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Abstract: This research was undertaken to assess genetic control and combining
effects of some essential traits of yield under drought stress. Forty-two hybrids
under water-stressed and well-watered conditions were tested in field experiments
for two years. Evaluation of the various genetic components of variation was
performed. Both the additive (D) and the dominant (H1) variance components were
important in most of the traits suggesting both additive and non-additive gene
effects under both conditions. The study showed that the minimum number of genes
under water-stressed (WS) conditions ranged from 0.02 for pod length to 16.13 for
days to 50% flowering. The narrow-sense heritability ranged from 24% for the
number of pods per plant and pod length to 66% for the number of days to 50%
flowering under WS condition. The impacts of SCA and GCA have been
determined. In both conditions 1T93K-432-1 and IT97K-499-35 showed the
strongest GCA results on both of the traits. DanilaxIT93K-432-1, DanillaxIT97K-
499-35, and TVu7778xIT99K-573-2-1 have been observed to have the best SCA
effect under both conditions for most of the traits. In most traits, additive and non-
additive gene effects plus additive x additive and additive x dominance gene
interactions were common. In summary, additive and non-additive gene actions
were detected; however, there was a preponderance of non-additive gene action in
both conditions. As a result, the enhancement of these traits would involve a
repetitive selection technique as a result of the prevalence of the dominant gene
effect, which would allow favorable recombination of the genes in both conditions
in later generations.

Kuraklik Stresi Kosullarinda Bériilcede (Vigna unguiculata L. (Walp)) Belirli Verim
Ozelliklerinde Genetik kontrol ve Birlesme Yeteneginin Etkileri

Makale Bilgileri

Gelis: 05.08.2020

Kabul: 10.06.2021

Online Yaymlanma: 15.09.2021
DOI: 10.29133/yyuthd.776597

Anahtar Kelimeler
Birlesme yetenegi,
Boriilce,

Kuraklik toleransi,
Epistaz,

Oz: Bu arastirma, kuraklik stresi altinda verime ait bazi temel dzelliklere genetik
kontrol ve uygulamalarin ortak etkilerini degerlendirmek igin yapilmistir. Su
stresli ve iyi sulanmig kosullar altinda kirk iki hibrit, arazi deneylerinde iki y1l
boyunca test edildi. Varyasyonun gesitli genetik bilegenlerinin degerlendirilmesi
yapildi. Hem eklemeli (D) hem de baskin (H1) varyans bilesenleri, her iki kosulda
da hem eklemeli hem de eklemeli olmayan gen etkilerini diisiindiiren 6zelliklerin
cogunda 6nemliydi. Caligma, su stresi (WS) kosullar1 altinda minimum gen
sayisimin, % 50 ¢iceklenme doneminde, bakla uzunlugu ic¢in 0.02 ila 16.13
arasinda degistigini gosterdi. Dar anlamda kalitsallik, bitki basina bakla sayis1 ve
bakla uzunlugu icin % 24'ten giin sayisi i¢in % 66'ya, WS kosulunda % 50
ciceklenmeye kadar degismektedir. SCA ve GCA'nin etkileri belirlendi. Her iki
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Genotipler, kosulda da IT93K-432-1 ve 1T97K-499-35, her iki 6zellik iizerinde de en giiclii

Katkisiz. GCA sonuglarini gosterdi. Danila x IT93K-432-1, Danilla x IT97K-499-35 ve
TVu7778 x 1T99K-573-2-1'in, 6zelliklerin ¢ogu i¢in her iki kosulda da en iyi
SCA etkisine sahip oldugu gozlemlendi. Cogu &zellikte, eklemeli ve eklemeli
olmayan gen etkilerinden art1 eklemeli x eklemeli ve eklemeli x baskin gen
etkilesimleri yaygindi. Ozetle, eklemeli ve eklemeli olmayan gen aktiviteleri
tespit edildi; fakat, her iki kosulda da eklemeli olmayan gen eyleminin {istiinliigii
vardi. Sonug¢ olarak, bu oOzelliklerin gelistirilmesi, baskin gen etkisinin
prevalansinin bir sonucu olarak her iki kosulda da genlerin sonraki nesillerde
uygun sekilde yeniden birlestirilmesine izin verecek tekrarlayan bir se¢im
teknigini i¢erecektir.

1.Introduction

Nigeria has been confirmed to be the world's highest producer of nearly 47 million metric tons
of beans from an estimated 4.5 million hectares per year, making it Africa's top producer of pulses and
the world's fourth-largest producer of cowpea (Daily Trust 2019, Unpublished). In Nigeria more than
60 million people consume cowpea products daily. CGIAR (Unpublished) stated that Cowpea (Vigna
unguiculata L. (Walp)) was a protein-rich grain which supplements cereals and other tuber crops as
well. It also provides livestock feed and fixes soil nitrogen to increase nutrients in the soil. It is usually
grown in the African, Asian, European, United States, and Central and South American semi-arid
tropics. The grains contain 25 per cent protein and other minerals and vitamins. The crop is an edible
crop which has made a significant contribution to the survival of millions in both the southern and
northern parts of the country (Singh et al., 1999).

The importance of Cowpea cuts across its use as the staple food and cash crop. Nearly every
part of the crop is useful; grains are useful because they provide relatively poor urban communities with
inexpensive and nutritious food (Singh et al., 1999). "Cowpea leaves are also found to be sold in Benin,
Cameroon, Ethiopia, Ghana, Kenya, Malawi, Mali, Tanzania and Uganda" (Barret, 1987), the above-
ground parts of cowpea are also harvested for fodder, except for pods, and they are also found to
symbiotically fix atmospheric nitrogen by nodule bacteria (Rhizobium sp) as a vital supplement to soil
fertility status (Barret, 1987).

Nevertheless, biotic and abiotic factors are the main constraints to cowpea development in
Nigeria. Attaching the crop to biotic factors such as insect pests and diseases thus decreases yield (Hall
and Patell, 1987; Ajeigbe HA et al., 2008). Drought is one of Nigeria’s main abiotic factors affecting
cowpea development (IITA, 2000; Ishiyaku and Aliyu, 2013). However, cowpea as a plant has been
recorded to be highly drought-tolerant, particularly the spreading cultivars, but under extreme drought
it has suffered significantly, resulting in a substantial reduction in yield. Singh et al. (1985) and Shimelis
and Shiringani (2010) reported that cowpea has a higher yield than other crops under drought stress. The
irregular pattern of rainfall as a result of climate change has plunged the agricultural communities into
unemployment and then famine. The water stress issue can be solved by having a practical and efficient
modern irrigation network, or by breeding for genotypes that are resistant to drought. Given the high
cost of introducing a modern irrigation scheme, however, breeding for drought-tolerant genotypes would
be more acceptable and cheaper. Three major approaches for breeding tolerant genotypes have been
suggested; the first approach is to evaluate and search for drought tolerant under optimum (non-water
stress) condition for high yield varieties, expecting a high correlation between results in optimum and
stress conditions (Johnson and Frey, 1967) and that varieties with higher yields under normal conditions
may also perform better under water stress, but this may be influenced by genotypes, which may
eventually interfere with yield. The second approach involves breeding for high yield varieties under
water stress, this approach is struggling as the severity of drought is highly variable from year to year
and as a result environmental selection pressure shifts from generation to generation and even low
heritability will exacerbate the problem (Jiban Mitra, 2001). However, the mechanism by which plants
adapted under water stress — drought escape, drought avoidance and drought tolerance — do not help
high yield which is the ultimate target of breeders (Jiban Mitra, 2001), the third approach which may
also serve as an alternative to the two morphological incorporations described above and agronomic and
physiological function of resistance to drought in high yielding genotypes; The desired goals of evolving
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high yielding drought tolerant genotypes (Ishiyaku and Aliyu, 2013) would thus be accomplished by
simultaneous selections under water stressed and non-water stressed environments for yield under
nonwater stressed and stability under water stressed. It will be useful to classify the correct hybrid
combinations by evaluating the combination of parental ability to select drought-tolerant genotypes in
cowpea in breeding programs (Hira Lal, 2009; Kadam, 2013).

Hence the purpose of this study was to understand genetic control by evaluating different genetic
parameters and evaluating screened diverse drought tolerance cowpea genotypes for general and specific
combining capacity of certain yield traits under drought-stressed condition.

2. Material and Methods

The experiment was performed at the Ibadan University Teaching and Research Farm. The
varieties of the cowpea used are maintained by the unit of genetic resources of the International Institute
for Tropical Agriculture. Genotypes are of varying resistance to drought (Table 1). In the screenhouse,
ten genotypes of cowpea were evaluated using the box screening approach proposed by Singh (1991).
Two seeds of each of the ten cowpea lines were planted in a pot filled with rich garden soil and then
thinned two weeks after planting, to one plant per pot. The crossing block consisted of 10 mainly Latin
square consisting of ten parental lines. Each column on the Latin square is a mating unit in various units
with crosses between parents. Pollen from the first parent is transmitted to the second parent in each
cell. The second parent's pollen is passed on to the third parent etc. From a preliminary screening
experiment, crosses were selected for diallel analysis in a dialect system involving the ten parental lines,
with different drought tolerances. At Teaching and Research Farm, University of Ibadan during the dry
season, November to February, parental lines, 21F1, and 21RF1 hybrids were selected for evaluation in
an RCBD with three replications (3 replicas for each water regime). The experiment was conducted for
2 years during the dry season from October to February of 2014/2015 and 2015/2016. Through entrance
was grown 3 m long in a single row plot with a row spacing 75 cm apart and 20 cm apart within a row.
Two seeds were sown per hole and subsequently thinned to one seed per hole. Upon sowing, all the
plants were watered before the trifoliolate leaves appeared upon which watering on water-stressed plots
was suspended. Irrigation was developed by irrigating the plots with additional water whenever
necessary, while on the other plot it was kept entirely during the growing season. The soil moisture
content of the parcels has also been periodically calculated. Throughout the growing season crop
management has been consistent. The following agronomic characteristics were gathered at the
reproductive stage, the number of days to 50 percent flowering, number of days to 50 percent ripe pod.
And the following data were collected at maturity: number of pods per plant, number of seeds per pod,
length of pods, 100 seed weights and total seed weight. Method 1 model 1l Griffing (1956), adapted for
partial diallel, and was used to combine capacity analysis of the dialel crosses using F1 and RF1. Genetic
variance components were measured using Hayman's formulae (1954), as shown by Askel (1963).

Descriptive statistical methods have been used to independently obtain means and variances for
each system (Steel 1997). According to Griffing (1956), the genetic variation in the materials was
partitioning into general combining capacity and specific combining ability.
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3. Results
Table (1) showed the characteristic of cowpea parents used:

Table 1. Characteristics of the ten cowpea parents used

NO Parent Source  Growth  Level of Drought Tolerance

Habit

1 P1 Landrace SS HTD
2 P2 IHTA SS TD

3 P3 - E HSD
4 P4 - E MTD
5 P5 - E TD

6 P6 - E HTD
7 P7 - SS MTD
8 P8 - E HSD
9 P9 - E VMTD
10 P10 - S TD

P1 = Danilla, P2 = IT92KD-357-3, P3 = TVU7778, P4 = TVU12349, P5 = IT93K-432-1, P6 = IT97K-499-35, P7
= IT89KD-288, P8 = IT98K-205-8, P9 = IT98K-491-4, P10 = IT91K-513. SS = Semi Spreading, E = Erect.
HTD = Highly Tolerance of Drought, TH = Tolerance of Drought, MTD = Moderately Tolerance of
Drought, VMTD = Very Moderately Tolerance of Drought, HSD = Highly Susceptible of Drought.

3.1. The genetic component of variance.

Table 2 shows partial diallel mean square values for all yielding characters under water-stressed
(WS) and well-watered (WW) conditions. The GCA, SCA, and RCA (General Combining Ability,
Specific Combining Ability, and Reciprocal Combining Ability, respectively) were all significant for
all characteristics under both conditions.

However, the values for the total seed weight property in terms of component D in Table 3 are
insignificant in both conditions. In addition, the D values for the number of pods per plants (NPP) under
well-watered (WW) conditions and the number of seeds per plant (NSP) under water- stress (WS)
conditions are also insignificant.

The genetic components of variance (Table 3), additive (D) and dominance (H1) were very
significant under both conditions, except for pod length under WS and total seed weight under WW for
variance component D, but all were significant under both conditions for variance component H1. The
other components of dominant variation H2 and h2 under both conditions were also important to most
of the traits.

The variance variable D ranged from 72.2+16.8 for the number of pods per plant to 3.2+2.3 for
the length of the pods both under WS. The H1 variance variable ranged from 914.7+120.8 for total seed
weight to 14.1£1.2 for the number of seeds per pod both under the WW conditions. The Fr-component
whose value indicates the proportion of dominant (+ sign) or recessive (-sign) alleles showed significant
values ranging from 603.3+130.0 for total seed weight in WW condition to 4.6+5.3 for the pod length
in WS condition. The calculated ratio (H1/D) 1/2 of genetic components that provide valuable
information about the degree, order, and course of dominance ranged from 4.36 for total seed weight to
1.51 for the number of days to the first day that both flowered under WW. The ratio h2/H2 estimates the
number of gene groups showing a certain dominance ranged from 6.13 for the number of days to first
flowering to 0.03 for 100SW both under WS. The ratio H2/4H1 estimates the relative mean allelic
frequencies for parents ranging from 1.18 for total seed weight under WS to 0.07 for 200SW under WW
and the number of days for the first flowering under WS. The heritability of the narrow sense (Hns)
ranged from 0.66 for the number of days to the first flowering to 0.24 for the number of pods per plant
and the length of the pods under WS.
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3.2. General combining ability effects

Combining ability Effects (Table 4) estimates the parents' comparative effect (GCA) and cross-
combination (Table 5) (SCA) in relation to each other.

Danilla, 1T92KD-357-3, TVU7778, TVU12349, IT97K-499-35, and IT89KD-288 had a
relatively high GCA effect on the number of days to flower, thus appearing to possess unfavorable
alleles under both conditions. IT93K-432-1, IT89KD-288, IT98K-205-8, IT98K-491-4, and IT99K-513-
21 had low to negative GCA effects. The same trend has been observed for the number of days to the
first ripe pod under both conditions. As for the number of pods per plant, under well-watered conditions,
TVUT7778, 1T93K-432-1, and 1T97K-499-35, had relatively high positive, meaningful GCA effects,
while TVU12349 and IT89KD-288 had relatively high negative GCA effect. TVU12349, and IT89KD-
288 had a high negative GCA value under water-stressed conditions, while Danilla, TVU7778, IT93K-
432-1, and IT98K-205-8 were intermediates. The number of seeds per pod had a strongly positive, major
GCA effect under well-watered conditions for 1T92KD-357-3, TVU7778, and 1T97K-499-35, while
TVU7778, and 1T97K-499-35 were relatively good water-stressed combiners due to their high positive
GCA effect. Danilla, IT92KD-357-3, TVU7778, IT93K-432-1, had a fairly strong positive GCA effect
for 100-seed weight and have therefore good combination capability under both conditions. As for total
seed weight, TVU7778, 1T93K-432-1, and IT97K-499-35 had strong positive GCA effects and thus
good seed weight combiners under well-watered environment. However, under water-stressed
circumstances, Danilla, TVU7778, and IT97K-499-35 had major positive GCA impacts, and thus were
strong combiners. With respect to the pod length, Danilla, IT92KD-357-3 and 1T97K-499-35, had a
fairly high positive GCA effect and therefore good combiners capability under both conditions.
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Table 2. Mean square values of partial diallel for yield characteristics of cowpea crosses under water-stress (WS) and well-watered (WW) conditions

Y ENV GE REP P F1 RF1 PVF1 PVRF1 E GCA SCA RCA

DF 51 2 9 20 20 1 1 102 9 20 20

WwW 30.39* 2.39 58.65* 29.92* 19.91* 4.67* 22.99* 0.64 145139 19591650  6.96*
NDF

WS 42.12% 5.55 100.98*  23.50* 25.82% 17260  290.04* 092  1668.78* 266832.68*  3.16*

WwW 57.95* 1.74 107.34*  71.76* 26.59* 18.62* 2.11% 195  2779.11* 547198.13*  10.69*
NRP

WS 55.74% 18.84 134.85%  32.70* 33.94*  303.85%  285.42* 1.01  3067.54* 655787.38*  9.90*

Ww 222.14* 8.42 344.63*  311.78*  70.56* 002/ 310.79* 9.69 325.64*  18814.91*  62.43*
NPP

WS 69.98* 18.06 221.10%  27.32* 52.08* 52.08* 35.60* 5.49 82.99%*  5939.63* 3.17*

WwW 10.26* 18.19 10.17* 8.62* 9.82* 8.86* 4.45% 1.00 148.18*  12262.10*  3.01*
NSP

WS 17.97* 0.30 16.40% 16.02* 19.35* 14.11* 78.86* 1.44 136.32*  3066.48* 3.37*

Ww 13.11% 3.73 11.48* 15.40% 12.80* 1.37% 0.37* 0.47 221.38*  5473.84* 1.58*
POL

WS 12.64* 3.24 10.72* 12.65* 12.36* 11.32* 54.23% 1.46 208.78%  7843.27* 4.28*

WwW 27.26* 10.95 14.80* 38.23* 21.61% 16.83* 4.32* 0.93 346.50%  18888.11*  5.03*
100SW

WS 41.03* 0.73 36.01* 46.14% 38.79% 9.62* 90.23* 1.78 268.07*  12015.32%  11.14*

WwW 300.10% 86.71 308.43*  396.84*  165.89* 076"  658.63* 1645  389.89*  35835.92%  74.71*
TSW

WA 141.66* 13.94 74.78%  13956*  14508%  941.21*  698.85* 4.92 293.62*  9922.88*  38.75*

per Plant (NSP), Pod Length (POL), 100 Seed weight (100SW) and Total Seed Weight (TSW)Number of Days to 50% flowering (NDF), Number of Days to 50% ripe pods (NRP), Number of
Pods per Plant (NPP) and Number of Seeds. Environment (ENV), Genotypes (GE), Parent (P), First filial generation (F1), Reciprocal first filial generation (RF1), Environmental Error
(E), General Combining Ability (GCA), Specific Combining Ability (SCA) and Reciprocal Combining Ability (RCA).

519



Table 3. Estimates of genetic parameters for different yield characteristics under well-watered (WW) and water-stress (WS) conditions in cowpea

YYU J AGR SCI 31 (3): 514-527

Olajide and Adeyinka / Genetic control and combining ability effects of certain yield traits in cowpea (Vigna unguiculata L. (Walp)) under conditions of drought stress

GP D Fr H1 H2 h? E H1/D H2/4H1 h?/H2 Hns
WW 19.444.1* 30.249.6* 44.0+8.9* 23.347.5* 523.54£5.1* 0.2+1.3™ 151 0.13 8.43 0.45
NoF WS 31.4+6.2* 63.3+14.4%* 76.6£13.3* 22.3£11.3™ 1249.9+£7.0*  0.3£1.9™ 1.56 0.07 16.13 0.66
WW 39.1+£5.5* 74.9435.8* 109.7+33.0* 50.9+28.1™ 1579.8+1.0*  0.65+4.7™ 1.67 0.12 9.07 0.46
NP WS 41.9£10.6* 91.1+£24.4%* 120.6+22.0* 55.3+19.0%* 1941.1£9.0*  0.543.2™ 1.69 0.11 10.12 0.36
WW 26.8+40.0™ 48.6+92.4" 288.9+85.2* 198.9+72.4* 96.8+48.5*%  3.2+12.1™ 3.29 0.17 0.49 0.39
e WS 72.2+16.8* 142.7+38.8%* 174.6+35.8* 89.1+30.4* 141.8£20.4*  1.91+5.1™ 1.55 0.13 1.59 0.24
WW 3.8+0.5* 5.241.3% 14.1£1.2% 8.0+0.9% 17.3+£0.7* 0.4+0.2* 1.92 0.14 2.16 0.49
NeP WS 5.1£3.3™ 11.8+7.6™ 30.9+6.9* 18.1+5.9* 8.7+4.0" 0.5+0.9" 2.47 0.15 0.48 0.38
WW 6.3+2.1% 9.244.8™ 17.1+4.4% 8.743.7% 21.942.5% 0.2+0.0* 1.65 0.13 2.5 0.54
PoL WS 3.242.3™ 4.6+5.3™ 20.7+4.9* 16.44+4.2* 0.3+0.0* 0.5+0.7"™ 2.54 0.2 0.02 0.24
WW 12.34£3.4* 41.349.2* 56.1+£8.5* 15.54£7.2% 4.7+4.8™ 0.4+1.2™ 2.14 0.07 0.3 0.57
1005w WS 11.545.0% 17.4+13.8™ 50.6+12.8* 30.2+10.8 1.0£7.3" 0.6+1.8™ 2.1 0.15 0.03 0.47
WW 48.1£56.8™ 603.3+130.0* 914.7£120.8*  289.3+102.7*  22.7+68.4™  59+17.1™ 4.36 0.08 0.08 0.31
T WS 23.4£15.5™ 47.1£35.8™ 192.5433.0* 139.0+28.1*  777.1+18.8* 1.7+4.7™ 2.87 1.18 5.59 0.29

Number of Days to 50% flowering (NDF), Number of Days to 50% ripe pods (NRP), Number of Pods per Plant (NPP) and Number of Seeds per Plant (NSP), Pod Length (POL), 100 Seed
weight (100SW) and Total Seed Weight (TSW).
Additive Variance (D), Proportion of dominant (+ sign) or recessive (-sign) alleles (Fr), Components of Dominance Variance (H1, H2, and h2), Environmental Variance (E), Order and Degree of
Dominance ((H1 / D) }2), Mean Allelic Frequencies for parent (H2/4H1).

Number of gene group (h2 / H2), and Narrow Sense Heritability (Hns).
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Table 4. General combining ability effect yield characteristics of ten cowpea parents’ genotypes under water stressed (WS) and non-water stressed environments

Parents NDF NRP NPP NSP 100SW TSW POL
Ww WS Ww WS WwW WS ww WS Www WS Ww WS Ww WS
P1 6.69 6.77 9.29 9.77 1.89 1.71 0.79 1.14 3.59 3.78 0.79 2.35 2.00 1.78
P2 6.63 6.75 9.58 9.61 -1.17 0.26 2.29 1.86 4.13 2.43 1.05 0.82 3.20 2.66
P3 8.36 9.08 10.50 11.60 4.48 1.43 2.76 3.17 0.98 0.96 7.82 3.49 1.94 1.97
P4 -12.33 -13.36 -16.78 -18.18 -4.89 -3.37 -4.12 -3.36 -6.59 -5.80 -5.99 -5.41 -5.19 -4.72
P5 3.59 3.45 5.23 4.49 3.07 1.30 1.26 1.27 2.07 2.88 2.37 2.10 1.03 1.24
P6 10.73 12.05 15.35 16.05 5.28 3.35 3.35 3.39 5.57 4.86 3.97 6.70 4.23 4.83
P7 -11.86 -12.49 -16.45 -17.58 -6.61 -2.33 -3.94 -3.63 -5.82 -4.85 -5.12 -4.81 -4.91 -4.69
P8 -1.84 -1.24 -2.38 -1.73 -1.32 -1.25 -0.13 -0.81 -0.46 -1.01 -2.77 -2.00 0.27 -0.17
P9 -8.22 -8.94 -11.55 -12.60 -3.07 -0.10 -2.77 -2.89 -3.49 -3.07 -4.16 -2.82 -3.31 -3.26
P10 -1.75 -2.07 -2.80 -1.83 2.34 -1.00 0.51 -0.13 0.02 -0.19 2.04 -0.43 0.75 0.36
SE 0.17 0.20 0.30 0.21 0.66 0.50 0.21 0.25 0.20 0.28 0.86 0.47 0.15 0.26

Number of Days to 50% flowering (NDF), Number of Days to 50% ripe pods (NRP), Number of Pods, per Plant (NPP) and Number of Seeds per Plant (NSP), Pod Length (POL), 100 Seed weight
(100SW) and Total Seed Weight.
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3.3. Specific combining ability

With respect to the number of days to 50 per cent flowering (Table 5), all crosses except
IT92KD-357-3xIT97K-499-35, DanillaxIT92KD-357-35, DanillaxIT97K-499-35 and
TVU7778xIT97K-499-35 expressed positive SCA effects for this trait under well-watered conditions,
the same was observed under water-stressed conditions except TVU7778xIT97K-499-35 and
DanillaxIT98K-205-8 which showed significant negative SCA effects. The same pattern was observed
for the number of days to 50 percent ripe pod, with the exception of DanillaxIT92KD-357-35, IT92KD-
357-3xIT97K-499-35 and TVU7778xIT97K-499-35 which showed significant negative SCA effect
under well-watered and TVU7778x 1T97K-499-35 showing significant negative effect under both
conditions.

With respect to the number of pods per plant, positive SCA effect was observed in all the hybrids
under well-watered conditions except, DanillaxIT92KD-357-35, Danilax TVU7778, DanillaxIT98K-
491-4, 1T92KD-357-35xTVU7778, and 1T93K-432-1xIT97K-499-35. However, under water-stressed
condition, only IT92KD-357-35xTVU7778, IT92KD-357-35x [IT98K-205-8, and IT93K-432-
1xIT97K-499-35 had negative SCA effect. For the number of seeds per pod, only DanillaxIT92KD-
357-35, and 1T92KD-357-35xIT97K-499-35 had negative SCA effect under well-watered condition,
while under water-stressed, DanillaxIT98K-205-8, and 1T92KD-357-35x1T98K-205-8, had negative
SCA effect.

100 seeds weight, under well-watered condition showed positive SCA effect for all the hybrids
except DanillaxIT92KD-357-35, DanilaxTVU7778, and IT92KD-357-35xTVU7778. Under water-
stressed, DanilaxTVU7778, DanillaxIT98K-205-8, 1T92KD-357-35x  IT98K-205-8, and
TVUT778xIT97K-499-35 had negative SCA effect. Only DanillaxIT92KD-357-35, DanilaxTVU7778,
IT92KD-357-35xIT97K-499-35 IT92KD-357-35xIT91K-513 and IT97K-499-35x 1T98K-205-8, had
negative SCA effect for total seeds weight under well-watered condition, while under water-stressed
DanillaxIT92KD-357-35, DanilaxTVU7778, DanillaxIT98K-205-8, IT92KD-357-35xIT98K-205-8,
and 1T93K-432-1xIT97K-499-35 had negative SCA effect for total seed weight.

For pod length under well-watered condition, all hybrids had positive SCA effect except
DanillaxIT92KD-357-35 while water-stressed condition, all the hybrids were positive except
DanillaxIT98K-205-8 and IT92KD-357-35xTVU7778.

As for the number of seeds per pod, 9 and 6 hybrids showed positive RCA effects under water-
stressed and well-watered conditions respectively. Fifteen hybrids were observed for a positive RCA
effect for 2000SW under water-stressed, while only eight hybrids were observed for a positive RCA effect
under well-watered conditions. The positive RCA had effect of 6 and 7 hybrids under well-watered and
water-stressed conditions. For both conditions, 16 hybrids for pod lengths were found to be the best
individual combiners for this trait, whereas 12 and 8 hybrids were observed for strong, important RCA
effects for well-watered and water-stressed respectively.
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Table 5. Specific combining ability effect for different agronomic characteristics in cowpea under water-stressed (WS) and well-watered environments

Cross NDF NRP NPP NSP 100SW TSW POL
WWwW WS ww WS Ww WS ww WS Www WS WwWw WS Ww WS

P1xP2 -11.2 7.58 -11.3 9.06 -3.85 4.34 -4.2 0.84 -2.32 3.12 -5.68 -0.96 -4.6 1.56
P1xP3 3.39 6.20 5.56 10.07 -1.66 1.88 2.78 1.23 -0.54 -2.69 -2.70 -1.98 0.61 0.91
P1xP5 9.32 23.80 13.08 31.68 12.27 7.31 1.56 5.99 5.27 14.52 11.09 9.24 3.60 10.34
P1xP6 -0.48 5.16 1.04 11.67 3.01 5.59 0.94 4.75 1.12 9.98 9.33 19.91 2.23 4.40
P1xP8 16.92 2.90 20.77 2.62 11.04 0.14 2.82 -1.59 5.69 -0.59 7.77 -4.23 5.46 -0.51
P1xP9 22.30 28.27 29.44 36.92 -1.72 0.35 5.97 4.27 9.09 9.26 5.36 6.90 7.02 6.82
P2x P3 7.45 4.83 9.93 8.22 -4.17 -1.25 2.36 3.02 -0.91 1.24 4.37 2.30 1.57 -0.39
P2x PS 8.47 25.32 12.12 35.42 1.70 8.72 2.77 6.96 4.92 11.91 3.73 14.61 5.80 9.97
P2x P6 -1.42 6.34 -2.92 10.67 0.41 1.44 -0.73 3.12 -0.17 0.13 -4.08 251 0.46 4.83
P2xP8 11.56 -0.25 16.06 -0.56 3.33 -4.50 3.91 -0.87 7.81 -1.74 5.03 -4.82 5.07 0.34
P2xP10 13.31 26.78 16.40 35.74 2.60 3.10 3.98 3.49 6.30 11.39 -6.26 17.77 4.00 9.07
P3x P5 11.99 12.35 14.12 14.51 11.35 8.54 4.14 151 3.02 2.33 5.76 1.12 4.90 4.02
P3x P6 -0.48 -0.92 -3.17 -1.89 1.30 0.55 0.93 1.72 1.42 -0.49 1.38 3.16 0.19 0.45
P3xP7 22.94 26.46 33.13 35.42 2.27 2.43 6.26 4.83 11.37 10.21 9.80 9.93 9.01 7.30
P3x P10 11.34 9.38 14.65 13.40 18.66 10.11 4.06 6.42 17.77 3.81 27.77 8.55 6.50 7.26
P4x P6 18.37 20.68 26.95 27.23 10.55 4.14 3.42 2.47 8.28 9.73 9.86 0.90 6.17 6.72
P5x P6 6.74 6.97 7.60 9.56 -3.00 -1.54 2.53 0.24 4.05 5.01 1.18 -3.76 3.80 1.63
P6x P10 15.93 16.33 21.75 23.77 9.78 4.22 4.99 6.65 8.03 1.59 11.90 10.85 7.84 5.98
P6xP8 21.67 9.86 33.38 11.62 1.37 1.28 4.37 1.44 7.76 5.53 -2.23 -0.05 8.68 2.14
P6xP9 19.02 20.93 27.05 26.98 13.19 1.61 6.91 3.89 10.05 8.16 10.53 10.99 8.96 7.47
P8 xP10 19.19 21.69 28.36 33.17 6.50 4.94 7.36 5.81 9.98 8.18 12.38 7.37 8.52 6.42
S.E 0.51 0.61 0.90 0.64 1.99 1.50 0.64 0.76 0.62 0.85 2.60 1.42 0.44 0.78

Number of Days to 50% flowering (NDF), Number of Days to 50% ripe pods (NRP), Number of Pods, per Plant (NPP) and Number of Seeds per Plant (NSP), Pod Length (POL), 100 Seed weight
(100SW) and Total Seed Weight.
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Table 6. Reciprocal combining ability effects for some agronomic characteristics of cowpea crosses under water- stressed (WS) and water-watered conditions

Cross NDF NRP NPP NSP 100SW TSW POL
WwWw WS Ww WS Ww WS Ww WS Www WS Www WS WwW WS
2*1 0.00 -0.28 -4.50 -1.17 -0.77 0.83 -0.17 -0.08 0.63 -0.02 -0.42 0.15 0.30 -0.22
3*1 0.00 1.33 1.83 2.50 -0.37 2.92 -0.58 -1.25 -2.50 -0.83 2.50 2.33 -1.33 -0.92
5*1 -3.83 0.17 -4.58 1.00 10.12 0.10 1.80 -0.55 0.00 -0.52 12.02 1.85 1.12 -0.42
6*1 -0.17 0.33 1.50 2.33 2.17 0.50 -0.33 0.63 0.08 -2.25 0.68 -4.17 2.08 0.50
8*1 0.00 -0.33 0.50 -0.83 0.60 1.25 0.73 0.18 0.12 -1.80 6.55 3.02 0.95 0.75
9*1 0.67 -0.17 -0.67 0.17 0.42 -0.45 1.08 1.17 -3.17 -4.63 5.08 -2.25 1.83 -0.33
3*2 -0.33 -0.39 -1.17 -0.50 1.20 1.83 0.50 0.25 -0.83 -1.75 5.83 7.58 -0.50 0.50
5*2 -1.75 3.67 -1.92 4.92 1.92 -1.50 0.58 -0.17 0.58 -3.33 -5.42 -7.50 -0.83 1.50
6*2 0.50 0.50 0.17 -1.50 -1.67 -1.73 0.60 -1.62 3.70 1.05 -2.80 -0.10 -0.18 -0.25
8*2 0.25 -0.50 1.42 -1.50 2.67 0.17 0.17 -0.75 -0.28 0.17 -5.43 -3.50 0.33 -0.25
10*2 -0.25 1.33 1.00 1.17 6.75 0.08 0.77 0.00 -0.65 -1.58 -1.73 -0.75 -0.92 -4.07
5*3 3.50 -0.17 2.33 -3.67 14.12 -2.67 1.05 0.48 -0.84 -1.05 13.12 3.65 1.27 -0.35
6*3 -1.33 -0.83 -1.83 0.50 4.05 0.22 1.73 0.05 -2.97 0.05 10.27 0.02 1.78 -0.43
7*3 1.00 1.00 5.00 1.50 -0.70 0.58 -1.50 -3.08 -1.50 -1.40 1.43 4.58 -1.83 -2.83
10*3 -0.83 0.17 -0.83 -0.67 -8.20 -4.65 0.78 -2.08 1.13 -3.25 0.40 1.52 0.15 0.05
6*4 0.67 0.00 3.33 0.17 -1.92 1.17 -0.08 -0.40 0.45 1.42 -5.23 -1.67 2.17 1.42
6*5 -1.62 -0.10 1.00 1.17 -6.67 -0.67 0.70 1.20 1.35 1.13 -4.22 0.98 0.48 0.02
10*5 -0.67 2.33 2.00 0.83 5.83 0.08 0.85 0.00 -0.08 -3.77 1.25 12.33 -0.08 -1.17
8*6 0.50 -1.72 -0.50 -4.00 -1.92 0.73 -0.58 -0.13 1.70 2.53 -0.17 -1.45 0.86 0.42
9*6 2.42 1.33 4.33 0.83 -4.22 -0.75 -0.73 -2.93 -0.57 0.13 -1.92 -1.33 -0.48 -2.47
10*8 -0.17 -0.33 1.00 -4.33 -2.17 1.08 -1.00 -1.58 0.00 0.10 -3.42 -4.92 0.50 -1.80
SE 0.57 0.68 0.99 0.71 2.20 1.66 0.70 0.84 0.68 0.94 2.87 1.57 0.49 0.86

Number of Days to 50% flowering (NDF), Number of Days to 50% ripe pods (NRP), Number of Pods, per Plant (NPP) and Number of Seeds per Plant (NSP), Pod Length (POL), 100 Seed weight
(100SW) and Total Seed Weight.
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4. Discussion and Conclusion

Both additive variance (D) and dominance variance (H1) of genetic variance components
suggested important for most study characteristics in well-watered and water-stressed environments,
this indicates that the expression of all the characteristics is influenced by both additive and dominance
gene behavior. However, additive variance was more pronounced for number of pods per plant but small
for pod length under water-stressed condition. Dominance variance was more important for number of
pods per plant and total seed weight under well-watered condition. In both conditions, however, there
was the preponderance of the dominance gene action.

