmus ve 4 tekerriirlii olarak gergeklestirilmistir.

Panonychus ulmi’nin P450 enziminin florimetrik
aktivitesinin incelenmesi: P450 enziminin florimetrik
belirlemesinde Rauch ve Nauen (2002) uygulamis
oldugu metot uyarlanarak kullanilmistir. Panonychus
ulmi’nin 100 adet disisi, 200 pL sodyum fosfat buffer
(0.1 M, pH 7.6) igerisinde homojenize edilmistir. Bu
homojenattan 50 pL almarak mikroplaka hiicresine
konulduktan sonra iizerine 40 pL sodyum fosfat
buffer eklenmistir. Sonrasinda her bir hiicreye 2 puL
7-ethoxycoumarin (7-EC) ve 10 uL NADPH eklenmis
ve final konsantrasyonunda 0.4 mM 7-EC ve 1 mM
NADP olmasi saglanmistir. Daha sonra bu karigim
30 °C’de 44 g’de 30 dakika calkalanarak inkiibe
edilmistir. Chauret et al (1998)’un tanimladig1 sekilde
NADPH uzaklastirilmigtir. Bu amagla 10 pL glutathion
oksidaz (100 mM su igerisinde) ve 13 pL glutathion
rediiktaz (1.3 U) eklenmistir. Oda sicakliginda 10
dakika bekletildikten sonra bu reaksiyon % 50°lik 125
pL asetonitril [Trizma-basebuffer (0.05 M, pH 10)
igerisinde] kullanilarak durdurulmustur. Florimetrede

(SpectraMax Gemini XS model; Molecular Devices)
enzim okumasi 390 nm ve 465 nm’de okunmus ve
4 tekerriirli olarak gergeklestirilmistir. Kontrole
ise homojenat koyulmamustir. Elde edilen veriler
7-hydroxycoumarin (7-HC) ile standardize edilmistir.

Biitiin enzim testlerinde toplam protein
miktarinin belirlenmesinde Bradford (1976) yontemi
kullanilmigtir. Enzimlerin aktivitesi (mOD dakika™!
mg protein’! veya ng 30 dakika™! mg protein™') degeri
olarak Softmax PRO yazilimi ile analiz edilmistir.
Veriler SAS-GLM kullanilarak 0.05 standart sapma
degeri esas alinarak analiz edilmistir (SAS 1999).

3. Bulgular ve Tartisma

3.1. Biyoassay ¢alismalarin sonuglart

Elma bahgelerinde elma igkurdundan sonra en fazla
ekonomik kayba neden olan ve en fazla savagimi
yapilan zararlilardan biri de P. u/mi’dir. P. ulmi nin
Isparta popiilasyonlarinin yaygm kullanilan {i¢
akarisite (Spirodiclofen, hexythiazox ve etoxazole)
karst duyarlilik diizeyleri incelenmistir. Bu g
akarisite karsi sadece bir popiilasyon disinda
onemli bir duyarlilik kaybi belirlenememistir.
Direng diizeyleri; LC, ve LC,, degerlerine gore
sirastyla sprodiclofen’e <1-1.95 kat ve <1-2.9
kat, hexythiazox’a <1-2.36 kat ve <1-2.17 kat, ve
etoxazole’e <1-7.30 kat ve <1-7.25 kat arasinda
degismistir. Etoxazole LC, ve LC, degerine sadece
bir popiilasyonda (Eytiipler-Egirdir) 7.30 ve 7.25 kat
direng belirlenmistir (Cizelge 2, 3 ve 4).

3.2. Biyokimyasal ¢calismalarin sonug¢lar

Panonychus ulmi popiilasyonlarimin detoksifikasyon
enzimleri incelenmis ve sonuglar Cizelge 5’de
verilmisti. Her yilin popiilasyonlar1 ve hassas
popiilasyon kendi iglerinde karsilastirilmustir. Cizelge
5’de goriildiigii gibi 2012 ve 2013 yilinda toplanan
P ulmi popiilasyonlarinin esteraz enzim aktiviteleri
popiilasyonlara gore degismistir. Her iki yilda da en
az esteraz enzim diizeyi hassas HS popiilasyonunda
belirlenmistir. 2012 yilinda bir popiilasyonun, 2013
yilinda da bes popiilasyonun esteraz enzim diizeyi
istatistiki olarak hassas HS popiilasyonundan onemli
derecede yiiksek ¢ikmugstir (P<0.05) (Cizelge 5).
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Cizelge 2- Panonychus ulmi popiilasyonlarinda spirodiclofen i¢in elde edilen LC,, degerleri ve direng

oranlan®

Table 2- LC, value and resistance ratio for spirodiclofen in Panonychus ulmi populations™

LC,, uL 100 mL”

Popiilasyon n Egim+SH (% 95 giiven arahiklarr) LC,, Direng orant LC,,Direng oram

HS (hassas) 311 1.402+0.213 20.160 - -
13.532-29.071

Balkiri-Egirdir 291  1.374+0.220 21.821 1.08 1.12
14.165-31.778

Tepeli-Egirdir 303 1.178+0.200 39.478 1.95 2.9
26.420-64.286

Eytipler-Egirdir 347  1.445+0.206 36.002 1.79 1.6
24.066-51.078

Egirdir goli kiyisi- 409 1.283+0.175 35.669 1.77 2.1

Gelendost 15.008-74.555

Eski Gelendost 291  1.614+0.206 11.571 <1 <1

yolu-Gelendost 6.211-18.440

Harmanoren- 274 1.912+40.240 12.548 <1 <1

Atabey 7.146-19.313

Agilkoy 339 2.356+0.298 16.347 <1 <1
12.235-20.690

Biiyiik Gokgeli 355 2,047+0.249 15.357 <1 <1
11.496-19.606

Gelendost yeni yol 350  1.744+0.248 24.259 1.2 <1
17.127-32.670

Gonen 352 2.145+0.306 19.007 <1 <1
13.853-24.305

Biiyiik Kabaca 381  1.843+0.212 21.619 1.08 <1
15.657-28.373

Yalvag 347  2.666+0.316 10.153 <1 <1
7.976-12.465

Bagillh 329  2.863+0.388 13.816 <1 <1

10.580-17.088

* calismada verilen dozlar formiilasyon iizerindendir; **, n: denemede kullanilan birey sayisi; ***, direng orani= bahge
popiilasyonlarmin LC,  veya LC, degeri/hassas popiilasyonun LC, veya LC, degeri
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Cizelge 3- Panonychus ulmi popiilasyonlarida hexythiazox i¢in elde edilen LC, degerleri ve diren¢ oranlari*

Table 3- LC,,value and resistance ratio for hexythiazox in Panonychus ulmi populations*

LC. uL 100 mL”

n - M- . - . -

Popiilasyon n Egim+SH (% 95 gitven araliklarr) LC,, Direng oram LC,,Direng orani

HS (hassas) 318 1.383+0.198 28.685 - -
14.823-49.005

Balkiri-Egirdir 281  1.829+0.257 21.905 <1 <1
11.370-38.296

Tepeli-Egirdir 224 1.285+0.314 44.126 1.53 1.8
24.407-88.484

Eyiipler-Egirdir 241 1.192+0.257 18,345 <1 <1
8.900-31.497

Egirdir golii kiyisi- 379 1.963+0.352 53.676 1.87 <1

Gelendost 25.300-87.240

Eski Gelendost 297  1.442+0.432 67.933 2.36 2.17

yolu-Gelendost 40.086-120.704

Harmandren- 250  1.303+0.389 46.162 1.61 1.8

Atabey 21.657-83.307

Agilkoy 385  2.647+0.350 24.885 <1 <1
18.954-30.711

Biiyiik Gokgeli 368 2.913+0.386 25.290 <1 <l
19.791-30.698

Gelendost yeni yol 340  1.723+0.234 34.447 1.2 <1
25.898-45.475

Gonen 352 2.23540.264 26.160 <1 <1
20.251-32.556

Biiyiik Kabaca 365  2.664+0.382 23.185 <1 <1
17.145-28.941

Yalvag 338 2.282+0.271 21.887 <1 <1
16.555-27.703

Bagilli 356 2.398+0.306 18.188 <1 <1

13.607-22.905

* caliymada verilen dozlar formiilasyon iizerindendir; **, n: denemede kullanilan birey sayisi; ***, direng orani= bahge
popiilasyonlarmin LC,  veya LC, degeri/hassas popiilasyonun LC, veya LC, degeri
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Cizelge 4- Panonychus ulmi popiilasyonlarinda etoxazole icin elde edilen LC_ degerleri ve diren¢ oranlari*

Table 4- LC,value and resistance ratio for etoxazole in Panonychus ulmi populations*

LC  uL 100mL”’

Popiilasyon n™  Egim+SH (9 95 giiven araliklar) LC,, Direng oram***  LC, Direng orant™"
HS (hassas) 241  1.28740.210 59.944 - -
28.291-118.341
Balkiri-Egirdir 209 1.387+0.214 121.409 2.03 1.7
48.535-247.178
Tepeli-Egirdir 330  1.596+0.183 37.406 <1 <1
27.940-48.276
Eyiipler-Egirdir 269  1.291+0.209 437.292 7.30 7.25
188.411-1003.522
Egirdir goli 241  1.882+40.267 115.790 1.93 <1
kiyisi-Gelendost 82.270-154.627
Eski Gelendost 350  1.502+0.175 94.718 1.58 1.13
yolu-Gelendost 70.522-123.508
Harmanoéren- 341 1.281+0.170 122.091 2.04 2.06
Atabey 58.658-219.075
Agilkdy 446  2.066+0.316 156.289 2.6 1.09
109.134-202.685
Biiytik Gokgeli 406 1.603+0.179 86.330 1.4 <1
63.064-113.515
Gelendost yeni 396  1.388+0.178 123.349 2.05 1.7
yol 83.607-173.037
Gonen 452 1.526%0.161 46.353 <1 <1
32.246-62.839
Biiyiik Kabaca 400 1.914-0.242 74.857 1.2 <1
52.796-98.215
Yalvag 404  1.576%0.190 105.228 1.75 1.1
73.554-142.197
Bagill 420  2.134+0.250 79.976 1.3 <1

59.144-102.188

* calismada verilen dozlar formiilasyon tizerindendir; **, n: denemede kullanilan birey sayisi; ***, direng orani= bahge
popiilasyonlarmin LC,  veya LC, degeri/hassas popiilasyonun LC, veya LC, degeri
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Panonychus ulmi’nin 2012 ve 2013 yilinda
toplanan popiilasyonlarinin GST enzim diizeyleri
popiilasyonlara gore degismistir (Cizelge 5). GST
enzim diizeyi 2012 yilinda 4 popiilasyonda, 2013
yilindaise 3 popiilasyonda hassas HS popiilasyonuna
gore Onemli derecede yiiksek ¢ikmigtir. Diger
popiilasyonlarin GST aktivitesi ise ya hassas HS
popiilasyonu ile ayni diizeyde ya da daha diisiik
diizeyde bulunmustur (P<0.05) (Cizelge 5).

Panonychus ulmi popilasyonlarinin  AChE
aktiviteleri de incelenmis ve elde edilen sonuglar
Cizelge 5°de verilmistir. P ulmi’nin 2012 ve
2013 yilinda toplanan popiilasyonlarinin AChE
aktivite diizeyleri popiilasyonlara gore degisiklik
gostermistir  (Cizelge 5). AChE enzim diizeyi
sadece 2012 yilinda iki popiilasyonda hassas HS
popiilasyonundan 6nemli derecede yiiksek ¢ikmustir,
2012 yilinda toplanan diger popiilasyonlarinki ise
hassas HS popiilasyonu ile ayni diizeyde ya da
daha diisiik diizeylerde bulunmustur. 2013 yilinda
toplanan biitiin popiilasyonlarin AChE enzim
diizeyleri hassas HS popiilasyonunki ile istatistiki
olarak ayni diizeyde olmustur (P<0.05) (Cizelge 5).

Panonychus ulmi’nin P450 enzimi; PNOD
substrat1 ile mikroplakada okuyucuda kinetik ve
7-Ethoxycoumarin substrat1 ile florimetre de endpoint
olmak tizere iki farkli yontemle belirlenmistir. P. ulmi
popiilasyonlarmin PNOD ile elde edilen sonuglarina
gore popiilasyonlart P450 enzim aktiviteleri arasinda
onemli bir farklilik bulunamamigtir (P<0.05)
(Cizelge 5). Ancak 7-Ethoxycoumarin ile elde
edilen sonuglara gore popiilasyonlar arasinda énemli
derecede farkliliklar belirlenmistir. 2012 yilinda
toplanan biitiin popiilasyonlarin P450 aktiviteleri
arasinda onemli derecede farkliliklar belirlenmistir.
En diisiik P450 enzim aktivitesi Eski Gelendost yolu-
Gelendost popiilasyonunda belirlenirken, en yiiksek
P450 enzim aktivitesi ise Harmanoren-Atabey
popiilasyonunda belirlenmistir. P ulmi’nin 2013
yilinda toplanan popiilasyonlarinda da P450 enzimi
florimetrik okumalarinda popiilasyonlar arasinda
onemli farkliliklar belirlenmistir. En diigiik P450
enzim aktivitesi Bagilli popiilasyonunda belirlenirken
en yiiksek P450 enzim aktivitesi ise Biiyiik Gokgeli
popiilasyonunda belirlenmistir (P<0.05) (Cizelge 5).

Elde edilen bulgulara bagli olarak uygulanan
ilaglara kars1 popiilasyonlarda, hassas popiilasyona
oranla onemli Olglide bir duyarlilik kaybi
belirlenememistir. Thwahite (1991), Avustralya’da
1984-1987 yillarinda P. ulmi’ye karst clofentezine
ve hexythiazox kullanildigini ve 1988 yilinda
clofentezine’e direng gelistigini bildirmistir. Buna
ilaveten ayni arastirict Dogu Avustralya’daki elma
bahgelerinden toplanan 23 P. ulmi popiilasyonunun
clofentezine’e, bunlardan 19’unun ayni zamanda
hexythizox’a direngli oldugunu rapor etmislerdir.
Yu et al (2011), Panonychus citri McGregor’yi
spirodiclofen ile selekte etmiglerdir ve 51.2 kat direng
gelistigini belirtmislerdir. Ayrica seleksiyon maruz
birakilan popiilasyonun ¢apraz direng ¢alismalarinda
spirotetramat, abamectin, hexythiazox, pyridaben,
fenpropathrin,  fenbutatinoxide, fenpyroximate,
clofentezine, chlorfenapyr, bifenthrin ve amitraz’a
sirastyla; 29.5,2.3,1.2,3.7,1.6,0.9,4.7,1.8,2.1, 1.8
ve 2.7 kat direng belirlemislerdir. Yukarida verilen
caligmalarda da goriildiigii gibi P. u/mi popiilasyonlart
birgok akarisite direng¢ gelistirebilmektedir. Ancak
bu sonuglara gore Isparta ili elma bahcelerinden
toplanan P ulmi popililasyonlarinda ¢alismada
kullanilan akarisitlere karsi bir duyarlilik kaybi
belirlenememistir. Bunun nedenlerinin  basinda
Isparta ilinde bulunan elma bahgelerinde avci akar
Neoseiulus  californicus (McGregor)'un yaygin
olmasidir. Bu calisma sirasinda ve daha Onceki
yapmis oldugumuz galigmalarda topladigimiz akar
populasyonlarinin % 50°sinden fazlasinin bu aver akar
ile bulasik oldugu belirlenmistir (Yorulmaz-Salman
& Ay 2012; Yorulmaz-Salman & Ay 2013; Yorulmaz-
Salman et al 2014). Ayrica bolgede treticiler zararlt
akar ve diger boceklere karst ¢ok fazla ve farkli etkili
maddeye sahip ila¢ kullanmaktadir. Buda akarlarda
direng gelisimini 6nlemis olabilir.

Isparta ili elma bahgelerinden toplanan P. ulmi
popiilasyonlarmin esteraz, GST, AChE ve P450
ve enzimlerinin aktiviteleri farkli yontemlerle
incelenmistir. P, ulmi popiilasyonlarmin detoksifikasyon
enzim diizeylerinde farklili sonuglar belirlenmistir.
Rauch & Nauen (2002), spirodiclofen ile 37 kez
selekte ettikleri 7. wurticae popiilasyonunda 13 kat
direng gelistigini ve spirodiclofenin PBO ile 3.8
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kat, prefonos ile 2.1 ve DEM ile 1.4 kat sinerjistik
etki gosterdigini bildirmiglerdir. Ayni ¢aligmada
seleksiyon popiilasyonunda esteraz enziminin
ve GST enzimin 1.2 kat P450 enziminin ise 2.1
kat arttigr bildirmisglerdir. Van Pottelberge et al
(2009), spirodiclofen ile selekte ettigi 7. urticae
popiilasyonunun spirodiclofen’e 5 ayda 274 kat
direng gelistirdigi ve spirodiclofen’in PBO ile 3.5
kat DEF ile 3.3 kat ve DEM ile 1 kat sinerjistik
etki gosterdigini bildirmislerdir. Kramer & Nauen
(2011), Avrupa’dan topladiklar1 63 farkli P ulmi
popiilasyonlarinin  bazilarinda diisiik ve orta
diizeyde direng belirlemislerdir. Laboratuvarda
spirodiclofen’le selekte ettikleri bir popiilasyonda
6 ayda 7000 kattan fazla direng gelismistir. Bu
popiilasyonda spirodiclofenle en iyi sinerjistik
etkiyi PBO’nun gosterdigini bildirmislerdir. Pree
et al (2005), yaptiklart calismada etoxazole direngli
P. ulmi’nin clofentezine ve hexthizox’a kars1 direng
gelistirdigini  belirtmislerdir. Kumral & Kovanci
(2007), Bursa ilinin elma bahgelerinden topladiklari
P ulmi’nin LC, degerine gére amitraz, dicofol,
bromopylate ve fenpyroximate karsi sirasiyla
2.2-11.9, 0.8-3.6, 1.0-22.5 ve 0.9-7.9 kat direng
bulmuslardir. Kumral et al (2009), ise yine ayni
bolgeden topladiklart P ulmi popiilasyonlarinda
chlorpyrifos ve lambda-cyhalothrin’e karsi 6.0-35.6
ve 0.7-5.7 kat direng belirlemisgler ve direncin esteraz
ve GST ile iliskili olabilecegini bildirmislerdir.

Elde edilen sonuglara gore P ulmi’de bu
ilaglara 6nemli bir 6l¢iide direng belirlenemedigi
ve sinerjistler ile ¢alisma kosullart olusmadigt i¢in
¢alismada kullanilan ilaglarin direng mekanizmalart
hakkinda yorum yapmak miimkiin degildir.
Ancak bazi popiilasyonlarda bazi detoksifikasyon
enzimlerinin yiiksek olmasi, diger bazi ilaglara karst
direng gelistirmis olabilecegine isaret etmektedir.

4. Sonuclar

Zararlilarla savasimda kimyasallarin yogun kullanimu,
bir¢ok probleme neden olmaktadir. Bunlardan bazilari,
hedef dis1 organizmalar ve faydalilarin yok edilmesi,
tirlinde kalinti, gevre kirliligi ve organizmalarda direng
gelisimidir. Yaprakbiti, kirmizidriimeek gibi zararlilar
kisa siirede dol vermesi nedeniyle tarim ilaglarina

hizli direng gelistirebilmektedirler. P ulmi’ye karsi
sadece kimyasal miicadelenin tercih edilmesi
durumunda diren¢ problemlerinin ortaya ¢ikma
olasiligi artmaktadir. Auger et al (2003), Fransa’da
bazi elma bahgelerinde P ulmi’ye karsi kullanilan
METI akarisitlerin etkisiz oldugunu ve laboratuvarda
yapilan calismalarda P u/mi popiilasyonlarinin
fenzaquine’e karst 19.8-38.8 kat ve tebufenpyrad’e
kars1 16.8-39.8 kat direng gelistirdigini belirlemistir.
Elma bahgelerinde kimyasal miicadele yerine diger
miicadele yontemlerinin ireticilere 6zendirilmesi
gerekmektedir. Ozellikle zararhlar1 baski altina aldig
bilinen yararli popiilasyonlar {izerinde daha g¢ok
calistlmalidir. Akarisitlerin dogal diismanlar tizerindeki
yan etkileri belirlenmelidir, arazideki miicadelelerde
faydali organizmalarin direng gosterdigi, zararli
kirmizoértimeeklerin  ise duyarli oldugu akarisitler
tercih edilmelidir. Kimyasal miicadele kagmilmaz
ise populasyonlarda diren¢ diizeyleri siirekli olarak
izlenmeli ve miicadelede hi¢ yada en diisiik direng
gelisen akarisitler tercih edilmelidir. Genis etki
mekanizmasma sahip akarisitler yerine spesifik
olanlar1 kullanilmali, ayni etki mekanizmasima sahip
veya ayni grup akarisitler siirekli kullanilmamali ve
ilag uygulamalarinda rotasyon yapilmalidir.
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OZET

Bu ¢alisma, Tiirkiye nin farkli ekolojilerine sahip Bursa ve Ankara illerinde patlicanlarda 2009-2011 yillarinda akar
tir gesitliligi ve baskin akar tiirlerinin popiilasyon dalgalanmasini saptamak amaciyla yiiriitilmiistiir. Bu ¢alismada
saptanan 32 tiir iginden bitki zararlis1 Tetranychus urticae Koch (Acari: Tetranychidae) ve avel Neoseiulus californicus
(McGregor) (Acari: Phytoseiidae) baskin tiirler olarak belirlenmistir. Acari takimi iginde Phytoseiidae 11 tiirle en
zengin familya olmasina ragmen, sadece bes tiire sahip Tetranychidae familyas: tiim drneklerin % 85°ini olusturmustur.
Kozmopolit bitki zararlisi tiir 7 urticae ile aver tir Neopronematus rapidus (Kuznetsov) (Acari: Iolinidae) her iki ilde
de saptanirken, diger tiirlerin varligi iller arasinda farklilik gostermistir. Typhlodromus (Anthoseius) pysllakisi (Swirski
& Ragusa) (Phytoseiidae), N. rapidus ve Zygoribatula frisiae (Oudemans) (Acari: Oribatidae) tiirleri ise Tiirkiye
faunas: igin ilk kayit olmustur. Her iki ilde de akar tiir gesitliligini artiran grup avci akarlar olmustur. Bursa’da 2010
yilinda patlicanlar iizerinde bitki zararlis1 akar 7. urticae’nin populasyon yogunlugu Haziran basinda artmaya baglamis
ve Temmuz, Agustos, Eyliil ve Ekim baglarinda dort tepe noktasi olusturmustur. Caligmanin ikinci yilinda Haziran
basindaki yogun yagislar nedeniyle erginler Haziran ortasinda ¢ikmaya baslamis ve Temmuz ve Agustos basi ve sonunda
3 tepe noktast meydana getirmistir. Ankara’da ise T. urticae’nin 2010 yilinda Agustos, Eyliil ve Ekim baginda belirgin
olarak ii¢ tepe noktast olusturdugu belirlenmistir. Genellikle 7 urticae ve avci akarlar ayni donemlerde goriilmis
olup, o6zellikle aver tiirlerden N. californicus bu zararlinm populasyonuna belirgin olarak sayisal tepki olusturmustur.
Phytoseiid popiilasyonlart Agustos basindan Ekim basina kadar artig gostermistir.