The H2/4H1 reflecting the proportion of dominance gene with positive or negative effects in
parents was less than 0.25 for all characteristics under both conditions except total seed weight under
WS indicating asymmetric distribution of positive and negative dominant genes in parents as suggested
by (Amiri-Oghan et al., 2009). The Fr variable representing the sigh path showed positive with more
than zero for all traits also indicated asymmetrical distribution of dominant and recessive alleles in
parents, which also indicates that dominant alleles are more common in both conditions than recessive
alleles. However, some Fr values are positive but insignificant for some traits indicating the symmetric
distribution of dominant recessive genes in the parents.

The (H1/ D) 1/2 that reflects mean degree of dominance was more than one in all characteristics

and ranged from 1.51 for the number of days to the first flowering to 4.36 for total seed weight both
under well-watered indicating the importance of overdominance gene-action.
The values of h2 under all conditions except 200SW under both conditions and total seed weight under
well-watered conditions indicating the existence of overall dominant gene effect for certain traits were
important in all traits. The ratio h2 / H2 shows the varying number of genes that regulate these traits.
This study suggested at least ten plant height genes in the water-stressed environment, and at least three
and eight genes for terminal leaflet area and number of leaves per plant in well-watered and water-
stressed environments respectively, thus revealing that their polygenic inheritance is a feature of
quantitative traits. For all the traits, the environmental variable (E) was not important.

A very important genetic method for identifying successful parental combinations to grow
superior hybrid populations is the combination of ability analysis (Hussain, 2009). General combination
ability (GCA) tests an individual parent's average success in hybrid combinations and is related to
additive gene effect. The Specific Combining abilities (SCA) tests the relative efficiency of specific
combinations of hybrids and is correlated with a non-additive gene effect (Rojas and Sprague, 1952;
Griffing, 1956). Genetic interactions influence both the GCA and SCA effects (Miranda et al., 1988).
Identifying combinations of superior hybrids can effectively assist breeding of drought-tolerant hybrids.

Variance analysis for combining abilities revealed highly significant variations in both the
cowpea parents' general combination (GCA) and specific combining ability (SCA) suggesting the
importance of both additive and non-additive gene effects in their ancestry in one or both environments
suggesting heterogeneous crosses. Hira Lal et al. (2009) testing the combination of quantitative trait
ability in cowpea also suggested the important effects of GCA and SCA in most traits except for
peduncle length and 100-seed weight. The predicted variances due to specific combination ability is
higher than the general combination ability suggesting the predominance of the non-additive gene action
in both environments in these traits. This also matches (Kadam et al., 2013; Bhavesh Patel et al., 2013;
Selvarkumar et al., 2014), but contrasts with (Romanus et al., 2008; Carvallo et al., 2012; Ayo-Vaughan
et al., 2013). The estimates of the predictability ratio less than unity in these characteristics indicate that
hybrid success for these characteristics may be difficult to predict on the basis of parents' general
combining ability due to the value of dominance. Thus, selection for better hybrids would have to wait
for later generations. With regard to the number of days to 50 percent flowering and the number of days
to 50 percent ripe pods, many parents seemed not to be favored due to high positive GCA effects under
water stress, which is an indication of water deficit lateness. Significant numbers of parents were
promising for a water deficit environment for other characteristics considered due to their high GCA
effects, particularly Danilla and 1T97K-499-35 observed in all the characteristics. This implies that in
an intensive breeding program Danilla and 1T97K-499-35 could be used for seed yield to exploit both
additive and non-additive components of seed variation and were therefore good combiners in a water-
stressed environment and could have contributed to a maximum number of favorable genes and possible
allelomorphs (Ojo, 2005; Gouri Shankar et al, 2005).
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The breeders' goal will be to grow a hybrid that will perform under drought stress in terms of
yield. Despite their major SCA effects on the traits, large numbers of crosses were found to perform
well under both conditions. Some parents appeared to be specific when cross-examining the
performance of GCA and SCA results, therefore it is suggested that the selection should be based on
success at both levels. This is the combination which will include parents with high GCA results. Most
crosses with a major SCA effect often have at least one parent with a strong GCA effect, indicating the
presence of additive material additive x additive material and additive x dominance gene activity. The
hybridization of high combiners can be controlled by additive and additive x additive forms of gene
action, so crosses can result in transgressive segregation for the trait involved in the advanced
generation. Crosses that exhibit low GCA effects but high SCA effects suggest epistatic gene action.
This may also mean that both parents contributed to the gene dispersion and genetic interaction between
beneficial alleles. A partial superiority is demonstrated by crosses with a negative SCA estimate (Ojo,
2005).

In conclusion, in the analysis of the characters, additive and nonadditive gene actions were
detected; however, under both circumstances, predominance of nonadditive gene action occurred.
Consequently, enhancement for these traits would involve a recurrent selection procedure as a result of
the prevalence dominance gene effect to allow favorable gene recombination in both conditions at later
generations. 1T97K-499-35 and Danilla could be used as parents with desirable genes for genetic
improvement of the considered yield components in cowpea with relatively large, positive, and
important GCA results. Also, TVU7778 x 89KD-288 and Danilla x IT97K499-35 proved to be the best
specific combiners in this analysis for all the traits. The heritability of narrow-sense ranged from 24.0
percent for the number of pods per plant and pod length to 66.0 percent for the number of days to 50
percent for flowering under water-stressed conditions. This indicates that some of these characteristics
could be improved in both situations.
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Abstract: Two techniques were investigated to be standard deviation based
weighting Multi Criteria Assessment (MCA), and Artificial Neural Network
(ANN) considering base environmental factors to define wheat cultivation
suitability in Van region. Climate data (long term annual, maximum and
minimum temperature, total mean precipitation and solar radiation), physical
factors such as elevation, hillshade, slope, soil depth, accessibility to the fields
and land use cover were used to produce wheat suitability map. All inputs were
weighted with reference to existing wheat areas. MCA and ANN approaches were
applied using same dataset to compare the performance of the two techniques. In
total, 228 wheat parcels were used as training (171 parcels) and testing (57
parcels) data. Relative Operational Characteristic (ROC) was applied for
accuracy assessment. ROC values of the MCA technique which was depended on
existing wheat lands, and ANN techniques were derived to be 0.875 and 0.71
respectively. Results showed that 15% of the research area was very suitable for
wheat farm, and today, only 67% of very suitable areas were used to be
agriculture. Other areas were currently used as grassland (28%), bare ground
(4%), and other (1%).

Veri Bagimh Yaklagimlarla Cografi Cevresel Faktorler Dikkate Alinarak Bugday
Tarimi i¢cin Alan Kullanim Uygunlugunun Degerlendirmesi

Makale Bilgileri

Gelis: 18.03.2021

Kabul: 02.06.2021

Online Yaymlanma: 15.09.2021
DOI: 10.29133/yyutbd.898307

Anahtar Kelimeler
Tarimsal alan kullanim
uygunlugu,

Bugday,

Cok olgiitlii degerlendirme,
Yapay sinir aglari,

CBS.

Oz: Temel cevresel faktorler dikkate alinarak, standart sapma tabanli ok 6lgiitlii
degerlendirme (COD) ve yapay sinir aglar1 (YSA) olarak iki teknik, Van
Bolgesi’ndeki bugday tarimina uygun alanlarin belirlenmesi i¢in arastirilmistir.
iklim verileri (uzun dénemli en yiiksek, en diisiik, ortalama sicakliklar, toplam
yagis ve gilines radyasyonu), yiikseklik, tepe golgelikleri (glineslenme), egim,
toprak derinligi, alansal erisilebilirlik ve arazi ortiisii ve kullanimi verileri bugday
tarimi i¢in uygun alanlarin belirlenmesinde kullanilmistir. Biitiin kullanilan girdi
verileri, sezonluk bugday tarimi yapilan alanlar temel alinarak
agirhiklandirilmigtir. COD ve YSA aym girdi verileri kullanilarak performans
degerledirmesi icin karsilastirilmistir. Toplamda 228 bugday parselinin 171’1
egitim verisi ve 57 parseli ise test verisi olarak kullanilmistir. Goreceli ¢alisma
karakteristigi (GCK), dogruluk analizi igin uygulanmistir. COD ve YSA
tekniklerinin GCK dogruluk katsayilar1 sirasiyla; 0.875 ve 0.71 olarak elde
edilmistir. Calisma sonuglarma gore; Van ili arazilerinin % 15’inin bugday
tarimina ¢ok uygun oldugu ancak bu alanlarin % 67’sinin tarim i¢in kullanildig,
geri kalan alanlarin % 28’inin ¢ayir-mera, % 4’iniin agik alan ve % 1’inin ise
diger alanlardan olustugu belirlenmistir.
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1. Introduction

Studies on climate change showed that global warming, soil erosion, land degradation and
hydrological changes may cause a global famine in the near future (Arnell 1999; Parry et al. 1999).
Therefore, it is necessary to determine sustainable land use strategies for optimal use of our land and
water resources.

Agricultural lands were decreased around 0.1 - 0.2% between 2009 and 2013 all over the world
(WB, 2013). However, world’s population was increased 6.2% in the same period (UN, 2013). This
situation is even severe in fast developing countries like Turkey where the population raised 5.4%,
agricultural lands were decreased around 3.2% between 2009 and 2013 in Turkey (TSI, 2013). As a
result of agricultural area loss, agricultural land use planning has been more important than before.
Today, land use plans are required spatial information technologies including, Geographical Information
System (GI1S) and Remote Sensing (RS). Malczewski (2007) indicated that 8.5% of the scientific papers
in between 1990 and 2004 were on MCA and GIS usage in agricultural decision making process.

Decision support systems utilised widely combined with GIS in land use planning, and this
process is called spatial decision support system (SDSS). This system has a wide range of usage purpose
such as urban land use planning (Mosadeghi et al. 2015), tourism and recreational area planning
(Bunruamkaew and Murayama, 2011), agricultural land use planning (Kalogirou, 2002). A SDSS is
included weighting factors (criteria) as a most critical stage that is directly affected the accuracy of
study. There are several approaches for weighting the factors and three of them are very common in the
literature to be; i) expert based weighting, ii) literature based weighting, and iii) Existed or ideal data
based weighting approaches. Additionally, there are non-parametric techniques like artificial neural
network (ANN) and support vector machine (SVM), and they have an internal weighting ability based
on training data (ideal point or grid data) (Satir et al. 2016).

Expert-based methods are generally preferred in cases where the training data are scarce.
Because, priority of the factors is evaluated by the experts through a survey. Following to this expert
evaluation, the weighted factors can be integrated to analytical hierarchical process (AHP) due to
pairwise comparison ability. Pairwise comparison matrix is defined weights using binary priority
definition (Saaty, 1980; 2008). Although this method is easily applicable, there is still a subjective side
because of expert differences and experience. Literature based technique is another approach to define
the factor priorities. It is applied based on previous studies that are similar with main study. This method
is easy for weighting definition, however; regional environmental and social differences are ignored, so
solidity of the technique is questionable (Satir, 2016). MCA approach based on ideal data is more
objective than other techniques. In this approach, some of the indicators can be used to define ideal areas
such as crop productivity or existed cropping areas to map crop suitability (Satir, 2013; Satir and
Berberoglu, 2016).

Wheat is one of the oldest cultivated crops in Anatolian region. According to the studies in
Anatolian region, the history of wheat farming goes back to 8000 - 10.000 BC (Kan et al. 2015; Bilgic
et al. 2016). Anatolia is still contained more than 100 wild wheat populations (Karagoz et al. 2006). In
this study, wheat farming suitability was evaluated in Van city that is located in sub-alpine Eastern
Turkey. According to the FAO projections on wheat crop, potential production of Turkey two times
more than current version (FAO, 2002). Therefore, wheat is a good indicator for agricultural suitability
detection in dry and cold regions because of wide range of the cultivated areas and species diversity in
Eastern Anatolian Region (EAR). Additionally, wheat farming has been developed day by day in Eastern
Anatolia because of climate change and immigrations from village to the towns (Satir et al. 2017). Wheat
cultivated areas were increased almost 3% in last 5 years (2015-2020). Additionally, crop productivity
has been improved during the same period in Van region of Turkey (TSI, 2020).

Main purpose of this research was to estimate the potential wheat growth suitability in a sub-
alpine region of Turkey comparing two commonly used objective data dependant approaches. In this
paper, potential wheat growth suitability was evaluated by aid of existing wheat lands in Van Province,
Turkey. Physical (elevation, slope, hill shade, soil depth), long term climate (annual maximum,
minimum and mean temperature, total annual mean precipitation, total annual solar radiation) and social
datasets (distance from roads, LUC) were used to be predictors. So that suitability maps for wheat
farming were derived using these inputs and results enable for stakeholders to build more sustainable
agricultural land management strategies in the physically hard conditions such as studied region.
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2. Material and Methods
2.1. Study Area

Van province is located in the Eastern Turkey on the Van Lake coast (the largest lake in Turkey)
and it covers 21.334 km? area (Figure 1). Population is 1.123.784, and it is 19th most populated city of
Turkey (TSI, 2018). The main incomes are animal husbandry and processing industry, agriculture and
tourism. Region has continental and sub-alpine climate characteristics dominated by cold and dry
climate. Mean annual temperature is between 5 and 10 °C, and total annual precipitation is between 400
- 850 mm in the region. Wheat, barley, clover, sainfoin and vetch farms are the common field crops.
Elevation range in the region is between 1000 m and 3700 m.
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Figure 1. Location of the study area (Van Province).
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2.2. Main Dataset

Five main datasets were used in the study; existed wheat fields, DEM data derived from ASTER
stereo images, main road networks, long term climate dataset (2006 — 2015) and soil data (Table 1).

Table 1. Specifications of main dataset used in the study

Dataset Usage purpose Source
Existing wheat fields Training and testing the results Van provincial directorate of
Agriculture (2014 — 2015)
Long term climate Mean, max. and min. temperature, TSMS (1975 — 2015)
dataset precipitation and solar radiation
mapping by interpolation techniques
Main road network Defining the accessibility of the fields  General directorate of

highways (2015)
Digital elevation model  Obtaining the physical variables such ~ ASTER stereo images GDEM
as elevation, slope, sun availability. data
Soil dataset Defining the Soil depth General directorate of Village
service (1996)

2.2.1. Wheat Fields Data

This data set was provided by Van provincial directorate of agriculture (VPDA) for 2014 and
2015. In total 238 winter wheat field data were collected considering elevation, slope and climatic
variables. Wheat parcels were separated two parts for training (171 parcels) and testing (57 parcels)
respect to the variability of inputs (Figure 2).
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Figure 2. Distribution of existed wheat fields (location of the parcel centers).
2.2.2. DEM and Main Road Networks

DEM data was derived from ASTER stereo images in 30m spatial resolution. Slope and
hillshade were produced using DEM. Main road network includes only asphalt roads and this data
derived using main road network map of Turkey from General Directorate of Highways.

2.2.3. Climate Dataset

Long term (2006 — 2015) maximum, minimum and mean temperature, total annual precipitation
and solar radiation dataset were obtained from 12 climate stations. These climate data were mapped
using appropriate radial based function. Climate stations have been calibrated regularly by the Turkish
State Meteorological Services (TSMS, 2015). Long term climate dataset was used because of avoiding
the seasonal climatic variability in the region.

2.2.4. Soil Data

Soil data has course spatial resolution in raster format, only soil depth was used because of its
importance in wheat cultivation. Soil dataset are also showed land use ability based on slope and erosion
and main soil groups. However, slope data has already been used as a factor. Soil depth data showed
five categories from 0 to 120+ c¢cm in the map.

2.3. Method

Method of the study contains four main stages; i) criteria selection and preparation, ii)
standardization and weighting of the factors, iii) ANN application and, iv) accuracy assessment. All
factors were defined according to the effects on wheat growth and dataset accessibility. Climate,
physical, social, soil and field datasets were pre-processed before the multi-criteria analyse (MCA)
(Figure 3).
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2.3.1. Factor Selection and Preparation

Slope and hillshade were produced using standard spatial analyses tools within a GIS
environment from DEM data. Elevation is very important factor for the crop productivity. It is directly
related with atmospheric variables such as temperature. Additionally, slope is another factor for
economic farming. Sun illumination effect was evaluated using hill shade, as a vital factor for crop
growth.

Climate variables were mapped using radial basis function (RBF) interpolation technique that
has been used widely in regional studies (Satir and Berberoglu, 2016). RBF is a one of the most used
geo-statistical model which contains an algorithm to predict unknown spatial point values from known
values (Barton et al., 1999). Simply, RBF run by Euclidian distance in a linear system. However,
prediction line can be defined according to the prediction function type such as gaussian, quadratic or
cubic.
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Euclidian distance of the main roads were mapped using distance tools in GIS. So, accessibility
of the fields was evaluated. Additionally, LUC map was used to mask restricted areas from final results
such as, water bodies, existed built up areas, restricted zones and nature protection areas.

2.3.2. Standardization and Weighting

In a multiple data assessment technique, value range of input data layers can be variable such
as, slope factor ranges between 0 and 90 degree, whereas elevation can be in between 1000m and 2000m.
Therefore, each factor must be standardized in a pre-defined range according to the research goals, and
it has been usually between 0 and 1. Thus the priority of each factor can be comparable with each other.

Fuzzy standardization technique was applied to the all inputs to obtain more accurate results
(Mosadeghi et al. 2015). Fuzzy standardization idea is based on soft limits (boundaries) as hard
boundaries are inapplicable between two different landscapes in the nature. So, fuzzy technique
considers a transition zone between suitable and not suitable regions. Fuzzy set functions can be
sigmoidal, gaussian, linear or user defined. Function form is very flexible according to the factor type
and study goal like gaussian, monotonically increased or decreased forms (Kavzoglu et al. 2014).

Weighting process is one of the critical issues in a multiple data assessment technique for land
use suitability or geographical risk analysis (Satir, 2016). Ideal point based weighting was used in this
study. Existing wheat fields were divided two parts as, training (75%) and testing (25%). Training
dataset was used to derive weights of each factor. In this stage, factors were categorized individually
with respect to impacts on wheat cultivation, and distribution of the training data in each category was
detected. In the second part, standard deviation (SD) of each factor was calculated based on training
data distribution. Small SD value of a factor indicates homogenous distribution of training data, which
means this factor has low impact on wheat growth. Oppositely, if the training data distribution is
heterogeneous in each category, it is referred that factor priority on wheat growth is high.

2.3.3. ANN Approach

The multilayer perceptron (MLP) approach that has been the most commonly encountered ANN
model in data analysis and remote sensing (because of its generalization capability) was used in this
study (Rumelhart et al. 1986). Crop suitability mapping by ANN was applied in three stages to be;
training, allocation and testing. In training stage, ideal and non-ideal data values are matched with input
variables, and neural system is trained. Backpropagation algorithm that is most commonly used
algorithm were used with generalized delta rule (Rumelhart et al. 1986). In this algorithm, network is
trained iteratively until: (1) the maximum number of pre-specified iteration was reached, (2)
performance had met a suitable level, and (3) the gradient was below a suitable target. Optimal model
can be determined experimentally. In this paper, the basic feed forward, back-propagation ANN
described above is used as a regression model to estimate the wheat farm suitability based on geo-
environmental inputs.

2.3.4. Relative Operating Characteristic

The Relative Operating Characteristic (ROC) is a reliable technique to test a Boolean and
continuous dataset. For example, the ROC could be used to compare an estimated probability for fire
risk against a fire occurrence dataset (Satir et al. 2016). The ROC is showed “how match the Boolean
and continuous dataset in each category”. It is mean that how successful dataset “A” to identify dataset
“B. Thus, the ROC analysis is useful for cases in which the scientist wants to see how well the probability
map portrays the location of a particular category but does not have an estimate of the quantity of the
category.

3. Results
The results were presented in three sub-sections (Input data preparation, wheat suitability

analyses and accuracy assessments).
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3.1. Input Data Preparation

Climate, physical and social datasets were mapped before the MCE process. Climate dataset
was interpolated using RBF. Long term (2006 — 2015) minimum, maximum, mean temperatures, annual
precipitation and solar radiation maps were produced. Annual maximum and minimum temperature
were around 22 °C and -8.5 °C respectively. Van Lake has warming effect in the region on temperature.
Long term annual total precipitation was mapped within the range of 391mm and 828mm for the study
area, and particularly, south-western side receive more precipitation than other parts (Figure 4).
Precipitation and solar radiation of the study area are more heterogeneous than temperatures, according
to standard deviation of the climate dataset (Table 2).
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Figure 4. Interpolated long term annual climate dataset.
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Table 2. Spatially distributed climate dataset characteristics of the study area

Climate data Max. Min. value Mean Standard

value value deviation
Annual Maximum Temperature (°C) 22 17.4 20 13
Annual Minimum Temperature (°C) -0.8 -8.5 -4.3 16
Annual Mean Temperature (°C) 9.6 6.1 7.8 0.9
Annual Total Precipitation (mm) 858 391 524 95.1
Annual Total Solar Radiation (cal/m?) 467 343.8 400 22.9

Physical and social dataset: Hillshade and slope data were produced from DEM, and altitude,
hillshade and slope were used within the analysis. Additionally, soil depth data was provided by VPDA
in grid format with scale of 1/100000. Only road network data was used to consider the accessibility of
the croplands as a social factor. Additionally, distance from main road networks map was derived for
these analyses in a GIS environment (Figure 5).
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Figure 5. Produced physical and social dataset.
3.2. Wheat Suitability Analyses

Two approaches were applied to obtain wheat suitability map to be standard deviation based
linear MCA and non-linear ANN based multi data assessment approaches.

In the first technique, suitability analysis was applied in three steps; i) Fuzzy based
standardization of factors derived from existing wheat fields, ii) Weighting of inputs from first step
utilising existing wheat field heterogeneity (Standard deviation) and iii) mapping the results in
continuous and categorical form.

i) Standardization

Each input data has its own data range and unit, so all input variables were standardized using
fuzzy approach, and range of the input dataset was set between 0 and 1 according to the wheat growth
suitability. In this extent, input dataset was categorized based on distribution of the existing wheat fields
to define appropriate fuzzy membership function type such as linear, sigmoidal or user defined. For
example, long term total annual precipitation and distribution of wheat parcels in each precipitation
categories were analysed, and a linear decreasing relationship was detected (Figure 6).
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Figure 6. Sample precipitation fuzzy standardization for wheat suitability.
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Input variables and fuzzy membership function types for standardizations were shown in table
3. Standardized inputs variables were derived based on existing wheat field distribution (Figure 7).

Table 3. Fuzzy membership function types for standardization

Input variables Original data Unit Fuzzy membership Standardized
range function type data range
Min. Temperature -08--85 °C Gaussian
Max. Temperature 175-22 °C Linear Decreasing
Mean Temperature 51-97 °C Linear Increasing
Precipitation 391-858 mm Linear Decreasing
Solar Radiation 344 — 467 cal/m? Gaussian
Elevation 1057 — 3663 m User defined 0-1
Slope 0-76 ° Sigmoidal Decreasing
Hillshade 0-255 value User defined
Soil Depth 0-120 cm User defined
Distance from 0-50000 m  Sigmoidal Decreasing
roads
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Figure 7. Fuzzy standardization results
ii) Weighting

In this study, 10 geo-environmental factors were considered to map the suitable lands for wheat
growth. All factors are of different effects on wheat growth, and some of them more important than
others. There are many approaches to define the priority of the factors, and some of the common
techniques were described in introduction section.

Ideal point based weighting approach was used because this technique is more objective than
others. In this context, 171 wheat parcels were assessed according to the parcel distribution and
frequencies in each category. First of all, factors were categorized based on effects on the wheat growth.
For instance, all temperature dataset was reclassified by considering 1°C difference. In precipitation, 90
mm interval was applied for categorization. In second stage, distribution of the 171wheat parcels in each
category have been detected, and in the last stage, heterogeneity of the wheat parcels in each category
was evaluated through standard deviation analysis. The hypotheses of this stage are;

a) If the distribution of the wheat parcels is homogeneous, this factor has weak impact on
wheat growth, because variability of the factor is ineffective.
b) If the distribution of the wheat parcels is heterogeneous, this factor has a significant

effect on wheat growth. Because variability of the factors is effective on wheat growth suitability.
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Priorities (weights) of the factors (inputs) were detected according to the standard deviation
(SD) values of the wheat area distribution of each category. Large SD value means that heterogeneity
of the factor is high, and it has a significant effect on wheat growth (Table 4).

In the second approach, ANN based wheat suitability degrees were detected. MLP based ANN
consist of 5 main variables to be (1) size of the training data, (2) the network architecture, (3) the learning
rate, (4) the learning momentum and (5) the number of training cycles that have direct effects on
accuracy.

Size of training data must be characterized to the studied field on wheat farm suitability. In total,
238 field data were used to get the wheat suitability and distribution of the fields were selected
considering physical and climatic variability.

Network architecture of the study consist of 8 input neurons (Elevation, slope, hill shade, soil
depth, annual maximum, minimum and mean temperature, total precipitation and distance from road),
17 hidden neurons and 2 output neurons (suitable and non-suitable). Single hidden layer was used in the
study and hidden neuron count was defined experimentally.

The learning rate determines the portion of the calculated weight change that will be used for
weight adjustment. This value range is between 0 and 0.99. In this study small learning rate was used to
be 0.01. However, small learning rate needs more training cycles than big one.

Learning momentum is used to allocate learning rate. It takes values between 0.1 and 0.9. Also,
this value can be defined experimentally, in our study it was defined as 0.5.

The number of training cycles was defined according to the testing and training accuracy. In
MLP technique, training and testing accuracy of the network has been increased in each iteration until
the ketch stable line. In our study, stable line was obtained around 18000 iterations, but system has been
worked until the 50000 iterations to see the late break points (Figure 8).
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Figure 8. Testing and training error monitor of the ANN.
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Table 4. Weights and priority ranks of geo-ecological factors

Factors

Categories: Data range: SD values
wheat parcel counts

Weights

Priority
Rank

Max. Annual Temp.

4®)

Min. Annual Temp.
4®)

Mean annual Temp.

0

Annual Total
Precipitation (mm)

Annual total solar
radiation (cal/m?)

Slope (degree)

Hillshade (sun
effect)

Elevation (m)

Distance from main
roads (m)

Soil depth (cm)

1:17 -18: 28 36.12
2:18-19:0

3:19-20:0

4:20-21: 66

5:21-22:77

1:-09-03:0 23.95
2:03-15:0

3:15-27.0

4:27-3.9:54

5:.39-5.1:51

6:5.1-6.3:1

7:6.3-7.5:28

8:75-8.7:37

1:5-6:28 31.16
2.6-7:0
3:7-8:10

4:8-9:68

5.:9-10:65

1: 390 — 480: 96 47.41
2:480-570: 75

3:570-660: 0

4:660—750: 0

5: 750 - 860: 0

1: Very low: 0 31.45
2: Low 277

3: Medium : 29

4:High :54

5: Very high: 11

1:0-5 :165 58.05
2:5-10 :

3:10-15:

4:15-20:

5:20-25:

6:25-30:

7:30-35:

8:35<...:

1: Very low : 0 72.06
2: Low :0

3: Medium :7

4: High : 163

5: Very high : 1

1: 1050 — 1350: 0 34.15
2: 1350 — 1750: 23

3: 1750 — 2150: 87

4: 2150 — 2450: 61

5: 2450 — 2750: 0

6: 2750 — 3050: 0

7: 3050 — 3350: 0

8: 3350 — 3650: 0

1: 0 - 5000 1171 76.47
2: 5000 —-10000 :0

3: 10000 — 15000 : 0

4: 15000 —20000: 0

5:20000<... :0

1:0-20 :37 28.22
2:20-50 :57

3:50-90 :6

4:90-120:5

5:120<...:66

SocoococomN ™

0.082

0.054

0.071

0.108

0.072

0.133

0.164

0.078

0.174

0.064

5

10
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iii) Wheat suitability maps and accuracy assessment

In linear technique, standardized factors were multiplied by the weights and suitability degree
of the wheat areas were produced. Constrains such as water bodies, existing settlement areas and roads,
airport area and bulrush areas were masked out from the final maps. Predicted wheat suitability map
was tested using 57 existing wheat parcels using ROC analyse. ROC co-efficiency was 0.875. This result
indicated that this method was capable to map wheat suitability accurately in the region. Suitability
degree map was divided into five categories including very high, high, medium, low, very low to
demonstrate the spatial diversity of wheat growth suitability clearly. In total, 19.104 km? area was
classified to be 14% very high, 30% high, 31% medium, 17% low and 3% very low wheat growth
suitability. Additionally, almost 3% of the area was ignored because of restrictive characteristics (Figure
9).
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Figure 9. Wheat suitability maps by linear approach (MCA).

In ANN technique, weighting was performed automatically based on existed wheat areas. ROC
statistic was applied using same testing dataset with linear method. ROC co-efficiency was obtained to
be 0.71 for ANN analyses. Wheat suitability categories were classified as 32% very high, 9.4% high,
9.6% medium, 11.7% low and 34.3% very low respectively. ANN result was not match very well with
testing data according to the ROC value. Because, 0.71 was lower than 0.75 threshold and it is mean
that the ANN result was matched with testing data slightly (Figure 10).

The highest suitable regions (very high suitability) were compared by current Land Use Cover
(LUC) maps of the region that was produced by Satir et al. (2016) according to the CORINE Level 1
classification scheme. Results showed that grasslands of the region were under the pressure of the
agriculture. Because, 67% of the most suitable regions were covered by the agricultural areas. However,
28% of the most suitable areas were covered by the grasslands (Table 5). In addition, agricultural areas
were increased in last 15 years period, and main aspect of the LUC change was detected from grassland
to the agriculture (Satir et al. 2016).
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Figure 10. Wheat suitability maps by' ANN approach.

Table 5. Areal analyses of the wheat suitability categories and distribution of the very high suitable areas
based on current LUC

Suitability (%) Coverage Area (ha) LUC (%) Coverage Area (ha)
Very high 15 271220 Agriculture 67 181651
High 30 582967 Grassland 28 76073
Medium 31 593026 Bareground 4 13098
Low 17 330127 Other <1 398
Very low 3 56855

Constraints 4 59037

4. Discussion and Conclusions

This paper demonstrated two spatial decision support approaches considering some of the
important environmental factors to map the wheat growth suitability. Agricultural areas have been
decreased as a result of industrial development particularly in Turkey. The status of study area is taken
as governmental subventions for the animal husbandry and field crops especially for the cereal
cultivation. Therefore, this region is under the urbanization pressure due to immigration from the rural
areas (Satir and Erdogan, 2016). Research was focussed on the wheat areas, also the wheat is one of the
most resistant field crops in cold regions, and it is cultivated in large fields in the Eastern Turkey.
Additionally, in the 2017-18 marketing year (July/June), cereal imports were increased to 7.4 million
tonnes (up 4 percent) compared to previous year that was the 7.1 million tonnes particularly in wheat
(FAO, 2018). Although the wheat cultivation and yield have been increased, wheat import has been in
an increasing trend. However, production increase was caused by the ideal climatic conditions instead
of the increase in wheat fields (USDA, 2018). Therefore, crop based protection on agricultural land
management must be one of the most important priority in Turkey and fast developing countries. As a
result of the priority analysis, precipitation is an important factor because cereal production is only
dependent on rainfall or snow melts in the study area.

Ideal data based approaches were applied, and wheat cultivated fields were used to be ideal
places covering two years growing periods in the study area. Many similar studies on agricultural
suitability mapping were used expert based or literature based techniques to define priority of factors
and AHP approach was used to define the weights of factors. Additionally, these studies ignored
validation (Sarkar et al. 2014; Yalew et al. 2016). Therefore, this study bridges the gap between mapping
and validating the crop growth suitability to get the more solid results. In this extent, two approaches
were examined to be ideal data based linear and ANN. In the first approach, location of the existed
wheat fields was analysed according to the spatial distribution inside the categories. So that factor
importance was tried to detect for wheat growth based on hypotheses that was described in weighting
section. In ANN technique, network architecture was established according to the input dataset and
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experimental analyses. Results of the two techniques were validated using ROC statistic and ROC co-
efficiencies were obtained to be 0.875 and 0.71 respectively. Linear technique was more successful than
ANN in our study. In linear approach, weighting of the input factors was completed using standard
deviation based method and this method was in user control, so user can be modified the categorization
thresholds. However, in ANN technique weights were defined automatically according to the input
parameters and training dataset. Additionally, distribution of the training points in each category was
considered in linear technique. Bagkale location (South Eastern) was more suitable than linear technique
for wheat cultivation in ANN technique. Training point density was less than other regions in this part
because only some limited areas have been suitable for agriculture in Baskale region and linear
technique was defined successfully. On the other hand, ANN method was defined Baskale region as
very high suitable for wheat cultivation. In general, this region is suitable for wheat farming, but
productivity is less than lakesides.

In conclusion, suitable regions were located around the Van Lake because of appropriate
climatic and topographic conditions. Combination of the ideal data and multiple data assessment
technique in a GIS environment has an impressive potential to evaluate the crop growth suitability. In
this extent, cultivated parcels or yield dataset can be used to extract the ideal parcels or points for the
crop growth. Transportation accessibility, hill shade (sun effect), slope and precipitation were defined
the most significant factors on wheat growth in the study area orderly. Another result of the study was
that only the 67% of the very suitable classified areas were agriculture today. It is mean that there are
some very suitable fields which has not been used for agriculture in the region. This result is important
for the land use planners to calculate potential ecosystem service value, and livestock in the region.
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Abstract: As it is known, drought is one of the most important issues of recent
years. On the other hand, agriculture is the sector that uses the most water. The
impact of drought can be reduced by reducing the water used in agriculture.
Therefore, it is very important to determine the application time and amount of
irrigation water for a successful agricultural irrigation management. One of the
most important ways to achieve this success is to accurately determine and
monitor the water content in the plant root zone. Soil water content can be
determined in two ways; direct and indirect methods. The direct measurement
method is tedious, laborious and time consuming. Instead, a large number of
indirect measurement methods are developed. One of these indirect measurement
methods is the PR2 Profile Probe method. In this study, the possibilities of using
PR2 method under different soil water content conditions were investigated. First,
the calibration of the PR2 method was made within 40 cm of soil depth. Then,
the water content in the soil was monitored by the PR2 method under three
different soil water content (100%, 75% and 50%) conditions. R? values for
calibration relationships varied between 0.7947 and 0.9305. In the study, it was
concluded that soil water content could be monitored with PR2 Profile Probe.
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Oz: Bilindigi gibi kuraklik, son yillarin en &nemli konularinin basinda
gelmektedir. Ote yandan, tarim en fazla suyu kullanan sektér konumundadir.
Tarimda kullanilan suyun azaltilmasiyla kurakhigin etkisi azaltilabilir. Bu
nedenle, basarili bir tarimsal sulama y6netimi i¢in sulama suyunun uygulama
zamani ve miktarinin belirlenmesi ¢ok 6nemlidir. S6z konusu basariya ulasmanin
en 6nemli yollarindan biri, bitki kok bélgesindeki su igeriginin dogru bir sekilde
belirlenmesi ve izlenmesidir. Toprak su igerigi dogrudan ve dolayl yontemler
olmak iizere iki sekilde belirlenebilmektedir. Dogrudan 6l¢giim ydntemi yorucu,
zahmetli ve zaman alicidir. Bunun yerine ¢ok sayida dolayli 6l¢im yontemleri
gelistirilmektedir. S6z konusu dolayl 6l¢iim yontemlerinden biri de PR2 Profile
Probe yontemidir. Bu c¢alismada, farkli toprak su igerigi kosullarinda, PR2
yénteminin kullanilma olanaklar1 arastirilmustir. Tlk olarak, 40 cm toprak derinligi
icinde PR2 yonteminin kalibrasyonu yapilmistir. Daha sonra ti¢ farkli toprak su
igerigi (% 100, % 75 ve % 50) kosullarinda PR2 yontemiyle topraktaki su igerigi
izlemeye alinmustir. Kalibrasyon iliskileri i¢in R? degerleri 0.7947 ile 0.9305
arasinda degigsim gdstermistir. Aragtirmada, PR2 Profile Probe ile toprak su
iceriginin izlenebilecegi sonucuna varilmigtir.
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1. Introduction

The soil is a dynamic and heterogeneous system in which all living things inhabit and plants are
grown. Due to the fact that soil is the most important growing environment for plants, the knowledge of
the basic soil-water relations in modern agriculture concerns not only those who deal with soil and
irrigation but also a wide range of fields ranging from plant breeders to forestry, environment and civil
engineering.

Accordingly, the measurement of soil water content is necessary for irrigation engineering, land
and water conservation studies, many environmental and engineering studies (Cetin, 2003). One of the
most important problems in the agriculture sector in the coming years is the sustainability of irrigated
agriculture.

The studies on increasing the efficiency of the unit production and increasing the efficiency of
the water used in the agricultural production are important issues for water saving. For this aim,
determination and monitoring of soil water content in irrigation agricultural lands with effortless, fast
and easy-to-use methods has become very important.

There are two basic methods to determine and monitor soil water content: 1) direct measurement
and 2) indirect measurement. The direct method of measurement requires the gravimetrical removal of
soil samples, spoiled or intact. This method is tedious and time-consuming. With indirect methods, soil
water content cannot be measured directly. Here, another parameter that varies depending on the water
content in the soil is measuring and calibrating the soil water content.

In calibration studies, R? is one of the most important parameters that show the linear
relationship between directly measured soil water content and the other indirect measurement methods.
It is desirable that the value of R? is close to 1. Because the value of R? takes a value close to 1, it
increases the reliability/validity of the indirect measurement method in determining the soil water
content.

Numerous studies have been carried out on the indirect measurement method of soil water
content (eg, Tililin, 2005, Evett et al., 2006, Koksal et al., 2011, Kirnak and Akpinar, 2016). Sometimes
different and sometimes parallel results emerged depending on other factors such as the method, soil
properties, etc. studied in the research. Indirect methods include many methods such as neutron probe
and TDR (Time Domain Reflectometry).

The Profile Probe method can also be counted among these. With the Profile Probe method, the
water contents at different depths of the soil can be measured. For example, Ekinci and Bagbag (2019)
measured the soil water content using the Delta T Profile Probe device. This article deals with the
determination and monitoring of soil water content by the Profile Probe method, which has become very
common in recent years.

This research has two aims: 1) the first was to investigate the possibility of using the Profile
Probe Type PR2 in monitoring the water content of the plant root zone under greenhouse conditions, 2)
the second aim of the study was to determine the possible changes in the water content of the plant root
zone at three different irrigation water levels during the spring growth season.

2. Materials and Methods
2.1. Study area

The research was carried out in a greenhouse in the Research and Application Area of the
Faculty of Agriculture at Akdeniz University. The survey area is located between 30 °C 38' 30"- 30 °C
39' 45" east longitudes and 36 °C 53' 15"- 36 °C 54' 15" north latitudes. The height of the study area is
54 m (Anonymous, 1998).

In the research area where the Mediterranean climate is dominant, summers are warm and dry,
winters are warm and rainy. The average temperature in Antalya is 18.0 °C, the coldest month is January
with 9.2 °C, and the warmest month is July with 28.2 °C. The annual average relative humidity is 63%,
the average total precipitation is 1063.5 mm and the average total evaporation is 1 886.3 mm
(Anonymous, 2000).

The soil in the research area consists of Golbasi series. The Golbasi series of soils, which
developed on massive travertines, were included in the Entisol order due to their lack of profile
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development and young soil. All the profiles of this young series of soils with AC horizon possess clay-
tin textures. They are located in almost flat and nearly flat topography (Sar1 et al., 1993). Some soil
characteristics of the greenhouse in which the survey was conducted are given in Table 1.

Table 1. Soil properties of the study site

Depth (cm) Field capacity (cm® cm) Wilting point (cm?® cm?3) Bulk density (g cm=)

0-20 0.292 0.196 1.128
20-40 0.271 0.208 1.236
40-60 0.251 0.186 1.286

2.2. Calibration of Profile Probe Type PR2

The Profile Probe Type PR2 calibrations were first made in three different places in the
greenhouse in the dimensions of 1x1 m. A large number of gravimetric soil samples were needed to
perform an accurate calibration. In this case, a number of pits-holes may be formed around the PR2
access tube. For this reason, three square borders with soil embankments constructed (the soil pans) in
order to avoid adversely affecting the calibration operation of cavities that may form around the PR2
access tube during the retrieval of a large number of gravimetric soil samples. At the same time, the
calibrations performed in the three different places made it possible for the greenhouse soil to be better
represented.

The PR2 access tube was placed in the middle of the soil pan. Then, the gravimetric soil samples
(W, g g*) were taken from the depths of 10, 20, 30 and 40 cm from the first soil pan while the soil was
dry. Simultaneously PR2 readings (mV) were made. The Gravimetric soil samples were taken from the
second soil pan while the soil was partially wet one week later and again at depths of 10, 20, 30 and 40
cm. Simultaneous readings with PR2 were also recorded. One day later, gravimetric soil samples were
taken from the third soil pan, which was completely saturated with water, again at the depths of 10, 20,
30 and 40 cm. Simultaneously PR2 readings were made. Gravimetric soil samples (W, g g*) and PR2
readings (mV) were repeated three times each time.

The water contents determined by the weight basis (W, g g?) of the gravimetric soil samples
were converted to the volumetric water content (0, cm® cm) taking into account the soil unit volume
mass (p, g cm3). Finally, a figure was made on the computer in such a way that the PR2 readings on the
X axis and the volumetric water content of the soil were on the Y axis. Similarly, in a calibration study
of the neutron probe, a figure was made on the computer (Soil Physics Laboratory, 1997) with the
neutron probe count ratio on the X axis and the volumetric water content (0, cm® cm) on the Y axis. In
another study by Kirnak and Akpinar (2016), TDR's measured dielectric constant (K) on the X axis and
the volumetric water content (0, cm® cm) of the soil on the Y axis were included in the calibration
process of TDR. Calibration process was completed by showing R? and equation on the figure.

2.3. Irrigation water for performance evaluation of PR2

The main aim of this article is only related to Profile Probe Type PR2 calibration and its
possibilities for use. The irrigation water was obtained from the pumping system in the Research and
Application Area at Akdeniz University.

The study lasted 129 days. A total of 24 irrigation applications were carried out beginning from
the implementation of irrigation treatments. With the Profile Probe Type PR2, the water content of the
root region of the plant was monitored at certain intervals throughout the season. Using the equation
obtained from the Profile Probe Type PR2 calibration, the seasonal water content was also converted to
the volumetric water content.

In this study, three irrigation treatments (T1, T2 and T3) were dealt with in order to check the
Profile Probe Type PR2 measurements. T1 treatment was full irrigation. The remaining two irrigation
treatments T2 and T3 were deficit irrigation treatment, which received 25% and 50% reduced amount
of irrigation water, compared respectively to T1.
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Two statistical parameters were used to compare predicted data from PR2 measurements with
the observed gravimetric soil samples as (1) the coefficient of determination (R?) and (2) mean value of
data.

3. Results
3.1. Profile Probe Type PR2 Calibration

A total of 108 volumetric soil water samples and 324 times PR2 readings were used for the
calibration. Three different figures were created for the calibration in the study.

In the first figure, the sampling values obtained in all the three of the dry, partly wet and full
wet conditions were used (Figure 1). In Figure 2, the values in partially wet and full wet conditions were
used. In Figure 3 shows the values regarding the dry and full wet conditions.

In the calibration studies, parameter R? is the linear relationship between the direct measurement
and indirect measurement methods. It is desirable that the value of R? is close to 1. As seen in Figure 1,
the R? value is 0.8625. In Figure 2, it can be seen that R? is 0.7947.

0.45 -

y = 0.0005x - 0.0749
0.40 1 R? = 0.8625

0.35 A
0.30 A1

0.25 1

0.20 A

Soil water content (8, cm3/cm3)

0.15

550 650 750 850
PR2 readings (mV)

Figure 1. Profile Probe Type PR2 calibration curve in dry, partially wet and fully wet soil conditions.

0.45

y = 0.0008x - 0.3636

0.40 A R? = 0.7947 °

0.35 A

0.30 A

Soil water content (8, cm3/cm?3)

0.25

750 800 850 900
PR2 readings (mV)

Figure 2. Profile Probe Type PR2 calibration curve in partially wet and fully wet soil conditions.

In Figure 3, the R? value is calculated as 0.9305. In these figures, the curve that best represents
the PR2 reading with volumetric soil water is shown in Figure 3. For this reason, the PR2 readings were
converted to volumetric water content using the calibration equation obtained from Figure 3. A figure
of volumetric soil water and PR2 readings converted to volumetric water content can be seen in Figure
4.
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Figure 3. Profile Probe Type PR2 calibration curve in dry and fully wet soil conditions.
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Figure 4. The relationship between calibrated volumetric water content of the Profile Probe Type PR2 reading and
gravimetric water content.

3.2. Performance Evaluation of PR2 in soil water content

The change in soil water content during the season is given in Figure 5 and Figure 6. Figure 5
shows the variation of seasonal soil water content under T1 and T2. The amount of the irrigation water
was about 25% less than that of T1. In the figure, it can be seen that the water content under the T2
treatment was less than the T1 treatment. This situation has come true as expected. As would be
expected, the T1-rated soil water content had the highest values and the field capacity was close. In the
case of a 50% deficit (T3) from the irrigation water (T1), the water content was clearly less than that of
T1 (Figure 6). This shows that the research treatments discussed at the same time in this study were well
planned and implemented correctly (Figure 5, Figure 6). In addition, Profile Probe Type PR2 reveals
relatively accurate results for the soil water content measurement sensor.
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Figure 5. Seasonal variation of soil water content under T1 treatment and T2 treatment.
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Figure 6. Seasonal variation of soil water content under T1 treatment and T3 treatment.

4. Discussion and Conclusion

Numerous studies have been conducted regarding the indirect measurement methods for
measuring soil water content (eg, Tiiliin, 2005, Evett et al., 2006, Kdksal et al., 2011, Kirnak and
Akpinar, 2016).

The methods discussed in these studies have been somewhat different from one another
depending on soil characteristics and other factors. Two of the most commonly used indirect
measurement methods are neutron probe and Time Domain Reflectometry (TDR) methods in soil water
content measurement studies.

One of the most important parameters showing the linear relationship between the direct
measurement method (volumetric soil water content) and other indirect measurement methods is the R?
value in the studies regarding calibration. For example, in a calibration study of the neutron probe, the
R?2 value was found to be 0.58 for 15-165 cm soil profile depth (Soil Physics Laboratory, 1997). Another
study of neutron probes showed that the calibration curve R? for 30 cm of different layers varied between
0.95 and 98 (Can and Kukul Kurttas, 2009). In another study conducted by Koksal et al (2011), R? value;
0.86 for 0-30 cm soil depth, 0.82 for 30-60 cm soil depth, 0.81 for 60-90 cm soil depth and 0.92 for 90-
120 cm soil depth. In the same study, it was found that the value of R? was very low (0.56) throughout
the entire soil profile (0-120 cm soil depth) (Koksal et al., 2011).

Numerous studies have also been conducted on the indirect measurement of soil water content
by TDR. For example, in the TDR calibration conducted by Kirnak and Akpinar (2016), the R? value
was calculated as 0.80. Tiiliin (2005) found that the R? value varied between 0.8583 and 0.9986 in TDR
calibration studies performed on different soil structures. In this study, R? values; 0.9716 for silty clay,
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0.9797 for silty clay, 0.9986 for sand, 0.9344 for sandy clay, 0.9782 for clay, 0.8583 for clay and 0.9941
for clay.

In our study, the R? values for Profile Probe Type PR2 ranged from 0.7947 to 0.9305 (Figure 1,
Figure 2, Figure 3). The values obtained from our Profile Probe Type PR2 study were in general parallel
to the results of some neutron probe and TDR studies. However, Evett et al. (2006) report that Delta T
PR1/6 was sensitive to temperature fluctuations. Evett et al. (2006) conducted a very detailed calibration
study on EnviroSCAN, Diviner 2000, Delta-T PR1/6 and Trime T3 under laboratory conditions.

Our work is a more general and detailed work because our aim in this study was to measure the
soil water content relative to the Profile Probe Type PR2. This situation, in fact, meets our needs. On
the other hand, we think that it is necessary to study a more detailed calibration of the Profile Probe
Type PR2, which takes into account the other factors such as temperature, salinity and so on.

In the study, it was determined that R? values for Profile Probe Type PR2 calibration varied
from 0.7947 to 0.9305. These values were generally parallel to some other research results on neutron
probe and TDR. On the other hand, we aimed to determine the use of the Profile Probe Type PR2 only
when the soil water content was measured relatively in this study. For this aim, we think that we have
achieved the goal because the results show that Profile Probe Type PR2 can measure soil water content
relatively. In addition, we recommend taking into consideration the other factors such as temperature,
salinity, etc. in a detailed calibration study of Profile Probe Type PR2. The water content in the root
zone of the plant was highest in T1. In other parcels, soil water content was lower than T1. The lowest
soil water content in the root zone of the plant was measured in terms of T3. The area with the highest
water content was found to be in T1. The decrease in the content of soil water in the root zone of the
plant can be seen due to the decrease in the amount of irrigation water.
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Abstract: Development of the agricultural sector is very necessary for efforts and
policies to develop agricultural systems that can increase the regeneration of
advanced and modern farmers. The research was aimed to analyze internal and
external factors of youth agripreneurship development (YAD) in the Sumatra
region. This resecarch was conducted in the coordination area of Politeknik
Pembangunan Pertanian Medan, which is spread over six provinces in Sumatra,
including: Aceh, North Sumatra, West Sumatra, Jambi, South Sumatra, and
Bengkulu provinces with all YAD participants in program period from 2017 to
2019. The internal factors include independence and knowledge, while the
external factors include capital resources, innovative services, social networks
and cooperation. This research was conducted from July until September 2020.
The data collection method was conducted by face to face interviews with 230
respondents, field observations, and online interviews and then analyzed using
Strength, Weaknesses, Opportunities, Threats (SWOT). The results showed the
importance of strategy to improve the YAD through to implementing the
diversification strategy. Strategies should be implemented by increasing
knowledge and utilization of access to industry-based technology in customer
service and product marketing; independence in increasing knowledge and
communication skills by attending training; establish more intense cooperation
with business partners; and increase promotion to various agencies and
companies to attract and establish business cooperation.
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Sumatra Bolgesinde Gen¢ Tarim Girisimciliginin Gelisiminde i¢c ve Dis Faktorlerin
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Oz: Gelismis ve modern ciftgilerin rejenerasyonunu artirabilecek tarimsal
sistemlerin gelistirilmesine yonelik ¢aba ve politikalar i¢in tarim sektoriiniin
gelistirilmesi ¢ok gereklidir. Aragtirma, Sumatra bdlgesindeki genc tarim
girisimciligi gelisiminin (GTQ) i¢ ve dis faktorlerini analiz etmeyi amagladi. Bu
arastirma, Sumatra'da Aceh, Kuzey Sumatra, Bati Sumatra, Jambi, Giiney
Sumatra ve Bengkulu illeri olmak iizere alti ilde yayilmis olan Politeknik

551


https://orcid.org/0000-0001-6996-7883
https://orcid.org/0000-0001-7199-3220
https://orcid.org/0000-0003-2904-1976
https://orcid.org/0000-0002-8412-8305

YYU J AGR SCI 30 (3): 551-560
Refiswal et al., / Influence of internal and external factors for youth agripreneurship development in sumatra region

Anahtar Kelimeler Pembangunan Pertanian Medan'in koordinasyon alaninda tim GTG katilimcilari
Dus etkenler, ile 2017-2019 yillar1 arasinda gerceklestirilmistir. I¢ faktorler bagimsizlik ve
I¢ Etkenler, bilgiyi icerirken, dig faktorler sermaye kaynaklari, yenilik¢i hizmetler, sosyal
?}\;Ylg{a?:;;lhzi?isimcili“ini aglar ve igbirligini icermektedir. Bu aragtirma Temmuz-Eylil 2020 tarihleri
gelistirme. ¢ £ arasinda gergeklestirilmistir. Veri toplama yontemi, 230 katilimer ile yiiz yiize

gorlismeler, saha gozlemleri ve ¢cevrimici goriigmeler yoluyla gerceklestirilmis ve
ardindan giiglii, zayif yonler, firsatlar ve tehditler (SWOT) kullanilarak analiz
edilmistir. Sonuglar, ¢esitlendirme stratejisinin uygulanmasi yoluyla YAD'yi
iyilestirme stratejisinin 6nemini gosterdi. Stratejiler, miisteri hizmetleri ve iiriin
pazarlamasinda endiistri tabanli teknolojiye erisim ve bilgi birikimi artirilarak,
egitime katilarak bilgi ve iletisim becerilerini artirmada bagimsizlig: arttirarak, is
ortaklari ile daha yogun isbirligi kurarak, ticari ibirligini ¢gekmek ve kurmak i¢in
gesitli kurum ve sirketlere tanitimi artirarak, uygulanmalidir.

1. Introduction

The agricultural sector is the third sector in Indonesia which has contributed by 12.72% to GDP
in 2019 and has decreased over the last 10 years (Statistics of Indonesia, 2020). The decrease in the
contribution of the agricultural sector was influenced by decrease in crop productivity due to reduced of
land (Usman and Juliyani, 2018; Santoso, 2015), climatic factors include rainfall, rainy days, and
humidity (Tampubolon and Sihombing, 2017; Sihombing et al., 2020), the use of production costs such
as subsidized fertilizers and pesticides (Santoso, 2015; Listiani et al., 2019), the capital used (Mamondol,
2017), skills and the total of labor required (Suwarto, 2008; Langit and Ayuningsasi, 2019) and other
factors.

The labor is significant and has a positive effect on increasing farming production of citrus
(Langit and Ayuningsasi, 2019). Based on data from the Ministry of Agriculture (2018) the Indonesian
population working in the agricultural sector is dominated by the food sub-sector of 46.58%, followed
by the plantation sub-sector by 30.79%, the livestock sub-sector by 13.47%, and the sub-sector
horticulture by 9.16%. In addition, it was also reported that the age of labor in the agricultural sector
was still dominated by prime until old ranging from 25 to > 60 years of 88.89% and the remaining by
11.11% at young age ranging from 15 until 24 years and education levels were dominated from primary
school until senior high school/vocational school by 98.53%. The low interest of the youth generation
in developing the agricultural sector has resulted in the lack of regeneration and has an impact on
inhibiting innovation in the agricultural sector as well as has resulted in an imbalance between the
population and the total of food available.

The low interest of the youth generation in the agricultural sector in Indonesia can be caused by
several factors. Insani et al. (2018) reported that the agricultural system in Indonesia for more than 20
years was directed in a top-down, less place for innovation thus causing stagnation and homogenization
of farming cycles. It is causes the young generation to be less interested in working in the agricultural
sector. Gulo et al. (2018) also reported that the young generation tends to choose higher wages,
agricultural yield is very long and often unsatisfactory. Maga et al. (2016) reported that the level of
youth motivation in managing cocoa farming is classified as low, that youth prefer the type of work that
earns money quickly compared to cocoa farming.

Efforts to increasing the spirit of young generations to work in the agricultural sector in
Indonesia can be conducted by building participation, creating innovation, and the role of the
government. Gulo et al. (2018) reported that the surrounding environment show that a lot of people
farming with an incomes that is classified as promising to meet the necessities of life with the result that
youth generations are motivated for interest in farming, especially in the food sub-sector. Insani et al.
(2018) reported that the influence factors of young farmers participation in environmentally friendly
agricultural programs include: (1) the characteristics of young farmers with motivation that can provide
the value of enthusiasm and always a willingness, opportunity, and ability to participate; (2) innovation
of young farmers in environmentally friendly agricultural programs by making natural pesticides then
traded and make a profit; (3) environmental factors that affect the level of young farmers participation
in environmentally friendly agricultural programs, such as locations in the mountains and government
policies to implement environmentally friendly agriculture.
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Therefore, the development of the agricultural sector requires efforts and policies to develop an
agricultural system that is able to increase the regeneration of advanced and modern farmers. The
government policies and breakthroughs by the Ministry of Agriculture with providing education of
entrepreneurship for young generation in agriculture through the Youth Agripreneurship Development
(YAD). YAD is an effort to raise awareness, grow, develop, and be independent of the young generation
in the field of agricultural entrepreneurship which is manifested in the form of business in the
agricultural sector. Young agripreneurship are expected will be able to regenerate farmers in maintaining
the availability of food, able to develop more creative and innovative agriculture, able to keep up with
technological developments, and able to maintain national economic stability and reduce unemployment
by creating jobs. The research was aimed to analyze of internal and external factors for youth
agripreneurship development (YAD) in Sumatra region.

2. Material and Methods
2.1. Determination of Location and Sample of YAD

The location was determined using a purposive method for youth agripreneurship development
who received the YAD program in the coordination area of Politeknik Pembangunan Pertanian Medan,
which is spread over six provinces in Sumatra region (Aceh, North Sumatra, West Sumatra, Jambi,
South Sumatra, and Bengkulu Provinces). The population taken were 542 participants of YAD on the
program period from 2017 to 2019 (Table 1).

Table 1. YAD participants from implementing education institutions in the coordination area of
Politeknik Pembangunan Pertanian Medan from 2017 to 2019 period

Participants (Person)

No Provinces YAD Implementing Education Institutions
2017 2018 2019
1 Aceh Universitas Syiah Kuala 2 2 5
VA-AD Saree 6 6 8
VA-AD Bireuen - - 8
VA-AD Kutacane - - 10
2 North Sumatra Politeknik Pembangunan Pertanian Medan 155 51 75
Universitas Sumatera Utara - 5 5
3 West Sumatra Universitas Andalas 5 6 9
Politeknik Pertanian Payakumbuh - - 12
VA-AD Padang 9 6 9
VA-AD Padang Mengatas 10 6 10
4 Jambi Jambi Universitas Jambi - 4 3
5 South Sumatra VA-AD Sembawa - 10 77
6 Bengkulu Universitas Bengkulu - 10 9
Quantity 187 106 249
Total 542

Note: VA-AD (Vocational School-Agricultural Development).

The sampling method was conducted by accidental sampling and the number of samples was
230 respondents who were calculated based on the Slovin formula (Sevilla, 2007):

N 542
0= TTNeZ  13(542)x(005)2 230 respondents

Note:
n = number of samples
N = number of populations
e = acceptable error tolerance = 0.05
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2.2. Data Collection Method

Data collection was conducted by face to face interviews with participants, observation, and
interviews online using google form and phone or email. Data collection were conducted from July to
September 2020. Measurement of internal and external factors used in this research could be seen in
Table 2.

Table 2. Measurement of internal and external factors for YAD in Sumatra region

Internal factors Score Average Total Score
Answer criteria for the independence variable

Strongly agree

Agree

Neutral

Disagree

Strongly disagree
Answer criteria for the knowledge variable
(training or apprenticeship)

More than 3 times

3 times

2 times

Once

Never

3.79

— N W A W

Independence and
knowledge variables
including strength and the
total score = 1.00

3.33

— N W A W

External factors
Answer criteria for the capital resources variable

Strongly supported

Supporting

Sufficient to supporting

Not supporting

Strongly not supporting
Answer criteria for the innovative services variable
(audiovisual, internet facilities, access to transportation,
communication services, social media, online markets,
brochures, pamphlets, leaflets, stickers)

More than or equal to three choices 5 2.40 Innovative services, social

More than or equal to two choices 3 networks and cooperation

Once choice 1 variables including threats
Answer criteria for the social networks and cooperation and the total score were
(agricultural offices, cooperatives, market companies, 2/3=0.67
wholesalers, online markets)

More than or equal to three choices 5 2.93

More than or equal to two choices 3

Once choice

4.20 Capital resources variable
including opportunities
and the total score was

1/3=0.33

— N W A W

After the data from the questionnaire is obtained, the average calculation is conducted for each variable
then calculated the weight with the following formula:

average IV

Weight of independence = x total score (1.00)

average IV + average KV

average KV

Weight of knowledge = x total score (1.00)

average IV + average KV

Weight of capital resources = average CRV x total score (0.33)

average ISV

Weight of innovative services = x total score (0.67)

average ISV + average SNCV
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average SNCV

Weight of social networks and cooperation = X total score (0.67)

average ISV + average SNCV

Note:
v = independence variable
KV = knowledge variable
CRV = capital resources variable
ISV = innovative services variable
SNCV = social networks and cooperation variable

2.3. Data Analysis

The data used the internal factors (independence, knowledge); and the external factors (capital
resources, innovative services, social networks and cooperation) that influenced the achievement of
YAD. Internal factors in the form of independence means the ability to make their own decisions and
take appropriate actions, the ability to solve problems and constraints, and also well-being managerial
skills. Knowledge include the suitability of educational background, entrepreneurship education
received, training and internships received, and also business experience has been over done. External
factors include the initial capital resources support used, the customer service provided and the
marketing technology used, the social networking and cooperation partners in running a business.