Anahtar Kelimeler: Zararli akarlar; Aver akarlar; Popiilasyon; Biyogesitlilik; Patlican
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ABSTRACT

A study was carried out in order to determine the mite species-diversity and population fluctuations on eggplant in two
provinces (Bursa and Ankara) which were located in different ecological areas of Turkey during 2009-2011. Among
thirthy two species, predominant pest and predator species were Tetranychus urticae (Koch) (Acari: Tetranychidae)
and Neoseiulus californicus (McGregor) (Acari: Phytoseiidae) on eggplant. Although Phytoseiidae had the greatest
richness with eleven species, five species of Tetranychidae had formed 85% of mite species. Although the cosmopolite
pest species, T. urticae, and predatory species Neopronematus rapidus (Kuznetsov) (Acari: lonilidae) were found the
shared, the mite species diversity between provinces was very different. Typhlodromus (Anthoseius) psyllakisi (Swirskii
& Ragusa) (Phytoseiidae), N. rapidus and Zygoribatula frisiae (Oudemans) (Acari: Oribatidae) were found as the first
record for Turkey’s fauna. The group increasing mite diversity was predatory mites in both provinces. The population
density of T urticae on eggplant began to increase in early June and occured four peaks in early July, August, September
and October of 2010 in Bursa. Whereas, in 2011, the mites emerged in mide June and peaked three times in early July,
early and late August due to intense rainfall in early June. In Ankara, spider mite populations were occurred three peaks
in early August, September and October of 2010 year. Tetranychus urticae and predatory mites were observed similar
time period with those on eggplant and especially N. californicus existed in a stronger clear numerical response to 7.
urticae population. Phytoseiids on eggplant fields emerged in early August and increased until early October.

Keywords: Plant parasitic mites; Predatory mites; Population; Bio-diversity; Eggplant

1. Giris

Patlican, Solanum melongena L. (Solanaceae)
besleyici rolii ile 5nemli bir sebze tiirtidiir. Diinya’daki
en Onemli patlican yetistirici iilke 29 milyon ton
iiretim ile Cin olup, bu iilkeyi Hindistan, Misir ve 799
bin ton iiretim ile Tiirkiye izlemektedir (FAO 2012).
Ulkemizde en yiiksek iiretim 359.357 ton ile Akdeniz
bolgesinde olmakla birlikte, Marmara Bolgesi (Bursa
bolgenin % 40’m1 karsilamakta)’nde 89.563 ton;
Orta Anadolu’da 9.400 ton (Ankara bolgenin %
23’iinii olusturmakta) patlican iiretilmektedir (TUIK
2012). Patlican tizerinde bugiine kadar yapilan
faunistik ¢alismalarda yaklasik 10 zararli ve avci akar
tiirii belirlenmistir (Ongéren et al 1975; Cobanoglu
1989; Cikman et al 1996; Kumral & Kovanci 2005;
Can & Cobanoglu 2010; Ozsisli & Cobanoglu 2011;
Reddy et al 2011). Patlican iiretiminde gerek nicelik
gerekse nitelik yoniinden iiriin kayiplarina neden olan
kirmizidrimeek tiirleri Tetrancyhus urticae (Koch)
ve 1. cinnabarinus Boisdual (Acari: Tetranychidae)
patlicanin ana zararlilarindandir (Soysal & Yayla
1988; Grewal 1992; Kapoor et al 1997; Yasarakinct
& Hincal 1997; Singh & Singh 1999; Brar et al 2003;
Leite et al 2003; Kumral & Kovanci 2005; Ozsisli &
Cobanoglu 2011). Son yillarda yapilan ¢aligmalar, bu
iki tiirlin aslinda tek tiir oldugunu ve kirmizi ve yesil

© Ankara Universitesi Ziraat Fakiiltesi

morfolojik formlari bulundugunu gostermistir (Auger
et al 2013). Tarimsal iiretimde kirmizidriimeeklerin
yaninda zararli bocek tiirlerine karsi yogun ilag
kullanimi hem dogal diismanlarin popiilasyonlarmin
azalmasina hem de ¢evre kirliligine neden olmaktadir
(Yu 2008). Kontrolsiiz ilaglamalar sonucunda
dogal diisman tiir ¢esitliliginin azalmasi veya
popiilasyonlarinin diismesiyle kirmizidriimceklerden
kaynaklanan zarar oraninda bir artis gozlenmistir
(Kumral & Kovanci 2005). Nitekim iilkemizde
yapilan bir ¢alismada kirmizidriimeek tiirlerinin (70
urticae ve T. cinnabarinus) popiilasyonlarmin tiretim
donemi boyunca 2 veya 3 kere ekonomik zarar esigi
iizerine ¢iktigi bildirilmektedir (Soysal & Yayla 1988).
Diger taraftan, kirmizidriimeeklerle miicadelede avci
akar tiirleri olan phytoseiidler onemli yer tutmaktadir.
Giliniimiizde bircok phytoseiid tiirii patlicandaki
hem kirmiziériimeeklerin hem de beyazsinek ve
thripslerin savagimi igin ticari olarak iiretilmekte ve
kullanilmaktadir (Moon et al 2006; Stansly et al 2009;
Shibao et al 2009). Ayrica, Bdellidae, Cheyletidae,
Cunaxide, Stigmaeidae ve lolinidae familyasindan
bazi avci tiirler patlicanda belirlenmistir (Kumral &
Kovanci 2005). Ulasabilen kaynaklara gore bugiine
kadar patlicanda bazi faunistik ve popiilasyon
dalgalanmasi ¢aligmalart yiiriitiilmiis olup, higbirinde
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tirlerin  biyolojik ¢esitliligi ve zararlilarin avci
tiirlerle olan iligkileri incelenmemistir. Bu nedenle,
bu galismanin amaci iilkemizin iki ¢ok farkli ekolojik
kosullara sahip (1liman ve karasal iklim) bdlgesinde
bulunan Bursa ve Ankara’daki patlicanlarda bulunan
akar tiirlerinin biyolojik ¢esitliligini ve yogunluklarini
2009 ve 2010°’da yapilan ¢aligmalarla belirlemektir.
Bu galismanin diger bir amaci da Bursa (2010 ve
2011 yillar1) ve Ankara’da (sadece 2010 yilinda)
patlicanlar {izerinde bulunan baskin akar tiirlerinin
popiilasyonlarini izlemek, bunlarin bitki fenolojisi,
iklim etmenleri ve avci tiirler arasindaki iligkilerini
saptamaktir.

2. Materyal ve Yontem

2.1. Biyolojik gesitlilik ¢alismalar

Ankara ve Bursa illerindeki patlicanlarda bulunan
akar tlrlerini saptamak amaciyla Cizelge 1’de
belirtilen farkli ekolojik yapilara sahip alanlara
2009 ve 2010 yillarinda May1s-Ekim aylar1 (liretim
donemi boyunca) arasinda hava kosullarina bagli
olarak 7-10 giin araliklarla gidilmistir. Biyolojik
¢esitlilik calismalarinda iller arasinda karsilagtirma
yapildig1 i¢in drnekleme yonteminde ve miktarinda

homojenlik saglanmistir. Bu amagla, 6rnekleme i¢in
secilen bahgeler farkli parsel biiyiikliigline sahip
olmakla birlikte her bahgenin 1 dekarlik bolimii
(50 cm x 20 cm) kullanilarak, bu parsellede tim
alan1 temsil edecek sekilde kosegenler boyunca
hareket edilmistir. Her kdsegende ilk bitkiden
baslamak {izere 6 m (yaklasik 10 adim) mesafede
bir bitkilerin alt ve orta yapraklarindan sapiyla
birlikte ayni biiytiklikte 15 bitkiden 30 yaprak
ornegi alinmistir. Steromikroskop ile gozle kontrol
edildikten sonra ayiklanan akar 6rnekleri % 70°lik
alkole alinmigtir. G6zden kagan veya hizli hareket
eden akarlar1 da ayiklamak amaciyla ayn1 yapraklar
Berlese hunisine konularak elde edilen akarlar
alkole konulmustur. Akarlarin Hoyer ortaminda
preperasyon islemleri yapilmistir. Bu calismada
yer alan tiirler teshis anahtarlarindan yararlanilarak
Sultan Cobanoglu tarafindan veya yurt disinda ilgili
otoritelerle birlikte c¢alisarak Eddie Ueckermann
(Agricultural Research Council, Pretoria, Giiney
Afrika) ve Maka Murvanidze (Entomology and
Biocontrol Research Centre, Ilia State University
Tbilisi-Georgia) tarafindan  teshis  edilmistir.
Akarlari beslenme tercihlerine gore (zararli, avci
ve diger) tiir yogunluklari, teshisleri yapilan tiim

Cizelge 1- Ornekleme yapilan yerlerin koordinatlar ve yiikseklik bilgileri

Table 1- The coordinant and altidute data of sampling areas

Ornek alinan yerler Kuzey enlem Dogu enlem Yiikseklik (m)  Siirvey yillart
Ayas ¢iftlik* 40.01501 32.14101 680 2009-2010
Ayas-1 40.01507 32.15344 708 2009-2010
< Ayas-2 40.01432 32.14322 685 2009-2010
§ Cubuk-1 40.14436 33.0144 998 2009-2010
é Kazan-1* 40.11174 32.39504 873 2009-2010
Kazan-2 40.10533 32.39469 860 2009-2010
Kazan-3 40.11011 32.40107 860 2009-2010
Merkez* 39.57375 32.51527 858 2009-2010
Giirsu Igdir-1 40.25527 29.20396 80 2009-2010
Inegol Celtikei 40.07692 29.47081 298 2009-2010
Iznik Boyalica 40.49060 29.56414 140 2009-2010
Karacabey Hotanl 40.18508 28.25882 5 2009-2010
£ Karacabey Kiigiikkaraagag 40.17895 28.26316 10 2009-2010
2 Mustafakemalpasa Kosubogazi* 40.04945 28.2584 24 2009-2011
Niliifer Uludag Univ. Organik Bahge* 40.22971 28.86043 113 2009-2011
Orhangazi Merkez* 40.45376 29.70862 86 2009-2011
Orhangazi Uregil 40.50674 29.4133 105 2009-2010
Yenisehir Yoloren 40.24346 40.24346 227 2009-2010

* popiilasyon dalgalanmasi ¢alismalarmin yiriitiildiigi bahgeleri gostermektedir
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akarlarin  sayisina oranlanarak hesaplanmistir.
Buna ek olarak, patlicanda akar biyolojik ¢esitlilik
parametreleri Shannon Wiener Katsayis1 (H”)
kullanilarak belirlenmistir (Magurran 2004).

s
= —E(Pz'lﬂpa‘)

=1

Burada; S, tiirlerin sayisini; p, belirli bir tiirde
bulunan bireylerin oranini, /n, dogal logaritmayi
gostermektedir.

2.2. Akar popiilasyon dalgalanmasi

Bursa ilinde 2010 ve 2011 yillarinda patlicanlar
lizerinde saptanan baskin zararli ve yararli akar
tirlerinin ~ popiilasyon dalgalanmas1  Orhangazi
Merkez, Mustafakemalpasa (MKP) Kosubogazi
ve Niliifer Uludag Universitesi’deki Organik
bahgelerinde Pala tipi Patlican ¢esidi yetistirilen
bahgelerde yiiriitiilmistiir (Cizelge 1). Orhangazi
Merkez’de bulunan bahgede her iki yil da thripsler
icin spinosad ve imidiacloprid, akarlar igin
abamectin, cyhexatin gibi akarisitler 15 giin ara ile
kullamlmistir. Mustafakemalpasa ve U.U. Organik
bahgelerde ise fliretim donemi boyunca higbir
insektisit veya akarisit kullanilmamistir. Ankara’da
popiilasyon  dalgalanmast  ¢alismalari  sadece
2010 yilinda Kazan-1, Merkez ve Ayas ciftlik’de
proje ekibinin yetistiriciligini yaptig1 Pala ¢esidi
patlican tarlalarinda yiiriitilmustiir (Cizelge 1). Bu
bahgelerde tiretim mevsimi boyunca higbir ilaglama
yapilmamis ve ekimden 6nce topraktan temel giibre
uygulamalart yapilmistir. Tiim bahgelerde sulama
damla sulama sistemi ile yapilmstir. Ornekler (30
yaprak), daha dnce biyolojik cesitlilik calismalari
boliimiinde belirtildigi gibi laboratuvara 7-10
giin araliklarla getirilmisgtir. Ornekler hemen
steromikroskop altinda gozle tiim yiizeylerindeki
akarlarin tim hareketli donemleri sayilmistir. Yine
gozden kacan akarlari ayiklamak i¢in daha sonra
ayn1 Ornekler ekstrasyon igin Berlese hunisine
konulmus ve toplanan akarlar mikroskopla sayilarak
ek akarlar sayim sonuglarina eklenmistir. Akar
sayim sonuglar1 toplam akar sayisinin toplam yaprak
sayisina boliinmesi ile elde edilmistir. Her sayimda

az sayidaki orneklerin tiimii yogun orneklerin ise
en az % 10’u preperat haline getirilmistir. Bunlar
daha sonra 151k mikroskopunda incelenerek tiirleri
teshis edilmis ve grafikler cins veya tiir diizeyinde
verilmistir. iklim ile ilgili sicaklik, yagis ve nem
degerleri her bahgenin en yakimindaki Meteroloji
Genel Midiirligiiniin iklim rasat istasyonlarindan
elde edilmistir. Patlicanin fenolojik gelisimi ve akar
popiilasyon artis zamanlariyla arasinda iligkilerin
belirlenmesi i¢in haftalik olarak her araziden bitki
fenolojisine ait veriler not edilmistir. Her fenolojik
donem BBCH’1n Solanaceae bitkileri i¢in belirledigi
uluslararasi diizeyde kabul goren gelisme dénemleri
skalasi g6z 6niinde bulundurularak patlican bitkisine
gore adapte edilmistir (Meire 2001). Skala su
sekilde olusturulmustur; 1, Geng¢ fide donemi (1-3
yaprakli fide); 2, Vejatatif gelisme (5-7 yaprakli
fide); 3, Cigeklenme baslangici (8-10 yaprakli fide);
4, Cigeklenme ve meyve baglama; 5, Cigeklenme
ve meyve gelisimi; 6, Cigeklenme ve meyve
gelisimi (¢esitli boylarda olgunlagsmamis meyve); 7,
Fizyolojik olgunlasma; 8, Yaslanma (Sekil 1, 2, 3).

3. Bulgular ve Tartisma

3.1. Akar biyolojik ¢esitliligi

Ankara ve Bursa illerinde 2009 ve 2010 yilinda
patlican bitkisinde yapilan biyolojik c¢esitlilik
calismalarinda toplam 1564 birey toplanmis olup, 4
farkli alt takima, 12 familya ve 22 cinse ait 32 tiir
saptanmugtir (Cizelge 2).

Zararl tiirler tiim orneklerin % 84.62’sini
olusturmus ve bu tiirlerden 7. wurticae (% 80.64)
en baskin tiir olarak tespit edilmistir. Muhtemelen,
bu kozmopolit tiiriin polifag olmasi ve ayrica ¢ok
genis bir sicaklik ve nem araligini tolere edebilme
ozelligine sahip olmasi daha sik elde edilmesini
saglamistir (Helle & Sabelis 1985; Boom et al
2003). Ayrica bu tiiriin, birgok kimyasal bilesige
ve ikincil metobolitlere gostermis oldugu telorans
ve dayaniklilik da buna katki saglamis olabilir
(Whalon et al 2014). Benzer olarak, iilkemizde
ve diinyanin farkli yerlerinde 7. uwrticae’nin
patlicanin 6nemli bir zararlis1 oldugu bildirilmistir
(Atanasov 1998; Leite et al 2003; Kumral &
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Sekil 1- Ankara ili Merkez, Kazan ve Ayas bahcelerinde 2010 yihnda pathcan yapraklar iizerinde akar
popiilasyon dalgalanmasi, iklim verileri ve patlican fenolojisi gelisimi: 1, gen¢ fide donemi; 2, vejatatif
gelisme; 3, ciceklenme baslangici; 4, ciceklenme ve meyve baglama; 5, ciceklenme ve meyve gelisimi; 6,
ciceklenme ve meyve gelisimi; 7, fizyolojik olgunlasma; 8, yaslanma

Figure 1- Mite population fluctuation on eggplants, climatic data, eggplant phenological development (1,
premature seedling; 2, vegative development,; 3, blooming begining period; 4, full blooming period and fruit
formation; 5, full blooming period and fruit development; 6, full blooming period and fruit development; 7,
physiological maturing; 8, aging) in Merkez, Kazan and Ayas fields of Ankara in 2010

Kovanci 2005; Migeon & Dorkeld 2014). Bu ulasabilen kaynaklara gore patlican i¢in ilk kayit
kozmopolit tir disinda Eotetranychus wuncatus  olmustur (Migeon & Dorkeld 2014). Bu tir
Garman (% 2.24), Tetranychus turkestani Ugarov  iilkemizde daha Once sadece elma bahgelerinde
& Nikolskii (% 1.15), az sayida Schizotetranychus ~ bulunmustur (Yanar & Ecevit 2008; Yanar 2012).
sp. ve T. solanacearum Cobanoglu & Ueckermann  Bu ¢alismada saptanan 7. solanacearum Cobanoglu
belirlenmistir. Tetranychus turkestani daha once & Ueckermann tiirli ise diinya i¢in yeni bir kayit
patlican iizerinde saptanmasina ragmen (Ugarov &  olarak daha once bildirilmistir (Cobanoglu et al
Nikolskii 1937; Atanasov 1998; Soleimannejadian ~ 2015). Patlican tizerinde Schizotetranychus cinsine
et al 2006; Ozsisli & Cobanoglu 2011), E. uncatus  ait bugiine kadar saptanan tek tiir Hindistan’da
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Sekil 2- Bursa ili Orhangazi Merkez, Mustafakemalpasa Kosubogazi ve Niliifer Uludag Universitesi
organik bahcesinde 2010 yilinda pathcan yapraklarn iizerinde akar popiilasyon dalgalanmasi, iklim
verileri ve pathican fenolojisi gelisimi: 1, genc¢ fide donemi; 2, vejatatif gelisme; 3, ciceklenme baslangici;
4, ciceklenme ve meyve baglama; 5, ciceklenme ve meyve gelisimi; 6, ciceklenme ve meyve gelisimi; 7,
fizyolojik olgunlasma; 8, yaslanma

Figure 2- Mite population fluctuation on eggplants, climatic data, eggplant phenological development (1,
premature seedling; 2, vegative development, 3, blooming begining period; 4, full blooming period and fruit
formation; 5, full blooming period and fruit development; 6, full blooming period and fruit development; 7,
physiological maturing; 8, aging) in Orhangazi Merkez, Mustafakemalpasa Kosubogazi and Nilufer Uludag
University organic fields of Bursa in 2010

Schizotetranychus spiculus Baker & Pritchard‘tur  (McG.) (% 1.35) (Acari: Iolinidae) en yaygin
(Karuppuchamy & Mohanasundaram 1987). orneklenen tiirler olmustur. Diinyada bir¢ok meyve ve
sebze alanlarinda ¢ok yaygin goriilen N. californicus

Aver tiirler arasinda  Neoseiulus californicus — ,a¢,can iizerinde de daha énce belirlenmis olup, ticari
(McGregor) (% 3.33), N. bicaudus Wain. (% 1.22)  olarak iiretilen ve ortii alt1 yetistiricilikte kullanilan

(Acari: Phytoseiidae) ve Pronematus ubiquitus — Onemli bir biyolojik savagim etmenidir (Calvitti &
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Sekil 3- Bursa ili Orhangazi Merkez, Mustafa Kemalpasa Kosubogaz1 ve Niliifer Uludag Universitesi
organik bahcesinde 2011 yihnda pathcan yapraklarn iizerinde akar popiilasyon dalgalanmasi, iklim
verileri ve patlican fenolojisi gelisimi: 1, genc¢ fide donemi; 2, vejatatif gelisme; 3, ciceklenme baslangici;
4, ciceklenme ve meyve baglama; 5, ciceklenme ve meyve gelisimi; 6, ciceklenme ve meyve gelisimi; 7,
fizyolojik olgunlasma; 8, yaslanma