The data were processed using the Strength, Weaknesses, Opportunities, Threats (SWOT)
analysis. SWOT analysis was amied to compare the internal factors (strength and weaknesses) within
external factors (opportunities and threats) collectively as a basis for designing strategies and work
programs. Determination of S, W, O, T obtained after obtaining the average value of each variables from
the results of the questionnaire compilation. Internal factors will generate strengths and weaknesses
through the Internal Factors Strategic Analysis (IFAS) matrix. The variables were categorized as
strength if the average value is greater compared to the median value of the calculation scale, meanwhile
the variables were classified as weakness if the average value is smaller compared to the median value
of the calculation scale. External factors will generate opportunities and threats through the External
Strategic Factors Analysis (EFAS) matrix. The variables were classified as opportunity if the average
value is greater compared to the median value of the calculation scale, meanwhile the variables were
classified as threat if the average value is smaller compared to the median value of the calculation scale.

3. Results

3.1. Determination of Strengths, Weaknesses, Opportunities and Threats for Achievement of
Youth Agripreneurship

Based on the results of the SWOT analysis in determining the strengths, weaknesses,
opportunities and threats of strategies for youth agripreneurship development (Y AD) in Sumatra region
can be seen in Table 3.

Table 3. Determination of strengths, weaknesses, opportunities and threats to the strategy of YAD in
Sumatra region

Internal Factors Strengths (S) Weaknesses (W)
Independence
Knowledge \

External Factors Opportunities (O) Threats (T)
Capital resources v
Innovative services v
Social networks and cooperation \

Table 3 showed that all variables in internal factors were classified as strengths, and not found
variables of weakness. The variables of external factors were classified as opportunity found in capital
resources, meanwhile the variables were classified as threat found in innovative services, and social
networking and cooperation.
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3.2. Determination of IFAS and EFAS Matrix for Youth Agripreneurship Development Strategy

Based on the results of the IFAS matrix in determining the strategy of youth agripreneurship
development (YAD) in Sumatra region can be presented in Table 4. The weights value is obtained from
the level of interest each variable which the total weight for all internal factors is one. Meanwhile, the
score was obtained from the average value of the questionnaire results for each variable. The results of
the IFAS matrix showed that the difference in the weighted score between strengths and weaknesses
found in the ordinate of 3.57.

Table 4. The IFAS matrix for the strategy of YAD in Sumatra region

Factors of Internal Strategic Weight Score Weighted Score
Strengths

Independence 0.53 3.79 2.01

Knowledge 0.47 3.33 1.56
Total score of strengths 1.00 3.57
Weaknesses

None
Total score of weakness 0.00 0.00 0.00
Difference (strength - weakness) 1.00 3.57

Based on the results of the EFAS matrix in determining the strategy for youth agripreneurship
development (YAD) in Sumatra region can be presented in Table 5. The weight value is obtained from
the importance level of each variable which the total weight value for all external factors is one.
Meanwhile the score value is obtained from the average value of the questionnaire summary results for
each variable. The results of the EFAS matrix showed that the difference in the weighted score between
opportunities and threats found in the ordinate of -0.41.

Table 5. The EFAS matrix for the strategies of YAD in Sumatra region

Factors of External Strategic Weight Score Weighted Score
Opportunities

Capital Resource 0.33 4.20 1.39
Total score of opportunities 0.33 1.39
Threats

Innovative services 0.30 2.40 0.72

Social networks and cooperation 0.37 2.93 1.08
Total score of threats 0.67 1.80
Difference (opportunities - threats) 1.00 -0.41

3.3. Determination of the Position Matrix in SWOT
Based on the IFAS and EFAS matrices, were obtained at two points of ordinate such as the first

ordinate point with a difference of strength-weakness of 3.57 and the second ordinate point with a
difference of opportunities-threats of -0.41. The SWOT position matrix can be presented in Figure 1.
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Turn Arround Strategies

Weakness

Defensive Strategies
Quadrant 4

Quadrant 3

Opportunities

Quadrant 1

Aggressive Strategies

Strength

3.57
T 1
041 Jreeereeedeeedd
7 Diversification Strategies
7 Quadrant 2
Threats

Figure 1. The SWOT position matrix for the strategy of youth agripreneurship development.

The SWOT position matrix for the strategy of YAD in Sumatra region was found in quadrant 2
or the diversification strategy. Despite facing various threats, youth agripreneurship still have strength
from an internal perspective. The strategy should be applied by use the strength possessed to face and
overcome the impact of the threat using the diversification strategy.
Based on the steps of the SWOT analysis, several strategies can be formulated using the SWOT
matrix (Table 6).

Table 6. Strategies using the SWOT matrix

IFAS

EFAS

—_—

STRENGTHS (S)
Independence
Knowledge

WEAKNESSES (W)

1.

OPPORTUNITIES (O)
capital resources

S-O STRATEGY

. Increase financial managerial skills and

bookkeeping by training of financial
management (S2, 01)

Improve the ability to observe opportunities
and risks of using business capital (S1, S2,
01)

Dare to take risks in finding new sources of
capital for business development (S1, O1)

W-O STRATEGY

1.
2.

THREATS (T)
Innovative services
Social networking and
collaboration

S-T STRATEGY
Increase knowledge and use of technology
based access industry 4.0 in customer service
and product marketing (S2, T1)
Independence in increasing knowledge and
communication skills by participating in
training (S1, S2, T2)

. Establishing more intense cooperation with

business partners (S1, T2)

Increasing promotion to various agencies
and companies to attract and establish
business cooperation (S1, S2, T2)

W-T STRATEGY
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4. Discussion and Conclusion

The variables of internal factors were classified as strengths, and not found variables of
weakness. It was all participants in youth entrepreneurs have a education background in agricultural
science and are familiar with agricultural studies with the result that all internal factors have the fairly
high value in overall. In addition, participants also have the ability to make decisions, solve problems,
and make the most of all the resources available. Educational background was linear with the level of
independence of youth entrepreneurs in developing self-potential by searching for information and
interacting with educational institutions of YAD implementing. According to Karami and Agahi (2018)
empowerment of agricultural entrepreneurs can be conducted by aggressive strategies such as training
and entrepreneurial skills, development and technical, finding the source of ideas, using new technology,
increasing access to financial resources, create exhibitions and conferences. Malta (2016) reported that
the efforts to increase farmer independence in making decisions for the achievement of farming, namely
the active search for information related to farming and interactions with agricultural instructors.

The variables of external factors were classified as opportunity found in capital resources,
meanwhile the variables were classified as threat found in innovative services, and social networking
and cooperation. Capital resources was categorized as opportunities because the source of capital used
by youth agripreneurship from the government of Indonesia through the Ministry of Agriculture. It
showed that the role of the government is greatly supportive to the program of YAD in Sumatra region.
In contrast, innovative services and social networking as well as cooperation were classified as threats
because YAD in Sumatra region still use innovative services include easy access to transportation and
24-hour communication services as well as the marketing technology used still uses social media such
as facebook, instagram, telegram and tweeter. It requires improving the skills of the youth generation of
farmers in utilizing information technology such as business partners in selling agricultural products
based online. According to D'Silva et al. (2009) the agricultural sector has enormous potential and a
growing business with full and active support from the government provides and greater opportunities
for young agricultural entrepreneurs. Abdullah and Sulaiman (2013) reported that the influence factors
of young generation to be entrepreneurs include family support, government support and promotion
through carnivals and festivals. Agahi and Karami (2012) social capital management in society is
product quality and attention to new product development and its relationship with awareness of the
global market. Addo (2018) reported that the personal factors that affect the success of agricultural
entrepreneurship performance, including (1) inspiration and decisions to start agricultural
entrepreneurship, (2) learning, discovery and innovation, (3) planning and coordinating business
activities, (4) building and maintain relationships between customers, suppliers and business partners.

The results of the IFAS matrix showed that the difference in the weighted score between
strengths and weaknesses found in the ordinate of 3.57. It showed that the educational background of
YAD in Sumatra region was linearly related to the level of independence in managing farming with the
result that diversification strategy is needed (Figure 1). According to Malta (2016) the effect of formal
education was positively correlated by 9.40% in increasing farmer independence for decision-making
for farming success include activeness searching for information related to farming and interaction with
the instructor. Ommani (2011) reported that higher technical knowledge of farmers have a score of 0.24
was classified as the strength factor in managing the agricultural system business. Hormiga et al. (2011)
added that basic and advanced of skills in agricultural education were needed to support agripreneurship.
Magagula and Tsvakirai (2019) also stated that the agricultural knowledge was significantly (P <0.01)
and has a positive effect on interest in participating for agripreneurship.

The results of the EFAS matrix showed that the difference in the weighted score between
opportunities and threats found in the ordinate of -0.41. It was due to the low access to information in
managing farming which makes it difficult for youth agripreneurship to collaborate with business
partners with the result that the diversification strategy is needed (Figure 1). According to Karami and
Agahi (2018) the challenges of agricultural entrepreneurial empowerment could be caused by a lack of
suitable markets for the products produced, a lack of required facilities, and a lack of useful skills
training with the weighing score of 0.25; 0.18 and 0.172, respectively. Sinyolo and Mudhara (2018)
reported that the use of the entrepreneurial skills and abilities approach of farmers can be improve the
food security of smallholders.
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The conclusion of this research such as strategy formulation can be conducted in the
development of youth agripreneurship in Sumatra region by implementing the diversification strategy,
such as 1) increasing knowledge and utilization of access to industry-based technology in customer
service and product marketing; 2) independence in increasing knowledge and communication skills by
attending training; 3) establish more intense cooperation with business partners; and 4) increasing
promotion to various agencies and companies to attract and establish business cooperation.
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Oz: Planococcus citri, diinyanin birgok bolgesinde yaygin ve 200’den fazla bitki
tiirli Gstiinde beslenen dnemli bir zararlidir. Konukgulari arasinda olan kabak
(Cucurbita moschata) bitkisinin hem yaprak ve siirgiinlerine hem de meyvesine
saldirarak 6nemli tiriin kayiplarina neden olmaktadir. Bu ¢alismada 28 = 1 °C
sicaklik, % 60 + 5 orantili nem ve 16:8 aydinlik: karanlik sartlarina ayarlanmis
iklim odalarinda, P.citri’nin kabak bitkisinin yapraklari tistiinde gelisme, canlilik
ve lireme oranlarina ait biyolojik verileri elde edilmistir. Elde edilen ham veriler
yas ve doneme 06zgi iki eseyli yasam ¢izelgesine gore test edilmis ve yasam
cizelgesi parametreleri Twosex MSChart paket programi kullanilarak
hesaplanmugtir. Buna gore kalitsal {ireme yetenegi () = 0.0802 giin™!, artis orani
sinir1 (A) = 1.0836 giin’!, net iireme giicii (Ry) = 29.231 yumurta, ortalama dol
stiresi (7) =42.10 giin olarak hesap edilmistir. Calismada ayrica Timing MSChart
programi1 kullanilarak zararlinin popiilasyon biiyiikliigii tahmin edilmistir. Buna
gore, basglangi¢ popiilasyonu olarak 10 adet P. citri yamurtast alindiginda, 3 ayin
sonunda meydana gelebilecek popiilasyonun toplam olarak 4 137 birey
olabilecegi tahmin edilmistir.
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Abstract: Planococcus citri is an important pest that is common in many parts of
the world and feeds on more than 200 plant species. It attacks the leaves, shoots
and fruits of the pumpkin (Cucurbita moschata) plant, which is among its hosts,
causing significant crop losses. In this study, development, survival and fecundity
data of P.citri were obtained on the leaves of the pumpkin plant were in the
climatic room which was adjusted to 28 + 1 °C temperature, 60 + 5% relative
humidity and 16: 8 light: dark conditions. The raw data obtained were tested
according to the age-stage twosex life table and the life table parameters were
calculated using the Twosex MSChart package program. Accordingly, they were
calculated as follows; the intrinsic rate of increase () = 0.0802 d-!, the finite rate
of increase (4) = 1.0836 d!, the net reproductive rate (Ry) = 29.231 eggs, and the
mean generation time (7) = 42.10 days. In addition, the population size of the pest
was estimated using the Timing MSChart program. According to this, when 10
P. citri eggs were taken as the initial population, it was estimated that the
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population that could occur at the end of 3 months would be 4 137 individuals in
total.

1. Giris

Turunggil unlubiti, Planococcus citri (Risso) (Hemiptera: Pseudococcidae) diinyanin hemen
hemen tiim zoocografik bolgelerine yayilmis polifag bir zararlidir (Williams ve Watson, 1990). En
yaygin olarak ¢icekli bitkilerde olmak tizere 82 familyadan 191 cinse bagli 200’den fazla konukcu
bitkisinin oldugu bildirilmektedir (Anonim, 2021a). Hem nimf ve hem de ergin disiler sokucu emici
agiz yapilartyla konukgu bitkilerinin 6zsuyunu emerek beslenirler ve beslenmeleri sonucu bitkinin besin
elementleri eksildiginden bitkinin gelismesi geriler, genellikle bodur kalir, sararir ve canliligim biiyiik
Olciide kaybeder (Goldasteh ve ark., 2009). Turunggil unlubiti énemli baz1 bitki virlis hastaliklarin
tagidig gibi (Al-Ali, 1969; Bartlett, 1978; Brunt, 1992; Lockhart ve Olszewski, 1996), beslenmesi
esnasinda salgiladig: tatlims1 maddeler nedeniyle de zararli olur. Yogun miktarda salgilanan tatlimsi
maddeler yaprak, siirgiin, meyve gibi bitki aksamlarinin yiizeyini kaplayarak bu alanlara saprofit
funguslarin yerlesmesine neden olur, toksik salgilariyla garpik biiylimeye, erken yaprak dokiilmesine
(Smith ve ark., 1997; Heinz ve ark., 2004) ve zamanla hem fotosentezin engellenmesine hem de bitkinin
strese girmesine sebep olur (Malais ve Ravensberg, 2004).

Turunggil unlubitinin Tiirkiye’de turunggiller ve diger bitkiler {istiinde ekonomik olarak ¢ok
Oonemli zararlara neden oldugu (Bodenheimer, 1953; Diizgiines, 1982; Lodos, 1986; Williams ve
Watson, 1988), son yirmi yildan fazla siiredir Dogu Akdeniz Boélgesi’'nde zararmin arttig1 ve énemli
iiriin kayiplarina neden oldugu (Karacaoglu ve Satar, 2017) bildirilmektedir. Diger yandan P. citri’nin
i¢ mekan bitkilerinde yaygin zararli oldugu ve kontroliiniin basarili olmadig: bildirilmektedir (Polat ve
ark., 2008). Cok sayida aragtirmada zararliya kars1 kimyasal savasin yetersiz oldugu, en etkili kontrol
yonteminin dogal diigmanlarinin kullanilmasi oldugu belirtilmektedir (Krishnamoorthy ve Singh, 1987;
Michelakis ve ark., 1995; Afifi ve ark., 2010; Mustu ve ark., 2011; Gill ve ark., 2012; van Niekerk ve
Malan, 2012). Dogal diismanlarinin kitle {iretim galismalarinda, P. citri liretimi i¢in kullanilan en uygun
konukgu bitkiler arasinda kabak meyvesi de bulunur. Turunggil unlubiti kabak bitkisinin sadece
meyvesinde degil yapraklarinda da gelisir, ancak kitle iiretim calismalarinda kabak meyvesi depo
sartlarina daha iyi dayanabildigi ve uzun siire bozulmadan saglam kalabildigi i¢in daha ¢ok tercih edilir.

Kabak, sebze olarak dogrudan tiiketilmesinin yani sira, ¢erez, tatli, siis ara¢ ve gereclerinin
yapimi gibi cesitli sekillerde de degerlendirilmektedir. Tiirkiye sebze iiretiminde onemli olan kabak,
2019 yili TUIK verilerine gore toplam sebze iiretim alanlarinin % 10.04’iinde % 2.28’lik bir iiretim
payna sahiptir (Anonim, 2021b). Kabak iiretiminde énemli iiriin kayiplarina neden olan P. citri, bitkiye
hem tarla kosullarinda ve hem de sera, ortii alt1, algak tiinel gibi iiretim alanlarinda saldirarak zarar verir.
Bitkiye yapraklanma doneminden itibaren yerleserek once yaprak ve siirglinlerde, meyve olusum
doneminde ise meyvede dogrudan beslenerek bitkinin gelismesini ve verimini biylik Olglide
geriletmektedir. Beslenirken salgiladigi yogun miktardaki tatlimsi madde nedeniyle, meyvelerin
kalitesini azalttig1 gibi, yaprak, siirgiin ve meyvelerin yogun miktarda tatlims1 madde ile kapli olmast
sebebiyle kisa zamanda saprofit funguslarla ortiilerek ¢iirlimelere yol agmaktadir.

Bu galigmada P. citri’nin kabak bitkisinin yapraklar iistiinde meydana getirdigi popiilasyon
dinamigi parametrelerinin ortaya ¢ikarilmasi hedeflenmistir. Yasam cizelgesi, bir bocegin popiilasyon
dinamigine iliskin ¢ok ayrintili ve karsilagtirmali bilgiler sunabilen 6nemli bir aractir (Lotka, 1907;
Lewis, 1977). Bu amagla yas ve doneme 6zgii iki eseyli yasam ¢izelgesi (Chi ve Liu, 1985; Chi, 1988;
Atlihan ve ark., 2018; Chi ve ark., 2020) kullanilarak, zararlinin iireme, gelisme, canlilik oranlari, yagam
cizelgesi parametreleri, popiilasyon artisinin tahmini gibi biyolojisine iligkin ¢ok ayrintili bilgileri elde
edilmistir. Planococcus citri’nin kabak yapraklar iistinde meydana getirdigi popiilasyona ait yagam
¢izelgesi parametrelerinin elde edilmesi, zararliya karsi yiritiilecek miicadele ¢aligmalari igin temel
bilgiler sunmasinin yani sira biyolojik savas uygulamalarinda avci-parazitoit salim oranlarinin ve
zamanlarinin belirlenmesi i¢in de 6nemli bilgiler saglayacaktir.
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2. Materyal ve Yontem

Calisma 2019 yilinda Van Yiiziincii Y1l Universitesi, Ziraat Fakiiltesi, Bitki Koruma Béliimii
Entomoloji laboratuvari ve iklim odalarinda yiiriitiilmiistiir. Konukgu bitki olarak bal kabag1 bitkisinin
yapraklart kullanilmigtir. Bu amagla ilk olarak konukgu bitki iiretimi yapilmis ve yapraklar iistiinde P.
citri kolonisi olusturulmusgtur. Denemede kullanilan bal kabagi (Arican 97) tohumlar1 6ncelikle viyollere
ekilerek fideleri elde edilmis, daha sonra torf ve bahge topragi karigimi konulmus 5 1t hacimli (iist ¢ap1
ve yuksekligi 20 cm) saksilara sagirtilmistir. Fideler en az 10 yaprakli doneme geldiginde denemelere
baglanmistir. Stok kiiltiirden alinan son 24 saat i¢inde birakilmis yumurtalar yaprak hiicrelerine
(silindirik, 2x2 cm ¢ap ve yliksekliginde, 1.8 gr agirliginda, iist tarafi tiil ile kapatilmis klips diizenegi
ile yapraga sabitlenebilen plastik hiicre) konulmustur. Her hiicrede sadece bir tane olacak sekilde toplam
olarak 50 adet yumurta yapragin ist kismina hiicre i¢ine yumusak ince ug¢lu firca yardimiyla
yerlestirilmistir. Giinliik kontrollerde yumurtalarin agildig1 giin ve ¢ikan nimflerin gelisme siireleri ergin
doneme erisinceye kadar kaydedilmistir. Ergin olduktan sonra her bir hiicreye bir adet erkek ve 1 adet
disi birey konularak gézlemlere devam edilmistir. Giinliik araliklarla hiicre igine birakilan yumurtalar
sayilarak hiicreden uzaklastirilmistir. Bazi disi nimflerin denemeye tabi tutulan erkeklerin tamami
oldiikten sonra ergin oldugu gdzlenmis, bu disilerin tutulduklar1 hiicrelere stok kiiltiirde bulunan erkek
bireyler konularak ciftlesmeleri saglanmis, ancak bu erkek bireyler deneme disi birakilmistir.
Gozlemlere son birey dliinceye kadar devam edilmistir.

2.1. Verilerin degerlendirilmesi

Planococcus citri’nin denemeden elde edilen gelisme, canlilik ve iireme oranina ait ham veriler
Chi (1988) tarafindan tanimlanan ve Chi ve Liu (Chi ve Liu, 1985; Chi, 1988; Chi, 2014) tarafindan
gelistirilen yas ve doneme 6zgii iki eseyli yasam ¢izelgesine gore TWOSEX-MSChart bilgisayar
programi (Chi, 2019b) kullanilarak degerlendirilmistir.

Yas ve doneme 6zgii canlilik orani (sy), yasa 6zgili canlilik orani (/), yasa 6zgii lireme oran
(my), ve bunlara ek olarak yasam c¢izelgesi parametreleri (kalitsal iireme yetenegi (), artis orani siniri
(4), net ireme orani (Ry), ve ortalama dol siiresi (7)) hesaplanmustir.

Bu parametreler asagidaki formiillere gore hesaplanmistir:

Yas ve doneme 6zgii canlilik oran (sy) (x = yas ve j = donem),

s, =—2 (1)

no1, yasam cizelgesi galigmasinin baglangicinda kullanilan toplam birey sayisi; ny, x yasinda ve j
déneminde canli olan bireylerin sayisi.
Yasa 6zgii iireme orani () ve yasa 0zgii canlilik oram (/,),

i
ST
m = # @)
=1y
K
I,=2s, 3)
j1

k donem sayis1 ve s,; yeni birakilmis bir yumurtanin x yaginda ve j doneminde canli kalma olasiligidir.
fv» X yasinda erginlerin iireme oranidir (yumurtalarin toplam sayist).
Kalitsal iireme yetenegi (7) Euler — Lotka (Goodman, 1982),

s &}

Z e m, =1 “)

x=0
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x yas, Iy yasa 6zgili canlilik oran1 (x yasinda yeni birakilmig bir yumurtanin canli kalma olasiligi) ve m,
disinin yasa 6zgii lireme orani egrisidir.
Net iireme orant (Ry) (Birch, 1948),

R=>m, ©

disi basina {iiretilen disi yavru sayisina gore nesil basina popiilasyonun artis orani, /, x yasina kadar
hayatta kalan bireylerin oranidir ve my,, x yasindaki disi bagina tiretilen disi sayisidir.

Ortalama dol siiresi (7) (Birch, 1948; Carey, 1993), bir populasyonun biiytikliigiinii Ry kat1 kadar
arttirmak i¢in ihtiya¢ duydugu periyot olarak tanimlanir.

r R ©)

r
Artis orani sinirt (4) (Birch, 1948),

A=¢€ (7

birim zaman basina birey basina artig orani.
Her bir birey (i) ve donem (f) i¢in beklenen dmiir siiresi (ey;) (Chi ve Su, 20006),

e, =Y, ®)

=x y=j
x yasinda ve j ddnemindeki bir bireyin yasamasi beklenen siiredir.
Ureme degeri (vyj) (Carey, 1993),

er(x—l) x i B (9)
— (1)
vxj - —Ze Z sry ffy
ij =X y=l

x yasinda ve j doneminde bir bireyin gelecek popiilasyona yapacagi katki olarak tanimlanr.

Planococcus citri’nin gelisme donemleri, yasam uzunlugu, iireme ve yasam g¢izelgesi
parametreleri 100 000 boostrap kullanilarak hesaplanmistir. Disi ve erkek bireylerin gelisme siireleri,
toplam yasam uzunluklart ve Omiir siirelerinin ortalamalar1 arasindaki farklar paired boostrap test
kullanilarak karsilastirilmistir (Efron ve Tibshirani 1993, Huang ve Chi 2013).

2.2. Popiilasyon biiyiikliigiiniin tahmin edilmesi

Yasam ¢izelgesi verilerine gore Turunggil unlubitinin populasyon biiyiikliigii, Chi ve Liu (1985)
ve Chi (1990) tarafindan bildirilen yonteme gore Timing-MSChart (Chi, 2019a) bilgisayar program
kullanilarak tahmin edilmistir. Bu yontemde P. citri’nin baslangi¢ popiilasyonu olarak belli sayida ve
belli donemde birey alindiginda belirlenecek siire sonunda popiilasyonun erisebilecegi biiytikliik yas (x)
ve doneme (j) 6zgii ve toplam birey sayisi listiinden tahmin edilebilir.

3. Bulgular

Turunggil unlubiti, Planoccocus citri’nin Cucurbita mochata (kabak) iistiinde denemeye alinan
yumurtalarinin tamami agilarak nimf donemine gegis yapmis, ancak nimflerin sadece % 70’1 ergin
olabilmistir (Cizelge 1). Ergin olan bireylerin % 31’nin disi, % 69’unun erkek olduklari tespit edilmistir.
Cinsiyetleri belirlenen disi ve erkek bireylere ait yumurta ve nimf dénemlerinin geligsme siireleri arasinda
istatistiki bir farklilik bulunamamistir (P<0.05). Donemlerin gelisme siireleri ortalama olarak yumurta
donemi igin 5.32 giin, 1. nimf dénemi ig¢in 6.94 giin ve 2. nimf donemi i¢in 5.53 giin olarak
kaydedilirken, disi bireylerin 3. nimf dénemini 16.55 giinde, erkek bireylerin pupa dénemlerini 7.54
glinde ve ortalama olarak 10.37 giinde tamamladiklar: tespit edilmistir (Cizelge 1). Toplam gelisme
siiresi incelendiginde, tiim bireylerin geligmelerini ortalama 28.31 giinde tamamladiklari, ancak
cinsiyetler ayr1 ayri ele alindiginda disi bireylerin 35.18 giinde, erkek bireylerin ise 25.17 giinde
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gelismelerini tamamladiklar1 ve gelisme siirelerinin istatistiksel olarak farkli oldugu bulunmustur
(P<0.05).

Denemeye alinan bireylerin toplam yasam uzunluklar1 disi bireyler igin 45.82 giin ve erkek
bireyler i¢in 27.42 giin ile istatistiksel olarak farkli bulunurken, her iki cinsiyet toplami i¢in 35.32 giin
ve ergin dncesinde 6len bireyler dahil, tiim bireylerin yasam uzunlugu ortalama olarak 29.10 giin olarak
kaydedilmistir (£<0.05). Ergin olan bireylerin 6miir siireleri karsilastirildiginda disi bireylerin 10.64
giin, erkek bireylerin 2.25 giin yasadiklar1 ve bu siirelerin istatistiksel olarak onemli oranda farkh
olduklart bulunmus (P<0.05), her iki cinsiyet birlikte ele alindiginda toplam ergin émriiniin 4.89 giin
oldugu tespit edilmistir. Diger yasam ¢izelgesi parametreleri incelendiginde preovipozisyon (4APOP)
stiresi 0.88 giin, toplam preovipozisyon (7POP) (dogumdan itibaren sayilan disilerin toplam
yumurtlama oncesi siiresi) 39.25 giin, yumurta biraktig1 giinlerin toplami 8.75 giin, ireme oran 133.27
yumurta, populasyonu ikiye katlama siiresi (D7) 8.64 giin, kalitsal {ireme yetenegi () 0.0802 giin™, artis
oram sinir1 (A) 1.0836 giin™!, net lireme giicii (Ry) 29.321 yumurta ve ortalama dol siiresi (7) 42.10 giin
olarak hesaplanmistir (Cizelge 1).

Turunggil unlubitinin heniiz yeni birakilmis bir yumurtasinin x yasinda ve j doneminde canlt
kalma olasiligin1 yansitan canlilik orani (sy;) egrisi ayrintili olarak Sekil 1°e yansitilmigtir. Ergin 6ncesi
donemlerin canlilik oranlariin kademeli olarak azaldigi, en yiiksek 6liim oraninin % 20 ile 2. nimf
doneminde meydana geldigi ve ergin 6ncesi donemlerin gelisme siirelerinin birbiri ile karistigi, yani bir
donem tamamen bitmeden izleyen dénem bireylerinin bir kismimin gelismeye bagladiklar gézlenmistir.
Ergin déneme ulagan bireylerin canlilik oranlarinin % 70 oldugu, denemede erkek bireylerin daha erken
siirede meydana geldikleri goriilmiistiir. {1k erkek bireyler 21. giinde goriiliirken disi bireyler ancak 26.
giinden itibaren ortaya ¢ikmaya baslamistir. Erkek bireylerin tamami 26. giinde goriiliirken, izleyen
giinlerde kademeli olarak 6lmeye basladiklar1 ve 31. giinde son bireylerin de 6ldiigii saptanmigtir. Disi
bireyler ise 26. giinden itibaren goriilmeye baslamis, izleyen giinlerde yeni bireyler popiilasyona
katilirken, kademeli olarak Oliim oranlarmin arttifi ve son disi bireyin 61. giinde ortaya ¢iktigi
kaydedilmistir. Ancak 49. giine kadar halen 3. nimf doneminde olan az sayida da olsa bireylerin mevcut
oldugu kaydedilmistir. Ergin olan bu bireyler ayni yasta denemeye alinan erkek bireyler ¢ok 6nceden
O0lmiis olduklart i¢in deneme disindan stok kiiltiirden aliman erkek bireylerle ciftlestirilmigler. Bu
bireylerin de yasamlarinin sonuna kadar yumurta biraktiklar kaydedilmistir.

Turunggil unlubitinin yasa 6zgi canlilik orani (/) ve lireme oranlar1 (my, Lmy) Sekil 2’de
verilmigtir. Tim donemlerin canlilik oranlarmin bir arada yansitildigi /. egrisi incelendiginde
poplilasyonda baglangigta yavas ancak kisa siirede % 30’a ulasan Oliim oranindan sonra ilk
yumurtlamanin gériildiigii 27. giinde canlilik oranmin % 50 oldugu tespit edilmistir. Izleyen giinlerde
31. giinde popiilasyonun canlilik oran1 dénce % 26’ya 40. giinde % 10’a kadar diismiis, son bireyin
goriildiigii 62. giine kadar ise kademeli olarak azalmaya devam etmistir. Ureme orani (m,) egrisi
incelendiginde ilk yumurtalarin goriildiigii glinden itibaren kademeli olarak artan yumurta orami 41.
giinde 18.2 yumurta olarak kaydedilmis, takip eden gilinlerde 50. giine kadar 6nce hizla azalma, 6mriin
sonuna dogru 59. giline kadar ise hizla yiikselme egimi gostererek bu tarihte giinde birakilan yumurta
sayist 45 yumurta ile en yiiksek degere ulasmistir. Canlilik orani ve {ireme oraninin etkisinde degisen
ve etkili tireme oranini yansitan maternity (/#n,) egrisi ise ilk yumurtalarin goriildigi tarihlerde yiiksek
Olim orani ve diisik yumurta sayisindan dolay1 diisiik seviyelerde iken izleyen gilinlerde yumurta
sayilarinda artis goriilse de daha da artan 6liim oranindan Gtiirii dmriin sonuna kadar diisiik diizeylerde
kalmustir.

Belli bir yasta ve donemde bir tiiriin beklenen yasam uzunlugunun tahminini veren beklenen
Omiir (ey) egrisi P. citri’nin tiim donemleri i¢in ayrintili olarak Sekil 3’e yansitilmistir. Yeni birakilmig
bir P. citri yumurtasinin beklenen dmrii 29.10 giin olarak ortalama yasam uzunlugu degeri ile tam olarak
ayni bulunmustur. Bu sonug bir¢cok ¢alismanin benzer sekildeki bulgularina tam olarak uymaktadir
(Atlihan ve ark., 2017; Ozgokee ve ark., 2018b; Hong ve ark., 2019).

Yas ve doneme 0zgii yasam c¢izelgesi ayrica x yasinda ve j donemindeki bir bireyin gelecek
popiilasyona yaptig1 katkiy1 yansitan iiretkenlik degerini (vy;) de vermektedir. Bu deger yeni birakilmig
bir yumurta i¢in artig oran1 sinir1 (A1) degeri kadar (1.084) iken, 3. nimf doneminde 49. giinde 84.15, disi
donemde 40. giinde 211.50 ile en yiiksek degere ulasmustir (Sekil 4).
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Cizelge 1. Turunggil unlubiti, Planoccocus citri’nin Cucurbita moschata (kabak) lstiinde gelisme
donemleri, yasam uzunlugu, ireme ve yasam c¢izelgesi parametreleri

n Ortalama+Standart Hata
Disi 11 5.45+0.21 a*
Yumurta Erkek 24 5.54+0.17 a
Toplam 50 5.32+0.12
Disi 11 7.09+0.25 a
1. Nimf Erkek 24 6.92+0.20 a
Toplam 49 6.94+0.12
Disi 11 6.09+0.42 a
2. Nimf Erkek 24 5.17¢033 a
Toplam 40 5.53+0.27
3. Nimf Disi 11 16.55+£2.91
Pupa Erkek 24 7.54+0.35
Toplam 35 10.37£1.16
Toplam gelisme Disi 11 35.18£2.99 a
Erkek 24 25.17+0.46 b
Toplam 35 28.31£1.26
Toplam yasam uzunlugu  Disi 11 45.8243.10 a
Erkek 24 27.42+0.47 b
Toplam 35 35.32+0.35
Tiim bireylerin ortalama yasam uzunlugu 50 29.10+1.68
Ergin 6mrii Disi 11 10.64+0.74 a
Erkek 24 2.2540.16 b
Toplam 35 4.89.1040.71
Preovipozisyon (APOP) 8 0.88+0.30
Toplam preovipozisyon (TPOP) 8 39.25+3.75
Yumurta biraktig1 gilinler toplami (giin) 8 8.75+1.41
Ureme oran1 (yumurta) 11 133.27+41.78
Populasyonu ikiye katlama siiresi (DT) (glin) 50 8.64
Kalitsal iireme yetenegi, r (giin™) 50 0.0802+0.014
Artig orani sinir1, A (giin™) 50 1.0836+0.015
Net iireme giicii, Ry (yumurta) 50 29.321%0.75
Ortalama dol siiresi, 7 (glin) 50 42.10£3.91

* Her bir donemde disi ve erkek bireylerin gelisme ve yasam siirelerine ait ayni harf ile gosterilen ortalamalar
(paired boostrap test, B=100 000 kullanilarak hesaplanmigtir) arasindaki fark istatistiksel olarak
onemsizdir (P<0.05). Standart hatalar 100 000 boostrap kullanilarak tahmin edilmistir.
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Sekil 1. Turunggil unlubiti, Planoccocus citri nin Cucurbita moschata (kabak) iistiinde yas ve doneme
0zgii canlilik orant (sy)).
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Sekil 2. Turunggil unlubiti, Planoccocus citri’nin Cucurbita moschata (kabak) iistiinde canlilik oranm
(L), ireme orant (my, Lmy).
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Sekil 3. Turunggil unlubiti, Planoccocus citri’nin Cucurbita moschata (kabak) iistiinde beklenen omiir
(eyj) egrisi.
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Sekil 4. Turunggil unlubiti, Planoccocus citri’nin Cucurbita moschata (kabak) iistiinde yas ve doneme
0zgii tiretkenlik degeri (vy)

3.1. Popiilasyon biiyiikliigiiniin tahmin edilmesi

Turunggil unlubitinin yasam c¢izelgesi parametrelerine gore popiilasyon biiyilikligii her bir
donem i¢in detayli olarak Timing MSChart paket programi ile hesaplanmistir. Bu ¢alismada baslangic
popiilasyonu olarak 10 adet P. citri yumurtast alindiginda 70 giin boyunca meydana gelecek tiim
donemlerin sayisal degisimi Sekil 5’te ve 70. giinde her bir doneme ait bireylerin ulasabilecegi birey
sayis1 Sekil 6’da verilmistir. Ergin 6ncesi donemin siirdiigii ilk 30 giinliik donemden sonra {iremenin
baslamasiyla birlikte popiilasyonda artis gériilmeye baslamis, siire uzadikga popiilasyon biiyiikliiglinde
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hizli bir artig kaydedilmistir. Popiilasyon biiyiikliigli 70. giin i¢in incelendiginde donemlere gore birey
sayist; yumurta 350, 1. nimf dénemi (N;) 161, 2. nimf donemi (N-) 44, 3. nimf donemi (V) 62, pupa 15,
disi 13 ve erkek 28 olarak tahmin edilmistir. Popiilasyon artiginin izleyen giinlerde ¢ok daha hizli ve
geometrik olarak arttig1 goriilmiistiir.

Giinler Toplam popiilasyon biiytlikligii
. 0 10 yumurta
. 30 12.4
. 60 240.9
. 90 4137.1
. 120 48 409.1
. 150 482 361.4
. 180 51336193

Bootstrap teknigi kullanilarak 100 000 artis oran1 sinur1 (A) elde edilmis, bu degerlerin ortalama
etrafindaki rasgele dagilislar1 Sekil 7a’da verilmistir (Ozgokce ve ark., 2018b, a; Ozgokee ve ark.,
2018c; Kanle Satishchandra ve ark., 2019). Artis oran1 sinir1 degerleri artan bir sirayla Sekil 7b’ye
yansitildiginda bootstrap ile elde edilen sayilarin ortalama etrafinda diizgilin bir egri olusturdugu, ayni
zamanda bu verilerin normal bir dagilis gosterdikleri goriilmiistiir (Sekil 7¢). Bunlarin yani sira Sekil 7b
ve 7¢’de boostrap degerlerinin 0.025, ve 0.975 yiizdelik oranlar1 belirlenmistir. Bu yiizdelik dilimlere
karsilik gelen boostrap drnekleri popiilasyon artisinin degiskenligini tahmin etmek i¢in kullamlabilir.
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Sekil 5. Turunggil unlubiti, Planoccocus citri’nin Cucurbita moschata (kabak) iistiinde baslangig
popiilasyonu 10 yumurta alindiginda meydana gelebilecek yas ve doneme 6zgili popiilasyon
biytikligii.
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Sekil 6. Turunggil unlubiti, Planoccocus citri’nin Cucurbita moschata (kabak) iistiinde baglangig
popiilasyonu 10 yumurta alindiginda 70. giinde meydana gelebilecek yas ve doneme Ozgii
popiilasyon biiyiikligii.
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Sekil 7. (a): Planococcus citri’nin orijinal boostrap degerlerine (x-ekseni) gore siralanmig 100 000 adet
A verisinin ortalama etrafindaki rastgele dagilisi. (b) Artan bir diizende siralanmig 100 000 adet
A degeri. (c) 100 000 adet A degeri, bir frekans dagilimi olarak gosterilmistir. (b) ve (c)’de 0.025
ve 0.975 yiizdelik A degerleri.
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4. Tartisma ve Sonug¢

Belli sartlar altinda ve belli konukgular {istiinde bir tiirlin yagam ¢izelgesine ait parametreleri
tespit ederek karsilastirmalar yapmak veya popiilasyon dinamiginin zarar potansiyelleri iistiinde
tahminler yapmak tlizerine son yillarda ¢ok sayida ¢alisma yapilmaktadir (Huang ve Chi, 2012; Hou ve
ark., 2014; Tuan ve ark., 2014; Ozgokee ve ark., 2016; Tuan ve ark., 2016; Jaleel ve ark., 2017). Bu tiir
calismalardan elde edilen veriler etkin Entegre Miicadele programlarmin hazirlanmasi i¢in 6nemli
kaynak bilgiler saglamaktadir. Planococcus citri, konukgular: arasinda olan ¢ok sayidaki tarla bitkileri,
meyve agaglar1 ve siis bitkileri (Bartlett ve Lloyd, 1958; Franco ve ark., 2004) iistiinde beslenmesi
sirasinda bitkiye 6nemli oranda zarar vermesinin yan sira, konuk¢udan konukcuya gecerek zararim
yaymasi ve ayni zamanda Oonemli viriis hastaliklarini tasiyarak zarar siddetini daha da arttirmasiyla
Onemini biyltmektedir. Polifag bocekler farkli konukgular iistiinde farkli gelisme, canlilik ve tireme
ozellikleri gosterirler (Hou ve ark., 2014; Farag ve ark., 2015; Kanle Satishchandra ve ark., 2019). Hatta
aym1 konukgu tiiriiniin farkh gesitleri iistiinde bile bu farkliliklar dikkat ¢ekicidir (Ozgdkce ve Atlihan,
2005; Alipour ve ark., 2016; Atlthan ve ark., 2017; Ozgokge ve ark., 2018b; Ghorbanian ve ark., 2019).
Dolayisiyla polifag bir tiir olan P. citri’nin farkli konukgular {istiindeki popiilasyon dinamiginin
belirlenmesi, zararliya kars1 gelistirilecek kontrol programlari i¢in 6nemli temel bilgiler saglayabilir. Bu
calismada zararlinin kabak bitkisi tistiinde gelismesini ortalama olarak 28.31 giinde tamamladigi, bu
siirenin disi bireyler i¢in 35.18 giin, erkek bireyler i¢in 25.17 giin oldugu tespit edilmistir. Gelisme,
ireme ve canlilik oranlarindan tiiretilen ve bir tiiriin biyolojisinin kisa bir 06zetini veren ve
karsilastirilabilme 6zelliginde olan kalitsal iireme yetenegi parametresi (Huang ve Chi, 2012)
incelendiginde bu ¢alismada hesaplanan 0.0802 giin™' degerine karsilik farkli konukgularda yiiriitiilen
bazi ¢aligmalarda bu parametre asagidaki gibi bulunmustur. Farkl siis bitkilerinde bu ¢alismadakine
benzer iklim sartlar1 altinda P. citri’nin kalitsal iireme yetenegi 0.0954-0.1380 giin' olarak bulunurken
(Polat ve ark., 2008), 25 °C ve % 70 orantil1 nem kosullarinda farkli asma ¢esitleri {istiinde yiiriitiilen bir
calismada 0.0930-0.1392 giin™! olarak tespit edilmistir (Morandi ve ark., 2008). Bu sonuglara gore kabak
yapraklar listiinde daha diisiik bir performans gosterdigi diisiiniilebilir. Ancak kabak meyvesi iistiinde
yiiriitiilen bir aragtirmada 25 °C ve % 65 orantili nem kosullarinda kabak meyvesi iistiinde P. citri’nin
gelisme siiresi disi bireyler i¢in 22.6 giin olarak tespit edilmistir (Mahmoud ve ark., 2017). Bu ¢alismada
ise 28 °C’de disi ve erkek bireyler igin ayni sirayla 35.18 ve 25.17 giin olarak bulunmus, ancak ¢aligmada
kalitsal lireme yetenegi hesaplanmamis oldugu igin sadece gelisme siiresi iistiinden bir degerlendirme
yapmak yeterli olmaz.

Bu caligmada kullanilan bootstrap teknigi ile denemeye alinan 50 adet bireyin yagsam g¢izelgesi
parametreleri 100,000 kez cogaltilarak daha homojen bir dagilim elde edilmistir. Boylece bu teknik
yetersiz veya homojen olmayan verilerin karsilagtirilabilir seviyelere yiikseltilmesinde biiyiik avantaj
saglamaktadir (Yu ve ark., 2013; Chi ve ark., 2020). Nitekim bu calismada 50 adet yumurta ile
denemeye baglanmis, bireylerin % 30’u ergin 6ncesi donemde 6lmiis, geriye kalan bireylerden sadece
11°1 disi olmustur. Bu durum bu tiir denemelerde beklenen bir durum oldugundan karsilagtirma
testlerinde homojen olmayan verilerin normal dagilislarini saglamasi agisindan boostrap teknigi oldukga
onemlidir (Chi ve ark., 2020). Sonuglarin bootstrap teknigi ile homojenize edilmis hali Sekil 7°de carpici
bir sekilde ortaya konulmustur.

Planococcus citri’nin kabak yapraklar1 {istiinde yas ve doneme &zgii canlilik orani grafigi
incelendiginde (Sekil 1) ergin 6ncesi donemlerinin % 30 unun 61diigii, ergin dncesi donemlerinin i¢ ige
gectigi yani bir donem bitmeden diger donem bireylerinin ortaya ¢iktig1 goriilmiistiir. Bunlarin yani sira,
3. nimf doneminden bazi bireylerin ergin 6miir siiresinin yaklagik yarisindan fazla siiresi gectikten sonra
ergin doneme gectikleri, erkek bireylerin disilerden daha yiiksek bir oranda oldugu ve daha kisa siire
yasadiklar tespit edilmistir. Popiilasyonda ilk olarak erkek bireyler ortaya ¢ikmis, birkag giin sonra disi
bireyler goriilmiis ve kisa bir siire sonra tiim erkek bireyler 6lmiistiir. Denemeye alinan erkek bireylerin
tamami Gldiikten sonra bile popiilasyona disi bireyler uzun siire daha katilmaya devam etmistir. Bu tiir
dogada cok nesil verdigi i¢in ve bu ¢aligmanin sonuglarindan da goriildiigii gibi donemler birbiri igine
girerek karistigl icin dogada her doneme ait bireyin popiilasyon icinde goriilmesi miimkiindiir. Bu
calismada denemeye alinan disi bireyler, denemeye alinan erkek bireyler 6lmiis olsa bile stok kiiltiirden
baska erkek bireyler ile bir arada tutularak ¢iftlesmeleri saglanmistir. Ancak P. citri, popiilasyonda erkek
bireyler bulunmadiginda zorunlu olarak partenogenetik olarak da iiremelerini siirdiirebilmektedir (Nur,
1971; Miller ve Kosztarab, 1979; Gullan ve Kosztarab, 1997; Normark, 2003; da Silva ve ark., 2010).
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Nur (1971) coccidlerde zorunlu olarak partenogenetik tiremeyi 6 farkli kritere dayandirmaktadir. Cesitli
arastiricilar tarafindan her iki cinsiyetin bulundugu popiilasyonlarda erkek bireylerin kisa Omiirlii
olmasindan dolay1 partenogenetik {liremeye devam edilmesi ve dogan yavrularin disi olmasi
poplilasyonun daha da biiyiimesi i¢in bir avantaj olarak degerlendirilmektedir (Miller ve Kosztarab,
1979; Gullan ve Kosztarab, 1997; Walton ve ark., 2006).

Planococcus citri’nin ¢aligmada elde edilen yasam ¢izelgesi parametrelerine gore popiilasyon
biiyiikliigii hesaplanmis ve farkli zamanlarda sadece 10 yumurtanin meydana getirebilecegi popiilasyon
biiyiikliikleri tahmin edilmistir. Denemeye alinan son bireyin 63. giine kadar yasadigi goriildiigiinden
buna yakin bir siire olarak 70. giinde popiilasyon biiyiikliigii incelenmistir. Buna gore 70. giinde tim
donemlerin dagilis1 incelendiginde 350 yumurta, 161 adet 1. nimf donemi ve diger dénemlerdeki
bireylerin toplami ise 162 olarak hesaplanmistir. Bu verilere gore popiilasyonun % 75.2°lik boliimiinii
en geng bireyler olusturmaktadir. Geng popiilasyonun bu biiyiik orani gelecek giinlerde popiilasyonun
cok hizli artacagimi gosteriyor. Nitekim 3 ay sonra toplam popiilasyonun 4137.1 bireye, 4. 5. ve 6.
aylarda ise sirasiyla 48409.1, 482361.4 ve 5133619.3 bireye erisebilecegi tahmin edilmistir. Bu
popiilasyonlarda da hakim niifus geng donemler oldugu icin zararlinin sonraki aylara aktarabilecegi
artis1 ¢ok daha yikici bir biiytikliikte olacaktir. Sonuglar, Turunggil unlubitinin kabak yaprag: iistiinde
oldukca etkili ve biiylik bir popiilasyon meydana getirebildigini gostermektedir. Zararl, tarla
kosullarinda bitkinin 6nce yaprak ve siirgiinlerinde, daha sonra ise meyvesine de gecerek popiilasyonunu
daha da biiyiitmektedir. Bu tahminler, unlubit ile bulasik kabak bitkisi tistiindeki unlubit sayisinin
gelecek popiilasyonu hakkinda 6nemli bilgiler verdigi i¢in ilk bulagsmalarin goriilmesinden sonra
poplilasyonun artmasina firsat verilmeden miicadele edilmesi gerektigini gostermektedir.
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Abstract: Turkey, with its rich flora and high endemism proportion in a temperate
zone, is highly favorable for beekeeping. In the studied area, two honeybees are
present: Apis mellifera anatoliaca and the Yigilca local honeybee, which has been
determined as local ecotype of anatoliaca in the Black Sea region. The main
objective of this study was to determine the botanical sources of honey samples,
which are produced by these two honeybees, from Akcakoca and Yigilca district.
Chestnut and mad honey samples were obtained from local beekeepers. Pollen
types in the honey samples were identified and determined the frequency classes.
Castanea sativa was identified as the predominant pollen among the honey samples
of Anatolian honeybee; these samples were classified as monofloral honey.
Besides, Rhododendron ponticum and Lysimachia verticillaris pollens were found
to be the important minor pollens in the mad honey samples of Anatolian honeybee.
Mad honey samples from the Yigilca local honeybee were a multifloral honey and
included Rhododendron ponticum and five other pollens as important minor pollen.
In addition, physicochemical analyses were also performed. The honey samples
gathered from the Yigilca district were deemed acceptable. On the other hand, the
honey samples from the Akgakoca district were found acceptable except for
moisture content. Also, 104 plant specimens were collected around beehives and
54 taxa were reported as melliferous plants. The Sorensen similarity coefficient,
calculating among the melliferous plants of two localities (Akcakoca and Yigilca),
was 51.85%. Diversity of melliferous plants was also higher in Yigilca than in
Akgakoca.
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Oz: Tiirkiye, 1liman bolgede zengin bitki ortiisii ve yiiksek endemizm orani ile
aricilik i¢in oldukea elveriglidir. Calisma alaninda Apis mellifera anatoliaca ve
Karadeniz bolgesinde anatoliaca’nin ekotipi olarak belirlenen Yigilca lokal bal
aris1 olmak tizere iki bal aris1 bulunmaktadir. Bu ¢alismanin temel amaci, Akgakoca
ve Yigilca’dan alinan bu iki bal arisina ait ballarin botanik kaynaklarmi
belirlemektir. Kestane ve deli bal drnekleri yerel aricilardan temin edilmistir. Bal
orneklerindeki polen tiirleri belirlenmis ve frekans siniflari belirlenmistir. Castanea
sativa, Anadolu bal aris1 kestane ve deli bal drnekleri arasinda baskin polen olarak
belirlenmistir; bu o6rnekler monofloral bal olarak smiflandirilmistir. Ayrica
Anadolu bal arist deli bal 6érneklerinde Rhododendron ponticum ve Lysimachia
verticillaris polenleri nemli mindr polenler olarak tespit edilmistir. Yigilca lokal
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bal arisindan elde edilen deli bal 6rnekleri, multifloral baldir ve 6nemli mindr polen
olarak Rhododendron ponticum ve diger bes tiirlin polenini icermektedir. Ayrica
fizikokimyasal analizleri de yapilmistir. Yigilca ilgesinden toplanan bal
orneklerinde degerler kabul edilen simrlar igindedir. Ote yandan Akcakoca
ilgesinden alinan bal numunelerinde, nem igerigi disindaki degerler kabul edilebilir
bulunmustur. Ayrica, ar1 kovanlarinin etrafinda 104 bitki 6rnegi toplanmig ve 54
takson ball1 bitki olarak belirlenmistir. Iki ilcenin (Akgakoca ve Yigilca) balli
bitkileri arasinda hesaplanan Sorensen benzerlik katsayist % 51.85 olarak
bulunmustur. Y1gilca ilgesinde balli bitki ¢esitliligi de Akgakoca ilgesine gore daha
fazladir.

1. Introduction

Beekeeping is a widespread profession in Turkey, where honey is an important food product for
the local people of the country in question. According to FAO (2016) data on the number of beehives
globally, Turkey ranks third in the world, with the third highest number of beehives across all countries
surveyed. As of 2019, the number of beehives in Turkey has reached 8.1 million, and the nation’s honey
production measures about 110 thousand tons (TUIK, 2019). The botanical source of pollen harvested
by honey bees possesses an important role in the quality of honey produced. Hence, pollen analysis of
honey possesses prominent importance due to its ability to reveal the plant species foraged by honey
bees for the honey source. In the literature, recently there exist numerous studies investigating the
melissopalynology of Turkish honeys (Altay et al., 2018; Gencay Celemli et al., 2018; Giil and Pehlivan,
2018; Ozkok et al., 2018; Ozenirler et al., 2018; Ozler, 2018; Bozbeyoglu et al., 2019; Cenet, 2019;
Ecem Bayram et al., 2019; Giirbiiz et al., 2019a; b; Kizilpiar Temizer et al., 2019; Cakir et al., 2020;
Gencay Celemli, 2020).

Turkey is home to varying climatic and ecological conditions. The nation is also a natural
transition point between Europe, Asia and Africa, creating a gene pool that contains many bee race and
ecotypes (Adam, 1983; Kili¢ and Bilgen, 2006; Kambur Acar and Kekecgoglu, 2020). Apis mellifera,
which was originally discovered in Asia, Europe, and Africa, but has since spread globally due to human
intervention, possesses five subspecies in Turkey (Ruttner, 1988). These subspecies are Apis mellifera
subsp. carnica in the European part of Turkey (Thrace), A. mellifera subsp. caucasica in the northeast
region of Turkey, A. mellifera subsp. meda in the east of Turkey, A. mellifera subsp. syriaca in the
southeast of Turkey, and 4. mellifera subsp. anatoliaca in the rest of Anatolia (Kandemir et al., 2000).
In recent studies, the Yigilca local honey bee has been found in the Diizce province (Black Sea Region,
Turkey). The Yigilca district (Diizce province) is a region with no entrances and exits for bees due to its
natural geology and structure (Gosterit et al., 2012). The Yigilca local honey bee, which is considered
to be an ecotype native to the specific region examined, has been studied by Kekecoglu (2010) and it is
reported that, according to both COI gene Sspl restriction polymorphism and 18 vessel angle
coordinates, this bee is endemic to the Yigilca district of the Diizce province. In an additional study
conducted by Kekecoglu and Soysal (2010), it was discovered that the morphometric characteristics of
honey bees in the Yigilca district (Diizce) demonstrated a local ecotype of anatoliaca. In this study,
Kekecoglu and Soysal (2010) also highlighted that no imported honey bees had inhabited or been
brought to the Yigilca district for over 30 years, and that there exist no modern beekeeping
manipulations in the population studied. Apis mellifera subsp. anatoliaca (known as the Anatolian honey
bee) is also a common subspecies in Diizce, but the Yigilca district is an isolated region from other
districts in Diizce.

In this study, the main objective is to determine the botanical sources of honeys of the Yigilca
local honey bee and Apis mellifera subsp. anatoliaca using melissopalynological analysis in Diizce. The
study also aimed to evaluated the physicochemical properties of honey samples and to determine
melliferous plants around beehives. Following the aims of this study, chestnut honey and mad honey,
two important honeys in the Diizce province, were selected and obtained from local beekeepers.
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2. Material and Methods
2.1. Study area

The research areas of this study were the Akgakoca and Yigilca districts of the Diizce province
in Turkey (Figure 1). The Diizce province is located in the Western Black Sea region of the country.
The land mass area of Diizce with its eight districts (Merkez, Ak¢akoca, Cumayeri, Cilimli, Golyaka,
Giimiisova, Kaynash and Yi8ilca) is 2 593 km? 50% of this area is composed of forestland (Diizce
Municipality, 2019). Akgakoca is the sole district within the province of Diizce containing a coastline
of 30 km and possessing a sea border. The surface area of the district in question is 463 km?. 40% of the
district is forested and is home to 43 villages (Akcakoca Municipality, 2019). The district of Yigilca is
bordered by the Zonguldak province in the north, Bolu province in the east and south, Ak¢akoca district
in the northwest, and Kaynash district in the southwest (Y1g1lca Municipality, 2019). Its surface area is
640 km?, and 65% of the district is covered with forests (Yigilca Department of Forestry, 2019). The
Yigilca district is home to 39 villages.

According to recent data of the Provincial Directorate of Agriculture and Bee Breeders in the
Diizce province of Turkey, there were 594 beekeepers and 53 823 hive bees registered in 2017 in the
region. Beekeepers possessing 30 or more hives are included in this data. The number of beekeepers is
considered to be nearly 1 000 regardless of the number of hives. The annual production of registered
beekeepers amounts to 386 268 kg honey, 8 980 kg beeswax, and 453 kg pollen. The production of royal
jelly is produced by only a few beekeepers in the Diizce province, and their annual output is 4.936 kg.

According to the information sourced from local beekeepers, several types of honey are
produced in the Diizce province. The types constitute chestnut honey, mad honey, plateau blossom
honey, and blossom honey. Chestnut honey is produced by bees when the chestnut trees (Castanea
sativa) bloom in June. Mad honey is produced during the intense flowering of Rhododendron spp. in
the month of May.
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Figure 1. Study area on the map. * shows the sampling site.
2.2. Melliferous plants

The fieldwork portion of this study was carried out between May 2017 and June 2017. A total
of 104 melliferous plants were collected near the hives during six field trips within the region. The plants
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were collected from a 0.8 km radius around the beehives, to be compared with the pollen in the honey
samples gathered. Interviews were also conducted with beekeepers during the course of the fieldwork
in order to understand the melliferous flowers present, bee types, and other necessary details relevant to
the study. During the fieldwork portion of this study, the plants that flowered during the honey period
in question and with high patronage by the honey bees studied were in particular collected.

Melliferous plants in proximity to the beehives in this study were identified. The collected plant
specimens were identified using “Flora of Turkey and the East Aegean Islands” (Davis, 1988; Giiner et
al., 2000) and compared to the specimens contained within the ISTE (the Herbarium of the Faculty of
Pharmacy of Istanbul University). The plant materials collected in our study were kept within the ISTE-
Honey Plants Herbarium as herbarium samples.

The pollen slides of the collected plants were prepared following the Wodehouse (1935) method
to obtain reference pollen images from within the identified plants. Pollen photos were captured using
an Olympus BX53 light microscope.

2.3. Honey samples and melissopalynological study

Honey samples were obtained directly from local beekeepers. Honeys were labeled by the
beekeepers as chestnut and mad honey. Chestnut (honey 1) and mad honey (honey 2) of the Yigilca
local honey bee were collected from Haciyeri village, Yi8ilca district. Chestnut (honey 3) and mad
honey (honey 4) of Apis mellifera subsp. anatoliaca were collected from Deredibi village, Ak¢akoca
district. The floral sources of the honeys were determined following the mellisopalynological method.
For examination procedures of the pollen and the identification of honeys, 10 samples were prepared
from each honey (chestnut honey and mad honey of both the Anatolian honey bee and the Yigilca local
honey bee) according to the methods of Louveaux et al., (1978) and Sorkun (2008).

Pollen counting was conducted using an Olympus BX53 light microscope. 10 slides were
prepared for each honey sample. The pollen was then identified based on the number of apertures,
sculptures, structures, and sizes of the pollen. Slides were prepared as homogeneously dispersed and at
least 500 pollen grains per sample were counted. The average value of the results for each honey sample
after counting was calculated as percentages. Based upon these results, the honey samples were
classified into four different frequency classes as predominant (more than 45%), secondary (16%—45%),
important minor (3%—15%) and minor (less than 3%) pollen according to their pollen percentages
(Louveaux et al., 1978).

For pollen diagnosis, the prepared pollen slides from the studied honeys samples were compared
with the pollen slides of melliferous plants. Books, pollen library, and related studies to our survey
(Silici and Gokceoglu, 2007; Sorkun, 2008; Hesse et al., 2009; Halbritter et al., 2010; Sorkun et al.,
2014) were also used in pollen diagnosis.

2.4. Physicochemical analysis

Diastase, sugar (Fructose + Glucose, Fructose / Glucose, Sucrose, Maltose), C4 sugar
percentages, difference 83C protein — §°C honey, HMF (hydroxymethyl furfural), moisture,
conductivity, free acidity, and proline tests were performed by the Diizce University Scientific and
Technological Research Application and Research Center for each honey sample studied (Kekecoglu
and Goc-Rasgele, 2013; Derebasi et al., 2014; Kambur et al., 2015). According to the analyses of the
Turkish food codex communiqué on honey (Ministry of Food, Agriculture and Livestock, 2012), tests
were conducted on each sample.

2.5. Statistical analysis

Sorensen’s similarity coefficient (Moraes et al., 2019) was calculated to compare the
pollen/botanical sources between the Yigilca local honey bee and the Anatolian honey bee. Formula is
ISS=2a/(a+b+c)x100, where a refers to number of pollen/species common to x and y, b to number of
pollen/species restricted to x, and ¢ to number of pollen/species restricted to y. This coefficient indicates
the pollen/species common to both honey bees.
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3. Results
3.1. Melliferous plants

Field studies that we conducted in proximity to the beehives in question lead to the collection
of 104 plant specimens. 54 taxa belonging to 23 families were reported as melliferous plants. Flowers
visited by honey bees in addition to the observation of beekeepers were also recorded. The pollen type
of each species was determined and then used as a reference collection. This information is summarized
in Table 1. Pollen photos of some melliferous plants are shown in Figure 2. The Sorensen similarity
coefficient (ISS), calculating among the melliferous plants of two localities (around the beehives of the
Yigilca and the Anatolian honey bees), was 51.85%.
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Figure 2. Pollen photos of some melliferous plants, which are determined in the studied area.

A- Polar view of Hypericum calycinum pollen, B- Pollen of Rhododendron ponticum, C- Polar view of Prunus
laurocerasus pollen, D- Equatorial view of Lysimachia verticillaris pollen, E- Pollen of Castanea sativa
F- Equatorial view of Barbarea vulgaris pollen, G- Pollen of Erica arborea, H- Polar view of Echium
vulgare pollen, I- Polar view of Tilia tomentosa pollen.

3.2. Melissopalynological analysis

According to the information we received from the beekeepers interviewed, several honey types
are produced in Diizce. The types produced include chestnut honey, mad honey, plateau blossom honey,
and blossom honey. In the present study, melissopalynological analysis of chestnut honey and mad
honey was carried out on honey belonging to different honey bees, the Yigilca local honey bee and the
Anatolian honey bee, in Diizce. We obtained honey samples that were labeled as chestnut honey from
the local beekeepers in the region. Honey samples are produced by the Yigilca local honey bee and the
Anatolian honey bee.

Chestnut honey samples from the Yigilca local honey bee and the Anatolian honey bee were
classified as monofloral, with a rate of 94.5% and 96.5% chestnut (Castanea sativa) pollen in the
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samples, respectively. There was no group of secondary and important minor pollen grains presence in
the samples investigated. Apiaceae, Caryophyllaceae, Hypericum androsaemum, and Trifolium repens
are a group of minor pollen in Yigilca chestnut honey samples. On the other hand, minor pollen group
was represented by Securegia varia, Tilia tomentosa, and Trifolium repens in Anatolian chestnut honey

samples (Table 2).