Figure 3- Mite population fluctuation on eggplants, climatic data, eggplant phenological development (1,
premature seedling; 2, vegative development,; 3, blooming begining period; 4, full blooming period and fruit
formation; 5, full blooming period and fruit development; 6, full blooming period and fruit development; 7,

physiological maturing; 8, aging) in Orhangazi Merkez, Mustafakemalpasa Kosubogazi and Nilufer Uludag
University organic fields of Bursa in 2011

Tsolakis 1992; Rott & Ponsonby 2000; Castagnoli
et al 2004; Cakmak & Cobanoglu 2006; El-Saiedy
et al 2008; Kustutan & Cakmak 2009; Reddy &
Bautista 2012; Armagan & Cobanoglu 2013).

caligmada belirlenmistir. Ayrica ayni familyadan
Neosei

ulus bicaudus (Wain.), Euseius finlandicus

(Oud.), Phytoseius finitimus Ribaga ve Typhlodromus

(Anthoseius) recki (Wain.) tiirlerinin sayilart dikkat
Ancak, bu tiir iilkemiz patlicanlarinda ilk olarak bu  ¢ekici diizeyde yiiksek ¢ikmustir. Neoseiulus bicaudus
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Cizelge 2- Ankara ve Bursa illerinde 2009 ve 2010 yillarinda pathcan bitkisinden toplanan akarlarin tiir
listesi ve oransal dagilimi

Table 2- The species list and abundance of mite from collected eggplant fields in Ankara and Bursa province

during 2009-2010

s Oransal  Toplanan Bursa Ankara
= dagilim birey
= Familya Tiir (%) ** sayist
Tetranychus urticae Koch 1836 80.64 1258 + +
Tetranychus turkestani (Ugarov & Nikolskii 1937) 1.15 18 +
. Tetranychus solanacearum (Cobanoglu & +
Tetranychidae Ueckermann 2015) 0.45 7
Schizotetranychus sp. 0.13 2 +
£ Eotetranychus uncatus Garman 1952 2.24 35 +
§0 Pronematus ubiquitus (McGregor 1932) 1.35 21 +
2 lolinidae Homeopronematus anconai (Baker 1943) 0.13 2 +
E Neopronematus rapidus (Kuznetsov 1973)* 1.03 16 + +
Tydeidae Tydeus kochi (Oudemans 1928) 0.96 15 F
Stigmaediae Zetzelia mali (Ewing 1917) 0.13 2 +
Erythraeidae Erythraeius ankaraicus Saboori et al 2004 0.06 1 +
Tarsonemus confusus Ewing, 1939 0.19 3+
Tarsonemidae  Tarsonemus waitei Banks, 1912 0.06 1t
Tarsonemus bifurcatus Schaarschmidt 1959 2.44 38 +
Amblyseius andersoni (Chant 1957) 0.38 6 +
Neoseiulus californicus (McGregor 1954) 3.33 52 +
Neoseiulus bicaudus (Wainstein 1962) 1.22 19 *
Neoseiulus alpinus (Athias-Henriot 1961) 0.06 1 +
Neoseiulus barkeri (Hughes 1948) 0.06 1 +
£ Phytoseiidae Eyseius finlandicus (Oudemans 1915) 0.96 15 *
§, Phytoseius finitimus Ribaga, 1904 0.83 13 +
.‘é Typhlodromus (Anthoseius) recki (Wainstein 1958) 0.96 15 +
b T. (T) pysllakisi Swirski & Ragusa, 1976* 0.06 1 +
= T. (T) athiasae (Porath & Swirski 1965) 0.32 5 +
T. (T.) tubifer Wainstein 1961 0.06 1 +
. Arctoseius sp. 0.06 1 +
Ascidae Asca sp. :
P 0.13 2
Ameroseiidae Ameroseius plumigera (Oudemans 1930) 0.26 4 t
Parasitidae Parasitus fimetorum (Berlese 1904) 0.06 1 +
8
<
Eo Acaridae Tyrophagus putrescentiae (Schrank 1781) 0.26 4 +
<
S g Zygoribatula frisiae (Oudemans 1900)* 0.06 1 +
& Eu Oribatidae
© =z Oribatula pannonica Willmann, 1949 0.19 3 +
Toplam 100.00 1564

* Tirkiye faunasi i¢in ilk kayit niteligi tasimaktadir; **, oransal dagilim tiir 6rnek sayisinin toplam birey sayisina oranlanmasiyla elde
edilmistir; +, isareti akarin ilde saptanma durumunu bildirmektedir.
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daha 6nce Bursa’dave Antalya’da patlicanlariizerinde
yaygin bir avci tiir olarak belirlenmistir (Kumral &
Kovanci 2005; Can & Cobanoglu 2010). Genellikle
polenle veya eriophyidler gibi kiiciik akar tiirleri ile
beslenen E. finlandicus ise daha 6nce benzer olarak
Kahramanmaras ve Hindistan’da patlican tarlalarinda
belirlenmistir (Grewal 1992; Ozsisli & Cobanoglu
2011). Calismamizda yaygin olarak bulunan diger
bir phytoseiid tiirii P. finitimus, Antalya ve Izmir’de
patlican alanlarinda daha Once de saptanmustir
(Cobanoglu  1989). Ancak, Typhlodromus (A.)
recki patlicanda ilk kez belirlenmistir. Avci familya
Iolinidae’den Neopronematus rapidus (Kuz.) tirt her
iki ilde de belirlenmesine ragmen, diger aver tiirler
ilden ile tamamen farklilik gostermistir. Patlicanda bu
familyadan ayrica P. ubiquitus ve Homeopronematus
anconai (Baker) toplanmis olup, i¢lerinden sirasiyla
P. ubiquitus ve N. rapidus en yaygin tiirler olarak
belirlenmistir. Baz1 arastiricilar P ubiquitus ve H.
anconai'nin Aculops lycopersici (Massee) (Acari:
Eriophyidae) ve 7. wrticae yumurtalari iizerinde
beslendigini  bildirmektedirler (Yasarakinci &
Hincal 1997, Abou-Awad et al 1999; Hincal et
al 2002; Gerson et al 2003; Mohd & Kawai 2003;

Kawai & Mohd 2004; Can & Cobanoglu 2010; Xu
2011). Diger taraftan H. anconai’nin bir fungus
olan Cladosporium cladosporioides tizerinde de
beslendigi bildirilmektedir (Yanar et al 2013). N.
rapidus Rusya’da Kirim bolgesinde dnemli bir avei
tiir olarak belirlenmistir (Kuznetsov 1972; 1986).
Bu calismada patlicanlarda saptanan Zygoribatula
frisiae (Oudemans) (Acari: Oribatidae), Weigmann
(2006)’nin bildirdigine gore tiim Plaearctik bolgede
yaygin olup, kuru topraklar, yosunlu alanlar ile
agac kabuklari altinda bulunan bir nétiir tiirdiir ve
tilkemiz faunasi i¢in ilk kayit niteligi tasimaktadir.
iller arasindaki biyolojik ¢esitlilik parametreleri
incelendiginde akar faunalarinin tamamen birbirinden
farkli oldugu goriilmiistiir. Sadece, 7. urticae ve N.
rapidus her iki illde de toplanmistir (Cizelge 2).
Akarlarm beslenme rejimlerine gore tiir sayilari,
yogunluklari ve Shannon Weiner biyogesitlilik
parametresi Cizelge 3‘de verilmistir. Bursa’da 20
ve Ankara’da ise 14 tiir belirlenmistir. Bursa ilinde
belirlenen tirlerin 14 adedi avci, 1 adedi zararh ve
5 adedi ise diger grupta yer almistir. Ankara ilinde
ise zararl tiir ¢esitliligi Bursa’ya gore ¢ok daha fazla
olmus (5) ve avci tiir sayisi 8 olarak belirlenmistir.

Cizelge 3- Ankara ve Bursa illerinde 2009 ve 2010 yillarinda pathican bitkilerinde akarlarin habitat
tercihine gore tiir yogunluklari (%), tiir sayilari (S) ve Shannon Weiner (H) katsayisi

Table 3- Based on habitat preference, the Shannon Weiner Index and the species number and abundance of mites
collected from eggplant fields in Ankara and Bursa province during 2009-2010

Tiir yogunlugu (%) Tiir sayisi (S) Shannon Weiner (H) katsayisi
Avcr Zararli Digerleri  Toplam  Aver Zararli  Digerleri Toplam — Aveir  Zararli  Digerleri
Ankara  3.10 96.53 0.37 14 8 5 1 0.59 1.56 0.42 0.01
Bursa  17.69 75.48 9.15 20 14 1 5 1.15 2.11 0.01 1.03

Bursa ilinde sadece 7. urticae zararl akar tiri
olarak saptanmis olup, zararli akar tiir yogunlugunun
% 75.48’ini olusturmustur. Bu tiiriin biyocesitlilige
katkisi ise oldukga diistiktiir (0.01). Ankara ilinde ise
zararl tiirlerin biyolojik ¢esitlilige katkis1 0.42 olarak
belirlenmistir. Bursa ilinde sadece 7. urticae’nin
bulunma sebebi {iiretcilerin yogun kimyasal bilesik
kullanmasiyla agiklanabilir. Ciinkii bu tiir disinda

bu ¢aligmada saptanan diger kirmizidriimeek tiirleri
icin glinlimlize kadar herhangi bir dayaniklilik
kayd1 heniiz yapilmamistir (Whalon et al 2014). Bu
bulgumuz patlicanda konvensiyonel yetistiriciligin
sonucunda akar biyolojik ¢esitliliginin etkilendigi
sonucunu da ortaya koymaktadir. Bursa ilinde avct
tiirlerin yogunlugu (% 17.69), Ankara (% 3.15) ile
karsilastirildiginda oldukga fazla bulunmustur. Her
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iki ilde avcr akarlarin biyogesitlilik parametresine
katkisi fitofag akarlara gore de oldukga yiiksek
ctkmigtir.  Shannon  Weiner’in  biyogesitlilik
paremetresine gore, Bursa’nin patlican yetistirilen
alanlardaki patlicanlar {izerinde akar faunasinin
biyolojik ¢esitlilik yoniinden (1.15) ¢ok zengin
oldugu, Ankara’dan (0.59) daha yiiksek oldugu
saptanmistir. Bursa ilinde genellikle patlican
yetistiriciliginde  yogun kimyasal miicadele
programlari kullanilmasina ragmen, avci akar sayisi
ve Ozellikle phytoseiid akar tiir ¢esitliliginin fazla
olmasinin muhtemel sebebi, bu ilin yillik sicaklik ve
ozellikle nem ortalamalarinin Ankara’ya gore daha
yiiksek olmasidir (Sekil 1, 2, 3). Nitekim Sabelis
(1985), phytoseiidlerin {ireme ve gelismelerini
tamamlamalarinda  sicakligin;  ozellikle  de
yumurtalariin agilmasinda yiiksek nemin 6nemli
gereksinimler oldugunu vurgulamaktadir.

3.2. Akar popiilasyon dalgalanmasi ve iligkiler

Ankara’da 2010 yilinda Merkez’de T. urticae;
Kazan’da T. wrticae ve E. uncatus karigik olarak
bulunmustur (Sekil 1). Ayas’da ise sadece T
urticae saptanmistir. Kirmizidriimeekler iki veya
iic tepe noktasi olusturmus olup, en yiiksek tepe
noktast Ayas ciftlikte Agustos basinda, Merkez
ve Kazan’da Eylil basinda meydana gelmistir.
Ankara’da  Agustos ayt Dbasindan itibaren
kirmiziériimeek popiilasyonlart ekonomik zarar
esigini (5 akar yaprak') agmis ve Ekim ayina kadar
da bu seviyede seyretmistir. Merkez’de ve Kazan’da
Neopronematus sp. ile kirmizidriimeeklerin Agustos
ve Eylil sonundaki popiilasyon dalgalanmasi
iliskili ~ goriilmektedir. ~ Kazan’da  Agustos
sonunda N. barkeri ile tetranychidler arasinda
bir senkronizasyon goriilmistiir. Ankara ilinde
ilk zararli akarlar patlicanin 8-10 yaprakli fide
doneminde (17-22 Haziran) goriilmeye baslanmis,
Temmuz baginda tam ¢igeklenme ve meyve baglama
doneminde ilk tepe noktas1 meydana getirmigtir.
Diger tepe noktalari ise Agustos sonunda tam
ciceklenme ve olgunlagmis meyve doneminde
saptanmistir. Zararlilarin popiilasyonundaki tepe
noktalart Temmuz sonundaki yiiksek sicakliklarla
ve diisiik nem degerleri ile iligkili olup, ani diistisler

ise yagisla iligkili goriilmektedir (Sekil 1). Bursa
ilinde 2010 ve 2011 yilinda tiim bahgelerdeki zararl
kirmizidriimeek tiirii 7. urticae olarak saptanmigtir
(Sekil 2). Tetranychus urticae popiilasyonlari sezon
boyunca Temmuz basi, Agustos basi ve ortasi,
Eylil ve Ekim basinda belirgin tepe noktalart
meydana getirmistir. Orhangazi Merkez ve MKP
Kosubogazi’ndaki bahgelerde yiiksek 7. wrticae
popiilasyonlart gozlemlenmekle birlikte bunlarin
en yiiksek tepe noktasi Agustos ortasinda meydana
gelmistir. Organik bahgede ise digerlerine nazaran
oldukga diisiik popiilasyonlar olusmakla birlikte en
yiksek popiilasyon diizeyi Temmuz sonu-Agustos
basinda olusmustur. Organik bahce hari¢ diger iki
bahgede zararli popiilasyonlar1 ekonomik zarar esigi
diizeyini bu donemde asmustir. Patlican tarlalarinda
ilk T urticae bireyleri Temmuz basinda patlicanin
8-10 yaprakli fide veya ¢igeklenme baslangicinda ve
en yiiksek tepe noktasi ise Temmuz sonu- Agustos
basinda tam ¢igeklenme ve olgunlagsmamis meyve
doneminde goriilmiistiir. Tetranychidae familyasina
ait tiirlerin en yiliksek tepe noktasinin olustugu
donemler ise Ankara’da oldugu gibi yiiksek sicaklik
ve diisiik oransal nem (% 50) ile iligkili bulunmustur.
Ekim ay1 basinda meydana gelen araliksiz yagislar
zararlinin  popiilasyonunu disiirmiistiir.  Ayrica,
Orhangazi Merkez’de Temmuz sonu, Agustos sonu
ve Ekim basinda 7. urticae nin li¢ tepe noktasiyla
avcl akar N. californicus popiilasyonlar: arasinda
sekronizasyonlar bulunmustur (Sekil 2). Benzer bir
iligki Kosubogazi’nda T urticaeile N. californicus ve
Typhlodromus (T.) athiasae (Por. & Swir.) arasinda
Temmuz ve Agustos sonunda saptanmistir. Organik
bahgede N. californicus yaninda Euseius finlandicus
(Oudemans) ve Phytoseius finitimus Ribaga tiirleri,
Tetranychus urticae popiilayonlarinin tepe noktalari
ile Temmuz sonu, Agustos ve Eyliil ortasinda ve
ayrica bir de Eyliil sonunda iliski gdstermislerdir.
Tim bahgelerde ilk phytoseiid bireyleri patlicanin
Temmuz ortasinda tam ¢iceklenme doneminde
belirlenmigtir. Bursa ilinde ayni bahgelerde 2011
yilinda Mayis aymdaki yiiksek yagis nedeniyle fide
sasirtmast Haziran ortalarina kadar sarkmis olup,
muhtemelen akarlarin erken tepe noktalar: yiiksek
yagis ve geg¢ ekimle birlikte bu y1l saptanamamustir
(Sekil 3). 1lk 7. urticae bireyleri Kosubogazinda
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haziran ortasinda, Organik bahg¢e’de Haziran
sonunda ve Orhangazi Merkez’de Temmuz
ortasinda goriilmeye baslanmistir. Organik bahge
ile Kosubogazinda Temmuz basinda ilk tepe
noktast meydana gelirken Orhangazi’de ise bu tepe
noktas1 saptanamamustir. Ikinci tepe noktalari ise
tiim bahcelerde Agustos basinda meydana gelmis,
iiclinciisti ise Agustos sonu ile Eyliil basinda
goriilmiistiir. Bu yil igcinde Temmuz ay1 basindan
itibaren yaprak basina diisen akar sayilari ekonomik
zarar esigi degerlerinin ¢ok iizerinde seyretmigtir.
2011 yilinda patlican tarlalarinda ilk tetranychid
bireyleri patlicanin Temmuz basinda 5-7 yaprakli
fide doneminden itibaren goriilmeye baglanmis
olup, ciceklenme baslangicinda popiilasyonlari
ilk tepe noktasina ulagmistir. Akar tepe noktalari
ile bitki fenolojisi arasindaki iligki 2010 yili ile
benzer olmustur. Ayrica, kirmizidriimeeklerin
yiiksek popiilasyonlar1 2010 yilinda oldugu gibi
yliksek sicaklik ortalamalar ve oransal ortalama
nem ile iligkili bulunmustur. Agustos ortasindaki
yiiksek yagisin ise zararlinin popiilasyonunun sert
disiistinde rol oynadigi agik¢a goriilmiistiir. Organik
bahgede phytoseiid bireyleri (N. californicus)
T. wurticae’nin 3 tepe noktasiyla ayni zamanda
tepe noktalart olusturmus ve aralarinda agik bir
senkronizasyon saptanmistir. Orhangazi merkez’de
phytoseiid popiilasyonu agirlikli N. californicus
olmakla birlikte, Amblyseius andersoni Chant ve
Neoseiulus barkeri Hughes tiirlerinden olusmustur.
Burada phytoseiidler Agustos basinda goriilmeye
baslanmis ve Eylill basmma kadar siirekli artis
gostermigtir. Kosubogazi’nda ise N. californicus
kirmizidrimceklerle  yalnizca Haziran icinde
belirgin bir senkronizasyon gostermistir. Diger
taraftan, hem Kosubogazinda hem de Organik
bahgede T wurticae’nin son tepe noktasinda P
ubiquitus’un popiilasyonunun artarak tepe noktast
yaptig1 saptanmistir. Kumral ve Kovanci (2005),
T’ urticae’nin Bursa’da patlican iizerinde Temmuz-
Agustos ve Eyliil-Ekim araliginda olmak iizere iki
onemli tepe noktasi olusturdugunu bildirmektedirler.
Zararlinin popiilasyon dalgalanmasinda yiiksek
sicakligin ve diisiik nemin etkili oldugunu, buna
karsilik yiiksek yagigla birlikte popiilasyonlarin
¢ok diistiigli yagmurun arkasindan zararlinin ekim

ayma dogru yine ¢ikis yaptigimi belirtmektedirler.
Prasad (2006), Hindistan’da tetranychid tiirlerin en
yliksek popiilasyonlarinin Nisan-Temmuz arasinda
meydana geldigini, bunu Eyliil-Ekim periyodunun
izledigini kaydetmektedir. Hindistan’da patlicanlar
tizerinde 7. wrticae’nin popiilasyonunun artigimin
yuksek sicakliklarla pozitif; diisiik nem ile yiiksek
yagisla negatif iligkili oldugunu bildirilmektedir
(Imran & Janardan 2006; Chinniah et al 2009).
Yine Hindistan’da 7. urticae’nin patlicanlar
tizerinde popiilasyonlarinin bitkinin ¢igeklenme
sonrasinda artis gosterdigi ve ilaglama yapilmasi
gerektigi bildirilmektedir (Patel et al 1982). Bu
calismada, genellikle phytoseiidler patlicanlarda
Agustos basinda goriilmeye baslanmis ve Eyliil
basma kadar siirekli artis gostermistir. Mori et al
(2008), benzer olarak soya fasiilyesinde 7. urticae
popiilasyonlartyla Agustos aymda senkronizasyon
yaptigini, Eylil ayinda popiilasyonlarinin artig
gosterdigini  ve genellikle ilaglamalardan 3-4
hafta sonra bu avcilarin popiilasyonlarinin artis
gosterdigini bildirmektedir.

4. Sonuclar

Sonug olarak, her iki ilde de en bol akar Grnegi
Tetranychidae familyasindan saptanmis olup, en
yaygintiirise 7. urticae olmustur. Bursa ve Ankara’da
yapilan popiilasyon dalgalanmasi c¢aligmalarinda
da yine bu tiirin baskin oldugu ve popiilasyon
dalgalanmasinda sicaklik, bitki fenolojisi ve nemin
iliskili oldugu belirlenmistir. i1ler arasindaki ekolojik
farkliliklar g6z Oniinde tutuldugunda Bursa’nin
Ankara’ya gore 1liman iklime ve ozellikle yiiksek
neme sahip olmasi akar biyolojik ¢esitliliigini
avcl phytoseiid tiirler agisindan artirmistir. Diger
taraftan, muhtemelen Bursa ilinde siirdiiriilen yogun
kimyasal savasim programlari nedeniyle zararli tiir
say1s1 ¢ok diisiik cikarken; birgok kimyasala hizlica
direng olusturabilen 7. urticae bu ilde tek ve ¢ok
yogun saptanan tiir olmustur. Kimyasallarin daha
az kullanildigt Ankara’da ise zararli yoniinden
biyolojik ¢esitlilik daha fazla bulunmustur. Zararl
tiirlerin avci akarlarla olan iliskileri ¢alismalarinda,
Iolinidae ve Phytoseiidae popiilasyonlarinin 7
urticae popiilasyonlart ile olan uyumlart dikkat
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¢ekici bir diger sonug olmustur. Bu ¢alisma, birgok
firma tarafindan ticari olarak iretilen ve satilan
avcl tirlerin bu aragtirmanmn yapildigi illerde
patlicanlarda bulundugunu, bunlarin korunmasi,
popiilasyonlarmin  arttirillmast  veya  {iretilerek
salinmast  ile  kirmiziérimcek  savasiminda
kullanabilecegi yoniinde ipuglart vermistir. Bundan
sonraki ¢aligmalarda, patlican yetistirilen alanlarda
s6z konusu dogal diismanlarin populasyonlarini
destekleyen ve etkinligini artiran faktorlerin
belirlenmesine yonelik arastirmalarin  yapilmasi
yararlt olacaktir.
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ABSTRACT

Rapid economic and population growth exert profound effects on land use/cover change, especially in rapid economically
developing areas, such as Guangdong Province-a pioneer of economic growth and urbanization in China. To elucidate
the changes and mutual conversions of land-use types and their determinants in Guangdong Province, land-use maps of
Guangdong Province from 2001 to 2010 were obtained from Moderate Resolution Imaging Spectroradiometer (MODIS)
L1B images with 500 m resolution by using the supervised classification combined support vector machine (SVM)
algorithm with a decision tree. The results indicate that during the studied time period, the area of urban land and
orchards increased by 4186 km? and 3615.5 km?, respectively, while the percentage of cropland decreased from 11.46%
to 10.14%. Massive urbanization and cropland loss have occurred in the region. The conversion from wasteland to urban
land, and the mutual transformation between wasteland and cropland were the most prevalent in Guangdong Province.
This was especially obvious from 2007 to 2010, with an annual changing rate of 5.13% and -19.33%, respectively.
Several socio-economic factors were also obtained to investigate their impacts on land-use changes in Guangdong
Province. It is shown that marked increases in gross domestic product (GDP), total investment in fixed assets, total retail
sales of consumer goods, and the increasing development of modern service industries have led to large-scale migration,
and industrial structure adjustment and improvement; consequently dramatically rapid expansion of cities and cropland
loss have occurred.
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OZET

Cin’in ekonomik gelisim ve kentlesme bakimindan Oncii bolgelerinden Guangdong’da, ekonomik gelisim ve
niifus artigina bagh olarak arazi kullanim/arazi ortiisii hizla degismektedir. Bolgede alan kullanim tiplerini ve arazi
degisimlerini tespit edebilmek i¢in 500 metre ¢oziintirlikkte Orta Coziiniirliikli Spektroradyometre Goriintiileme Sistemi
(MODIS) L1B goriintiileri izerinden destek vektor makineleri (SVM) algoritmast kullanilarak 2001-2010 yillarina ait
alan kullanim haritalar1 elde edilmistir. Harita analizleri sonucunda 2001-2010 yillar1 arasinda kentsel alanlarin 4186
km? ve meyveliklerin 3615.5 km?*artis gosterdigi, tarim alanlarinin % 11.46 oranindan % 10.14’e geriledigi goriilmiistiir.
Bolgede hizli kentlesmeye bagl olarak tarim arazilerinin azaldigi belirlenmistir. Bos arazilerin kentsel alana dontismesi
yaninda tarim alanlari ile bog alanlarin yer degistirmesi bdlgede en ¢ok goriilen degisimlerdir. Bu degisimler 6zellikle
2007 ve 2010 yillar1 arasinda % 5.13 ve % -19.33 degisim oranlarinda goriilmistiir. Bolgede alan kullanim degisimlerini
etkileyen ¢esitli sosyo-ckonomik faktorler belirlenmistir. Gayrisafi yurti¢i hasila ve sabit gelirin degisimi, perakende
mallarin tiiketimi ile ¢agdas servis endiistrilerinin artig1 ve yayginlasmast sonucunda olusan goglerle endiistriyel yapi
yayginlagsmis; dolayisiyla kentler hizla biiyiiyerek tarim arazileri yok edilmistir.

Anahtar Kelimeler: Arazi kullanim1/6rtiisti degisimi: MODIS; Degisim belirleme; Kentlesme; Ekonomik gelisim

1. Introduction

Land use/cover change (LUCC) is regarded as a
fundamental component of global environmental
change because of its interactions with climates,
ecosystems, biodiversity and human beings, and its
crucial function in resource management and land
planning (Meyer & Turner 1992; Bagarinao 2008;
Sun et al 2012). Since the late 1980s, when remote
sensing and GIS techonology were extensively
applied to land research, the monitoring of regional
land-use dynamic change has expanded globally,
such as in the tropical rainforest areas of the
Brazilian Amazon Basin (Skole & Tucker 1993),
Africa (Tucker et al 1985), and South America
(Townshend et al 1987). In 1995, the International
Geoshpere Biosphere Programme (IGBP) and
the International Human Dimensions Programme
(IHDP) jointly developed a plan titled, “Land Use
and Cover Change” (LUCC), which made land-use
change an urgent international priority and focused
on improving the ability to predict LUCC on different
spatial scales (Thomson & Hardin 2000; Lo & Yang
2002; Gilani et al 2015). Masek et al (2000) utilized
Landsat TM and MSS to detect urban growth in
Washington D.C. based on a NDVI-differencing
approach. Thenkabail et al (2005) mapped the
irrigated areas in the Ganges and Indus River basins
using near-continuous time-series, 500 m resolution
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MODIS land data for 2001-2002. In addition, Kiage
et al (2007) depicted the land degradation and
land-use change in the Lake Baringo catchment by
using the NDVI-differencing and post-classification
comparison on TM classificaition results. Mertes
et al (2014) also demonstrated a methodology for
monitoring urban land expansion at continental to
global scales through employing MODIS data.

A series of studies on LUCC at different spatial-
temporal levels has also been conducted in China
(Yu & Yang 2002; Liu et al 2003; Ye et al 2004; Wu
et al 2006; Ding et al 2007; Chen et al 2011). For
example, Wang et al (2001) applied mathematical
methodology to study the spatial-temporal changes
of land use and dynamic features in China. Okamoto
et al (2005) classified the land cover in Heilongjiang
Province, China by employing Landsat TM and
ETM, and analyzed the conversions of paddy
fields. Moreover, Xu et al (2007) described the
development of the land-cover maps of the Yangtze
River Delta. To accomplish this, they used 250 m
MODIS data by utilizing DEM, EVI and reflectance
data, and generating a compostitive classification
matrix. Wang et al (2015) investigated the LUCC
in the Kaidu-Kongqi River Basin during 1990-2010
based on the land-use classification data derived
from Landsat images.
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Nature, population, economy, and policy are
considered to be the typical driving forces of land
use/cover changes (Lambin et al 2003; Siciliano
2012). Lambin et al (2001) concluded that people’s
response to economic opportunities motivated land-
cover changes, and global forces became the main
determinant of LUCC. Yan et al (2006) studied the
human dimensions affecting land-use change in one
of China’s mega-urban regions and revealed that
the population factor, economic development level,
urbanization, and industrialization were the major
factors influencing LUCC in the Pearl River Delta.
Wang et al (2012) indicated that land-use changes
in China, especially regarding cultivated and
developed land, were closely related to economic
fluctuations and the enaction and implementation of
land policies. In China, especially since the reform
and opening-up periods, the population explosion
and rapid urbanization have brought about a sharp
increase in the demand for natural resources and
produced remarkable land use/cover changes (Zhou
& Jiang 2000; Lin & Ho 2003; Lichtenberg &
Ding 2008), significantly affecting the sustainable
development of China’s economy, society, and
ecology (Ge et al 2000; Liu et al 2010). Complex
land-use structure and intensive utilization gradually
created serious problems, such as land degradation
and pollution, thus highlighting the necessity and
significance of comprehensive study on LUCC and
its determining factors (Shi et al 2000; Zhang et al
2008).

GuangdongProvince, as China’srichest province,
has witnessed rapid economic development, fast
population growth, and consequently tremendous
changes in land use. These dramatic changes
became obvious beginning in China’s reform and
opening-up periods, and have become especially
pronounced in the past several years. Considering
that many studies of LUCC have been conducted
in the Pearl River Delta instead of Guangdong
Province (Seto et al 2002; Weng 2002; Zhang et
al 2007; Fan et al 2008; Dai et al 2010), this paper
acquired the land-use maps of Guangdong Province
from 2001 to 2010, a period when it experienced
unprecedented development and expansion. The

current study investigated land-use change and
mutual conversions using remote sensing and
geographic information system techniques, and then
analyzed the driving factors behind the changes.

2. Material and Methods

2.1. Study area and data

Guangdong Province lies between 109.5° and
117.3° E longitude and 20.2° and 25.5° N latitude,
and borders Fujian Province to the northeast, Jiangxi
and Hunan Provinces to the north, and Guangxi
Autonomous Region to the west (Figure 1). It
exhibits diverse and complicated landscape types,
including mountains, hills, plateaus and plains,
constituting 33.7%, 24.9%, 14.2% and 21.7% of the
whole province area, respectively. It has a humid
subtropical climate, in which winters are short,
mild and relatively dry, while summers are long,
hot, and very wet. The annual average temperature
ranges between 19-24 °C, and the average yearly
precipitation is between 1300-2500 mm.

Guangdong Province has a total population
of 85.21 million and covers an area of 179800
km?, accounting for only 1.87% of the entire
country’s land area. However, its gross domestic
product (GDP) constitutes 11.17% of the country
(Guangdong Statistical Bureau 2010) and it is
known as the richest province in China. As the
province’s economy has developed rapidly in recent
years, marked and intense land-cover changes have
occurred in the region, and are closely correlated
with human activity, resulting in greatly increased
environmental pollution and damage. Therefore,
it is of critical importance to analyze LUCC of
Guangdong Province in recent years and further
identify its determinants.

At present, MODIS has become a widely-used
moderate resolution remote-sensing data sources.
The unique design of MODIS instrument provides
data (12 bit) in 36 spectral bands ranging in
wavelength from 0.4 pm to 14.4 pm, and at varying
spatial resolutions (two bands at 250 m, five bands
at 500 m, and the remaining 29 bands at 1 km).
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Figure 1- Location and administrative boundary of Guangdong Province, China (109.5°-117.3° E, 20.2°-

25.5° N)

Sekil 1- Guangdong bolgesinin konumu ve yonetim sinirlart

In addition, its £55-degree scanning pattern at the
EOS orbit could provide global coverage every one
to two days. The moderate spectral, spatial, and
temporal resolutions make it easy to obtain cloud-
free images and facilitate land use and land cover
classification on a large scale. The data involved
in this paper mainly include: 1) MODIS 500 m
resolution satellite images (L1B) in the last months
from 2001 to 2010 (at URL http://lpdaac.usgs.gov/
Ipdaac/get data), considering that the quality of
images at that time is the best, and there is the least
cloud coverage during that time of the year. The
exact dates of the MODIS images used in the study

are: November 25, 2001; October 8, 2002; October
23, 2003; December 7, 2004; December 21, 2005;
December 21, 2006; December 1, 2007; December
9, 2008; October 10, 2009; and November 1, 2010.
2) The Digital Elevation Model (DEM) with a
spatial resolution of 90 m. The data set is provided
by the NASA Shuttle Radar Topographic Mission
(SRTM) and downloaded from the International
Scientific and Technical Data Mirror Site, Computer
Network Information Center, Chinese Academy of
Sciences (http://www.gscloud.cn). 3) Vector data
of Guangdong Province administrative division
boundary. 4) Several

socioeconomic indexes
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reflecting the development of the economy and
population in Guangdong Province.

2.2. Methodology

The processing of remote-sensing images is the
key to the entire study and the method, and thus
the accuracy and the procedure may affect the
final results greatly. Figure 2 is the entire image
processing flow chart in this study.

l MODO02 L1B remote-sensing image 1 ‘

¥

’ Geometric and Bow Tie Correction ‘

—Ficld survey l
l Image registration

Classification scheme ‘

’ Study area extraction
Training data selection l

’ Supervised classification (SVM) ‘

!

l Decision tree classification ‘

i

’ Land-cover classification results

!

’ LUCC analysis based on maps for each year ‘

Figure 2- The image processing flow chart of
remote-sensing images (including pre-processing
and image interpretation)

Sekil 2- Uzaktan algilama goriintiilerinin  goriintii
isleme akus diyagrami (on degerlendirme ve yorumlama
siiregleri dahil)

2.2.1. Pre-processing

MODIS LIB data reflect the calibrated and geo-
located radiation values, and are saved as hierarchical
data format (.HDF) through band hierarchical
storage. Pre-processing tasks, such as reprojection
and sub-setting, are crucial prerequisites for the
study, and their accuracy has direct effects on
classification and change detection.

Geo-referencing and Bow Tie Correction: The
imaging characteristics of the MODIS detector
result in geometric distortion of MODIS LIB
images. This is especially the case between the
scanning swathes where serious dislocation, i.c.,
bow tie, exists. Geometric and bow tie correction

are conducted through he MODIS processing
module (Geo-reference MODIS) in ENVI software.

Image Registration: As MODIS images with
the same coverage of each year are not identical
and may have certain pixel offsets, we firstly
subset the images with an area slightly bigger
than Guangdong Province. Then, registration
is performed to make all of the corresponding
pixels locate in the same place by selecting over
50 control points, with a root mean square error
(RMSE) below 0.5 pixels.

Image Sub-setting: Vector data of Guangdong
Province boundary are needed to extract the study
area from the corrected remote-sensing imagery.

2.2.2. Land-use classification scheme and approach

Before conducting Land-use classification, there
are two aspects we should consider: 1) to develop a
classification scheme suitable for the study area; and
2) to select an appropriate classification approach.
Based on the prior knowledge of Guangdong
Province obtained in recent years and a literature
survey on previous research in this region, we
developed a classification scheme comprising six
classes, including water, wasteland, urban land,
forest, orchards, and cropland. Moreover, wasteland
includes waste grassland, saline-alkali land, sand,
and undeveloped land.

The objective of image classification is
to classify all of the pixels of the image into
several categories or themes, and the cores of the
classification algorithm are the discrimination
function and the corresponding criterion. In this
study, we firstly use a supervised classification with
a support vector machine (SVM) algorithm (Burges
1998) to classify the MODIS image into water,
vegetation, urban land, and wasteland with the aid of
existing knowledge, experience and some auxiliary
data, such as MODIS land use/cover products and
Landsat TM images with higher spatial resolution.
The auxiliary data in our study were used to help
select regions of interest (ROISs) as training pixels for
each class in the SVM and validate the classification
results. TM images at similar times, covering parts
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of Guangdong Province, were used because of their
higher spatial resolution with 30 m, which provided
clearer details of the objections. MODIS Land Cover
Type Product supplies global maps of land cover at
annual time steps. The primary results with IGBP
global vegetation classification scheme identify 17
land-cover classes, and the overall accuracy of the
product is about 75%. SVM is a classification system
derived from statistical learning theory. Specifically,
it separates the classes with a decision surface that
maxmizes the margin between the classes. The
surface is called the optimal hyperplane, and the
data points closest to the hyperplane are support
vectors. SVM classification output is the decision
values of each pixel for each class, which are used
for probability estimates, and then ENVI performs
classification by selecting the highest probability. A
decision tree (He 2007; Zhang et al 2008; Jia & Xu
2010) is then built by setting a series of thresholds
to DEM data and Enhanced Vegetation Index (EVI)
to further categorize vegetation into forest, orchard,
and cropland (Figure 3). The decision tree performs
multistage classifications by employing a series of
binary decisions to place pixels into classes. Each
decision divides the pixels in the images into two
classes based on an expression, and the results of
the decisions are classes. The rules of the decision
tree include: 1) croplands are generally at low
altitudes and have low Enhanced Vegetation Index
(EVI); 2) orchards are at slightly higher altitudes
and have much higher EVI values; and 3) forests
are usually at the highest altitudes. Therefore,
firstly a low value of elevation A is set to extract
the cropland and orchards at low altitudes from
the vegetation class, and then a threshold of EVI
D is set to separate the cropland and orchards. For
vegetation at altitudes greater than A, we further set
a threshold for elevation B to extract the forests. For
vegetation at altitudes between A and B, a value of
EVI C is used to divide forests and orchards, since
orchards have higher EVI values. Thresholds A,
B, C and D vary in different years, and are defined
according to existing knowledge, MODIS land use/
cover products, and Guangdong Province vegetation
maps. The accuracy of classification was evaluated
using the 30 m resolution TM images covering the

study areas. MODIS Land Cover Type products by
the IGBP classification scheme were also utilized.
Over 50 samples for each class were selected to
calculate the kappa coefficient.

Y
N Ny N v !
Y
)
Orchard Cropland
N Y N Y
VAN M \
Background Urban land Forest Orchard

Figure 3- A decision tree developed for land-use
classification in Guangdong Province (DN is the
code of each type of initial classification result; A,
B, C, and D are the thresholds of elevation and EVI
for different years)

Sekil 3- Guangdong bélgesinde alan  kullanim
swmiflandirmast i¢in gelistirilen karar siralamast (DN,
swiflandirma sonuglarimin kodlamasini ifade etmekte;
A, B, C, ve D, farkli yillara ait EVI ve yiikseklik
suirlarin ifade etmektedir)

3. Results and Discussion

3.1. Land-use change detection from 2001 to 2010

The land use maps of each year from 2001 to 2010
were obtained through various image processing
techniques and combined classification techniques
(Figure 4). The overall accuracy of the results in
2008 and 2010 were calculated as 80.4% and 81.2%
with kappa coefficient of about 0.79 and 0.776,
respectively. These are mainly limited by the low
spatial resolution of MODIS images, since a single
pixel covers about 0.25 km? and there are many
mixed pixels.

Table 1 shows that the water area changed very
little from 2001 to 2010; the area of wasteland
shrank in a large amount and proportion due to
its low transformation cost; urban land expanded
dramatically as a result of economic growth and
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a great influx of population, so it is necessary to
increase the built-up area to meet people’s living
demands; the forest area first shows a decrease, and
then an increase, which implies that both human
demand for forest resources and control over
ecosystems have been increasing with the rapid
development of society; the percentage of orchards
demonstrates a significant rise during the period,
since they produce much higher income due to
market mechanisms. Moreover, because of superior
geographical condition, the area of cropland
decreased from 11.46% to 10.14% gradually in
those years, identifying a dramatic expansion of
urban area and a major loss of cropland during the
years, which are closely related to the rapid growth
of the economy and population in the region. As
data acquision for the selected MODIS images in
2002, 2003 and 2009 took place in October when the
harvest is not yet completed, an obscure variation
trend of wasteland and forest resulted.

3.2. Analysis of the LUCC in Guangdong Province
(2001-2010)

To perform further analysis, we selected the land-
use maps of 2001, 2004, 2007, and 2010 to elucidate
the mutual transformation of each land use/cover
class. The change matrixes between each two years

are listed in Table 2, which reveals the unchanged
area and the conversion area of land-cover type i in
the initial stage to type j at the end of the period.

It can be concluded from the Table 2 that in
the past 10 years, the conversion between land-
cover types in Guangdong Province has been quite
dramatic. Moreover, three major types of land-cover
change can be identified: wasteland to urban land,
wasteland to cropland, and cropland to orchards.
The conversion from wasteland is the most notable,
and the areas converted from wasteland to cropland
account for 46.1%, 30.1% and 28.8% of the total
changing area of wasteland in 2001-2004, 2004-
2007 and 2007-2010, respectively. Urban land
witnessed a great rise by 4186.25 km?, exhibiting
first an increasing trend and then a slowing trend.
The areas transformed to urban land from wasteland
are 2759.5 km?, 2949.75 km? and 2973 km? during
each of the above periods, respectively. In addition,
a large amount of cropland was converted to
orchards for the purpose of obtaining additional
profits owing to the subsequent processes of
agricultural restructuring and land encroachment.
The conversion patterns are presented in Figure 5.
The conversions between land cover types during
2007-2010 were the most profound and complicated.

Table 1- Percentage (%) of each land cover class in Guangdong Province (2001-2010)

Cizelge 1- Guangdong bélgesinde herbir alan ortiisiiniin yiizdesi (%)

Water Wasteland — Urban Forest Orchard  Cropland
LC land

Year

2001 2.95 17.78 6.21 54.83 6.76 11.46
2002 2.94 12.39 6.76 59.53 6.95 11.44
2003 2.63 15.08 7.03 56.69 7.20 11.35
2004 3.00 17.00 7.44 53.96 7.43 11.16
2005 2.76 14.01 7.58 57.03 7.68 10.94
2006 2.93 15.53 8.04 54.81 7.88 10.79
2007 2.85 15.50 8.19 54.83 8.02 10.59
2008 2.75 12.35 8.45 57.80 8.23 10.40
2009 2.59 5.86 8.58 64.27 8.43 10.25
2010 2.71 6.51 8.59 63.38 8.66 10.14
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Figure 4- Land-use maps of each year in Guangdong Province from 2001 to 2010

Sekil 4- Guangdong bolgesinde 2001 'den 2010 yilina kadar her yila ait alan kullanim haritalart
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Figure 4- (Continued) Land-use maps of each year in Guangdong Province from 2001 to 2010
Sekil 4- (Devam) Guangdong bélgesinde 2001 den 2010 yilina kadar her yila ait alan kullanim haritalart
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Figure 4- (Continued) Land-use maps of each year in Guangdong Province from 2001 to 2010
Sekil 4- (Devam) Guangdong bélgesinde 2001 den 2010 yilina kadar her yila ait alan kullanim haritalar
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Figure 4- (Continued) Land-use maps of each year in Guangdong Province from 2001 to 2010
Sekil 4- (Devam) Guangdong bélgesinde 2001 den 2010 yilina kadar her yila ait alan kullanim haritalar:
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Figure 4- (Continued) Land-use maps of each year in Guangdong Province from 2001 to 2010
Sekil 4- (Devam) Guangdong bélgesinde 2001 den 2010 yilina kadar her yila ait alan kullanim haritalar:

286 Tarim Bilimleri Dergisi — Journal of Agricultural Sciences 22(2016) 275-294



Gin'in Hizl Bir Ekonomik Gelisim Alani Olan Guangdong'da Arazi Kullanimi/Arazi Ortisi Degisimleri..., Li & Wang

Table 2- Change matrixes of land-cover types during three different periods (km?)