Table 1. List of melliferous plants and pollen type in the studied area

Botanical name Family Specimen number (ISTE)
Agrimonia eupatoria L. Rosaceae 115626

Anthemis tinctoria var. pallida DC. Asteraceae 115628

Asperula involucrata Wahlenb. Rubiaceae 115575

Barbarea vulgaris R.Br. Brassicaceae 115559

Calystegia silvatica (Kit.) Griseb. Convolvulaceae 115586, 115607
Campanula lyrata Lam. Campanulaceae 115618

Carduus nutans L. Asteraceae 115621

Castanea sativa Mill. Fagaceae 115583,115601, 115587, 115517
Circaea lutetiana L. Onagraceae 115603

Clinopodium vulgare subsp. arundanum (Boiss.) Nyman Lamiaceae 115627

Cytisus hirsutus L. Leguminosae 115538

Dorycnium graecum (L.) Ser. Leguminosae 115578,115550, 115551,115581
Echium vulgare L. Boraginaceae 115629

Erica arborea L. Ericaceae 115562, 115572

Fagus orientalis Lipsky Fagaceae 115556, 115557

Fragaria vesca L. Rosaceae 115535, 115549

Galega officinalis L. Leguminosae 115591, 115624

Geranium asphodeloides Burm.f. Geraniaceae 115568

Geranium purpureum Vill. Geraniaceae 115631

Hypericum androsaemum L. Hypericaceae 115554, 115555, 115588
Hypericum calycinum L. Hypericaceae 115597, 115606, 115620
Hypericum montbretii Spach Hypericaceae 115625

Hypericum perforatum L. Hypericaceae 115604

Hypochoeris radicata L Asteraceae 115613

Lathyrus laxiflorus (Desf.) Kuntze Leguminosae 115569

Lotus tenuis Waldst. & Kit Leguminosae 115612

Lysimachia punctata L. Primulaceae 115582, 115585
Lysimachia verticillaris Spreng. Primulaceae 115609, 115632

Medicago lupulina L. Leguminosae 115635

Mespilus germanica L. Rosaceae 115573, 115574

Myosoton aquaticum (L.) Moench Caryophyllaceae 115599

Poaceae sp. Poaceae -

Potentilla anglica Laichard. Rosaceae 115595, 115623

Prunella vulgaris L. Lamiaceae 115602, 115634

Prunus laurocerasus L. Rosaceae 115563, 115579, 115580
Ranunculus repens L. Ranunculaceae 115558,115541, 115547, 115548
Rhododendron ponticum L. Ericaceae 115536, 115540, 115564, 115565, 115566, 115567
Rubus hirtus Waldst. & Kit. Rosaceae 115595, 115608

Rubus ulmifolius Schott. Rosaceae 115614

Salvia forsskaolei L. Lamiaceae 115616

Salvia verticillata L. Lamiaceae 115611

Sambucus ebulus L. Adoxaceae 115615

Sambucus nigra L. Adoxaceae 115584

Saponaria glutinosa M. Bieb. Caryophyllaceae 115619

Securegia varia (L.) Lassen Leguminosae 115622, 115628

Sonchus asper subsp. glaucescens (Jord.) Ball ex Ball Asteraceae 115636

Tanacetum parthenium (L.) Sch. Bip. Asteraceae 115589, 115633

Tilia tomentosa Moench Malvaceae 115592, 115593, 115610
Trachystemon orientalis D.Don Boraginaceae 115560, 115561

Trifolium repens var. repens L. Leguminosae 115577, 115552, 115598
Vaccinium arctostaphylos L. Ericaceae 115539,115571, 115576,115544
Verbascum sp. Scrophulariaceae -

Verbena officinalis L. Verbenaceae 115605

Veronica sp. Plantaginaceae 115537, 115546
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Table 2. Melissopalynological analysis of chestnut honey samples of Yigilca and Anatolian honey bee

Botanical origin Honey 1 % (frequency)* Honey 3 % (frequency)*
Castanea sativa 94.5 (PP) 96.5 (PP)
Apiaceae 1.5 (MP) -
Caryophyllaceae 1.5 (MP) -
Hypericum androsaemum 1.5 (MP) -
Securegia varia - 1.5 (MP)
Tilia tomentosa - 0.5 (MP)
Trifolium repens 1.5 (MP) 0.5 (MP)
Not identified 1.5 1

* PP: predominant pollen (>45%). SP: secondary pollen (16-45%). IMP: important minor pollen (3—15%). MP:
minor pollen (<3%).

In addition to chestnut honey, mad honey samples were obtained from local beekeepers.
Following established procedures previously mentioned, honey samples were harvested from the
Yigilca local honey bee and the Anatolian honey bee. There is no predominant pollen in Yigilca mad
honey samples so the honey type is multifloral. The secondary pollen taxa were identified as Castanea
sativa and important minor pollen group was represented predominantly by Rhododendron ponticum,
then Mespilus germanica, Prunus laurocerasus, Barbarea vulgaris, Lysimachia verticillaris, and Erica
arborea in the Yigilca mad honey. Veronica sp., Poaceae, Echium vulgare, Ranunculus repens,
Saponaria glutinosa and Apiaceae were identified in the minor pollen group (Table 3).

Table 3. Melissopalynological analysis of mad honey samples of Yigilca and Anatolian honey bee

Botanical origin Honey 2 % (frequency)* Honey 4 % (frequency)*
Castanea sativa 31.5(SP) 72 (PP)
Rhododendron ponticum 11 (IMP) 5 (IMP)
Mespilus germanica 8 (IMP) -

Prunus laurocerasus 7.5 (IMP) -
Barbarea vulgaris 7.5 (IMP) -
Lysimachia verticillaris 5 (IMP) 7.5 (IMP)
Erica arborea 4 (IMP) -
Veronica sp. 3 (MP) -
Poaceae 2 (MP) -
Echium vulgare 2 (MP) -
Ranunculus repens 1 (MP) -
Saponaria glutinosa 0.5 (MP) -
Apiaceae 0.5 (MP) -
Leguminosae - 1 (MP)
Circaeae lutetiana - 1 (MP)
Lathyrus laxiflorus - 0.5 (MP)
Not identified 16.5 13

* PP: predominant pollen (>45%). SP: secondary pollen (16-45%). IMP: important minor pollen (3—15%). MP:
minor pollen (<3%).

According to our analysis of the sampled mad honey of Anatolian honey bee, Castanea sativa
forms the group of dominant pollen, and an important minor pollen group was represented by
Rhododendron ponticum and Lysimachia verticillaris. Minor pollen group included Leguminosae,
Circaeae lutetiana, and Lathyrus laxiflorus.

The Sorensen similarity coefficient (ISS), calculating among the honey samples of the Yigilca
and the Anatolian honey bees, was 38.09%.
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3.3. Physicochemical analysis

According to the standards of the Turkish food codex communique on honey (Ministry of Food,
Agriculture and Livestock, 2012) and additional European legislation (The Council of the European
Union, 2002), the chestnut and mad honey samples of the Yigilca local honey bee were deemed
acceptable. The moisture contents of the honey samples of the Anatolian honey bee, in both the chestnut
honey and mad honey, were higher than the allowed limits of 20 g/100 g (22.8 and 23.5, respectively).
Other parameters were also deemed acceptable. The results obtained for the various physicochemical
parameters are presented in Table 4.

HMF and diastase activity were the specific parameters used to determine honey heating. These
parameters were found acceptable in both the chestnut honey and the mad honey samples of both the
Anatolian honey bee and the Yigilca local honey bee. Electrical conductivity and free acidity values for
both chestnut honey and mad honey samples were also within the accepted limits. Honey pH is of
importance during extraction and storage because it affects stability, texture, and shelf life of the honey.
The pH levels of the mad honey samples were 3.84 and 4.00, respectively, from the Anatolian honey
bee and the Yigilca local honey bee. In the chestnut honey samples, the pH was 5.00 and 5.25 (from the
Anatolian honey bee and Yigilca local honey bee, respectively). According to the difference 8'°C value
(limits >—1), both the mad honey and the chestnut honey samples were within the defined limits. C-4
sugar content indicated adulteration in honey, which should be under 7%. All the studied honey samples
were within these limits.

Table 4. Physicochemical parameters of honey samples

by Yi8ilca local honey bee by Anatolian honey bee

Honey 1 Honey 2 Honey 3 Honey 4

Diastase number 13.9 10.9 17.9 8.3
HMF mg/kg UDL* UDL* UDL* UDL*
Conductivity mS/cm 1.219 0.438 1.432 0.419
Moisture g/100 g 17.9 18.4 22.8 23.5
Free acidity mmol/kg 19 19 22 24
Sugar content g/100g ;

Fructose 36.55 38.33 38.96 36.50

Glucose 29.78 30.21 21.87 29.80

Sucrose UDL* UDL* 0.12 UDL*

Maltose UDL* UDL* UDL* UDL*
pH 5.25 4.00 5.00 3.84
Proline mg/kg 160 1173.33 1226.67 106.67
Difference 6'3C protein — 8'3C honey -0.28 -0.08 -0.31 -0.40
C4 sugar percentages 1.69 0.43 1.87 2.31

*UDL: Under the detection limit.
4. Discussion and Conclusion

Chestnut honey samples in this study identified monofloral honey, as expected. The sampled
mad honey of the Yigilca local honey bee was composed of multifloral honey. The presence of chestnut
pollen is the highest across all honey samples collected. Chestnut flowers are one of the most preferred
melliferous flowers for honey bees in Diizce province. Both types of honey bee prefer chestnut pollen
within the research area studied. Kaya et al. (2005) analyzed 13 honey samples from different regions
in Turkey. They showed that two honey samples from Bartin (Black Sea Region) contain Castanea
sativa pollen as the dominant pollen and that one of them possesses Rhododendron pollen as its
secondary pollen. Besides, another honey sample from Bolu (Black Sea Region) contains Rhododendron
pollen as the dominant pollen and Erica pollen as the secondary pollen in their study.

In this study, mad honey samples from the Yigilca local honey bees and the Anatolian honey
bees could not be identified as monofloral honeys with regards to Rhododendron spp., but they are
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known and labeled as a mad honey in the district in question. Lysimachia verticillaris pollens were
identified in all mad honey samples, and it is a preferred plant for both types of honey bees. Plant
diversity is higher among the honey of the Yigilca local honey bee than in the Anatolian honey bee’s
honey.

According to Sorensen similarity coefficient, pollen composition of honey samples produced by
the Yigilca local honey bee and the Anatolian honey bee was 38.09% similar, while the melliferous
flowers around the hives was 51.85% similar. Pollen diversity was also higher in the Yigilca local honey
bee.

Mayda et al. (2018) investigated chestnut and Rhododendron honeys in Turkey. In their results,
six mixed chestnuts and Rhododendron, two monofloral Rhododendron, and ten monofloral chestnuts
honeys were identified. Kambur et al. (2015) analyzed ten honey samples from the Yigilca district.
Three samples were identified as monofloral (Rhododenron ponticum and Castanea sativa) and the other
remaining samples were identified as multifloral. Secondary pollen families were identified as Fabaceae,
Fagaceae, Poaceae, Apiaceae, and Asteraceae in multifloral honeys.

Di Marco et al. (2017) studied different monofloral Italian honeys. In all Rhododendron honey,
the presence of Rhododendron pollen frequency was measured at between 15% and 45%. C. sativa
pollen is dominant in chestnut honeys, and it was represented with a frequency of >45%. The pollen of
the other faxa was poor. Lamiaceae species, Ailanthus altissima, Prunus, Tilia sp., and Rhododendron
sp. were found in C. sativa honey from North Italy. Mediterranean elements such as Cistus sp.,
Eucalyptus sp., Citrus sp., and Olea sp. were present in C. sativa honey from Southern Italy.

According to the standards of the Turkish food codex communique on honey and additional
European legislation, the chestnut honey and mad honey samples of the Yigilca local honey bee were
deemed acceptable. The moisture contents within the honey samples of the Anatolian honey bee, in both
the chestnut honey and the mad honey, are higher than the allowed limits of 20 g/100 g (22.8 and 23.5,
respectively). As a result of our interviews with the local beekeepers, it was thought that the amount of
moisture present in the honey samples of the Anatolian honey bee may possibly be caused by the rainy
weather during the honey season. It can also be due to the early honey harvest. Other parameters were
found acceptable. Kambur et al. (2015) analyzed 10 honey samples from Yigilca. Three of them were
monofloral honey (Rhododenron ponticum and Castanea sativa were dominant) and others were
multifloral honey. According to physicochemical results, C4, C13 (8.72%, -1.39) and free acidity (70
meq/kg) level of two multifloral honey samples were found slightly high. Other parameters were found
acceptable in studied samples. Derebasi et al. (2014) studied physicochemical parameters (ash, moisture,
pH, acidity, diastase activity, HMF, electrical conductivity, invert sugar and sucrose) of 209 honey
samples which were obtained from Black Sea Region. They found the mean values for these parameters
as appropriate according to standards. On the other hand, 24%, 8% and 12% of the samples are not
suitable for diastase activity, invert sugar and sucrose, respectively. Besides that, residue analysis was
done. Although honey samples were suitable in terms of pesticide residues, 33% and 10% of them were
not suitable for antibiotic and naphthalene residues, respectively.

In conclusion, the botanical composition of the honey samples which were produced by the
Yigilca local honey bee and the Anatolian honey bee were analyzed. The diversity of the Yigilca local
honey bee’s samples was higher than the Anatolian honey bee’s samples. This study facilitated the
collection of information regarding melissopalynological analysis of honey samples of the Yigilca local
honey bee.

Chestnut honey samples of both honey bees were classified as monofloral honey due to the
predominant pollen of Castanea sativa. The samples were labeled as mad honey from the Anatolian
honey bee by local beekeepers, and it contained Castanea sativa pollen as the predominant pollen and
Rhododendron ponticum and Lysimachia verticillaris pollens as important minor pollens as well. For
this reason, it was classified as monofloral honey. The honey samples of the Yigilca local honey bee,
which were labeled as mad honey by local beekeepers, was multifloral honey and contained Castanea
sativa pollen as its secondary pollen and Rhododendron ponticum, Mespilus germanica, Prunus
laurocerasus, Barbarea vulgaris, Lysimachia verticillaris, Erica arborea pollens as important minor
pollens.
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substances, antioxidant capacity (AC) and amino acids contents. The black myrtle
fruits had generally higher amounts of vitamins, TP, AC and amino acid (AA)
contents than the white myrtle fruits. The biochemical contents of myrtle fruits

Keywords dried in the sun light and microwave (MW) were found to be lower than the frozen

Amino acids, fruits (P<0.05). A significant increase was observed in the amount of oxidised

Antioxidant capacity, glutathione (GSSG) and malondialdehyde (MDA) in myrtle fruits as a result of

Myrtle, drying (P<0.05). Amounts of total AA in the black and white myrtle fruits were

g henOIiCtSUbStances found to be 31.37 and 21.89 mg g' DW, respectively. From the results obtained, it
reservation,

can be said that black myrtle fruit is a better nutrition source than white myrtle

Vitamins. fruits and freezing is the most appropriate preservation method.

Farkh Koruma Yontemlerinin Uygulandig: Siyah ve Beyaz Mersin Meyvelerindeki Bazi
Biyokimyasal Parametreler

Makale Bilgileri Oz: Bu ¢alismada, siyah ve beyaz Myrtus communis L. (mersin) meyvelerindeki
vitaminler, karotenler, fonksiyonel peptidler, oksidatif stres biyomarkerlari, toplam
fenolik ve flavonoid madde, antioksidan kapasite ile amino asit igerigi
arastirllmistir. Siyah mersin meyvesi genellikle beyaz’a gore daha yiiksek miktarda
vitamin, fenolik madde, antioksidan ve amino asit igerigine sahiptir. Giineste ve
mikrodalgada kurutulan mersin meyvelerinin incelenen  biyokimyasal

Gelis: 25.02.2021

Kabul: 18.06.2021

Online Yaymlanma: 15.09.2021
DOI: 10.29133/yyutbd.886684

Anahtar Kelimeler parametreleri dondurulmus meyvelere gore daha diisiik bulunmustur (P<0.05).
Amino asitler, Kurutma islemi sonucunda meyvelerin GSSG ve MDA miktarlarinda 6nemli artig
Antioksidan kapasite, gozlenmistir (P<0.05). Siyah ve beyaz mersin meyvelerindeki toplam amino asit
Hambeles igerikleri sirastyla 31.37 ve 21.89 mg g!' KM, olarak bulunmustur. Elde edilen
Fenolik madde, sonuglardan, siyah mersin meyvesinin beyaz mersin meyvelerinden daha iyi bir
Koruma, besin kaynagi ve en uygun muhafaza yontemin dondurma oldugu sdylenebilir.
Vitaminler.

1.Introduction

The use of plants for human health is a well-established tradition for centuries. Therefore,
medicinal plants are at the center of interest around the world. M. communis L. commonly known as
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“‘myrtle”, is an endemic plant specific to the Mediterranean region. Two different type of myrtle fruits
(black and white) are grown, in the Mediterranean region. Up to now black myrtle fruits has no
commercial values, but in recent years it drew attention because of health benefit due to the higher
antioxidant properties. Myrtle fruits are also used for curing constipation, hemorrhoids and chest
disecases (Fadda and Mulas, 2010). A study conducted by Mothana et al. (2011) reported that myrtle
fruits have antioxidant, antimicrobial, anticancer activities. All living organism needs vitamins as well
as other nutrition’s. Small quantities of vitamins are essential for organism for the proper functioning of
its metabolism (Asensi-Fabad and Munne’-Bosch, 2010). Amino acids are the building blocks of
proteins, and main part of food sources of living things. Amino acids are involved in neurotransmitter
and biosynthesis processes in biological systems. For adequate production of protein in the body, it is
necessary to take essential amino acids by diet (Davidson, 2019). Myrtle is a seasonal fruit, to be able
to consume it all year around, different preservation methods are applied to the Myrtle fruits (Fadda and
Mulas, 2010). Preservation techniques have a profound effect on the nutritional value and medicinal
benefits of fruits. Although naturally drying in the sun is widely used, fruits can also be dried in ovens,
drying tunnels, and under a vacuum as well. Microwave drying is a relatively new technique to be
investigated for foodstuffs. The drying temperature, drying time, and light intensities are important
factors in the nutritional content of fruits during drying processes (Maisnam et al., 2016). The aim of
this study is; to compare the vitamins, carotenoids, functional peptides, OSM, TP and TF with AC of
the black and white myrtle fruits. The effects of different preservation methods on these parameters with
the comparison of AA contents in the white and black myrtle fruits were performed.

2. Material and Methods

2.1. Materials

Mpyrtle is a medicinal and aromatic plant that does not lose its leaves in winter and can grow up
to 5 meters which is in tree or shrub form, and grows naturally in the form of maquis in regions with a
Mediterranean climate. Due to its drought resistance, it is suitable for cultivation by planting in
commercial and home gardens in other coastal regions except the eastern Black Sea. In recent years,
interest in black and red colored fruits has increased due to their high antioxidant capacity.

The myrtle fruits samples were collected in November 2019 from G6zne, Mersin. The obtained
fruits samples were analysed in one week of the collection. Dried samples were stored in a desiccator.
Frozen samples (-20 °C) were analysed in ten days after drying. 20.0 gram of each fruit samples were
homogenized and used throughout the analysis. Equipment and chemicals used were given in Bakar et
al. (2020). Drying of fruit samples were performed according to Cakmak et al. (2021).

2.2. Determination of fat-soluble vitamins and lycopene
2.0 Gram of homogenized fruit samples taken and analysed according to Ibrahim et al., (2017).
2.3. Determination of B vitamins

Analyses were carried out by HPLC using Supelcosil LC-18-DB column (150 mm x 4.6 mm
ID, 5 um) according to the methods of Amidzi¢ et al. (2005) and Ibrahim et al. (2017).

2.4. Determination of vitamin C, ghrelin, GSH, GSSG and MDA

Analyses were performed by HPLC according to Ibrahim et al. (2017).
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2.5. Determination of total phenolic, flavonoid substance and antioxidant capacity
2.5.1 Extraction

The myrtle fruits, were homogenized with a blender, and 15.0 g of homogenized sample was
transferred into the paper thimble and extracted with CH3OH in Soxhlet apparatus for 4 hours. The
extracts dried in rotary evaporator and dissolved in a 50 mL CH3OH and the solution was stored in the
freezer until analysis. The prepared extract was used to determine the total phenolic substance, total
flavonoid and antioxidant capacity. Determination of total phenolic and flavonoid substance were
determined spectrophotometrically as described by Dewanto et al. (2002) and the results are given in as
gallic acid equivalent (ug GAE g’ DW) with quercetin equivalent (ug QE gt DW) respectively.

Total antioxidant capacity was determined according to two different methods, DPPH
and TEAC.

2.5.2. DPPH method
The AC was measured according to Nile et al. (2013).
2.5.3. TEAC method

Radical-scavenging activity the of the sample was determined according to the method
described by Re et al. (1999).

2.6. Determination of amino acids

Sample hydrolysis: 2.0 g of homogenised fresh fruit samples were taken into a glass tube then
5.0 mL 6.0 N HCIl was added and vortexed thoroughly followed by heating at 110 °C for 24 hours
(Kwanyuen and Burton, 2010). The samples were then cooled to room temperature, filtered, then total
volume was completed to 10 ml with water.

Derivatization: Standard amino acid solutions were prepared in 0.10 N HCI at different
concentrations (1.0 - 5.0 pg mL™") and 50 pL standard amino acid solutions or hydrolysed fruit samples
transferred into a 5.0 mL glass tubes and dried under vacuum at 65 °C. Then 50 uL of reagent 1 [(2: 2:
1 mixture of ethanol: water: Triethylamine (TEA) (v/v)] were added, vortexed and dried under vacuum
at 65 °C again. Then 50 uL of reagent 2 [7:1:1:1 mixture of ethanol: water: TEA: phenyl isothiocyanate
(PITC) (v/v)] introduced to dried sample and vortexed then left at room temperature for 30 minutes for
the complex formation in a dark place. At the end of this period, the samples were dried again under
vacuum at 35 °C (Kwanyuen and Burton, 2010) and 1.0 mL eluent A and acetonitrile (ACN) mixture
(8: 2 v/v) was added, vortexed then the samples were analysed by HPLC.

Amino acid analysis: Analysis of amino acid was performed with the modified method of
Kwanyuen and Burton (2010) by HPLC using Nucleodur 100-5 C18 column (250 x 4.6 mm, Spm).
Chromatography was carried out at a constant temperature (40 °C) with the mobile phase consisting of
eluent A and eluent B mixture with a flow rate of 0.8 mL minute™! and absorption was measured at 254
nm. Eluent A is 0.07 M CH3COONa (pH was adjusted to 6.4 with CH;COOH) and eluent B is a mixture
of ACN and water (60:40 v/v). Gradient program for amino acid analysis was as follows; 0-12 minutes’
eluents 90 % A and 10 % B; 12-16 minutes, 70 % A and 30 % B, 16-16.01 minutes, 65 % A, 35 % B,
16.01-25 minutes 50 % A, 50 % B, 25-26 minutes % 100B, followed by 26-35 minutes 90 % A and 10
%B.

2.7. Statistical Analysis

All measurements were triplicated and Variance analysis was performed by SPSS 10.0 and
significance was expressed as P<0.05.
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3. Results and Discussion

Different conservation methods, freezing and drying being the most common ones, are applied
to seasonal fruits to protect both their appeal and nutritional value for year round consumer consumption.
However, such preservation methods not only affect the physical appearance of fruits but also their
nutritional characteristics as well. In this study, two different types of myrtle fruits, black and white,
were studied by applying different preservation methods, frozen, sun and microwave dried. The
experimental analysis results were given in Figures 1 to 6. As it can be seen from Figure 1-2, vitamins
A, E, B-carotene, vitamin B,, vitamin Bs, vitamin Bs, vitamin By, vitamin B, and vitamin C in the white
myrtle fruits are less than in the black fruits (P<0.05). The difference between lycopene and vitamin B;
in black and white myrtle fruits is statistically insignificant (P>0.05). The highest amounts of vitamins,
B-carotene and lycopene were found in fresh myrtle, while the lowest amounts were found in sun-dried
fruit samples (P<0.05). Vitamin loss in sun and microwave dried fruits varies between 30.0-57.0 %
compared to fresh fruits. As can be seen from Figures 1 and 2, the highest vitamin loss was in sun dried
samples (P<0.05), while the least vitamin loss occurred in frozen samples (P>0.05).

1z

| EEEEE Fresh
EES] Frozen
10 — EEEEEEE Sun_dried

micowawe_dried

Concentration ([Lg/g dw)

White Mrytle Black Mrytle

Figure 1. Contents of fat soluble vitamins and lycopene in fresh, frozen, sun and microwave dried white
and black myrtle samples (for clarity and to bring into scale; vitamin A values multiplied by 5
and vitamin E values divided by 20).

Process parameters such as temperature and drying time are known to have a significant effect
on the loss of vitamins. The vitamins loss in microwave dried samples was relatively less than the sun-
dried samples, because of prolonged exposure to sun light. Obtained results consistent with the literature
(Sheraz et al., 2014). Because, the shorter process time required for microwave drying, lead to lesser
extend of vitamin loss, therefore microwave drying has an advantage over the sun-drying process. It was
reported that the amounts of vitamins B, B», B3, Bs, and By in some fruit and vegetables (carrot, brinjal,
okra, spinach, banana, and guava) were found in between 0.2 - 1.8, 0.16 - 2.0, 0.1 - 1.0, 0.6 - 2.8 and
0.16 - 1.9 pg g, respectively (Ismail et al., 2013). The reason the loss of vitamin, caused by the
photochemical and enzymatic reactions during the sun drying process. Vitamin loss in sun-dried fruit
samples is higher than microwave-dried samples. This can be explained by higher energy of sunlight to
break down the vitamins and longer exposure time to dry (Sheraz et al., 2014). The loss of vitamins
observed by microwaves drying can be explained by very high temperature reach in short time causing
thermal degradation of fruits.
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Figure 2. Contents of water soluble vitamins in fresh, frozen, sun and microwave dried white and black
myrtle samples (for clarity and to bring into scale; vitamin B; values divided by 2, vitamin B;
values divided by 5, vitamin By values divided by 50 and vitamin C by 20).

Ghrelin, which has a peptide structure, can be affected by heat treatment. Ultrasound, heat, and
irradiation processing might affect protein structure and function. The amount of ghrelin in the black
myrtle fruit is higher than in the white myrtle fruit. In addition, a higher amount of ghrelin was observed
in the fresh samples than frozen and microwave dried samples (Figure 3). Ghrelin content in fresh,
frozen, sun and microwave dried Opuntia ficus-indica fruit samples found to be 19.20, 18.80, 9.90, and
10.10 ug g! DW, respectively (Cakmak et al., 2020).

Glutathione is essential for the immune system of cells and protects cells against oxidative
damage by removing reactive oxygen species. The result suggests that both black and white myrtle fruits
are a rich source of GSH. The amounts of both GSH and GSSG in black myrtle fruit are 30% and 100%
higher than in white myrtle fruit respectively (P<0.05). The GSH levels in both black and white myrtle
fruits are considerably higher than the GHS values in Opuntia ficus-indica fruits (Cakmak et al., 2020).
Drying myrtle fruits in the sun or microwave, cause reduced GSH levels while increasing GSSG levels
significantly (P<0.05) (Figure 3). Preservation methods such as heat and irradiation can significantly
affect the biological activity of peptides. Additionally, these processes also can cause Maillard reactions
in foods. A decrease in the ratio of GSH / GSSG is the result of oxidative stress.

The value of GSH/GSSG in fresh, frozen, microwave and sun-dried black myrtle were 3.8, 3.59,
1.33 and 1.48, respectively, while it was found to be 5.94, 5.65, 2.20 and 2.47 in white myrtle samples.
As a result of the drying process, the GSH/GSSG ratio in both black and white myrtle fruits decreased
significantly.

Another stress biomarker is MDA which is also a cellular stress indicator and is formed as a
result of lipid peroxidation caused by free radicals (Gawel et al., 2004). It was observed that MDA in
black and white myrtle varies between 6.68- 7.62 and 5.83- 8.13 ug g! DW, respectively (Figure 3).
Drying processes, significantly increase the amount of MDA level in myrtle fruits (P<0.05). Our
findings are consistent with the results obtained in apricot dried by infrared and microwave (Karatas and
Kamisli, 2007). While GSH/GSSG ratio decreased, the amount of MDA increased as a result of drying
processes.
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Figure 3. Contents of ghrelin, GSH, GSSG and MDA, in fresh, frozen, sun and microwave dried white
and black myrtle samples (for clarity and to bring into scale; GSH value divided by 50 and
GSSG value divided by 10).

Phenolic compounds found in plants function as antioxidant, antimutagenic, anticarcinogenic, and play
arole in altering gene expression (Datta et al., 2019). The total of phenolic substance in the black myrtle
fruit is more than that in the white fruits (P<0.05). The change in the total amount of phenolic substances
as a result of the drying process is not statistically significant (P>0.05) (Figure 4). Patil et al. (2019)
found the total phenolic content of Opuntia Ficus-indica fruits as 42.454 mg GAE/100 g. Total phenolic
content, DPPH, and ABTS values of green walnuts were reported as 17842.26-6907.83 mg GAE kg™,
208.8-49.03 and 208.48-66.97 mmol TE g'!, respectively (Ugurlu et al. 2019).

Different studies investigated the effect of drying on phenolic compounds in fruits. While
Zanoelo et al. (2006) reported the decrease in the total amount of phenolic substances on drying fruit
samples, Dewanto et al. (2002) reported that the total phenolic compound unchanged. As a result of heat
treatment, some phenolic compounds may decompose or new phenolic compounds may form.
Therefore, depending on the drying process and type of fruits, changes in the total phenolic substance
may not be the same for each fruit after drying.
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Figure 4. Contents of total phenolic substance and Flavonoid in fresh, frozen, sun and microwave dried
white and black myrtle samples.
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The total flavonoid content in black myrtle fruits is quite higher (23.33 ug QE g' DW) than
white myrtle fruits (15.65 pg QE g' DW) (p <0.05). (Figure 4). While the least flavonoid lost was
observed in frozen fruits, the highest decrease was observed in MW dried samples. Flavonoids are the
substances that cause the colouring of fruits which involve in the activity of some enzymes (Panche et
al., 2016). The total amount of flavonoids in Opuntia ficus-indica fruit has been reported as 1.91 (mg
QE g!' DW) (Hahm et al., 2015). The results obtained showed that while the least loss of flavonoid was
observed in frozen myrtle (P>0.05), the highest loss was observed in the microwave dried samples
(P<0.05). This can be explained by the decomposition of some flavonoids at high temperatures during
microwave drying process. Drying vegetables and fruits under different conditions has been reported to
cause 3 % to 96 % decrease in the total amount of flavonoids (Kamiloglu et al., 2015).

Antioxidants are molecules that are generally produced from natural sources, contain phenolic
groups and, inhibit the free radical formation or neutralize them (Su et al., 2007). ICso and trolox
equivalent were calculated to determine the antioxidant capacity. As can be seen from Figure 5, ICso
values in black myrtle fruit lower than white myrtle fruit which indicates high antioxidant activity. On
the other hand, the highest ICs value of myrtle fruits were observed in the sun-drying process. Surinut
et al. (2005) reported that the ICso values of mangosteen, orange, pomelo, grape, and papaya fruits
ranged from 11.18 to 32.80 mg mL".
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Figure 5. TEAC and ICs values of fresh, frozen, sun and microwave dried black and white myrtle fruits.

TEAC values of black myrtle fruits have significantly higher than the white fruits (P<0.05).
TEAC value decreased significantly because of drying process (P<0.05) (Figure 5). The decrease in total
antioxidant capacity might be the result of the breakdown of vitamins, phenolic, and flavonoid

substances. Su et al. (2007) reported that the antioxidant activity of rosehip fruit was 190 pumol TEAC
1

g

One of the main source of amino acid is known as vegetables, fruits and plants. The
determination of amino acids in vegetation has become an important subject in recent years. Essential
amino acids used in protein synthesis and metabolism, must be taken with the diet. Experimental results
of amino acids in black and white myrtle fruits are given in Figure 6. The essential amino acid content
in black myrtle fruit ranges from 0.75 to 2.30 mg g"' DW, while the total essential amino acid content
was found to be 13.47 mg g'! DW. The total amount of amino acids in the black myrtle fruit was found

to be 31.37 mg g! DW, while it was as 21.89 mg g”! DW in the white fruits (P<0.05) (Figure 6).
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Figure 6. Contents of amino acids in black and white myrtle samples.

The amount of essential amino acid content in white myrtle fruit ranges from 0.43 to 1.84 mg g’
' DW, while the total essential amino acid content to be 9.86 mg g! DW. Zhou et al. (2019) in their
study using Nitraria tangutorum Bobr pulp and peel, reported the total essential amino acids ranged
from 44.39-53.51 mg ¢! DW, and the total non-essential amino acids ranged from 65.65-71.41 mg g'!
DW. According to the Food and Agriculture Organization and the World Health Organization, the total
essential amino acid/total amino acid ratio in a good protein source should be over 40%, while the total
essential amino acid/total non-essential amino acid ratio should be over 60 % (Zhou et al., 2019). Total
essential amino acid/total amino acid and total essential amino acid/total non-essential amino acid ratio
for black and white myrtle fruit were found to be 43.0, 75.0, 45.0 and 82.0 percent, respectively.