Cizelge- 2- U farkli donemde alan ortiisii tiplerinin degisim matrisleri (km?)

2001 Water Wasteland Urban Forest Orchard Cropland Total
2004
Water 2798 111.5 952.25 7255 45 274.75 4907
Wasteland 39575 30316.5 1050.75 251775 1388 4848 30516.75
Urban 1166.75  2759.5 8457.75 228.75 63.25 486.75 13162.75
Forest 308.5 2888 116.75 9307625 319 403.25 97111.75
Orchard 15.5 513.25 3 2211 7456 3162 13360.75
Cropland 214.25 5354.75 426.25 0 2778.5 1123275 20006.5
Total 4898.75  31943.5 11006.75 98759.25 12049.75  20407.5 179065.5

2004 Water Wasteland Urban Forest Orchard Cropland Total
2007
Water 2805.5 215.75 890.25 518.25 15.25 383.75 4828.75
Wasteland 117.5 19547.75 1263.75 3076.5 1514.25 2331.5 27851.25
Urban 112575 2949.75 9904.75 137.75 3.75 348 14469.75
Forest 604.5 2174.25 269.25 93154.75 2549 0 98751.75
Orchard 57.75 2325 97.25 2245 8886.75 271275 14304
Cropland 196 3304.25 737.5 0 391.75 14230.5 18860
Total 4907 30516.75 13162.75 97111.75 13360.75  20006.5 179065.5

2007 Water Wasteland Urban Forest Orchard Cropland Total
2010
Water 2037 370 1335 199.75 35.25 378.25 4355.25
Wasteland 262.25 6428.25 1071 1662.25 150.25 2122.75 11696.75
Urban 1060 2973 10104.5 109.25 17 929.25 15193
Forest 874.25 6539 410 96780.5 6285.25 3071.25 113960.3
Orchard 18.75 5361.75 74.75 0 6274.5 3935.5 15665.25
Cropland 576.5 6179.25 1474.5 0 154175 8423 18195
Total 4828.75  27851.25 14469.75 98751.75 14304 18860 179065.5

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 275-294

287



Land Use/Cover Change from 2001 to 2010 and its Socioeconomic Determinants in Guangdong Province..., Li & Wang

Wasteland

Figure 5- Land-use mutual conversion patterns
during 2001-2004 (a), 2004-2007 (b), and 2007-2010
(©

Sekil 5- 2001-2004 (a), 2004-2007 (b), ve 2007-2010
(c) yllarinda alan kullanim degigimlerini gosteren
dokular

Here, two dynamic index proposed by Wang &
Bao (1999) are used to quantify the yearly changing
rate of land use types. The single land-use dynamic
index is calculated with Equation 1.

U,-U 1
b a
U L=t
Where; K is the dynamic degree of a land-use
type in a certain period from t, to t,; U  represents

the area of the type at the beginning of the period;
and U, is the area at the end of the period.

K= x100% 1

a

The comprehensive land-use dynamic index
is used to describe the regional transforming rate
of all land-use types during the study period, and
quantitatively reflects the transformation rate
and intensity of land use in the region. It can be
expressed as Equation 2.

Sav]
CR =| = X

: x100% @
2>y, | BT
i=1

Where; CR is the value of comprehensive land-
use dynamic degree; LU, is the area of land-use type
i at the beginning of the period; and ALU]._j is the
conversion area from land-use type i to land-use
type j.

The yearly changing rate and comprehensive
land-use dynamic degrees during 2001-2004, 2004-
2007, and 2007-2010 are obtained according to the
above equations and are listed in Table 3. The results
suggest that Guangdong Province has experienced
striking and intense changes in land use, and the
comprehensive land-use dynamic during 2001-
2004, 2004-2007 and 2007-2010 was 3.32, 2.84 and
4.56, respectively. Wasteland shrank at an increasing
rate, while the area of urban land witnessed a
substantial expansion at a decreasing rate. The
annual growth rate of orchards was rapid, while
cropland suffered a moderate reduction from 2001
to 2010. It is inferred that agricultural restructuring,
urbanization, and wasteland development are the
direct causes of Guangdong Province’s fast land-
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cover change. Cities and towns spread rapidly
into the countryside, creating strong development
pressures on surrounding farmland and open spaces.

3.3. Analysis of the driving forces in Guangdong
Province (2001-2010)

To further identify the socio-economic determinants
of LUCC in Guangdong Province, several typical
socio-economic factors during four years were
collected from Guangdong’s Statistical Bureau
(Table 4).

Owing to the massive investment and rapid
export growth made possible by the reform and
opening-up  policies, Guangdong Province’s
economy developed rapidly in the 1980s and early
1990s. Until 2001, the economy was large and the
growth rate was moderate during 2001-2004; from
2004 to 2010, the economy advanced at a stable
and fast speed, which can be reflected from marked
increases in GDP, total investment in fixed assets,
and total retail sales of consumer goods. Increases
in wealth and income promoted increasing demands

Table 3- Single and comprehensive dynamic degree of land use/cover classes (from 2001 to 2010)

Cizelge 3- Alan kullanimi ve arazi értiisiiniin tekli ve karmasik derecesi

Water Wasteland Urban Forests Orchards Cropland
Single dynamic degree (%)
(2001-2004) 0.056 -1.49 6.53 -0.56 3.63 -0.65
Comprehensive dynamic 332
degree (%) (2001-2004) )
Single dynamic degree (%)
(2004-2007) -0.53 -2.91 3.31 0.56 2.35 -1.91
Comprehensive dynamic 284
degree (%) (2004-2007) )
Single dynamic degree (%)
(2007-2010) -3.26 -19.33 1.67 5.13 3.17 -1.17
Comprehensive dynamic 456
degree (%) (2007-2010) )
Table 4- Socio-economic indices in Guangdong Province
Cizelge 4- Guangdong bolgesinin sosyo-ekonomik indeksi
2001 2004 2007 2010
Gross Domestic Product
(100 million Yuan) 10647.71 16039.46 31084.4 46013.06
Primary Industry 1004.35 1245.42 1695.57 2286.98
Secondary Industry 5341.61 8890.29 15939.1 23014.53
Tertiary Industry 4301.75 5903.75 13449.73 20711.55
Population (10000 people) 7565.33 7804.75 8156.05 8521.55
Government Revenue
(100 million Yuan) 1160.51 1418.51 2785.8 4517.04
Total Investment in Fixed Assets 3536.34 6025.53 9596.95 16113.19
(100 million Yuan)
Total Retail Sales of Consumer
Goods (100 million Yuan) 4515.28 6370.42 10598.14 17414.66
Gross Agricultural Output Value 1722.35 2154.79 282124 3754.86
(100 million Yuan)
Gross Industrial Output Value (1004909 g 26720.87 62759.92 85824.64
million Yuan)
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for urban land, since people desire more comfortable
houses, more convenient transportation, and more
beautiful living environments. Moreover, the rapid
expansion of urban land occurred mainly because
the economic output of urban land is generally
much more than that of agricultural land. Since the
agricultural land and wasteland in the urban fringe
have the potential to be transformed into urban land,
the rate of land cover change increased accordingly.

Guangdong Province’s total investment in fixed
assets soared to 16113.19 billion Yuan in 2010
from 3536.34 billion Yuan in 2001. The substantial
increase in investment resulted in the rapid growth
of infrastructure projects, simulated the low-density
expansion of urban areas, and consequently the
frequent conversion of wasteland and cropland into
construction land.

The total retail sales of consumer goods in
Guangdong Province has risen by over four
times during the past 10 years, marking a great
enhancement of buying power and demand for
durable goods, including houses and cars. This
consequently promoted the development of the
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real estate, transportation, and service industries.
Due to the above mentioned causes, along with the
effects of developments in science and technology
on economic development, Guangdong Province
made significant progress in industrial structure
adjustment and improvement. In fact, secondary and
tertiary industries have increased at a fairly higher
rate than primary industries, which led to a rising
demand for labor, and consequently a large quantity
of floating population. The population has been on
the move, up to 852.15 million in 2010 from 756.53
million in 2001, and the population growth rate
during 2001-2004, 2004-2007 and 2007-2010 was
3.16%, 4.5% and 4.48%, respectively. Furthermore,
the population mainly gathered in urban centers and
the outskirts surrounding them (mainly the Pearl
River Delta), which is also a reason for urbanization
and cropland loss.

To further confirm the influence of population
and GDP on land-use change, we collected
relevant data from 2001 to 2010. The change trend
of GDP, and area of urban and cropland is shown
in Figure 6. During the last 10 years, Guangdong

r 25000
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N cropland

—ir—GDP
r 20000

r 15000

r 10000

Area [Km?)

r 5000

2009 2010

Figure 6- Change trend of GDP, and area of urban and croplands in Guangdong Province during 2001-2010

Sekil 6- Guangdong bélgesinde 2001-2010 yillar: arasinda GSYH ile kentsel ve tarim alanlarindaki degisim

trendleri
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Province has experienced a dramatic increase in
GDP and corresponding gradual city expansion
and cropland loss. Urbanization and economic
growth are characterized by a close relationship
and mutual promotion. Figure 7 indicates the
correlation between population and area of urban
and cropland, with the correlation coefficient of
0.923 and 0.987, respectively. In other words,
the growing population has not only facilitated
urbanization, but is also a major driving force
behind reduction in farmland.
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Figure 7- Correlation between population and area
of urban (top) and cropland (bottom) in Guangdong
Province during 2001-2010

Sekil 7- Guangdong bolgesinde 2001-2010 yillar
arasinda niifus ile (iist) kentsel alan ve (alt) tarim
alanlart arasindaki korelasyon

4. Conclusions

Land use/cover change is recognized as an important
factor in environmental change, especially in areas
where enormous population and rapid economic
growth exist. Our analysis indicates that in the
last decade, Guangdong Province has witnessed
dramatic land-use change, mainly manifested in
urban land and cropland. The percentage of urban
land and orchards increased by 2.38% and 1.9%,
respectively; whereas, cropland shrank to 10.14%
from 11.46%. This indicates that along with rapid
economic development, massive urbanization
(4186.25 km?) and cropland loss (2212.5 km?) have
taken place in the region; meanwhile, the utilization
of wasteland has been greatly increased, as shown
by a decrease of area from 20407.5 km? to 18195
km?. To some degree, the shrinkage of cropland
and undeveloped land reflects an irreversible
trend of growing industrialization, urbanization,
and marketization. However, fertile cropland loss
usually incurs substantial costs through diminishing
the productivity of land and the capability of food
grain production, as well as farmland diversity,
which presents many challenges for farmers. Urban
development could also cause environmental
problems, such as air and water pollution, and an
increase of carbon emissions.

The land-cover conversion mechanisms in
Guangdong Province are mainly wasteland to
urban land, and the mutual transformation between
wasteland and cropland. The conversions from 2007
to 2010 were especially dramatic and complicated,
which can also be inferred from the annual changing
rate, with the most positive being 5.13%, the most
negative -19.33%, and comprehensive land-use
dynamic being 4.56%. The expansion rate of urban
land and orchards was rapid, while wasteland and
cropland suffered a sharp decline. The land-use
changes could result in alterations in the physical
and chemical soil parameters, thus giving rise to soil
erosion, salinization, and desertification. Forestlands
to built-up and wasteland conversions have been
proven to produce an increase in soil erosion (Li
et al 2014). Moreover, massive deforestation could
change the atmospheric concentration of carbon
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dioxide, i.e., the principal heat-trapping gas, and the
local and regional climate by altering the vegetation
cover on the surface. Therefore, there exists an urgent
need for the government of Guangdong Province
to plan and utilize the limited land resources more
efficiently and effectively, and achieve a workable
balance between the preservation of high-quality
cropland and the need for urban growth.

The notable land-cover change in Guangdong
Province is conclusively driven by its economic and
population development. Marked increases in GDP
(10647.71 billion Yuan to 46013.06 billion Yuan),
total investment in fixed assets (3536.34 billion Yuan
to 16113.19 billion Yuan), and total retail sales of
consumer goods (4515.28 billion Yuan to 17414.66
billion Yuan) have led to fast expansion of cities and
industrial structure adjustment and improvement.
The rise of modern service industries has also created
an opportunity for large-scale migration from rural
to urban areas, together with rapid growth of the
total population, thus accelerating the urbanization
process and loss of farmland.
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OZET

Bu ¢alismada, Tiirkiye’nin 6nemli geltik ekim alanlariin bulundugu Trakya Yarimadasinda yer alan Hayrabolu Deresi
Havzasi’nda ¢eltik tarimi i¢in Cografi Bilgi Sistemleri (CBS) destekli arazi uygunluk degerlendirmesinin yapilmasi
amaglanmistir. Havza alani Tekirdag ilinde geltik tariminin yapildigi en 6nemli sahadir. Bu bakimdan Tekirdag ilinin
Tirkiye geltik tiretimine olan katkisini degerlendirmek ve gelecekte yapilacak tarimsal amacli planlamalara destek
olmasi agisindan ¢alismanin 6nemli oldugu diistiiniilmektedir. Calisma amaci kapsaminda Dengiz (2013) tarafindan
kullanilan yontem igeriginden yararlanilmistir. Bu amagla Ekinci (1990) tarafindan bildirilen yore topraklarinin fiziksel
ve kimyasal 6zellikleri kullanilmistir. Calisma sonunda Hayrabolu Deresi Havzasi’nin % 74.1 oranla geltik tarimina
uygun arazilerden olustugu tespit edilmistir. Tiirkiye’deki ¢eltik ihtiyacindaki artisa bagl olarak yakin gelecekte havzada
yeni sahalarinda bu tahilin yetistirilmesi i¢in kullanilacagi anlasilmaktadir. Bu bakimdan geltik tarimina agilacak yeni
sahalarin bu veya buna benzer farkli galigmalarla tespit edilip, arastirilmasi dogal kaynaklarin kullaniminin siirdiirtilebilir
olmas1 bakimindan olduk¢a miihim bir husustur. Sonug olarak CBS teknikleri kullanilarak gergeklestirilen bu ¢alismanin
sonuglari, benzer sahalar i¢in ayni1 yontemin rahatlikla kullanilabilecegini gostermistir.

Anahtar Kelimeler: Celtik tarimi; Cografi bilgi sistemleri (CBS); Dengiz yontemi; Arazi uygunluk degerlendirmesi;
Hayrabolu deresi havzasi; Tekirdag

Land Suitability Assessment for Rice Cultivation Using GIS: Hayrabolu
Stream Basin (Thrace Peninsula) Case

ARTICLE INFO

Research Article

Corresponding Author: Emre OZSAHIN, E-mail: eozsahin@nku.edu.tr, Tel: +90 (282) 250 26 96
Received: 01 September 2014, Received in Revised Form: 17 February 2015, Accepted: 17 February 2015

ABSTRACT

This study aims to generate a Geographic Information Systems (GIS) based land suitability assessment for rice cultivation
in the Hayrabolu Stream Basin located in the Thrace Peninsula where important rice cultivation areas of Turkey situated.
The basin area is most important rice cultivation site in Tekirdag province. In this regard, the study was considered
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significant attributes for evaluating current contribution of Tekirdag province to the rice cultivation in Turkey and
supporting the future agricultural plans in the region. The method employed by Dengiz (2013) was used in the present
study. In addition, the physical and chemical properties of the soils reported by Ekinci (1990) were utilized in the
study. It was determined that 74.1% of the Hayrabolu Stream Basin consisted of typical rice cultivation lands. New
sites in the basin may be used for the cultivation of this grain in near future due to increasing rice demand in Turkey.
Therefore, determination and characterization of possible new rice sites by means of GIS technologies is quite important
for sustainable utilization of natural resources. Consequently results of this study indicated that GIS based techniques

could be used for similar sites.

Keywords: Rice cultivation; Geographic information systems (GIS); Dengiz method; Land suitability assessment;

Hayrabolu stream basin; Tekirdag

1. Giris

Giliniimiize kadar yaklasik 5000 yildan beri tarimi
yapilan geltik (Ozsahin 2008), islenip piring haline
getirildiginde yeryliziindeki ¢ok sayidaki insanin
temel besin maddelerinden birisine dontigmektedir
(Taghgil & Sahin 2011). Bu nedenle tahillar
icerisinde diinya capinda bir dneme sahiptir (Sezer
& Mut 2004). Nitekim Diinya’da celtik ekimi
156x10° ha ve tiretimi ise 660x10°¢ t’dur (Dengiz
2013). Tiirkiye’de ise Tiirkiye Istatistik Kurumu
Bitkisel Uretim Istatistikleri Veri Tabanmin 2012
yilt verilerine gore celtik ekimi 1196639 dekar,
iretim ise 880000 t’dur. Biitiin bu istatistik veriler
gerek diinya, gerekse Tiirkiye acisindan celtik
tariminin 6nemini gostermektedir.

Giliniimiizde neredeyse biitin diinya {lkeleri,
gergeklestirdikleri  bilimsel ¢aligmalar ile arazi
degerlendirme, arazi kullanim ve tarimsal iiretim
planlamalar1 yapmaktadir (Dengiz et al 2009;

2010a; Dengiz & Sarioglu 2013). Bdylece
tarimsal anlamda verimlilik &zelliklerinin  ve
kalite indikatorlerinin = belirlenmesi  saglanarak

stirdiiriilebilir agroekosistemler olusturulmaktadir
(Dengiz & Ozcan 2006; Dindaroglu & Canbolat
2011). Tarimsal {iriinler agisindan bu tiir ¢aligsmalar
daha ¢ok arazi uygunluk ve kalite degerlendirmesi
seklinde yapilabildigi gibi (Dengiz & Baskan 2009),
dogal kaynak yonetimi ve gevresel degerlendirme
seklinde de gerceklestirilebilmektedir (Dengiz et al
2010b). Bu kapsamli ¢aligmalar, yasadigimiz bilgi
caginda bilgi teknolojisine bagli olarak Cografi

© Ankara Universitesi Ziraat Fakiiltesi

Bilgi Sistemleri (CBS) destekli olarak yapilmaktadir
(Dengiz & Sarioglu 2011).

Perera et al (1993) Sri Lanka’nin giineyinde
geltik tarimi ig¢in uygun alanlart CBS’ye
dayali olarak arastirmislardir.  Mongkolsawat
et al (2002) Kuzeydogu Tayland’daki Asagi
Namphong havzasindaki arazilerin g¢eltik tarimina
uygunlugunu CBS tabanli arazi degerlendirme
modelinde sorgulamislardir. Usul et al (2006)
Amasya ilinin giineybatisinda yer alan Gokhoytik
Tarim Isletmesinde CBS destekli arazi kalite
degerlendirmesi ~ yapmuislardir. Dengiz &
Ozcan (2006) Samsun ilindeki Bafra Ovasi’nin
CBS kullanarak arazi verimlilik o6zelliklerini
belirlemislerdir. Dengiz et al (2010a) Bafra
Ovast’nda geltik tariminin yapildigi arazileri¢in CBS
tabanli arazi uygunluk haritalamasimi yapmislardir.
Cheng & Wu (2011) Cin’in Zhejiang ilinde ¢eltik
tarimi ve verimi icin CBS destekli uygunluk indeksi
belirlemesi ve haritalamas1 yapmuslardir. Dengiz
(2013) I¢ Anadolu Bélgesi’ndeki Cankiri ilinin
Kizilirmak il¢esindeki ¢alisma alanin geltik tarimi
icin CBS tabanli arazi uygunluk haritalamasini
yapmistir.

Bu c¢alismada CBS kullanilarak Hayrabolu
Deresi Havzasi’nda ¢eltik tarimi i¢in arazi uygunluk
degerlendirmesinin ~ yapilmast  amaglanmigtir.
Bu amagla Dengiz (Dengiz et al 2010a; Dengiz
2013) tarafindan kullanilan ydntem igeriginden
yararlantlmigtir.

Calisma, Tekirdag ilinde g¢eltik tariminin
yapildigr en onemli yeri kapsamasi, ilin Tiirkiye
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celtik tretimine olan katkisini degerlendirmek
ve gelecekte yapilacak caligmalara destek olmasi
acisindan biiylik Onem tagimaktadir. Ayrica bu
calisma giiniimiizde, Tiirkiye’de tarimin karsilagtigt
en biiyilk problem olan verim diigiikliigiiniin de
(Tagligil 2010) giderilmesi admna atilacak onemli
bir adimit olusturmaktadir. Son olarak elde edilen
bulgular ve sonuclar, konu hakkinda kuramsal
calismalara ve  hipotezlerin  gelistirilmesine
yardimct olabilecegi gibi, bu konularda ¢aligacak
bilim insanlaria da bir kaynak teskil edebilecektir.

2. Materyal ve Yontem

2.1. Inceleme alaninin konumu ve genel ozellikleri

Inceleme alani, Tiirkiye’nin kuzeybati kesiminde
(Sekil 1), Marmara Bolgesi’nin Ergene Boliimii’nde
yer almaktadir. Idari olarak havzanin biiyiik
cogunlugu Tekirdag ili sinirlar1 olmak iizere Edirne
ve Kirklareli il sinirlar1 dahilinde bulunmaktadir.
Havzanin yiizélgiimii 1536 km? olup, Ergene
Nehri’nin bir kolu olan Hayrabolu Deresi’nin su
boliimii sahasini olusturmaktadir (Sekil 1).

Trakya Havzasi’'nda yer alan inceleme alaninda,
jeolojik olarak Ust Eosen’den giiniimiize farkli yas
ve tirde degisik kayaclar yayilis gostermektedir.
Ust Eosen’den Kuvaterner’e kadar farkh
donemlerde olusmus kirmtililar en genis sahada
bulunur. En gen¢ ¢okeller ise Kuvaterner’e ait
aliivyonlar’dir. Tektonik olarak, Kuzey Anadolu
Fayr ailesinin (Sengér 2011) bati uzantisinda
bulunan Ganos (Saroz-Gazikdy) fay1’nin kuzeyinde
konumlanmaktadir (Isik 2007).