Conclusions

Mpyrtle fruits are a good source of nutrients in vitamins, carotenes, lycopene, glutathione,
ghrelin, antioxidants capacity and amino acids. And black fruits are a good source of nutrients than
white fruits. Obtained results indicate that there is no significant difference between in fresh and frozen
myrtle fruits in terms of the biochemical parameters examined. Content of vitamins, total phenolic and
flavonoid compounds, and antioxidant capacity in fresh and frozen myrtle fruit samples have higher
than the sun and microwave-dried fruit samples. Since vitamins and antioxidants are very sensitive to
light, heat, and air, drying conditions effect on these parameters. It was found that while the GSH/GSSG
ratio decreased, while MDA level increased in dried myrtle fruits. It can also be said that the drying
process causes stress in the fruits resulting in lipid peroxidation. Experimental findings, suggests that
the most suitable method for preservation for myrtle fruits is freezing.
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Abstract: In this study, physiological and biochemical changes caused by
mycorrhizal symbiosis in chickpea plants under drought conditions were
investigated in both root and leaf. Drought stress reduced leaf water potential, but
mycorrhizal symbiosis caused a significant increase in leaf water potential.
However, the application of mycorrhiza under drought stress caused an increase in
the amount of elements that are very important for the development of the plant in
the root and leaf. In our study, drought increased the proline concentration and
MDA content, while mycorrhiza application decreased them in both leaf and root.
In addition, while mycorrhizal application increased the activity of catalase, it
decreased the activity of superoxide dismutase. In general, enzyme activities were
found to be higher in the leaf, but no distinct pattern was obtained between root and
leaf in other analyzes. The study shows that the responses of mycorrhizal symbiosis
in chickpea plants may change depending on the severity of the drought. Especially
antioxidant enzyme activities and proline content patterns reveal that more
comprehensive studies should be conducted on these issues. However, continuing
studies until determining the effects of AMF symbiosis on grain yield under
drought may provide more comprehensive results.

Siddetli Kurakhik Kosullar1 Altindaki Cicer arietinum (Nohut) Bitkisinde Mikoriza
Asilamasinin Baz1 Fizyolojik ve Biyokimyasal Parametreler Uzerine Olan Etkileri
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Oz: Bu calismada kuraklik kosullari altindaki nohut bitkilerinde mikorizal
simbiyozisin meydana getirdigi fizyolojik ve biyokimyasal degisiklikler hem kok
hem de yaprakta aragtirilmistir. Kuraklik stresi ile birlikte yaprak su potansiyeli
azalmisken, mikorizal simbiyozis yaprak su potansiyelinde belirgin bir artisa neden
olmustur. Bununla birlikte kuraklik stresi altinda mikoriza uygulamasi bitkinin
gelisimi i¢in olduk¢a 6nemli olan elementlerin miktarinda kok ve yaprakta artisa
neden olmustur. Calismamizda kuraklik ile birlikte yiikselen prolin konsantrasyonu
ve MDA igerigi mikoriza uygulamasiyla birlikte azalmigtir. Ayrica antioksidan
enzimlerden katalazin aktivitesi mikoriza uygulamasiyla birlikte artarken,
siiperoksit dismutaz aktivitesi ise diigmiistiir. Genel olarak enzim aktiviteleri
yaprakta daha yiliksek bulunmusken, diger analizlerde kdk ve yaprak arasinda
belirgin bir desen elde edilmemistir. Yapilan calisma kurakligin siddetine bagh
olarak mikorizal simbiyozisin nohut bitkisinde meydana getirdigi yanitlarin
degisebilecegini gostermektedir, 6zellikle mikorizal simbiyozis ile antioksidan
enzim aktiviteleri ve prolin igerik desenleri arasindaki iligki konularinda daha fazla
calisma yapilmasi gerektigini ortaya koymaktadir. Bununla birlikte bu simbiyozisin
kuraklik altinda tane verimine etkilerini belirleyene kadar c¢aligmalarin
stirdiiriilmesi daha kapsamli sonuglarin elde edilmesini saglayabilir.

597


https://orcid.org/0000-0003-1259-7863

YYU J AGR SCI 31 (3): 597-605
Cevik, / Effects of Drought Stress on Some Physiological and Biochemical Parameters of AMF Inoculated C. arietinum

1. Introduction

Legumes (Fabaceae) are a very valuable plant group both agriculturally and economically.
Besides being used for nutritional purposes, free nitrogen digestion in the soil also increases the
ecological value of this group (Pandey, 2008). According to FAO (2019), Turkey is the most chickpea-
producing (630.000 tonnes) country in the world after India. Chickpea, which is one of the most grown
legume products in the world and Turkey, is generally grown in semi-arid and arid areas. Although
chickpeas have developed mechanisms that can cope with drought, it is known that this stress causes
serious product loss in chickpeas (Canci and Toker, 2009).

Plants are continuously exposed to abiotic and biotic stress factors throughout their life in nature.
Drought, one of the most important abiotic stress, affects fields, and cause serious yield losses (Sadak
et al., 2021). It has been estimated that drought-induced inefficient soil levels for crop production reach
up to 28 % of the world's cultivated land (Aroca et al., 2008). Drought stress is one of the most limiting
factors for chickpea growth during vegetative and reproductive development stages (Giines et al., 2006).
Chickpea is known to be resistant to drought, but the yield loss due to drought is around 45-50 % for
chickpeas (Devasirvatham and Tan, 2018; Shah et al., 2020). Studies conducted on this subject have
shown that the morphological, physiological and biochemical mechanisms of chickpea are negatively
affected by drought stress, resulting in crop losses (Rani et al., 2020).

There are many strategies developed by plants against drought stress, one of which is symbiotic
interactions. Many symbiotic interactions occur between plants and other organisms in nature. One of
these interactions is between the plant and mycorrhiza fungi, which was established approximately 400
million years ago (Diagne et al., 2020). Arbuscular mycorrhizal fungi (AMF) colonize within the root
cortex, producing large amounts of hyphae (mycelia), increasing the surface area of the infected root.
This allows the nutrients and water in the form and amount that the plant cannot take from the soil, away
from the root, through the mycorrhiza hyphae and transmit it to the upper parts of the plant. Thus, a
symbiotic life is established where the mycorrhizal fungus provides water and minerals to the plant and
the plant carbon to the mycorrhizal fungus (Wu et al., 2008).

Increasing the surface area of plant roots infected with AMF provides a great advantage for the
plant to cope with stress, especially in drought stress conditions (Ortas, 2012). This advantage is not
limited to taking water and mineral substances from the soil; It also includes many physiological and
biochemical events such as the mycorrhizal promoting root regeneration, accelerating plant growth,
promoting intracellular soluble substance concentration, activating the antioxidant system (Kaya et al.,
2009). The symbiotic relationship between AMF and plants is an important topic that has been studied
for a long time. Within the scope of these studies, the role of symbiotic relationships under stressful
and/or non-stressful conditions is attempted to be understood. In this study, some physiological and
biochemical responses caused by drought stress in chickpea plants were investigated. It has been
observed that the plant creates different stress responses with the increase of stress intensity.

2. Materials and Methods
2.1. Plant material and drought treatment

Cicer arietinum (ILC482) seeds were sterilized by soaking in 2.5 % sodium hypochlorite
solution for 10 minutes, then washed thoroughly and soaked in distilled water for 1 day. Then they were
transferred to plastic pots (2 L) and filled with mineral-poor soil. The soil was autoclaved at 121 °C for
2 hours before use. Half of these seeds are infected with mycorrhiza (Glomus mosseae), approximately
1000 spores of G. mosseae were used for each seed. 4 seeds were planted in each of the pots. According
to the plant output, 2 plants were developed in each pot. In addition, there were three pots in each group.
All pots were watered to %85 of field capacity before sowing. After sowing, all pots were also watered
75 mL every 4 days. Plants were grown at 24 + 2 °C, 16/8 h photoperiod, irradiance 480 pmol m2s!,
65 + 5 relative humidity under controlled conditions for 21 days in the plant growth room. At the end of
this period, half of the seedlings were not watered for 12 days and the other half were irrigated as control
plants. Afterwards, the leaves and roots were harvested and taken into liquid nitrogen quickly and stored
in a freezer at -80 °C until analysis day.
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2.2. Leaf water potential

The leaf water potential was measured by using a pressure chamber (PMS Instrument Co.,
Model 1000).

2.3. Determination of root and leaf element contents

Leaf samples (0.5 g) were extracted in a 3:1:1 ratio nitric acid/perchloric acid/hydrochloric acid
solution in an oven at 200 °C. These samples were then diluted with 50 mL of ultrapure water and
analyzed by Inductively Coupled Plasma-Mass Spectrometry (ICP-MS, Agilent 7500).

2.4. Antioxidant enzyme assays

The same extraction method was used for SOD and CAT enzymes. Leaf and root tissues (0.5 g)
were homogenized with phosphate buffer (5 mL, pH 6.8) and centrifuged at +4 °C, 5 min, 16.000 g and
supernatant was used for measurements. Total SOD activity was determined according to Beyer and
Fridovich (1987). One unit of SOD activity was defined as the amount of enzyme that was required to
cause 50% inhibition of the reduction of NBT as monitored at 560 nm. CAT activity was determined by
measuring the rate of decomposition of H202 at 240 nm, as described by Aebi (1983).

2.5. Determination of Lipid peroxidation

Lipid peroxidation was determined by measuring the malondialdehyde (MDA) level, according
to Ohkawa et al. (1979). Firstly, leaf and root tissues (0.2 g) were homogenized in trichloroacetic acid
(5 %) (TCA) solution and centrifuged at 12.000 rpm. The supernatant, thiobarbituric acid (TBA) and 20
% TCA solutions were transferred to the tubes in equal volumes and incubated at 96 °C for 25 min.
After that, the tubes were centrifuged at 12.000g for 5 min and the supernatant was measured at 532 and
600 nm. The MDA content was calculated using the extinction coefficient.

2.6. Determination of free proline content

Free proline content was determined according to the method of Bates et al. (1973). Leaf and
root samples were homogenized in sulfosalicylic acid (3 %) and centrifuged at 3.000 rpm, then the
supernatant, acetic acid and ninhydrin were mixed well and boiled for 1h. Then, cold toluene was added
to this mixture and the toluene phase was measured at 520 nm. The proline concentration was calculated
by using a calibration curve and expressed as umol proline g! FW.

2.7. Statistical analysis

Stress and mycorhiza treatments were carried out completely randomized experimental design
with two factors. Treatments had three replications with three plants each. Data were subjected to
ANOVA and the means were separated using the LSD multiple range test at P<0.05. All the statistical
analyses were performed using the JMP8 Software package).

3. Results

Drought stress significantly reduced leaf water potential. However, AMF inoculation enhanced
leaf water potential under drought stress (Figure 1).
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Figure 1. Changes in leaf water potential under drought and/or AMF inoculation.

In the present study, AMF inoculation significantly increased the element contents in the root
especially under drought conditions (Table 1).

Table 1. Effects of mycorrhizal symbiosis on some element content of C.arietinum roots under drought

stress
ﬁ;"c“‘)s:r‘l‘ll;;l Al P Ca Mn Fe Ni Cu Zn
Fun (ppb) (ppb) (ppm) (ppb) (ppm) (ppb) (ppb) (ppb)
gus
Control AMF (-) 178.54¢ 5.92¢ 4.95¢ 10.15¢ 0.48¢c 3.45¢ <1.0d 3.58¢
AMF (+) 203.05b 14.97b 6.52b 11.3%9 0.49bc 3.71b 1.44b 6.26b
Drought AMEF (-) 160.05d 4.85¢ 4.83¢ 9.21d 0.52b 3.55bc 1.20c 6.25b
AMF (+) 333.16a 19.85a 10.15a 19.22a 0.80a 5.75a 2.27a 34.78a
LSD 3.785% %% 1 02%k%  (0382k¥* ] 998¥kEk () 038FE* (. 236%** 0.181%%% ] 428%**
#+%p<0.001.

Proline (Figure 2) and MDA (Figure 3) contents of C.arietinum increased with drought stress
compared to the control group in both leaf and root. AMF inoculation of C.arietinum resulted in a
significant decrease in proline and MDA content in both leaf and root under drought. While the proline
content was higher in the roots under drought conditions compared to the leaves, this situation reversed
with AMF inoculation under drought. MDA content was found higher in leaves at all conditions.
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Figure 2. Proline content in leaves and roots of chickpea plants under drought and arbuscular
mycorrhizal fungal inoculation.
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Figure 3. MDA content in leaves and roots of chickpea plants under drought and arbuscular mycorrhizal
fungal inoculation.

Antioxidant enzymes (SOD and CAT) activities increased under drought stress in both leaf and
root. However, AMF inoculation decreased the SOD activity (Figure 4) while increasing the CAT

activity (Figure 5) compared to drought stressed group. Also interestingly, AMF increased enzyme
activities compared to control.
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Figure 4. Superoxide dismutase activity in leaves and roots of chickpea plants under drought and

arbuscular mycorrhizal fungal inoculation.
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Figure 5. Catalase activity in leaves and roots of chickpea plants under drought and arbuscular

mycorrhizal fungal inoculation.

4. Discussion and Conclusion

In this study, it was determined that inoculation of chickpea plants with G. mosseae improved
plant tolerance for drought stress. Although this situation has been shown in the literature in general,
some data obtained from this study have the potential to provide new information to the literature and
some issues related to mycorrhizal symbiosis should be studied in more detail.

AMEF inoculation increased leaf water potential of C.arietinum under drought stress. When the
roots of plants infected with AMF, the surface areas of the roots increase, resulting in the potential for
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the plant to absorb more water from more areas (Bagyaraj et al., 2015). This gives the plant a great
advantage, especially under drought stress conditions.

Under drought conditions, amount of some important macroelements such as phosphorus (P),
calcium (Ca) and microelements such as iron (Fe), manganese (Mn), nickel (Ni), copper (Cu) and zinc
(Zn) (Tablel) increased by mycorrhizal symbiosis. Chen et al. (2020) explained these results by
extraradical hyphal network formed in the soil upon AMF colonization. P and Ca are the main mineral
elements for plant growth. Increasing the amount of these elements under drought stress leads to an
increase in root growth, leaf area, photosynthesis rate, higher membrane stability, and water content
(Ahanger et al., 2016). Zn, Mn and Fe are also important micronutrients, which have several vital roles
for plants. Babaeian et al. (2011) showed that foliar application of these elements enhanced the yield
components and alleviate the effects of drought. Peuke and Rennenberg (2011) also emphasized that Fe,
Mn and Zn are important ligands for more than 1500 proteins that have catalytic, (co-)activating and/or
structural functions. Ahanger et al. (2016) also well discussed in detail the importance of all these
mineral elements in drought tolerance mechanisms. By mycorrhizal symbiosis, the increase in the
amount of these elements under drought indicates that this symbiosis will provide an advantage for the
C.arietinum plants to cope with stress.

Proline concentration increased with drought stress. Proline is known as a good osmolyte, and
accumulation of proline under drought stress is well documented in various plant species in the literature.
(Chun and Chandrasekaran, 2018; Cevik et al., 2019). Inoculation of C.arietinum by AMF decreased
proline concentration under drought stress. There are different results related to AMF inoculation and
proline accumulation under environmental stress in the literature. Some researchers reported that AMF
inoculation increased proline content (Begum et al., 2019; Garg and Baher, 2013) while others reported
no significant difference (Sohrabi et al., 2013) or decrease (Abdelmoneim et al., 2014) in different plants
under stress conditions. Accumulation of proline in plants under drought known as a basic response to
stress (Abdelmoneim et al., 2014). There is a good correlation between the increase of proline content
and the intensity of the drought. As the severity of the drought increases, the proline content also
increases (Keyvan, 2010). In this study, the decrease in proline content with AMF inoculation may
indicate that the severity of the drought was reduced with AMF treatment.

Malondialdehyde (MDA), one of the end products of lipid peroxidation, is a good indicator of
the level of oxidative stress (Gawel et al., 2004). The data of the present study showed that lipid
peroxidation in chickpea plants significantly increased under drought stress. However, AMF treatment
decreased lipid peroxidation compared to the drought group. Some researchers determined that the
amount of MDA also increased due to the increase of radicals, especially H»0, (Ibrahim and Jaafar,
2012; Hasanuzzaman et al., 2020). As seen in Figure 6, AMF treatment increased the catalase activity.
Catalase catalyzes the oxidation of hydrogen peroxide to water and oxygen. Increased activity of
catalase with AMF treatment may have caused the scavenging of H,0,. This situation may have caused
a decrease in lipid peroxidation.

Studies have shown that antioxidant enzyme activities increase under various stresses with AMF
application (Chang et al., 2018; Duc et al., 2018). However, the decrease in SOD activity may be
explained by reducing the intensity of stress with AMF inoculation, but this situation cannot explain the
increase in catalase activity. Total enzyme activity analyzes may occasionally lead to such
contradictions. Therefore, detailed isoenzyme analyzes can contribute to the solution of this problem.
However, in this study, increases in enzyme activities also occurred regardless of the stress conditions.
This situation may indicate that different signalling mechanisms are stimulated with the treatment of
AMEF. Although some studies claimed this may be related to the increase in nutrient intake, more studies
should be conducted to clarify this issue.

In conclusion, this study showed that with the inoculation of AMF, the leaf water content and
the amounts of some important mineral elements increased, and the proline and MDA content decreased
under drought conditions. In addition, while there was a general tendency to increase antioxidant enzyme
activities with AMF treatment, the increases in enzyme activities in the control groups also suggested
that the antioxidant system could be stimulated in a stress-independent way. Especially the relationships
between AMF-proline and AMF-antioxidant system, which have conflicting results in the literature,
should be investigated with advanced molecular techniques. In particular, proteomic analysis can
provide more data on this subject.
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Abstract: Pomegranate (Punica granatum L.) arils are so perishable and have very
short storability after extracting from the fruit peel. Therefore, several techniques
have been used for the improvement of the arils’ storability. Among these
techniques, edible films and coatings have a long history in food preservation;
where most of the studies have focused on edible coatings. Therefore, present study
aimed to test the performance of clove extract incorporated gelatine/glycerine
based edible film covered PET packaging on the ready-to-eat ‘Wonderful’
pomegranate arils. Edible films were prepared in 4 different compositions,
including; EF1: only gelatine and glycerine, EF2: gelatine/glycerine with clove
extract, EF3: gelatine/glycerine with clove extract and some additives and EF4:
gelatine/glycerine with only additives. Un-covered PET packages were then used
as a control group. Studies were conducted with 35 boxes (each with 50 arils) in
each group, and the boxes were stored at 4 £ 0.5 °C and 90-95 % relative humidity
for 14 days. Quality parameters were observed with 2-days interval. Results
suggested that all of the four edible films are effective in preventing weight loss,
mechanical damage, loss in sensory quality, reduction of soluble solids content,
decline in titratable acidity and loss of ascorbic acid content of the pomegranate
arils. The highest efficacy was noted from EF2 and EF3, which were incorporated
with clove extract. According to the measured parameters, the edible films together
with the PET packaging make it possible to store arils for 10 days with acceptable
sensory quality.

Karanfil Ekstrakti Karistirtlan Jelatin/Gliserin Bazh Yenilebilir Film ile Kapatilan PET
Ambalajin Tiiketime Hazir ‘Wonderful’ Nar Taneleri (Punica granatum L.) Uzerindeki
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Oz: Nar (Punica granatum L.) taneleri kolay bozulabilir oldugundan, meyvenin
kabuklarindan ¢ikarildiktan sonra depolanma siiresi kisalmaktadir. Dolayisiyla
tanelerin depolama siiresi ve kalitesinin iyilestirilmesi i¢in ¢esitli teknikler
kullanilmaktadir. Bu teknikler arasinda, gida muhafazasinda uzun bir ge¢misi
olan yenilebilir filmler ve yenilebilir kaplamalar yer almakta olup, yapilan
caligmalarda daha ¢ok yenilebilir kaplamalarla odaklanilmistir. Bu nedenle,
mevcut ¢alisma, tikketime hazir “Wonderful’ nar taneleri iizerinde PET ambalaji
ile karanfil ekstrakti iceren jelatin/gliserin bazli yenilebilir film
kombinasyonunun performansini test etmeyi amaglamigtir. Yenilebilir filmler 4
farkli kompozisyonda; EF1: sadece jelatin ve gliserin, EF2: karanfil ekstrakti
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Duyusal kabul edilebilirlik. iceren jelatin/gliserin, EF3: karanfil ekstrakti ve bazi katki maddeleri iceren
jelatin/gliserin  ve EF4: sadece katki maddeleri igeren jelatin/gliserin
hazirlanmistir. Yenilebilir film kaplanmamis ambalajlar ise kontrol grubu olarak
kullanilmigtir. Her uygulama grubunda 35 kutu (her birinde 50 adet nar tanesi) ile
¢alismalar yapilmis ve kutular 14 giin boyunca 4 + 0.5 °C ve % 90-95 bagil nemde
saklanmistir. Muhafaza siiresi boyunca 2 giin araliklarla kalite parametreleri
gozlemlenmistir. Sonuglar, dort yenilebilir filmin tamamiin nar tanelerinde
agirhik kaybmi, mekanik hasar olugmasmi, duyusal kalite kaybini, suda
¢0Oziinebilir kuru madde miktar1 kaybini, titre edilebilir asitlik kaybini ve askorbik
asit icerigindeki azalmayi1 onlemede etkili oldugunu gostermistir. En yiiksek
etkinlik, karanfil ekstrakt: ile birlestirilen EF2 ve EF3'te kaydedilmistir. Olgiilen
parametreler dogrultusunda, PET ambalaj ile birlikte kullanilan yenilebilir
filmlerin nar tanelerinin kabul edilebilir duyusal kalitesini 10 giin boyunca
koruyabildigini gostermistir.

1. Introduction

Pomegranate (Punica granatum L.) fruits has a long history of cultivation, whereas their
production & consumption had increased since the end of 20th Century due to the scientifically
confirmed health benefits and high anti-inflammatory potential (Lansky and Newman, 2007; Celik et
al., 2019; Kahramanoglu, 2019). Besides to that, pomegranate fruits have unique sensory qualities, high
antioxidant capacities and diverse & abundant phytochemicals, which increased the consumers’ interests
on pomegranate fruits (Munhuweyi et al., 2017). The main problems regarding the consumption of the
pomegranate fruit, is its time-consuming (hassle) characteristic of aril extraction. Furthermore, fruits
with high phytochemicals (Okatan and Colak, 2019) and minimally processed ready-to-eat pomegranate
arils have known to address this issue and be very popular in the market (Lopez-Rubira, 2005). However,
mechanical damages (tissue wounding and aril squashing) increase the susceptibility of arils to storage
conditions (Erkan and Kader, 2011). Mechanical damage induces the respiration rate, alters the
metabolic activity, increase the weight loss and deteriorate the sensory quality characteristics
(Venkataramudu et al., 2018). Overall, the storability of the pomegranate arils decreases to 3-5 days,
even under cold storage conditions. The mechanical damage of the arils has also been reported to exude
juice fluids, which is a favourable condition for microbial decay (Rodov et al., 2005).

Sanitizing is among the most important protection method against microbial load in minimally
processed ready-to-eat arils, whereas the temperature reduction (cold storage), use of antioxidants and
atmospheric gaseous control (i.e. modified atmosphere packaging: MAP) are the other important
methods (Sepulveda et al., 2000). In such a research Ayhan and Ertiirk (2009) reported that the MAP
with gas compositions of 70% O + 10% CO; + 20% N prolongs the shelf life of pomegranate arils to
15-18 days. However, Sutherland et al. (2010) reported that, total production of plastic resins had an
increase of 25-fold since 1970s, where only 5% of all were recycled. This is an important problem for
the natural ecosystems because of its accumulation in the environment. The increase in the consumer
awareness on chemical residues and environmental hazards had increased the demand for natural and
sustainable materials in food packaging (Mahalik and Nambiar, 2010). Moreover, edible coatings and
films may enhance or even replace some of those packaging techniques by providing a barrier against
atmospheric gaseous and moisture (Kasapoglu and Torniik, 2018; Kahramanoglu et al., 2020).
Therefore, testing of edible films alone or in combination with plastic packaging would help to reduce
the use of plastics in case of successful results. The edible coatings (EC) are thin layers of biodegradable
coating materials, and edible films (EF) are thin layers of the same biodegradable materials. The main
difference between these materials is that, EC is applied in liquid form by immersing the fruits in, while
EF is produced from the biodegradable materials as solid sheets, and applied as films by
covering/packing/wrapping the fruits (McHugh, 2000). These biodegradable edible films are generally
made from biopolymers, including lipids (Hassan et al., 2018), protein (Tkaczewska, 2020) and on
polysaccharides such as cellulose, chitosan, starch and pectin (Niu et al., 2021). Among proteins, a
denaturized animal protein collagen, the gelatine, is also known to have excellent film-forming
properties (Limpisophon et al., 2010). Its optical properties are good and have high mechanical strength
(Podshivalov et al., 2017). Incorporation of glycerol into gelatine was also noted to improve its potential
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advantages (Niu et al., 2021). Moreover, it was also previously noted that the incorporation of Nigella
sativa oil into a starch-based edible coating improves the storage quality of pomegranate arils (Oz and
Ulukanli, 2012). Plant essential oils (i.e. lavender oil) alone or incorporation with some other materials
(i.e. methyl jasomate) were also suggested to improve storability of fruits (Cavusoglu et al., 2020).

Although, there have been numerous studies with edible films and coatings on food
preservation, there are limited studies with pomegranate arils, where most of them are with edible
coatings. In such study, Ozdemir and Gokmen (2017) noted that the edible coating with a mixture of
chitosan and ascorbic acid, improves the shelf life of pomegranate arils. It is also well-known that the
chemical composition of the coating or film materials have important influence on the antifungal and
preservative characteristics of the materials (Kahramanoglu et al., 2020). Clove (Eugenia carophyllata)
is a rich source of phenolics, mostly eugenol and gallic acid, and is being used for centuries as food
preservative (Cortés-Rojas et al., 2014). The aqueous extracts of clove has been reported to have very
high antioxidant and antifungal activity (Giilgin et al., 2004; Chatterjee and Bhattacharjee, 2013). In line
with this information, present study aimed to test the performance of aqueous clove extract incorporated
gelatine/glycerine based edible film covered PET (Polyethylene Terephthalate) packaging on the ready-
to-eat “Wonderful’ pomegranate arils.

2. Materials and Methods
2.1. Study materials

Fruit samples of current study were collected from a 12-year-old pomegranate orchard, found
in the Yayla village of Northern Cyprus. The orchard is composed of ‘Wonderful” cultivar pomegranate
trees, designed with a 5 x 5 m distance. The fruits were hand harvested on 2nd of November 2020 and
immediately (in 30 minutes) brought to the laboratory of Research and Implementation Farm of
European University of Lefke. The soluble solids content (SSC) of the harvested fruits was noted as
18.12% with a titratable acidity (TA) of 1.75%. The other materials of the study are clove, gelatine and
glycerol. These materials were purchased from a local shop. Glycerine with a 95% of glycerol was used
in the current studies.

2.2. Pomegranate aril processing

To extract the arils, the outer peel of the fruits was cut by using a sharp knife and removed by
hand pressing. Care was taken to prevent damage on the arils. The arils were then manually extracted
and put in large sterilized boxes. To avoid any possible contamination, polyethylene hand gloves were
used during all processes.

2.3. Edible film preparation and packaging

Edible films of present study were prepared according to the methods described in Table 1.
Totally 4 different edible films and an un-covered control group were tested in present studies. Studies
were conducted with completely randomized design. The arils, which were extracted according to the
above-described methods, were divided into 5 groups (belonging to the treatments) each containing
1750 arils. Each group was composed of 35 boxes (each with 50 arils). Therefore, 5 boxes (replications)
for each treatment were used in each analysis period (totally 7). These boxes are made up from
polyethylene terephthalate (PET) plastic materials and are circle in shape with a radius of 5 cm and a
height of 5 cm. 50 arils were put in each of these boxes carefully and they were (except the control)
covered with the edible films. The film materials were dressed up from the top to the sides of the boxes
and tied with a rubber. Then, the boxes were all put in a chamber adjusted to a temperature of 4 £ 0.5
°C and 90-95% relative humidity and stored for 14 days.
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Table 1. Preparation of edible films

Short Long

Description of preparation
name  name

EF1 Edible film 12.5 ml gelatine and 3 ml glycerine were dissolved in 500 ml of distilled water,
until 80 °C and stirred for 10 min until completely gelatinized. Hereafter, the
solution was casted (in the thinnest possible thickness) onto a plate (15 x 15
cm), and dried at 40 °C for 36 h in an incubator (slightly modified from Niu et

al. (2021)).
EF2 Edible film First of all, 5 g of clove was mixed with 500 ml of water and the mixture was
+ clove heated until 100 °C and kept for 30 min at that temperature. It was then filtered

and cooled down to 80 °C. Afterwards, 12.5 ml gelatine and 3 ml glycerine
were added and the same procedure was followed with EF1.

EF3 Edible film 5 g of clove was mixed with 500 ml of water and the mixture was heated until
+ clove + 100 °C and kept for 30 min at that temperature. It was then filtered and 2 g of
additives Arabic gum was added and stirred for 10 more minutes at same temperature.

The solution was then cooled down to 80 °C. Hereafter, together with 12.5 ml
gelatine and 3 ml glycerine; 0.5 g citric acid and 0.5 g vitamin C were also
mixed into the solution. It was stirred for 10 min until completely gelatinized.
Hereafter, the solution was casted onto a plate (15 * 15 cm), and dried at 40 °C
for 36 h in an incubator
EF4 Edible film This material was prepared by following a similar method of EF3, by not
+ additives  incorporating clove into the solution.

2.4. Quality analysis

A total of 5 boxes were used for analysis at each measurement point (day 2, 4, 6, 8, 10, 12 and
14). The total weight of 50 arils per boxes were determined with a digital balance (sensitive to 0.01 g).
Thus, at each measurement point, the final weights were determined by following the same way and the
weight loss was calculated according to the standard ratio method. Firstly, final weight was subtracted
from the initial weight to find the weight lost. Then the weight lost was divided to the starting weight
and multiplied by 100 ([weight lost/initial] x 100). Hereafter, arils with mechanical damage (chilling,
bruising, browning and juice leakage) (Aliasgarian et al., 2013) were counted for each box and used to
calculate the percentage of damage. Same standard ratio method was followed by dividing the number
of damaged arils to the total arils and multiplying with 100. The 9-point hedonic scale of Xing et al.
(2011) was then used to assess the sensory acceptability of the pomegranate arils. The texture, colour
and flavour were assessed for sensory quality. The scale meanings from 1 to 9 were recommended as 1:
poor, 3: fair, 5: good, 7: very good and 9: excellent.

Soluble solids concentration (SSC), titratable acidity (TA) and ascorbic acid (AsA) were all
assessed one for each replication (box: a mixture of 50 arils). The juice mixture of 50 arils were used to
do measurements. SSC (%) was assessed with a hand refractomer. TA was measured according to the
standard titration method. Juice samples were dissolved in distilled water in a ratio of 10:50 and then
titrated with 0.1 N NaOH to an endpoint of pH 8.1. Then, below given formula was used to determine
the TA as g 100 g”! of citric acid:

(mL of NaOH used) x 0.0064
TA (%) = x100

mL of sample used

(1

Finally, the AsA content of each replication was assessed through standard titration with 2,6-
dichlorophenol indophenol. Five millilitres of juice was made up to 100 mL using 3% metaphosphoric
acid (HPOs). The sample was filtered with whatman No. 1 filter paper. 10 mL of solution was then taken
into a conical flask and titrated with dye till pink colour appeared. The titrations were recorded and the
unit of AsA expressed in mg 100 g'! (Ranganna, 1999).
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2.5. Data analysis

Raw data of the experiments were hand written into Microsoft Excel and summarized by
calculating the means and standard deviations of each treatment at each storage duration. Then line
graphics were used to clearly present the data. Since the completely randomized design was used in the
present study, the comparison of the treatments for different storage time was assessed with one-way
analysis of variance (ANOVA) by using SPSS 22.0 and in the case of statistical difference, the mean
separations were done with Tukey’s HSD test at P < 0.05 statistical significance.