Havza alaninda jeomorfolojik olarak cesitli
yersekli sistemleri bulunur (Altin et al 1992).
Havzanin giiney kesiminde inceleme alaninin en
yiiksek kesimleri olan Ganos (Isiklar) Dagi yer
alir. Havzanin kuzeyinde Ergene Nehri’ne dogru
olan kisimlarinda aliivyon vadi tabanlar1 seklinde
gelismig ovalik sahalar bulunur. Dag ve ova tabanlar1
arasinda aginim ve birikim yiizeyleri seklinde
plato sahalar1 yayilis gosterir. Havza alaninda yaz
mevsiminin sicak ve kurak, kis mevsiminin ise
soguk ve kar yagish bir karakterde oldugu karasal
iklim kosullar1 egemendir (Giirpinar 1994). Bolge
genelinde yapilan toprak caligmalarindan elde

26°00"E 27°00°E 28°0'0"E 29°0'0"E
1 T
= 30°00°E 30 60 km =
el = 18
9112 K= ANKARA N g
g T ]
NI ST Kara Deniz
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| - T — “
3 30°00"E
B T
P Hayrabol Dg’réﬁ' =
§ MAN 1S ayr;at‘:lzn;n\r { zg
N I ' N
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26°0'0"E 27°0'0"E 28°0'0"E 29°0'0"E
Sekil 1- Havza alaninin konumu
Figure I- Location of basin area
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edilen bilgiler 1s1ginda havza alaninda Toprak
Taksonomisine gdre Entisol, Alfisol, Inceptisol,
Mollisol ve Vertisol olmak iizere 5 toprak ordosu
yer almaktadir (Ekinci 1990). Havza alaninin dogal
bitki ortlisiinii ormanlar olusturur. Saha genelinde
kurak ormanlar hakim durumdadir (Dénmez 1990).
Buna mukabil havzanin Ganos Dagi’na dogru olan
kesimlerinde mese, giirgen, thlamur agaclarinin
olusturdugu nemli ormanlarda yayilis gosterir
(Glingordii 1999).

Genel olarak tarimsal amagli olarak kullanilan
havza alaninda en genis sahada bugday, ay¢igegi,
misir ve geltik tarimi yapilmaktadir (Adiloglu &
Giiler 2010; Orak et al 2012). Ancak celtik tarimi1
havza agisindan olduk¢a Onemlidir. Zira biiyik
¢ogunlugu Tekirdag ili smirlar igerisinde kalan
havza alani, 2013 yilinda bu ilde ¢eltik tariminin
yapildig: tek yerdir. Gergekten de Tiirkiye Istatistik
Kurumu Bitkisel Uretim Istatistikleri Veri Tabaninin
2013 yili verilerine gére (TUIK 2014) celtik
tariminda tilke genelinde ekilen alan (31000 dekar)
ve tlretim (28899 ton) acisindan 7., verim (932 kg
da') agisindan da 3. sirada yer alan Tekirdag ilinde
celtik tariminin yapildig: tek alan burasidir (Cizelge
1). Ayrica bu durum T.C. Orman ve Su Isleri
Bakanligi’ndan elde edilen 1:25000 &lgekli Ulusal
Arazi Ortiisii  Siniflandirma  sisteminden alinan
verilerde de teyit edilmektedir (Sekil 2).

Tiirkiye Istatistik Kurumu Bitkisel Uretim
Istatistikleri Veri Tabami kayitlarina (TUIK 2014)
gore havza alanindaki geltik ekimi ile ilk kayit 1996
yilinda tutulmaya baglanmisti. Bu donemde 300
da alanda celtik tarim1 yapilmistir. Daha sonra bazi

yillarda dalgalanma yasanmigsa da gilinlimiize kadar
celtik tariminin yayginlasarak attigi goriilmektedir
(Cizelge 2). Calismay1 daha anlamli kilmak igin
geemis ve gilinlimiize ait arazi kullanimi verileri
karsilagtirtlmistir. Bu karsilagtirma 1999 yili ve
2013 wyillarina ait celtik tarlalarinin  mekansal
dagilist seklinde gergeklestirilmistir. 1999 yilindaki
dagilis 1:100000 &lgekli Tekirdag ili Arazi Varligi
raporundan (Tekirdag ili Arazi Varlig1 1999), 2013
yilindaki dagilis ise 1:25000 oSlgekli Ulusal Arazi
Ortiisii Siniflandirma sisteminden alinan veriler
gercevesinde elde edilmistir. Buna gére 1999 yilinda
1500 da alanda lokal olarak yapilan geltik tarimi,
glinimiize dogru genisleyerek 2013 yilinda 31000
da’a ulasmustir (Cizelge 2, Sekil 3). flgili yillarda
goriilen bu artig beseri faktorlerin yaninda dogal
faktorlerin de bu sahanin ¢eltik tarimina miisait
oldugunu gdstermektedir.

2.2. Yontem

Celtik tarimi i¢in uygunluk degerlendirmesinin
yapilmasinin amacglandigt bu ¢aligma, bilimsel
aragtirma yoOntemlerine bagli kalinarak hazirlik;
gozlem, dlgme ve istatistik; analiz ve sonu¢ olmak
lizere dort asamada tamamlanmaigtir.

Calismanin hazirlik sathasinda, 6ncelikli olarak
konu ve alan ile ilgili literatiir taranarak gdzden
gecirilmistir. Daha sonra temel materyal olarak
kullanilacak toprak analizleri ve halihazirda bulunan
haritalar tedarik edilmistir. Toprak analizleri igin,
Ekinci (1990), Adiloglu ve Giiler (2010) tarafindan
yapilan Ol¢iim  sonuglarindan  yararlanilmistir.
Bu yararlanma, havza alan1 ve yakin gevresini

Cizelge 1- 2013 yihnda havza alammin celtik tarim agisindan Tiirkiye ve Tekirdag ilindeki durumu (TUIK

2014)
Table 1- The state of the basin area in terms of rice cultivation in Turkey and Tekirdag province in 2013 (TUIK
2014)
Ekilen alan Hasat edilen . Verim
Yer (da) alan (da) Uretim (ton) (kg da’)
Tirkiye 1105924 1105924 900000 814
Tekirdag 31000 31000 28899 932
Havza alan Hayrabolu 30000 30000 28110 937
Malkara 1000 1000 789 789

298

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

22 (2016) 295-306



Land Suitability Assessment for Rice Cultivation Using GIS: Hayrabolu Stream Basin (Thrace Peninsula) Case, Ozgahin

Karadeniz

W@é?i@!})@ﬂll
Dlelrelslil
Hlalvizia'sii

4 "q‘O"N

Marmara Denizi

M' 0 10 20km
B cettik Tarlasy  ——+——
>

27°00°E 28°0'0"E

Ege Denizi

Sekil 2- Havza alani ve yakin ¢evresindeki celtik tarlalarimin dagihisi

Figure 2- Distribution of Rice paddies in the basin area and its surroundings

Cizelge 2- Havza alaninda celtik tariminin zamansal degisimi (TUIK 2014)
Table 2- Temporal change of rice cultivation in the basin area (TUIK 2014)

Yillar Ekilen alan Hasat edilen Uretim Verim
(dekar) alan (dekar) (ton) (kg da’’)
1996 300 300 150 500
1997 1200 1200 535 446
1998 1480 1480 808 546
1999 1500 1500 794 529
2000 2050 2050 2264 2033
2001 5870 5870 4206 1261
2002 6630 6630 4729 1320
2003 9220 9220 6200 1316
2004 16440 16440 12255 1427
2005 17500 17500 12960 1422
2006 35177 35177 25658 1491
2007 32697 32697 31809 1746
2008 35721 35721 29835 1702
2009 20500 20500 17582 1716
2010 27075 27075 26255 1940
2011 25604 25604 22023 1720
2012 37700 37700 30924 1606
2013 31000 31000 28899 1726
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Sekil 3- Havza alaninda celtik tarlalarinin 1999 ve 2013 yillarindaki mekansal dagilisi
Figure 3- The spatial distribution of paddy field in the basin area in 1999 and 2013 years

karakterize eden 153 toprak Orneginin fiziksel ve
kimyasal 6l¢iim sonuglarinin derlenmesi seklinde
gerceklestirilmistir.  Analizi yapilan Orneklerin
drenaj, tekstiir, derinlik, tuz, kireg, organik madde,
elektriksel iletkenlik (EC), Toprak reaksiyonu (pH),
Sodyum (Na), Potasyum (K), Yarayishh Fosfor
(P,0,), Yarayisli Potasyum (K,0), Hacim agirligi ve
Katyon degisim kapasitesi (KDK) 6l¢iim sonuglari
kullanmilmigtir. Bu sonuglarin mekansal dagilist
toprak parametrelerinin incelenmesinde ¢ok sik
kullanilan ve daha iyi oldugu bildirilen (Uygur et al
2010) ters uzaklik agirliklandirma (Inverse Distance

Weighting-IDW) entarpolasyon yontemiyle
yapilmustir.
Calismada  1:25000 olgekli  topografya

paftalarindan temel altlik harita olarak yararlanilmustir.
Bunun yaninda Japonya Ekonomi, Sanayi ve Ticaret
Bakanligi (METI) Diinya Uzaktan Algilama Veri
Analiz Merkezi (ERSDAC) ve Amerika Ulusal
Havacilik ve Uzay Dairesi (NASA) tarafindan iiretilen
Sayisal Yikseklik Modeli (GDEM)’nden, Maden
Tetkik ve Arama Genel Midiirligii (MTA) tarafindan
yaptirtlan 1:500000 &lgekli jeoloji haritasindan ve
Altm et al (1992) tarafindan bildirilen saha hakkindaki
jeomorfolojik bilgilerden faydalanilmustir. Biitiin

bu verilerin dagilis1 ve haritalandirilmasi, ArcInfo/
ArcMap 10.2 paket programi destekli olarak CBS
ortaminda gerceklestirilmistir.

Calismanin  gozlem, oOlgme ve istatistik
asamasinda, havza alaninda sistematik bir sekilde
arazi caligmalari yapilmisti. Bu esnada, hem
literatiirden hem de haritalar {izerinden toplanan
veriler yerinde kontrol edilmistir. Yine bu
safhada, ilk asamadaki toprak analiz sonuglari
Microsoft Excel 2013 programinda diizenlenmis
ve CBS tabanina Microsoft Access 2013 yazilimi
kullanilarak aktarilmigtir.

Calismanin  analiz  kismu, 10x10 m
¢Oziintirliigiinde tiretilen grid haritalarla {i¢ asamada
tamamlanmistir. Bu sathada Dengiz (Dengiz et al
2010a; Dengiz 2013) tarafindan geltik tarimi icin
kullanilan metodolojiden istifade edilmistir. Analiz
kisminin ilk asamasinda besin elementi yarayislilik
indeksi, ikinci asamada toprak kalitesi indeksi ve
iiclincii agamada ise arazi uygunluk indeksi tespit
edilmistir (Sekil 4, Cizelge 3).

Arazi kalite parametreleri ¢eltik tarimi igin Gnem
derecesine gore atanmistir. Bu bakimdan Dengiz

(Dengiz et al 2010a; Dengiz 2013) tarafindan
bildirilen arazi uygunluk parametreleri ve indeks
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degerleri  kullamlmistir. Indeks degerlerinden
yararlanilarak ~ tanimlanan  faktér  haritalari
olusturulmustur.

Elde edilen faktor haritalart kullanilarak 6nce
besin elementi yarayishlik indeksi Esitlik 1’e gore
analiz edilmistir.

NAI=NAxKxPO,xKO (1

Burada; NAI, besin elementi yarayislilik indeksi;
Na, Sodyum; K, Potasyum; P,O, (Yarayish fosfor)
ve K O (Yarayish potasyum)’dur.

Ikinci olarak ise toprak kalite indeksi Esitlik
2’ye gore analiz edilmistir.
SQI=RXxTxDxFxSxKxOMxECxHxVxC 2)

Burada; SQI, toprak kalite indeksi; R, drenaj; T,
tekstiir; D, derinlik; F, topografya; S, tuz; K, kireg;
OM, organik madde; EC, elektriksel iletkenlik; H,
toprak reaksiyonu; V, hacim agirligi; C, katyon
degisim kapasitesidir.

Her iki asamada uygulanan esitlik igerikleri
dogrultusunda olusturulan faktdr haritalar ise
Esitlik 3 kapsaminda birlestirilmistir.

SI=NAI x SQI 3)
Burada; SI, uygunluk indeksi; NAI,

elementi yarayighilik indeksi ve SQI, toprak kalite
indeksi’dir.

besin

Nihai asamada elde edilen uygunluk indeksi
haritas1 Dengiz (Dengiz et al 2010a; Dengiz 2013)
tarafindan yapilan ayrim géz 6niinde bulundurularak
4 sinif altinda siralanmigtir (Cizelge 4).

Calismanin  sonu¢ asamasinda ise hem
literatiir taramasi hem de arazi g¢alismalarindan
elde edilen weriler, giincel c¢aligmalar 1s1nda
degerlendirilmistir. Elde edilen bulgular tartigilarak
giincel baz1 problemlerle iligkilendirilmis ve gesitli

oneriler gelistirilmistir.

| Arazi Uygunluk Parametreleri I

Veri girigi

Besin elementi

yarayislhihk
indeksi

oz
m-

! Toprak kalitesi
indeksi |

Fiziksel Ozellikleri

Kimyasal Ozellikleri

S, Ki, OM, EC
H,V,C

ﬁAI = NA x K x P,O, x K,O

s
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|><OIV|><EC’<HXV><C
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/

Sekil 4- Havza alaninda celtik tarim icin arazi uygunluk degerlendirmesindeki CBS uygulamalarinin

sistematik semasi

Figure 4- Schematic chart of GIS application to land suitability assessment for rice cultivation in the basin area
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Cizelge 4- Celtik tarmm icin arazi uygunluk
degerlendirmesi

Table 4- Land suitability evaluation for rice cultivation

Tanmmlama Uygunluk sunifi  Indeks degeri
Cok uygun S1 1.00 - 0.250
Orta derecede uygun S2 0.250 - 0.100
Uygun S3 0.100 - 0.025
Uygunsuz N 0.025 - <

3. Bulgular ve Tartisma

Diinya niifusunun beslenmesindeki ii¢ Onemli
tahildan biri olan (Zaman 2001; Doganay 2007)
geltik, islendiginde diinya niifusunun yarisindan
fazlasinin temel gidasini olusturmaktadir (Bulut
2006; Ozsahin 2008). Bu nedenle Tiirkiye tarrminda
¢ok oOnemli bir yer teskil etmektedir (Tashgil
& Sahin 2011). Bilhassa gerek Diinya, gerckse
Tiirkiye dl¢eginde celtik tarim1 kapsaminda yapilan
caligmalar bu bakimdan olduk¢a dnemli ve zaruri
bir durum kazanmaktadir.

Tekirdag ilinde geltik tariminin yapildigi tek saha
olan Hayrabolu Deresi Havzasi’nda ¢eltik tarimi
i¢in arazi uygunluk degerlendirilmesinin yapildig:
bu calismada kullanilan toprak analizlerindeki tim
orneklerin, besin elementi yarayislilik ve toprak
kalite indeksleri degerlendirilmistir.

Calismanin analiz kismmin ikinci safhasi olan
toprak kalite indeksi’nin tespit edilmesinde ise
drenaj, tekstiir, derinlik, topografya, tuz, kireg,
organik madde, -elektriksel iletkenlik, toprak
reaksiyonu, hacim agirhgr ve katyon degisim
kapasitesi gibi parametreler degerlendirilmistir.
Bu baglamda c¢eltik tarim1 i¢in en miisait alanlar;
drenajin kotii (Meral & Temizel 2006), toprak
tekstiirintin killi yapida (Er & Gegit 1988), toprak
derinliginin fazla (Géney 1980; Ozgoz et al 2012),
yersekillerinin diiz ya da diize yakin (Tashgil &
Sahin 2011), egimin az (Siirek 2002), kireg oraninin
disiik (Doganay 2007), organik madde bakimindan
zengin (Siirek 2002), elektriksel iletkenligin diisiik
(Stirek 2002), toprak reaksiyonunun 8.5’ten diisiik
(Strek 2002), hacim agirligt ve katyon degisim
kapasitesinin (kil oraniyla dogru orantilidir) ise
yliksek (Ekinci 1990) oldugu yerlerdir.

Bu ¢alisma kapsaminda formiil igerikleri dahilinde
gerceklestirilen analizler sonucunda, Hayrabolu Deresi
Havzast’nin ¢eltik tarimi i¢in uygun oldugu anlasilmustir.
Zira havza alanin % 26.1’1 uygun, % 24.8’inin orta
derecede uygun ve % 23.8’inin de ¢ok uygun sahalardan
olugsmaktadir (Cizelge 5). Havza alaninda geltik tarimi
icin en uygun alanlar basta Hayrabolu Deresi olmak
iizeri bu akarsuya ait kollarm olusturdugu aliivyon
vadi tabanlaridir (Sekil 5). Celtik tarimi i¢in uygunsuz
sahalarin orani ise % 25.9°dur (Cizelge 5). Havzanin
giineyinde Ganos Dagi’na dogru olan kesimleri ile
Hayrabolu sehrinin batisindaki plato sahalart da geltik
tarimi igin uygunsuz alanlar kategorisindedir (Sekil 5).
Diger arazi uygunluk siniflar1 ise bu gruplar arasinda
dagilis gosterir (Sekil 5).

Cizelge 5- Havza alaminda celtik tarim icin arazi
uygunluk siniflarinin dagilist

Table 5- Distribution of land suitability classes for rice
cultivation in the basin area

Uygunluk sinifi Alan (km?)  Oran (%)
S1: Cok uygun 365.2 23.8
S2: Orta derecede uygun 372.2 24.2
S3: Uygun 401.2 26.1
N: Uygunsuz 397.4 25.9
Toplam 1536.0 100.0

Calisma sonucunda tespit edilen arazi uygunluk
siniflarinin oranlar1 havzanin ¢eltik tarimina misait
oldugunu desteklemektedir. Zira benzer bulgulara
literatlirde de erisilmistir. Perera et al (1993) Sri
Lanka’nin gilineyi icin yaptiklari caligmada bu
sahanin % 72’sinin ¢eltik tarimima ¢ok uygun veya
uygun oldugunu tespit etmiglerdir. Mongkolsawat
et al (2002) Kuzeydogu Tayland’daki Asagi
Namphong havzasinin % 17.7’sinin geltik tarimi
icin misait olmadigint belirlemislerdir. Dengiz et
al (2010a) Bafra Ovasi’nin bir kismini kapsayan
calismalarinda inceledikleri alanin % 79 unun ¢eltik
tarimina ¢ok uygun ve uygun arazilerden olustugu
bulgusuna erigsmislerdir. Cheng & Wu (2011) Cin’in
Zhejiang ilinin celtik tarimina ¢ok uygun oldugunu
ortaya koymuslardir. Dengiz (2013) i¢ Anadolu
Bolgesi’ndeki Cankiri ilinin Kizilirmak ilgesindeki
calisma alanin geltik tarimi agisindan ¢ok uygun ve
uygun arazilerden olustugu sonucuna ulagmistir.
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Sekil 5- Havza alaninin celtik tarimi icin arazi uygunluk degerlendirmesi haritasi

Figure 5- Land suitability assessment map for rice cultivation in the basin area

Hayrabolu Deresi Havzasi’ndaki geltik tarimina
uygun alanlarin dagilis sonuglari ayrica, halihazirda
geltik tariminin  yapildigi sahalarla paralellik
gostermektedir (Sekil 5). Bu uyumluluk caligma
bulgularinin da dogru olduguna isaret etmektedir.

Bununla birlikte CBS tabanli arazi uygunluk
calismalarin planlama ve yonetim agisindan oldugu
kadar, dogal kaynaklarin korunmasinda da 6nemli
oldugu anlasilmistir. Dengiz & Ozcan (2006)
benzer calismalarin dogal kaynaklarin, ozellikle
topraklarin, karakteristiklerine uygun siirdiiriilebilir
bir sekilde iiretkenliklerinin devamliligi saglamaya
yardimer oldugunu belirtmislerdir. Dengiz et al
(2007) bu tiir caligmalarin birgok veriyi dogru ve
hizl1 bir sekilde analiz edilmesinde planlamacilara
onemli kolayliklar sagladigmi bildirmislerdir.
Dengiz et al (2009) CBS destekli tarimsal kullanima

uygunluk c¢alismalarinin, hem kullanicilara hem de
karar vericilere kararlarin alinmasinda ¢abukluk ve
esneklik kazandirdiginin altini ¢izmislerdir.

4. Sonug¢

Bu ¢aligma sonunda Tekirdag ilinde tek geltik tarimin
yapildigt yer olan Hayrabolu Deresi Havzasi’nin
% 74.1 oranla celtik tarimina uygun arazilerden
Tiirkiye’deki ¢eltik
yetistirilmesindeki artis egilimine bakilarak yakin
gelecekte havza alaninda yeni sahalarinda bu tahilin
yetistirilmesi i¢in kullanilacagi anlagilmaktadir. Bu
bakimdan celtik tarimina agilacak yeni sahalarin
bu veya buna benzer farkli caligmalarla tespit
edilip, arastirilmasi dogal kaynaklarin kullaniminin

olustugu tespit edilmistir.
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stirdiiriilebilir olmasi bakimindan olduk¢a miihim
bir husustur.

Son olarak CBS teknikleri kullanilarak
gerceklestirilen bu caligmanin sonuglari,
benzer sahalar igin ayni yOntemin rahatlikla
kullanilabilecegini gostermistir.
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ABSTRACT

This research focuses on yellow lentil seeds and determining the effects of moisture content on some of their physical
properties. The various types of machinery used in gathering crops, processing, shipping, categorizing, sorting, and
packaging are designed according to the physical properties of the specific crops. When the moisture content increased
from 15.6% to 22.5% d.b., the bulk density decreased from 750.27 to 625 kg m?, the true density increased from 1200.5
to 1334 kg m, and the rupture force decreased from 2.5 to 16.2 N. Under the same conditions, the measurements
of the average thickness, diameter, arithmetic mean diameter, geometric mean diameter, projected area, surface area,
sphericity, thousand seed mass, porosity, and terminal velocity values varied as follows: from 1.22 to 1.42 mm, 4.29 to
4.6 mm, 3.26 to 3.53 mm, 2.82 to 3.1 mm, 15.33 to 17.66 mm?, 24.93 to 30.15 mm?, 0.66 to 0.67, 15.33 to 17.66 mm?,
15.1 to 18.01 g, 37.49 to 53.18% and 1.5 to 2.09 m s, respectively. For all moisture content levels, rubber had the
greatest static coefficient of friction, followed by aluminum, galvanized iron, stainless steel, plywood and glass.

Keywords: Yellow lentils; Physical properties; Moisture

Nem I¢eriginin Sar1 Mercimegin Baz1 Fiziksel Ozellikleri Uzerine Etkisi
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OZET

Bu galisma degisen nem oranlarina bagli olarak sar1 mercimek tohumlarinin bazi fiziksel ozelliklerini belirlemeye
odaklanmustir. Hasat, isleme, nakliye, katagorize etme, siniflandirma ve paketlemede kullanilan makinalar bu fiziksel
ozelliklerine gore tasarlanmaktadir. Nem oran1 % 15.6’dan % 22.5 d.b (kuru baz)’a artti§inda, hacim agirlig1 750.27” dan
625 kg m*’e, 6zgiil agirlik 1200.5’dan 1334 kg m™’e ve kirilma kuvveti 22.5’dan 16.2 N’a azalmigtir. Ayni kosullar altinda
ortalama kalmlik, ¢ap, aritmetik ortalama ¢ap, geometrik ortalama gap, kiiresellik, yiizey alani, projeksiyon alani, bindane
agirhigy, gozeneklilik ve kritik hiz degerleri sirastyla 4.29-4.6 mm, 1.22-1.42 mm, 3.26-3.53 mm, 2.82-3.1 mm, 0.66-0.67,
24.93-30.15 mm?, 15.33-17.66 mm?, 15.1-18.01 g, % 37.49-53.18 ve 1.5-2.09 m s araliginda degismistir. Biitiin nem
degerlerinde en ytiksek siirtiinme katsayis1 kauguk yiizey kullanildiginda elde edilmistir, bunu aliiminyum, galvanizli sac,
celik, kontrplak ve cam yiizeyleri takip etmistir.

Anahtar Kelimeler: Sart mercimek; Fiziksel 6zellikler; Nem
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1. Introduction

Lentil (Lens culinaris L.) belonging to the Fabaceae
family is one of the most popular cultivated plants for
the dry foods industry and is an important ingredient
for the canned food industry. Lentils are an excellent
source of vitamins, energy, proteins, mineral elements,
and carbohydrates (Gharibzahedi et al 2014). The
widespread use of lentils in traditional foods around
the world dates back to ancient times (Kouvoutsakis
et al 2014). The most common varieties of lentils are
red, yellow, black, or green.

Lentils are cultivated in many different countries,
and in 2013 the annual production of lentils was
calculated to be approximately 4.9 Mt. Canada is
the most important lentil growing country (1880500
t); the other top producers are India (1134000 t),
Turkey (417000 t) Australia (324000 t) and the USA
(227658 t) (FAO 2013).

The known physical properties of crops are the
main determining factor in the design of appropriate
machinery for grading and sizing, separating,
cleaning, shipping, handling, storing, sizing,
processing, and packaging (Altuntas & Demirtola
2007). Additionally, the known physical properties
aid in identifying the efficiency of machines and
systems operations, determine the quality of the
finished product, and correctly identify the different
varieties. Determining these factors can lead to
increased work efficiency and reduced product loss.
Consequently, it is important to correctly identify
and measure these properties and give them serious
consideration (Fathollahzadeh et al 2008).

A number of studies have found that moisture
affects the physical properties of a wide variety of
specific agricultural products such as lentil seeds
(Carman, 1996), safflower seeds (Balimler et al
2006), cowpea (Vigna sinensis L.) seed (Yalcin
2007), teff seeds (Zewdu & Solomon 2007),
jatropha seeds (Garnayak et al 2008), bay laurel
seeds (Yurtlu et al 2010), rice (Kibar et al 2010),
red lentil seeds (Gharibzahedi et al 2011), christmas
lima beans (Aghkhani et al 2012), coriander seeds
(Balasubramanian et al 2012), hemp seeds (Taheri-
Garavand et al 2012), maize seeds (Barnwal et al

2012), barley (Sologubik et al 2013) and Moringa
oleifera seeds (Aviara et al 2013). No previous
literature exists on how the physical properties of
yellow lentil seeds are affected by moisture.

The purpose of this research was to study the
various physical properties of yellow lentil seeds
that are affected by moisture: thickness, diameter,
arithmetic mean diameter, geometric mean diameter,
projected area, surface area, sphericity, thousand
seed mass, porosity, terminal velocity, rupture force
and the static coefficient of friction.

2. Material and Methods

For the research purposes of this paper, yellow
lentils from a market in Bursa, Turkey, were used.
To cleanse the lentil seeds from foreign matter and
ensure the removal of damaged or unripe seeds,
the lentils were cleaned by hand. Using a digital
moisture meter (Pfeuffer HE 50, Germany), the
initial moisture content of the lentil was measured
to be 15.6% (dry basis (d.b.)).

The preparation of the samples of yellow
lentils with different chosen moisture contents was
accomplished by adding the necessary amount of
distilled water as calculated according to Equation
1 (Sacilik et al 2003).

WM, -M)
©(100-M )

Where; O, mass of water added (kg); W, initial
mass of the sample (kg); M, initial moisture content
of the sample (% d.b.), and M, s final moisture content
of the sample (% d.b.).

Next, the prepared samples were placed in
individual polyethylene bags which were then tightly
sealed and kept refrigerated for 7 days at 5 °C to ensure
that the moisture would spread evenly throughout
the lentils in the bag. Before a test was conducted,
the lentils to be used in the test were removed from
refrigeration and placed at room temperature for
approximately 2 h. For all tests of physical properties,
measurements were taken for moisture levels of 15.6,
17.4,18.9,20.6 and 22.5% (d.b.).

)
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The average yellow lentil size was calculated by
choosing 100 seeds at random and measuring at each
moisture level the diameter (D) and thickness (7)),
which are recognized as the principal dimensions.
These measurements, taken with an accuracy of
0.01 mm, were obtained using digital slide calipers
(Mitutoyo, Japan). Equation 2 and 3 were used to
calculate the arithmetic mean diameter (D,) and the
geometric mean diameter (Dg) (Mohsenin 1986).

D,=(2D+T)/3 )

D, =(p1)” 3)

The sphericity (¢) and the surface area (S) of
yellow lentil seeds were determined according to
the Equation 4 and 5 (Mohsenin 1986).

¢=D,/L 4)

S=nD, (5)

A digital camera (SONY; 10.1 Mpixels, China)
was used to photograph the seeds in order to
calculate the projected area A, The reference area
was compared to the sample area using the Global

Lab Image 2-Streamline (trial version) program
(Isik 2007).

A digital electronic balance (Chyo, MP-300,
Japan), which is accurate to 0.001 g, was used to

measure the thousand seed mass (M, ).

Seed was poured at a constant rate from a
height of 150 mm into a circular container (500 mL
volume) until the container was full to measure the
bulk density (p,), which was determined from the
container’s volume and the seeds’ mass (Sacilik et
al 2003).

The toluene displacement method was used to
find the true density (p). Yellow lentil seeds of a
measured weight were immersed in toluene, and the
volume of toluene displaced was measured (Paksoy
& Aydin 2004).

The porosity (¢) of the yellow lentil seeds
was found at the specific moisture percentages
by calculations using the bulk and true densities

according to the equation given by Mohsenin (1986)
as shown in Equation 6.

e=PPryx100 6)
t
A digital anemometer (Thies clima, Germany)
with a least count of 0.1 m s was used to measure
the terminal velocity (V) that was required to keep
the seed suspended (Shirkole et al 2011).

A biological material test device (Sundoo, SH-
500, Digital Force Gauge, China) with a load cell
of 500 N was used to measure the yellow lentils’
rupture force (R /).

Lentils were tested with six types of structural
materials rubber (u ), aluminum (u ), galvanized
iron (1), stainless steel (u ), plywood (),
and glass (/ng) to measure the static coefficient of
friction. For this test, a polyvinylchloride (PVC)
cylindrical pipe 50 mm in diameter and 100 mm in
height resting on an adjustable tilting plate facing the
test surface was used. The seed sample was poured
into the cylinder, which was held just above the
surface. A screw device was used to slowly raise the
structural surface with the cylinder on top until the
cylinder just began to slide down. A graduated scale
was used to measure the angle of tilt (Karababa &
Coskuner 2013). Equation 7 was used to obtain the
coefficient of friction.

U =tano (7

Where; 1 is the coefficient of friction and o is the
angle of tilt (°).

The findings of these tests and calculations
were processed with the MINITAB (Version 14,
University of Texas and Austin, Texas, USA) and
MS-Excel software programs. The results were
analyzed with a one-way analysis of variance.
Mean differences were tested for significance with
a least significant difference (LSD). Variations were
generally considered to be significant at P<0.05.
Any other significance levels used are specified.
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3. Results and Discussion

3.1. Seed dimensions

Table 1 contains the values of each of the lentil
samples at different moisture percentages for their
diameter, thickness, arithmetic mean diameter
and geometric mean diameter. When the moisture
content was increased from 15.6 to 22.5% d.b.,
the diameter, thickness, arithmetic mean diameter
and the geometric mean diameter of seeds all
significantly increased (P<0.05): from 4.29 to
4.60 mm, 1.22 to 1.42 mm, 3.26 to 3.53 mm and
2.82 to 3.1 mm, respectively. Gharibzahedi et al
(2011) showed that when the moisture content
for red lentil seeds increased from 9.5 to 21.1%
(w.b.), the average thickness, arithmetic mean
diameter and geometric mean diameter increased
linearly from 2.32 to 2.38 mm, 3.44 to 3.5 mm
and 3.33 to 3.39 mm, respectively. Other linear
increases related to increasing moisture content
that have been reported in the literature include
the diameter of green lentils (Isik 2007), the
thickness of locust bean seeds (Sobukola &
Onwuka 2011), the arithmetic mean diameter of
Christmas lima beans (Aghkhani et al 2012) and
the geometric mean diameter of coriander seeds
(Balasubramanian et al 2012).

3.2. Sphericity

Figure 1 details how sphericity is affected by
moisture content. When the moisture content was

increased from 15.6 to 22.5% d.b., there was a linear
increase in sphericity from 0.66 to 0.67. When
Taheri-Garavand et al (2012) observed hemp seeds
and Balasubramanian et al (2012) experimented
with coriander seeds, the sphericity of these seeds
linearly increased when the moisture content
was increased. Equation 8 shows the relationship
between moisture content and sphericity.

¢ =0.6555+0.0038M_, (R*=0.9139) (8)

When compared to the sphericity results of bay
laurel seeds, the sphericity values of yellow lentils
were lower (Yurtlu et al 2010); however, another
study by Garnayak et al (2008) found similar values
for the sphericity of jatropha seeds.

0.68

b
b
£ 067 4 b
& b
= 3
5
5 066 a
“ +
0.63 T . . T
1560 1740 1890 20 60 2250

Moisture content, %o d.b.
Figure 1- Effect of moisture content on sphericity of
yellow lentil seeds

Sekil 1- Nem icerigininin sart mercimek tohumlarinin
kiireselligi tizerine etkisi

Table 1- Dimensions of the yellow lentil seeds at the different moisture contents

Cizelge 1- Farkli nem igeriginde sart mercimek tohumlarinin boyutlari

Moisture Dimensions, mm

20: tent, % Mean diameter Mean thickness meli’};itji,Zrentzer megzodr;ljzzer
15.60 4.286 (0.042)* 1.218 (0.044) 3.263 (0.019) 2.82.816 (0.027)*
17.40 4.375 (0.033)° 1.286 (0.028)" 3.345(0.018)° 2.909 (0.023)°
18.90 4.470 (0.046)° 1.338 (0.039)¢ 3.426 (0.019)° 2.990 (0.024)°
20.60 4.567 (0.039)¢ 1.376 (0.020)¢ 3.503 (0.020)¢ 3.061 (0.021)¢
22.50 4.600 (0.045)¢ 1.418 (0.032)¢ 3.528 (0.022)¢ 3.097 (0.027)°

* values in the parentheses are standard deviation. ¢, means with different superscript alphabets in the same column differ significantly

(P<0.05)
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3.3. Surface area of seeds

Figure 2 details the results of the experiments
determining how different moisture levels affect
the surface area of yellow lentils. In the experiment,
when the moisture content was increased from
15.6 to 22.5% d.b., a 17.31% linear increase was
observed (from 24.93 to 30.15 mm?). This moisture
content effect on the yellow lentils surface area
was statistically significant (P<0.05). Surface arca
relationship with moisture content of yellow lentil
seed was determined to be linear and is shown in
Equation 9.

A, =23.833+1.3339M_, R’ =0.9821 )

Sacilik et al (2003) and Sologubik et al (2013)
reported a similar linear increase with regards to
surface area when experimenting with hemp seeds
and barley, respectively.

W
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e
30 d £
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g 28 *
3 27 b
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=
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24 : : . :
15.60 17.40 18.90 2060 2250

Moisture content, % d.b.

Figure 2- Effect of moisture content on surface area
of yellow lentil seeds

Sekil 2- Nem iceriginin sart mercimek tohumlarinin
yiizey alani iizerine etkisi

3.4. Projected area of seed

A graphical representation of the projected area
calculated for yellow lentil seeds at the various
experimental moisture contents is presented in
Figure 3. Increasing moisture content resulted in a
linear increase of the projected area of the seed from
15.33 to 17.66 mm?. Equation 10 represents how the
moisture content and the value of the projected area
are related.

A, =14.403+0.5887M_ (R*> =0.9078) (10)

Yalcin & Ozarslan (2004) found that vetch seeds
also behaved similarly when moisture content was
increased, as did Dursun & Dursun (2005) when
caper seeds were studied and Isik (2007) when
green lentils were observed.

18 4
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Projected area, mm?

,_.
(=)}

i
=

=

15.60 17.40 18.90 20.60 2250

Moisture content, % d.b.

Figure 3- Effect of moisture content on projected
area of yellow lentil seeds

Sekil 3- Nem icerigininin sart mercimek tohumlarinin
projeksiyon alani tizerine etkisi

3.5. Thousand seed mass

Figure 4 shows the results for the effects of moisture
content on the thousand seed mass. An increase
in moisture content from 15.6 to 22.5% d.b. was
accompanied by a linear increase in the thousand
seed mass M, from 15.1 to 18.01 g, which can be
calculated as an increase of 19.27%. Szot et al (2003)
noted that Polish and Canadian varieties of lentil
seeds also increased in thousand seed mass when
moisture was increased, as did Solomon & Zewdu
(2009) in their study of Niger seeds and Bagherpour
et al (2010) in a study of lentils. In other studies, the
values for the thousand seed mass Dursun & Dursun
(2005) observed for caper seeds were less than the
values found for the yellow lentil samples; the
values observed for green lentils were higher (Isik
2007). Equation 11 shows the relationship between
moisture content and the thousand seed mass.

M,,, =14.526 +0.712M, (R*=0.9827) (11)
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ns

Thousand seed mass, g

15.60 17.40 18.90 20.60 22.50

Moisture content, % d.b.

Figure 4- Effect of moisture content on the thousand
seeds mass of yellow lentil seeds

Sekil 4- Nem iceriginin sart mercimek tohumlarinin
bin dane agirligi iizerine etkisi

3.6. Bulk density

The results found for the bulk density of yellow
lentils at various moisture levels are given in Figure
5. Increasing the moisture content from 15.6 to 22.5%
d.b. resulted in a decreased bulk density from 750.27
to 625 kg m?; this effect was found to be statistically
significant (P<0.05). Increasing the moisture content
resulted in a 16.7% percent corresponding decrease
in bulk density for the yellow lentil sample. Equation
12 defines the relationship between moisture content
and bulk density.

p, =783.93-31.691M (12)

Lentil seeds were also found to have a negative linear
relationship between their bulk density and moisture
content (Carman 1996); a similar negative relationship
was found for maize seeds (Barnwal et al 2012).

800 -

R* =0.998

650 -

Bulk density, kg m3

600 -

550 T T T 1
15.60 17.40 18.90 20.60

Moisture content, % d.b.
Figure 5- Effect of moisture content on bulk density
of yellow lentil seeds

Sekil 5- Nem igerigininin sart mercimek tohumlarinin
hacim agirligi iizerine etkisi

3.7. True density

Figure 6 shows how various moisture levels affect
the true density of yellow lentils, which increased
linearly from 1200.5 to 1334 kg m™ as a result of
increasing the moisture content from 15.6 to 22.5%
d.b. Equation 13 represents the relationship between
the moisture content and the value of true density.

p, =1168.5+33.45M, R*>=0.9993 (13)

Singh et al (2012) also recorded an increase in
true density accompanying an increase in moisture
content for flaxseeds, as did Paksoy & Aydin (2004)
in a study on edible squash seeds and Kibar et al
(2010) in an examination of rice seeds.

1400 -
1350 4 d
"‘E cd
2 1300 be
)
2 1250 A ab
E a
S 1200 H
=4
1150 |
1100
15.60 17.40 18.90 20.60 2250

Moisture content, % d.b.

Figure 6- Effect of moisture content on true density
of yellow lentil seeds

Sekil 6- Nem igerigininin sart mercimek tohumlarinin
ozgiil agirligy iizerine etkisi

3.8. Porosity

Figure 7 shows how porosity was affected by moisture
content. The increase in moisture content from 15.6
to 22.5% d.b. caused the porosity to increase from
37.49 to 53.18%. Porosity and moisture content
relationship presented in Equation 14.

P, =33.683+3.9291M R*=0.9981 (14)

Altuntas & Yildiz (2007) reported porosity values
for fava beans that are higher than those found for
yellow lentils, while Vilche et al (2003) found lower
porosity values for quinoa seeds when compared
with yellow lentil seeds; Amin et al (2004) also found
lower porosity values for lentil seeds.
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Figure 7- Effect of moisture content on porosity of
yellow lentil seeds

Sekil 7- Nem icerigininin sart mercimek tohumlarinin
bosluk orant iizerine etkisi

3.9. Terminal velocity

Figure 8 gives the effects of moisture content on the
values for terminal velocity. Increasing moisture
content caused the terminal velocity values to
increase from 1.5 to 2.09 m s'. The reason for this
increase in terminal velocity can be explained by the
increase in the mass of each seed per unit frontal
area that faces the air stream. The linear relationship
between moisture content and terminal velocity can
be defined by Equation 15.

V. =1366+0.144M, (R>=0.9975) (15)

When comparing the terminal velocity of yellow
lentils with the terminal velocities of vetch seeds, the
latter were found to have a higher terminal velocity
when moisture levels were the same (Yalcin & Ozarslan
2004). Additionally, safflower seeds were found to have
a higher terminal velocity (Kara et al 2012).

230 q

. ns
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%‘ ns
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S
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=
To130
15.60 17.40 18.90 20.60 2250

Moisture content, % d.b.
Figure 8- Effect of moisture content on terminal
velocity of yellow lentil seeds

Sekil 8- Nem igerigininin sart mercimek tohumlarinin
kritik hizlar iizerine etkisi

3.10. Rupture force

Figure 9 shows the effects of various moisture
content levels on the rupture force of yellow lentils.
An increase from 15.6 to 22.5% d.b. indicated a
decrease in the rupture force of yellow lentils from
22.5 to 16.2 N. Bagherpour et al (2010) also found
a negative linear relationship of rupture force with
moisture content in a study of lentil seeds, while
Balasubramanian et al (2012) found a negative
relationship for coriander seeds. The relationship
between moisture content and rupture force can be
expressed with Equation 16.

R, =2374-156M, R* =0.9753

(16)

Baiimler et al (2006) found a higher rupture
force for the safflower seed when compared to the
rupture force of yellow lentils at the same moisture
level, as did Barnwal et al (2012) for maize seeds
and Taheri-Garavand et al (2012) for hemp seeds.

25 4

20 4 be

Rupture foree, N

15.60 17.40 18.90 20.60 22.50

Moisture content,% d.b.

Figure 9- Effect of moisture content on rupture
force of yellow lentil seeds

Sekil 9- Nem icerigininin sart mercimek tohumlarinin
kirilma kuvveti tizerine etkisi

3.11. Static coefficient of friction

The coefficient results of testing how different
moisture content levels ranging from 15.6 to
22.5% d.b. effected the static friction of yellow
lentils on six surfaces including rubber, aluminum,
galvanized iron, stainless steel, plywood, and glass
against moisture are given in Table 2. For each
material tested, the coefficient of static friction was
found to linearly increase as the moisture content
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increased. It is possible that this increase could be
attributed to the fact that when moisture content is
increased, there is increased adhesion between the
surface of the material and the seed. The tests with
the different moisture content levels showed that the
coefficient of static friction on the rubber surface
varied from 0.7002 to 0.8098, on the aluminum
from 0.6249 to 0.7265, on the galvanized iron from
0.6009 to 0.7002, on the stainless steel from 0.5774
to 0.6745, on the plywood from 0.4663 to 0.5543
and on the glass from 0.4452 to 0.5317. These
variations correspond to the following percentages
of increase: 13.53%, 13.98%, 14.18%, 14.40%,
15.88% and 16.27% for the rubber, aluminum,
galvanized iron, stainless steel, plywood and glass
surfaces, respectively. The highest coefficient of
static friction value (0.8098) was found for the
rubber surface at 22.5% d.b. moisture content.
The glass surface had the lowest value (0.4452)
at 15.6% d.b. moisture content. Carman (1996)
reported that rubber has the highest coefficient of
static friction when tested with lentil seeds, and
Aghkhani et al (2012) came to the same conclusion
for lima beans. Araghi et al (2010) & Davies (2010)
found that rough varieties of rice and arigo seeds,
respectively, had the lowest friction values when
tested on a glass surface. The effects of moisture
content levels on the six different tested surfaces
are shown in Equations 17-22.

4, =0.6721+0.0274M, (R*=0.9998) (17)
i, =0.5989+0.0254M (R*=0.9998) (18)
U, =0.5755+0.0248M (R*=0.9998) (19)
Uy, =0.5525+0.0243M, (R’ =0.9998) (20)
i, =044399+0.022M, (R =0.9999) (21)
Mo, =04232+0.0216M,  (R*=0.9999) (22)

4. Conclusions

This study examined the effect of different levels
of moisture content on several different physical
properties of yellow lentil seeds. When moisture
levels were increased from 15.6 to 22.5% d.b.,
decreases were observed in the bulk density (from
750.27 to 625 kg m3) and the rupture force (from
22.5 to 16.2 N). Additionally, with the same increase
in moisture content levels, the average diameter
increased from 4.29 to 4.6 mm, the thickness from
1.22 to 1.42 mm, the arithmetic mean diameter from
3.26 to 3.53 mm, the geometric mean diameter from
2.82 to 3.1 mm, the sphericity from 0.66 to 0.67, the
surface area from 24.93 to 30.15 mm?, the projected
area of seed from 15.33 to 17.66 mm?, the thousand
seed mass from 15.1 to 18.01 g, the porosity from
37.49 to 53.18%, the terminal velocity from 1.5
to 2.09 m s and the true density from 1200.5 to

Table 2- Effect of moisture content on static coefficient of friction of yellow lentil seeds against various

surface

Cizelge 2- Farkli yiizeylerde, nem iceriginin sart mercimek tohumlarinin siirtiinme katsayisi tizerine etkisi

Moisture Surface

content,

% d.b. Rubber Stainless steel  Aluminium Glass Plywood Galvanised iron
15.60 0.700 (0.012)* 0.577 (0.012)*  0.625 (0.009)* 0.445 (0.015)*  0.466 (0.013)*  0.601 (0.017)*
17.40 0.727 (0.008)® 0.601 (0.015)® 0.649 (0.011)® 0.466 (0.008)*  0.488 (0.016)** 0.625 (0.019)*
18.90 0.754 (0.006)>  0.625 (0.006)> 0.675 (0.012)* 0.488 (0.014)>  0.510 (0.017)* 0.649 (0.018)"
20.60 0.781 (0.009)*¢  0.649 (0.012)** 0.700 (0.008)** 0.510 (0.013)«¢  0.532 (0.025)* 0.675 (0.015)
22.50 0.810 (0.005)¢  0.675 (0.004)¢  0.727 (0.010)* 0.532 (0.007)¢  0.554 (0.014)°  0.700 (0.019)¢

*_ values in the parentheses are standard deviation; *¢, means with different superscript alphabets in the same column differ significantly

(P<0.05)
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1334 kg m™. A linear increase was observed in the
coefficients of static friction of yellow lentil seeds at
the same levels of moisture content on surfaces of the
following six structural materials: rubber (0.7002-
0.8098), aluminum (0.6249-0.7265), galvanized iron
(0.6009-0.7002), stainless steel (0.5774-0.6745),
plywood (0.4663-0.5543) and glass (0.4452-0.5317).
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Abbreviations and Symbols
Ap Projected area mm?
A, Surface area mm?
C,C, Regression coefficients
D, Arithmetic mean diameter mm
of seed
Dg Geometric mean diameter mm
of seed
D Diameter of seed mm
M, Moisture content % d.b.
M, Thousand seed mass g
M, Final moisture content of % d.b.
' sample
M, Initial moisture content of % d.b.
sample
P, Porosity %
(0] Mass of water to added g
R, Rupture force N
R’ Coefficient of dimensionless
determination
T Thickness of seed mm
v, Terminal velocity ms’!
/4 Initial mass of sample g
o, Bulk density kgm=
P, True density kgm=
¢ Sphericity of seed dimensionless
u Coefficient of friction dimensionless
d.b. Dry basis
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stireden sonraki gonderimler kabul edilmez. Baseditor, hakem raporlarini ve/veya istenilen diizeltmelerin yeterli olup olmamasini
dikkate alarak makalenin yayimlanip yayimlanmamasina karar verir.

Makalede isimleri yer alan tiim yazarlar, yayim haklarini Tarim Bilimleri Dergisine verdiklerine dair Makale Gonderme ve Telif
Hakki Devir Sézlesmesini imzalamalidir. Makalenin yayimlanmas: kabul edildikten sonra makale metninde, yazarlarinda ve
yazarlarin siralamasinda degisiklik yapilamaz. Makale yayima kabul edildiginde, sorumlu yazar Ankara Universitesi adina agilnus
banka hesabma 300 TL yatirmalidir. Makaleden sorumlu yazara banka hesap numarasi, makalenin basima kabul edilmesinden
sonra bildirilir.

Makale Yiikleme

Hazirlanan makaleler; sadece makaleden sorumlu yazar (makalenin yayim baslangicindan basim sonrasindaki her tiirlii yazigmalarda
sorumlulugu bulunan) tarafindan Tarim Bilimleri Dergisi web sayfasindaki ¢evrimi¢i Makale Gonderme ve Degerlendirme
Sistemi kullanilarak elektronik ortama yiiklenmelidir. Makale yiikleme bolimiiniin “Bagvuruyu Yiikle” bolimiinde pdf
formatindaki makale dosyasina ilave olarak “Ek Dosyalar” bolimiine asagidaki dosyalarin da yiiklenmesi gerekir.

v Makalenin Word (2003 veya daha iist versiyonlari) formatindaki dosyasi. Sisteme yiiklenen makalenin hem pdf formatinda
ve hem de Word formatinda iletisim, ad-soyad, kurum gibi yazarlar tanitic1 bilgiler bulunmamalidir.

v’ Tiim yazarlar tarafindan imzalanmus ve pdf formatinda taranmis olan “Makale Gonderme ve Telif Hakki Devir Sézlesmesi”.
Yayima kabul edilmesi durumunda bu formlarin ash da posta ile editére gonderilmelidir.

v" Yazar Makale Kontrol Listesi (pdf formatinda),
v’ Yazarlarin ad-soyad, kurum ve iletigim bilgilerini igeren Word dosyas1,

v Gerekiyorsa Etik Kurul Raporu eklenmelidir.

Derginin Kapsam

Tarim Bilimleri Dergisi, tarim bilimleri alaninda yapilan 6zgiin arastirmalari ve yeni bulgular1 igeren makaleleri yayimlar. Sonuglar:
onceden bilinen ve yenilik getirmeyen arastirma makaleleri, taksonomi ile sadece durum tespitine dayanan ve yoresel ¢aligmalar
ile veri ve anket analizine dayana ¢alismalar derginin kapsami disindadir. Derleme makaleler, yayin komisyonunun ¢agrisi tizerine
hazirlanmigsa normal inceleme ve degerlendirme siirecinden gegirilerek yayimlanir.

Makale Hazirlama

Makaleler, A4 boyutundaki kagidin tek yiiziine 12 punto Times New Roman yaz1 tipinde ve ¢ift satir aralikli yazilmalidir. Sayfanin
saginda, solunda, altinda ve istiinde 3’er cm bosluk birakilmalidir. Makalenin her sayfasi ve satirlari numaralandirilmalidir. Yazar
ad(lar)1 agik olarak yazilmali ve herhangi bir akademik unvan belirtilmemelidir. Editérler kurulu, anlatim dili yeterli olmayan
makaleleri degerlendirme dis1 tutabilir. Yazar(lar)in makale gondermeden once eseri dil yoniinden bir dil bilimciye incelettirmesi
tavsiye olunur. Siralama olarak, Ingilizce 6zet ve pesinden Tiirkge 6zet verilir. Bu durum sekil ve gizelge baslhiklart icin de gegerlidir.

Makale; Tiirkge Baslik, Tiirkge Ozet, Anahtar Kelimeler, ingilizce Baslik, Ingilizce Ozet, Keywords, 1.Giris, 2. Materyal ve
Yontem, 3.Bulgular ve Tartisma, 4.Sonuglar, Tesekkiir (varsa), Kisaltmalar ve/veya Semboller (varsa), Kaynaklar boliimleri ile
Sekil ve Cizelgelerden olugmalidir. Boliim adlar1 koyu yazilmalidir.

Makale, “Kaynaklar” boliimii dahil 16 sayfay1 gegmemelidir. Yazar(lar), bu kisimlarin olusturulmasinda derginin web sayfasindaki
Makale Hazirlama Sablonunu kullanmalidir.

Bashk: Kisa ve agiklayict olmali, 14 punto ve koyu, kelimelerin ilk harfi biiyiikk olmali, ortalanarak yazilmali ve 15 kelimeyi
gecmemelidir. Ingilizce baslik Tiirkge basligi tam olarak karsilamali, 13 punto ve koyu yazilmalidir.




Ozet ve Anahtar Kelimeler: Tiirkge ve ingilizce 6zetlerin her biri 300 kelimeyi gegmemelidir. Tiirkge ve ingilizce 6zetlerde
sirastyla “Ozet” ve “Abstract” kelimeleri kullanilmalidir. Ozet, ¢alismanin amacini, nasil yapildigini, sonuglar1 ve sonuglar iizerine
yazar(lar)n yaptig1 degerlendirmeleri igermelidir. Ozetlerin 1 satir altina, her anahtar kelimenin ilk harfi biiyiik digerleri kiigiik
harflerle, miimkiinse baslikta kullanilmayan, ¢aligmay1 en iyi bicimde tanimlayacak ve aralarinda noktalr virgiil (;) olacak sekilde
en fazla 6 anahtar kelime yazilmalidir.

1. Giris: Bu boliimde; ¢aligma konusu, gerekgesi, konu ile dogrudan ilgili 6nceki ¢aligmalar ve ¢alismanin amaci verilir.

2. Materyal ve Yontem: Kullanilan materyal ve yontem ayni baslikta verilmelidir. Alt bashik verilecekse boliim numaras: ile
birlikte numaralandirilmali (2.1. gibi) ve italik yazilmalidir. Yeni veya degistirilmis yontemler, ayni konuda ¢alisanlara aragtirmay1
tekrarlama olanagi verecek nitelikte agiklanmalidir.

3. Bulgular ve Tartisma: Elde edilen bulgular verilmeli, gerekirse ¢izelge, sekil ve grafiklerle desteklenerek bulgular agiklanmalidir.
Elde edilen bulgular tekrardan kagmilmasi amaciyla ya ¢izelge ya da grafik olarak verilmelidir. Istatistiki olarak énemli bulunan
faktorler, uygulanan istatistik analiz teknigine uygun karsilastirma yontemi ile yorumlanarak ilgili istatistikler {izerinde harflendirme
yapilmalidir. Istatistiki analiz yonteminin dogru segilmedigi ve/ya analizin geregi gibi yapilmadigi durumlarda editérler kurulu
makaleyi degerlendirme disinda tutabilir. Bulgular tartisilmali ancak gereksiz tekrarlardan kaginilmalidir. Bulgularin baska
arastirmalarla benzerlik ve farkliliklart verilmeli, nedenleri agiklanmalidir.

4. Sonuclar: Elde edilen sonuglar, bilime ve uygulamaya katkisiyla birlikte kisa ve 6z olarak verilmelidir. Giris ile Bulgular ve
Tartigma boliimiinde verilen ifadeler bu kisimda ayni sekilde tekrar edilmemelidir.

Tesekkiir: Gerekli ise miimkiin oldugunca kisa olmali ve yapilan katki ifade edilerek verilmelidir.

Kisaltmalar ve/veya Semboller: Makalede kisaltmalardan miimkiin oldugunca kaginilmalidir. Semboller Makale Hazirlama
Sablonunda belirtildigi gibi verilmelidir. Kisaltma ve semboller metin i¢inde ilk kez kullanildig1 yerde agiklanmalidir. Uluslararas:
gegerliligi olan ve yerlesik kisaltmalar tercih edilmelidir. Kisaltmalar makalenin basliginda kullanilmamalidir. Semboller SI
sistemine gore verilmelidir.

Kaynaklar: Eserde yararlanilan kaynaklara iliskin atif metin iginde “(Yazarm soyadi y1l)” yontemine gore yapilmalidir. Ornek:
(Doymaz 2003), (Basunia & Abe 2001). Yazara atif yapilirsa sadece yayinin y1li parantez igine alinmalidir. Ornek: Doymaz (2003)’e
gore ya da Basunia & Abe (2001). Ug ya da daha fazla yazar i¢in makale igindeki atifta et al” kullammalidir. Ornek: (Lawrence
et al 2001) veya Lawrence et al (2001)’e gore. Ayn1 yazarin ayni yil iginde 1’den fazla yayini varsa, yildan sonra kiigiik harfler
verilmelidir. Ornek: (Akpinar et al 2003a). Aym yazarin birden fazla yaymina atif yapilacaksa yildan sonra noktali virgiil (;) isareti
ile ayirt edilmelidir. Ornek: (Akpmar 2007; 2009; 2013). Birden fazla atif yapilirsa atiflar arasinda noktali virgiil (;) kullanilmali
ve eskiden yeniye dogru yil sirasina gore verilmelidir. Ornek: (Perl et al 1987; Bailly et al 1996; Copeland & McDonald 2001;
Goel & Sheoran 2003). Eger bilginin, kaynagin belirli bir sayfasindan ya da sayfalarindan alindig: belirtilmek istenirse (Hardeman
& Jochemsen 2012, s 657-674; Naess 1991, s 34) bi¢iminde gosterilmelidir. Kaynaklarda Anonim ya da Anonymous seklinde
gosterim yapilmamalidir.

Kaynaklar bolimiinde metin iginde atifi yapilan tiim kaynaklar alfabetik olarak (yazarlarin soyadlarina gore) ve orijinal dilinde
verilir. Ayn1 yazara birden ¢ok atif yapiliyorsa 6nce tek isim, sonra iki isim ve sonra da ii¢ ve daha fazla yazarli kaynak sirasina
gore hepsi kendi iginde eskiden yeniye y1l sirasina gore verilmelidir. iki veya daha fazla yazarh eserlerin bildiriminde son yazardan
once “&” kullanilmalidir. Ornek: Lawrence K C, Funk D B & Windham W R (2001). Dergi isimleri kisaltma yapilmadan tam ad1
ile ve italik yazilmalidir. Kongre kitaplarinda Tiirk¢e ya da yabanci dilde 6zeti yayinlanmis ¢aligmalara atif yapilamaz. Makaledeki
yanlis atif ve kaynak gosterimlerine ait sorumluluk yazar(lar)a aittir. Kaynaklar boliimiindeki her bir kaynagin sonuna nokta (.)
konmamalidir.
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Doymaz I (2003). Drying kinetics of white mulberry. Journal of Food Engineering 61(3): 341-346

Basunia M A & Abe T (2001). Thin-layer solar drying characteristics of rough rice under natural convection. Journal of Food
Engineering 47(4): 295-301

Lawrence K C, Funk D B & Windham W R (2001). Dielectric moisture sensor for cereal grains and soybeans. Transactions of the
ASAE 44(6): 1691-1696

Akpinar E, Midilli A & Bicer Y (2003a). Single layer drying behaviour of potato slices in a convective cyclone dryer and
mathematical modelling. Energy Conversion and Management 44(10): 1689-1705
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Yildirim O (1996). Bahge Bitkileri Sulama Teknigi. Ankara Universitesi Ziraat Fakiiltesi Yaymlart: 1438, Ders Kitabi: 420, Ankara
Mohsenin N N (1970). Physical Properties of Plant and Animal Materials. Gordon and Breach Science Publishers, New York

Kitapta Boliim:
Firathi C (1993). An yetistirme. (Ed: M Ertugrul), Hayvan Yetistirme, Baran Ofset, Ankara, s. 30-34

Rizvi S S H (1986). Thermodynamic properties of foods in dehydration. In: M A Rao & S S H Rizvi (Eds), Engineering Properties
of Foods, Marcel Dekker, New York, pp. 190-193

Yazar Belirtiimeyen Kurum Yaynlari:
TUIK (2012). Tarim statistikleri Ozeti. Tiirkiye Istatistik Kurumu, Yaymn No: 3877, Ankara
ASAE (2002). Standards S352.2, 2002, Moisture measurement-unground grain and seeds. ASAE, St. Joseph, MI

internetten Alinan Bilgi:

FAO (2013). Classifications and standards. http://www.fao.org/economic/ess/ess-standards/en/ (Erigim tarihi:10.02.2013)

Tez:

Koyuncu T (1992). Tarim arabalarinda kullanilan ¢arpma etkili frenlerin arastirilmasi. Yiiksek lisans tezi, Ankara Universitesi Fen
Bilimleri Enstitiisii (Basilmamig), Ankara

Berbert P A (1995). On-line density-independent moisture content measurement of hard winter wheat using the capacitance method.
PhD Thesis, Crandfield University (Unpublished), UK

Tam Metin Kongre/Sempozyum Kitabi:

Yagcioglu A, Degirmencioglu A & Cagatay F (1999). Drying characteristics of laurel leaves under different drying conditions. In:
Proceedings of the 7th International Congress on Agricultural Mechanization and Energy, 26-27 May, Adana, Turkey, pp.
565-569

Kara Z & Beyoglu N (1995). Konya ili Beysehir yoresinde yetistirilen tiziim gesitlerinin goz verimliliklerinin belirlenmesi tizerine
bir arastirma. Tiirkiye I1. Ulusal Bahge Bitkileri Kongresi. Bildiriler (I1): 3-6 Ekim, Adana, s. 524-528

Sekiller ve Cizelgeler: Sekil, grafik, fotograf ve benzerleri “Sekil”, sayisal degerler ise “Cizelge” olarak belirtilmelidir. Tim sekil
ve cizelgeler makalenin sonuna yerlestirilmelidir. Sekil ve ¢izelgelerin boyu tek sayfa diizeninde en fazla 16x20 cm ve ¢ift siitun
diizeninde ise genisligi en fazla 8 cm olmalidir. Sekil ve ¢izelgelerin boyutu baskida ¢ikabilecek ¢oziiniirlilkte olmalidir. Aragtirma
sonuglarmni destekleyici nitelikteki resimler 600 dpi ¢oziiniirligiinde ”jpg” formatinda olmalidir. Renkli resimler yerine gri ya
da siyah tonlu resimler tercih edilmelidir. Cizelgelerde diisey ¢izgi kullanilmamali ve makale hazirlama sablonunda belirtildigi
gibi hazirlanmalidir. Her ¢izelge ve sekle metin icerisinde atif yapilmalidir. Tiim ¢izelge ve sekiller makale boyunca sirayla
numaralandirilmalidir (Cizelge 1 ve Sekil 1). Cizelge ve sekil basliklar1 ve agiklamalart kisa ve 6z olmalidir. Cizelge ve sekillerin
Ingilizce basliklari, Tiirkge baghigin hemen altina italik olarak yazilmali, ilk yazilan Tiirkge baslik yazis1 koyu olmalidir. Sekil ve
cizelge baslik yazilar1 9.5 punto, sekil ve gizelgelerin i¢indeki yazilar 9 punto, ¢izelge alt1 yazilar 8 punto Times New Roman yazi
karakterinde olmalidir. Sekillerde yatay ve diisey kilavuz ¢izgiler ve rakamlar bulunmamalidir. Ancak istatistiksel karsilagtirmalar
yapiliyorsa kiigiik harfler bulunabilir. Cizelge ve sekillerde kisaltmalar kullanilmig ise hemen altina bu kisaltmalar agiklanmalidir.
Sekil ve ¢izelge bagliklari ile ¢izelge alt1 yazilarmin sonuna nokta (.) konmamalidir.

Birimler: Tiim makalelerde SI (Systeme International d’Units) 6l¢im birimleri kullanilmalidir. Ondalik kesir olarak nokta
kullanilmalidir ( 1,25 yerine 1.25 gibi). Birimlerde “/” kullanilmamali ve birimler arasinda bir bosluk verilmelidir (m/s yerine m s,
J/s yerine J s, kg m/s? yerine kg m s 2 gibi). Say1 ile sembol arasinda bir bosluk birakilmalidir (4 kg N ha',3kgm ' s 20N m,,
1000 s, 100 kPa, 22 °C ve % 29 gibi). Bu kuralin istisnalar1 diizlemsel agilar i¢in kullanilan derece, dakika ve saniye sembolleridir
(°, " ve "). Bunlar sayidan hemen sonra konmalidir (10°, 45°, 60” gibi). Litrenin kisaltmas1 “1” degil “L” olarak belirtilmelidir.
Ciimle sonunda degillerse sembollerin sonuna nokta konulmamalidir (kg. degil kg).

Formiiller ve Esitlikler: Formiiller numaralandirilmali ve formiil numarasi formiiliin yanina saga dayali olarak parantez iginde
gosterilmelidir. Formiillerin yazilmasinda Word programi matematik islemcisi kullanilmali, ana karakterler 12 punto, degiskenler
italik, rakamlar ve matematiksel ifadeler diiz olarak verilmelidir. Metin igerisinde atif yapilacaksa “Esitlik 1” biciminde verilmelidir
(...iliskin model, Esitlik 1’ de verilmistir).
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