3. Results
3.1. Effects on physical quality parameters

All kinds of edible films (as a covering material of PET packaging) had been found to have a
slight to moderate effect on the weight of ready-to-eat pomegranate arils (Figure 1). As expected, the
weight loss increased during the storage, however was found to be higher at the un-covered control arils.
At the first measurement point (2 days of storage), the weight loss was 3.58% at the un-covered fruits
and was 1.83% and 1.84% at the EF2 and EF3.
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Figure 1. Change in weight loss (%) of ready-to-eat pomegranate arils as response to clove extract
incorporated gelatine/glycerol based edible film packaging. Different letters next to the means
below the lines of each storage point, represents significant differences among the treatments
for each measurement point according to Tukey’s HSD test at P < 0.05.

Similar trend had been found to continue till the end of the storage period. At day 4, the weight
loss of the un-covered arils found to be more than the twice of the day 2. All of the edible films, had
significant influence on the prevention of the loss in the aril weight. At the end of storage duration (14
day) the highest weight loss was measured from the un-covered arils as 33.05%. The highest efficacy in
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prevention of the weight was noted from the EF 3, which includes both clove and additives. No
significant difference was observed between this treatment and EF2, which only include clove but not
additives, at the end of the storage.

The first mechanical damage had been observed after 4 days of storage on the un-covered
control arils (Figure 2). However, all of the four edible films had been observed to prevent mechanical
damage until 6 days of storage. The EF2 and EF3 were also noted to prevent mechanical damage for 8
days of storage. After that day (day 8), the mechanical damage of the EF1 and EF4 increased, while the
EF2 and EF3 were noted to be more effective. These results are in accordance with the weight loss
results. At day 8, the mechanical damage was close to 40% in control arils which means a substantial
reduction in the acceptability of the arils. At the end of the storage duration (day 14), the un-covered
control fruits had 100 % mechanical damage, while at the same day, mechanical damage was only
33.20% and 34.00%, respectively, for EF3 and EF2.

120.00% r
100.00%

& 80.00% |
o
o
©
E
L]
T 60.00% |
©
K
c
©
S
© 40.00% |
=

20.00%

9, [ L - - —

_ 0oo% _ 05}2 Day4 Day6 | Days8 | Day10 Day12 | Day14
[=—Control|  0.00% 0.00% @ 16.80%a | 3520%a | 5640% A | 8360% 3 | 100.00%2
==-EF1_ | 000%a 0.00% 2 000% b [ 360% b | 328% b | 468%b | 6360% D
—+—EF2 0.00% @ 0.00% @ 000% b | 000% b | 800% c | 2480%C | 34.00% C
|——EF3 | 000% g 0.00% 2 000% b [ 000% b | 400% ¢ | 2360%Cc | 3320%

EF4 0.00% 3 0.00% 000% b | 160% b | 2360% b | 4600%b | 6520%b

Figure 2. Change in mechanical damage (%) of ready-to-eat pomegranate arils as response to clove
extract incorporated gelatine/glycerol based edible film packaging. Different letters next to the
means below the lines of each storage point, represents significant differences among the
treatments for each measurement point according to Tukey’s HSD test at P < 0.05.

Sensory quality is very important for the ready-to-eat pomegranate arils. The reduction in the
sensory quality reduces the marketability of the products. The results of present study showed that the
sensory quality decreased during storage, but decreased slowly at the packed arils as compared with the
un-covered arils (Figure 3). At day 6, average sensory acceptability of the un-covered arils decreased to
6.40 and at day 8, it reduced to 3.60 (fair). According to the results obtained, the overall sensory
acceptability of the arils packed with EF2 and EF3 were over 5.00 (good) still at the day 10. These
results are very important for the effectiveness of the edible film packaging. According to the sensory
acceptability results, it can be accepted that the EF2 and EF3 can prolong the storability of the arils for
10 days.
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Sensory acceptability (1-9 scale)

1.00
0.00 | : : |
| Day 2 | Day4 | Day6 | Day8 Day 10 Day12 | Day14

[—e=Control 8.80 @ 740 b 640 b 360 b 240C 140 C 1.00 C
—a—EF1 | 900a g60a | 800a | 700Q 420b 360ab| 280D
| —te=EF2 9.00 @ 9.00 a 8.80 760 @ 560 a 440ab| 400a
——EF3 | 9004 900a | 8803 | 780a 580 a 460a | 420a
| EF4 | 900a 880a | 7803 | 680a | 460ab| 340b | 240D

Figure 3. Change in sensory acceptability (1-9 scale) of ready-to-eat pomegranate arils as response to
clove extract incorporated gelatine/glycerol based edible film packaging. Different letters next
to the means below the lines of each storage point, represents significant differences among
the treatments for each measurement point according to Tukey’s HSD test at P < 0.05.

3.2. Effects on bio-chemical quality parameters

Both the SSC and TA are very important for the fruit flavour. As a general knowledge, both of
them change during storage and significantly affect the consumers’ acceptability. In this experiment, the
arils SSC had been noted to have a continuous increase during storage, while the TA had a reverse trend
(Table 2).

The SSC of the arils was measured as 18.12% at the first day of harvest. In 14 days of storage,
it was increased to 25.32% at the un-covered control arils. This is mainly a result of the high weight loss
and reduce the acceptability of the arils. Since the fruit SSC was measured as percentage, the decrease
in water content caused an increase in the SSC (as %). This is because, most of the weight loss in
pomegranate arils was occurred as a loss of water due to transpiration. There is also a loss of
carbohydrates and soluble sugars due to respiration. The SSC was also increased in other applications,
which were packed in edible films, but the increase was less due to the less loss of water. At the end of
the storage period, the lowest SSC (so the lowest change) was noted from the EF3 with 22.64% and
followed by EF2 with 23.00%. On the other hand, the TA of the arils began from 1.75% (day 0) and
decreased to 0.79% at the un-covered arils at the end of storage period. The edible films were again
found to slow down the loss of TA during storage. The highest influence was noted from the EF2 and
EF3 and the arils in these treatments were noted to have highest TA content at the end of the storage
period. The reduction in TA caused an increase in the SSC/TA ratio, which cause an un-pleasant
sweetness in the arils. At the day 0, the SSC/TA was only 10.35, but was increased to 32.05 at the un-
covered arils in 14 days of cold storage. At the same time, the SSC/TA ratio of the arils packed in EF3
was only 15.94. Finally, the AsA content was found to have an increase during the first days of storage
and then decreased with the development of the aril deterioration. The initial AsA content was 59.46 mg
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100 g-1 and decreased to 31.89 mg 100 g-1 at the un-covered control arils. Similar with the other results,
the edible films were found to have significant influence on the prevention of the loss of AsA. Thus, the
AsA of the arils packed in edible films varied from 43.78 to 46.49 mg 100 g

Table 2. Change in SSC (%), TA (%) and AsA (mg 100 g'') of ready-to-eat pomegranate arils as response
to clove extract incorporated gelatine/glycerol based edible film packaging

Treatments Day 0 Day 2 Day 4 Day 6 Day 8 Day 10 Day 12 Day 14

SSC

Control 18.12a 18.72 a 20.56 a 21.32a 2244 a 2332a 2428 a 2532a
EF1 18.12a 1844ab 19.12b 20.04bc  21.24bc 22.20b 23.28b 24.16 b
EF2 18.12a 18.32b 18.60 b 19.32cd  20.24cd 21.16¢c 22.24 ¢ 23.00 c
EF3 18.12a 1840ab 18.56b 19.08 d 19.84 d 20.76 ¢ 21.80 ¢ 22.64 c
EF4 18.12 a 1836ab 19.20b 20.08 b 21.40ab 22.28Db 23.36Db 24.24 b
TA

Control 1.75 a 1.67 a 1.59Db 142 ¢ 1.25¢ 1.13d 091d 0.79d
EF1 1.75 a 1.72 a 1.67 a 1.56b 1.44D 1.37c¢ 1.34c¢ 1.23 ¢
EF2 1.75a 1.72 a 1.70 a 1.64 a 1.54 a 1.45b 1.43b 1.33b
EF3 1.75a 1.72 a 1.70 a 1.64 a 1.55a 1.51a 1.48 a 142 a
EF4 1.75 a 1.72 a 1.65a 1.55b 1.43b 1.36 ¢ 1.33 ¢ 1.24 ¢
SSC/TA

Control 10.35a 11.21a 1293 a 1501 a 17.95a 20.64 a 26.68 a 32.05a
EF1 10.35a 10.72 a 11450 12.85b 14750 16.20b 17.37b 19.64 b
EF2 10.35a 10.65 a 1094 b 11.78 b 13.14Db 14.59 ¢ 15.55¢ 17.29 ¢
EF3 10.35a 10.70 a 10.92 b 11.63b 12.80 b 13.75¢ 14.73 ¢ 1594 ¢
EF4 10.35a 10.67 a 11.64 b 12.95b 14.97 b 16.38 b 17.56 b 19.55b
AsA

Control 59.46 a 60.54 b 62.16 b 56.22 b 47.03b 4324 ¢ 36.22 ¢ 31.89b
EF1 59.46 a 65.95a 64.86ab 62.16a 56.76 a 53.51ab 49.73a 44.86 a
EF2 59.46 a 68.11a 65.95a 63.24a 56.76 a 5297ab 49.19ab 4541 a
EF3 59.46 a 68.11a 66.49 a 62.70 a 58.92a 54.59 a 49.19ab 46.49a
EF4 59.46 a 69.19 a 68.11a 60.54ab 54.59a 49.73 b 4595b 43.78 a

Different letters next to the means below the lines of each storage point, represents significant differences among the treatments
for each measurement point according to Tukey’s HSD test at P < 0.05.

4. Discussion and Conclusion

Several researches have reported that the packaging films can affect the headspace gas
composition in packed pomegranate arils (Adiletta et al., 2019). However, this change was noted to be
slow, due to the low respiration rate of pomegranate arils at low temperatures (Caleb et al., 2013).
Therefore, it was expected that the edible films would have also similar effect, which then reduce the
respiration rate and delay the quality degradation in the pomegranate arils. Edible films of present study
were also found to have a significant influence on the prevention of weight loss. The highest influence
was noted from the ones which were incorporated with the clove extract. In a similar study,
Hasheminejad and Khodaiyan (2020) suggested that the clove essential oil loaded chitosan nanoparticles
as edible coating (but not film) improve the arils storage quality and also reduce the weight loss. The
results of these authors support the findings of the present study. The protection of the weight loss in
edible films is mainly associated with the formation of a barrier against gas and water vapor (Brasil et
al., 2012).

Edible films in present study were also found to have positive influence on the prevention of
mechanical damage and sensory acceptability. Similar results for clove essential oil incorporated edible
coatings were noted by Hasheminejad and Khodaiyan (2020) for pomegranate arils. The cinnamon oil,
for example, was also noted to improve the sensory quality of fresh-cut papaya before (Brasil et al.,
2012). In this study, the SSC content of the arils had been found to increase during storage. Generally,
the SSC values decrease due to the sugar degradation during storage (Fawole and Opara, 2013), but
Kahramanoglu et al. (2018) recommended that if there is high reduction in the weight loss, this may
cause an increase the SSC values, as it is the percentage of soluble contents to the total volume.
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The TA values had been reported to decrease during storage at the pomegranate arils as a result
of the consumption of organic acids during respiration (Fawole and Opara, 2013). According to the
results of present study, clove extract incorporated gelatine/glycerol based edible films delayed the
change in SSC/TA and improved the consumer acceptability of the arils (Song et al., 2016). Similarly,
clove essential oil in edible coatings reported to delay the changes in SSC/TA by Hasheminejad and
Khodaiyan (2020). Present study also suggested that the edible films delay the decrease in AsA. Similar
results were previously noted for chitosan, where the chitosan edible coatings delayed the reduction in
the AsA (Munhuweyi et al., 2017).

Overall results of current research suggested that the clove extract incorporated gelatine/glycerol
based edible film packaging improves the storage quality of ready-to-eat ‘Wonderful’ pomegranate arils.
According to the measured parameters, the PET packaging covered with edible films make it possible
to store arils for 10 days with acceptable sensory quality. Although the sensory acceptability results of
current study include microbial observation, a laboratory analysis for microbial decay is also important
to test in the future studies. Comparison and discussion of the results also made it possible to come up
with an idea that, covering the arils within edible films, like a sweet candy may provide better results
and may help to reduce the plastic use, but needs a scientific confirmation.
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Oz: Bu calismanmn temel amac, iilkemiz ve diinya bagcilig1 i¢in en Snemli
etmenlerden biri olan klon kokenli sertifikali asma fidani iiretimi igin, klona dayali
kalem damizliklarin kurulabilmesinde kullanilacak, viriis ve virlis benzeri
hastaliklardan ari klonal ¢ogaltma materyali eldesi ve bunlarin hizli bir sekilde
cogaltilmasidir. Kalecik Karas1 4 ve 23-2 kodlu klonlarina ait baz materyal tiretimi
icin meristemlerin ¢ikartilmasi, kiiltiire alinmasi ve siirglin asamasinda sabit olan
ortam konsantrasyonlarinin ardindan koklenme asamasinda 12 degisik oksin (IBA)
ve sitokinin (2 iP ve BAP) konsantrasyonunun, kok gelisimine ve bitkiye
doniisiimiine etkileri incelenmistir. Meristem asamasinda, Kalecik Karasi 4 kodlu
klonunda % 60, 23-2 kodlu klonunda ise % 80°lik bir yasama orani tespit edilmistir.
Meristem ve siirgiin agamasinda kallus olusmamstir. Siirglin agamasinda 2.0 mg/L
BAP+0.5mg/L. IBA konsantrasyonu ile ortalama siirgiin sayis1 bakimindan
sirastyla 3.67 ve 3.83 adet; ortalama siirgiin uzunlugu bakimindan ise 2.42 cm ve
2.04 cm uzunluk belirlenmistir. Kéklendirme agsamasinda ise Kalecik Karasi 23-
2’de siirgilin olusumu ve yaprak sayisinin daha fazla oldugu gézlemlenmistir. 1.0
mg/L IBA+0.5 mg/L BAP/2 P konsantrasyonunda ise en yiiksek siirgiin olusumu
ve yaprak sayisi degeri tespit edilmistir. S6z konusu agamada kallus olusumu oksin
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ve stokinin diizeylerinin artmasina paralellik gostermistir. Kallus diizeyleri Kalecik
Karasi 4 kodlu klon i¢in 0.43 cm ve 23-2 kodlu klon i¢in 0.72 cm olarak tespit
edilmistir. En yiiksek koklenme degerini 2 mg/L IBA eklenmis olan yetistirme
ortami1 vermistir. En uzun kok degerleri ise 4 kodlu klon i¢in 1 mg/L IBA ile 3.47
cm, 23-2 kodlu klon i¢in 0.5 mg/L IBA ile 3.90 cm olarak ger¢eklesmistir.

1. Introduction

As in many vegetative propagating plants, significant problems arise in grapevines that are
exposed to virus and virus-like diseases all over the world. This has encouraged extensive researches on
an international scale for many years, providing for the continuation of such researches.

International Council for the Study of Viruses and Virus-like Diseases of the Grapevine (ICVG)
recognizes that more than 75 infectious organisms (viruses, viroids and phytoplasms) recorded in
grapevine may have a negative impact on plant viability and longevity, quality and amount of yield and
may be very harmful for the yield. Infected propagation material is largely responsible for the spread of
diseases between countries and in vineyards. Therefore, all opportunities should be mobilized to
improve health conditions (Martelli, 2014).

The only way to obtain a regular, stable and healthy product in vineyards is to provide material
for propagation only from clean breeding plants by removing material that has been tested for viruses
and virus-like diseases and which carries the disease agent. Base material production and certification
is a powerful and effective strategy to control these infectious factors and promote the quality,
profitability and sustainability of the production.

Base material production, free from diseases and pests, tested and proved to be clean and
provided by clonal selection, is important for world viticulture.

The propagation of grapevines with traditional methods is a slow-working system for new
varieties or elite types, and in vitro techniques, which are complementary to traditional methods, are
widely used in genetic progress programs, in obtaining and propagating healthy varieties. Thus, it
provides great convenience to the plant breeders with the shortening of the time in grapevine breeding
(Lavee, 2000, Mhatre et al., 2000, Torrerosa et al., 2001, Thomas and Schiefelbein, 2004).

In order to obtain virus-free certified seedlings from clones 4 and 23-2 of Kalecik Karasi, which
is the ‘base material’ to be used in the establishment of clone-based pen breeding parcels, which is
absolutely necessary for the production of certified grapevine seedlings of clone origin that is very
important for the future of viticulture, the main purpose of this study is to use in vitro meristem culture
technique and to optimize the method in a practical and economical way.

For this purpose, it was tried to determine the most suitable combinations for rooting with
various applications made at the rooting stage of the shoots obtained in vitro conditions after the
meristem stage.

2. Material and Method
2.1. Material

As the plant material, the stocks infected with ArMV and GLRaV-3, among the clones 4 and
23-2 of Kalecik Karas1 grapevine variety found in the 'Clone Collection Vineyard' of the Department of
Horticulture, Faculty of Agriculture, and Ankara University, were used.

2.2. Acquisition of plant material and shoot tip disinfection

Grapevine cuttings were taken from the collection vineyard during pruning and disinfected until
planting medium was prepared, and stored in cold storage at 90-95% relative humidity at +4 °C in
polyethylene bags. Meristems were taken from the shoot tips of cuttings planted in pots no. 7, which
contain a mixture of cocopeat, perlite and peat in the greenhouse at the volumetric ratio of 1:1:1 into
stratification containers and tubes in growing chamber. Shoot tip disinfection was carried out in a 20%
sodium hypochlorite solution for 15 minutes and then washed 3 times with distilled water for 5 minutes.
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2.3. Meristem stage tissue culture applications

Tissue culture applications were performed under aseptic conditions, and for this purpose,
sterilization was performed by keeping the nutrient media in autoclave under 1.2 atmospheric pressure
for 20 minutes at 121 °C. MS (Murashige and Skoog, 1962) basic place composition was used as the
nutrient media. 3 % sucrose and 0.7 % agar were added to the MS medium and applications were made
by adjusting the pH to 5.7.

With the removal of 0.2-0.4 mm shoot tip meristems in the sterile cabinet, disinfected shoot tips
were planted in full-strength M S initial place (pH 5.7) containing 0.5 mg. L' GA3, 2.5 mg. L' BAP
with 4 explants in each petri and cultured in the climate room for approximately 4-5 weeks (Figure 1).

Figure 1. Views from meristem culture and shoot stages.
2.4. Shoot propagation and rooting stage

Developed in in vitro conditions approximately 4-5 weeks after the meristem stage, the
meristems were transferred to a full-strength M S place containing ‘2 mg. L' BAP, 0.5 mg L' IBA” in
the sterile cabinet, developed for 4 weeks (Figure 1).

The meristems developed in the shoot medium were transferred to the full-strength MS medium
(pH 5.7), which was modified with the different combinations of auxin and cytokine specified in Table
1, for the rooting stage.

Table 1. Combinations of auxin and cytokine used in the medium

No Combination No Combination

1 0.5 mg. L' IBA+0.0 mg. L' BAP 7 0.5 mg. L' IBA+0.0 mg. L' {P
2 0.5 mg. L' IBA+0.5 mg. L' BAP 8 0.5 mg. L' IBA+0.5 mg. L' [P
3 1.0 mg. L' IBA+0.0 mg. L' BAP 9 1.0 mg. L' IBA+0.0 mg. L' [P
4 0 mg. L' IBA+0.5 mg. L' BAP 10 1.0 mg. L' IBA+0.5 mg. L' [P
5 0 mg. L' IBA+0.0 mg. L' BAP 11 2.0 mg. L' IBA+0.5 mg. L' [P
6 0 mg. L' IBA+0.5 mg. L' BAP 12 2.0 mg. L' IBA+0.5 mg. L' [P

2.5. Culture conditions and acclimatization

Petri dishes in the initial stage, flasks in the shoot stage and cultures in the tubes at the rooting
stage were grown in a climate room with a temperature of 25+1 °C, a day length of 16 hours and a light
intensity of 3200-3500 lux.

The plants in the flasks were removed without any damage to the roots with the help of a forceps,
washed in three separate containers filled with distilled water until there was no artificial nutrient
medium in the roots, then the root part was immersed in 0.1 % benomyl-added solution and placed on
blotting paper. After root pruning was done, it was transferred to the growing chamber by suturing in
plastic containers with sterilized peatt+perlite medium. Regularly closed containers were gradually
opened and the plants were gradually acclimatized to external conditions. Plants left in plastic container
were transferred to pots in the fourth week (Figure 2).
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Figure 2. View from rooting stage and acclimatization stage.
2.6. Evaluation of the results
The evaluation stage took place in three stages as given in Table 2.

Table 2. Evaluation stages of the results

Initial Stage Shoot Stage Rooting Stage

Macro and micro elements and Macro and micro elements and Macro and micro elements and

vitamins of MS, vitamins of MS, pH:5.8 vitamins of MS,

pH: 5.8 BAP: 2.0 mg. L"! pH :5.7

GA3: 0.5mg. L! IBA:1 mg/1 Different hormone applications

BAP: 2.5 mg. L'

Survival rate of meristems (%) Shooting rate (%) Shooting rate (%)

Development level of meristems ~ Number of Shoots/Explant (n) Number of shoots (n)

(cm) (Width+Height/2)

Callus formation rate and level of ~ Shoot length (cm) Shoot length (cm)

meristems

Vitrification Callus creation rate (%) and level ~ Callus creation rate (%) and level
(cm) (cm)

Rooting (Transformation into
complete plant) rate (%)
Number of roots (n) and length

2.7. Evaluation of Data

SPSS (Version 19.0) software program was used to evaluate the data obtained from the
experiments (SPSS, 2011). Duncan's multiple comparison test was used to differentiate the means of the

treatments.
3. Results and Discussion

One of the most important stages is the rooting of in vitro shoots obtained for the production of
base material at a high rate and transferring them to external conditions. Therefore, in our study that we
carried out to determine the most suitable growth regulator combination for rooting in vitro shoots,
rooting was achieved in both clones and a complete plant was obtained. In terms of the features
mentioned, the study was established and evaluated according to the ‘Random Parcel Trial Pattern’ and
in a Factorial pattern. In statistical analysis, there are two levels in the genotype factor, including Kalecik
Karasi clones 4 and 23-2, and 12 levels in the application factor (Table 1). As a result of the calculations
regarding the variance analysis technique, the ‘genotype X application’ interaction was found to be
statistically significant in point of average number of shoots, shoot length, callus value, longest root,
root length, average number of roots (P<0.01). Duncan test was performed for multiple comparisons. In
the calculations made in terms of average number of leaves, ‘genotype x application’ interaction was
not statistically significant. Only the difference between the averages of Kalecik Karasi clones 4 and 23-
2 was statistically significant (P<0.01).
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3.1. Initial Stage

Findings related to the survival rate (%), development levels (cm), callus formation rate (%) and
levels (mm) of the grapevine shoot tip meristems cultured in MS with ‘0.5 mg. L' GA;, 2.5 mg. L
BAP’ as the initial stage and vitrification are given in Table 3-5, respectively.
3.2. Survival rate of meristems (%)

Z test was used to compare survival rates of shoot tip meristems of the grapevine genotypes
studied. There was no statistically significant difference between Kalecik Karasi clones 4 and 23-2 in

terms of survival rates of the meristems cultured (Table 3).

Table 3. Survival rates of two different Kalecik Karas1 (K.K.) clones (c.) (%)

Genotype Survival rates (%)
KK.c. 4 65
KK.c.23/2 80

The fact that this difference is not statistically significant shows that our findings are compatible
with the previous research results.
There was no callus formation and vitrification in Kalecik Karasi clones 4 and 23-2.

3.3. Development levels of meristems (cm)

Variance analysis technique was used to compare genotypes in terms of width, height and
development levels of meristems. As a result of the calculations, the width and height measurements
and the development levels obtained from them are shown in Table 4. There was no statistical difference
between the values obtained after measuring the width and height and their average, that is, in terms of
development levels between Kalecik Karasi clones (Table 4).

Table 4. Development levels of meristems and shoots of two different Kalecik Karasi1 (K.K.) clones (c.)

Genotype Width (cm) Height (cm) Development Levels
(Width+Height/2)

KK.c. 4 0.25+0.09 0.69+0.30 0.224+0.01

KK.c.23/2 0.22+0.08 0.714£0.25 0.2540.01

On the other hand, Roubelakis-Angelakis (1990), Dalloul et al. (1990) reported that in vitro
growth and development of meristems varied depending on the genotype, and that the development
levels of the shoot tip meristems in the initial medium differed statistically. It is possible to say that the
two genotypes used in our study did not exhibit different growth strengths in vitro conditions because
they came from the same origins in terms of many features and they were different clones of the same
variety. It is normal to expect that if such a study is repeated with different grapevine genotypes,
different rates of development will occur among the genotypes.

3.4. Shoot propagation stage

After being developed in the initial medium for 4 weeks, as the shooting stage, findings related
to the number of shoots (n), shoot length (cm), callus formation rate (%) and level (cm) were explained
in the genotypes cultured in MS with ‘2.0 mg. L' BAP+0.5 mg. L' IBA” were explained in the sub-
titles below and shown in Table 5, respectively. For Kalecik Karasi clone 4, the number of shoots and
the shoot length were 3.67 and 2.42 cm respectively, while they were 3.83 and 2.04 cm for the clone 23-
2.
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Table 5. Number and length of shoots of two different Kalecik Karasi (K.K.) clones (c.)

Genotype Number of shoots (n)
KK.c.4 3.67+0.5
KK.c.23/2 3.83+0.6

Shoot length (cm)
KK.c.4 2.42+1.2
KK.c.23/2 2.04+0.3

Callus Formation (%)
KK.c.4 0
KK.c.23/2 0

While comparing the number and length of shoots, the present observations were subjected to
square root transformation and then examined by t test. As a result of the t test performed in terms of
the number and length of the shoots, the difference between the averages of Kalecik Karasi clones 4 and
23-2 was not found to be statistically significant. In terms of the number of shoots, the highest values
obtained from previous studies in the literature were reported to be obtained from MS compositions in
which cytokine and auxins are used together (Sudarsono and Goldy, 1991). As a result of the study
carried out by Baydar (2000), it was determined that the most suitable nutrient place for adventitious
shoot formation was the medium with ‘2mg. L' BAP’ for Kalecik Karasi, Cavus, Sultani seedless and
Kober 5BB.

The shoot lengths, which were obtained from meristem culture and grown in vitro conditions,
in Cavus, Miskiile, Hafizali, Razaki, Sultani seedless and Cal karasi varieties varied between 3.783-
0.858 cm (Kara, 1992). In this case, it is thought that differences in genotypes may occur in terms of
shoot length, but the location and time factor where tissue culture is carried out may also have an effect
on this difference. These results may be due to the development strength that will result from the
genotype, as well as the variables such as different laboratory conditions, the ecology of the plant
material and the nutritional status of the donor plant, and the structure of the nutrient media used.
However, the values that we obtained are among the reference values given by Kara (1992) and reflect
a healthy development strength. No callus formation was observed in the clones in our study.

3.5. Rooting stage

Number of shoots (n), shoot length (cm), number of leaves in shoots, callus formation rate (%)
and level (mm) rooting rate (rate of transformation into complete plant) (%), number of roots (n) and
length (width) in the shoots developed in the composition of 12 different nutrient media (Table 1) used
to determine the most suitable rooting medium for the shoots obtained at the shooting stage were
examined.

3.6. The number of shoots formed at the rooting stage (n)

As a result of the calculations regarding the analysis of variance technique, evaluations were
made regarding the number of shoots formed in the shoots at the rooting stage. Genotype X application
interaction was found to be statistically significant in terms of the average number of shoots. As seen in
Table 7, the difference between genotypes is statistically significant in the 2nd, 4th and 6th applications,
and shoot formation is higher in clone 23-2. The highest number of shoots for clone 4 was obtained from
the 10th application using the doses of ‘1.0 mg. L' IBA+0.5 mg. L' 2IP* (2.11 pieces), while the 4th
application combinations for clone 23-2 provided the highest number of axillary shoot formation. The
number of shoots formed in these combinations is 2.11 in both clones (Table 6).

To report a general observation, it is possible to say that the tendency to form shoots in clone 4
is lower than in clone 23-2. However, 2 iP affected the shoot formation in combination with low doses
of auxin in clone 4 in a significantly positive manner. It would not be wrong to say that in media where
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clone 23-2 has a higher tendency to form shoots and BAP is added, if the auxin pressure is low, the

tendency to form shoots becomes more evident.

Table 6. Number of shoots of two different Kalecik Karasi (K.K.) clones (c.) at the rooting stage (pieces)

Applications KK.c. 4 KK.c.23/2
1. 1.0£0.000 ¢* A™ 1.30£0.15 bec A
2. 1.1+0.1 b B 1.9+0.35ab A
3. 1.25+£0.16b A 1.00+£0.0 c A

4. 1.10£0.10b B 2.11+0.42 a A
5. 1.25£0.16 b A 1.33+£0.21 bc A
6. 1.0£0.0b B 1.9+0.25 ab A
7. 1.0£0.0b A 1.2240.14c A
8. 1.7£0.33 ab A 1.43+03 bc A
9. 1.3£0.15b A 1.0£0.0 c A

10. 2.11+0.45a A 1.0£0.0 c A

11. 1.0£0.0b A 1.240.22 c A
12. 1.3240.22b A 1.1240.12c A

*According to the Duncan multiple comparison test, the differences between the averages shown with different letters are
significant (p<0.01).

*Lowercase letters show the differences between applications.
**Uppercase letters show the differences between genotypes.

3.7. Length of the shoots formed (cm)

In our study, the highest shoot length values obtained were 2.46 cm with the 6th application for
clone 4, and 3.25 cm with the 9th application for clone 23-2. We see the difference between the two
genotypes in the 1st, 3rd and 5th applications (Table 7). There is no statistically significant difference
between the applications for clone 4 in terms of shoot length formed at the rooting stage, whereas the
difference between applications for clone 23-2 is statistically significant. Kara (1992) obtained the
number of nodes between 5.958 and 1.417 and a shoot length between 3.783 and 0.858 cm in a study
on some clones of Cavus, Miuskiile, Hafizali, Razaki, Sultani seedless and Cal Karas.

Table 7. Shoot lengths of two different Kalecik Karasi (K.K.) clones (c.) formed at the rooting stage

Applications K.K.c. 4 KK.c.23/2

1. 1.37£0.11a"B ™ 3.02+0.5ab A
2. 1.87+£0.26 a A 1.71£0.22 ba A
3. 1.294+0.09 a B 3.25+0.73 a A
4. 1.74+0.33 a A 1.9+0.4 bc A

5. 1.69+0.23 a B 2.67+0.53 abc A
6. 2.46+0.7a A 2.07+0.23 abc A
7. 2214039 a A 1.53+0.2c A

8. 1.9340.14a A 2.04£ 0.4 abc A
9. 2.3540.30a A 2.42+0.52 abc A
10. 2.0740.30 a A 1.71£0.23 bc A
11. 2.1740.71 a A 2.13+£0.45 abc A
12. 2.06£0.30 a A 1.2+0.42 abc A

*According to the Duncan multiple comparison test, the differences between the averages shown with different letters are
significant (p<0.01).

“Lowercase letters show the differences between applications.
**Uppercase letters show the differences between genotypes.

3.8. Number of leaves (n)

In the calculations made in terms of average number of leaves, genotype X application
interaction was not found to be statistically significant. The highest value in terms of the number of
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leaves on a shoot was obtained from the 10th application (4.1+0.41 pieces) for clone 4, and the 9th
application (5.13+1.23 pieces) for clone 23-2 (Table 8).

Table 8. Number of leaves of two different Kalecik Karasi (K.K.) clones at the rooting stage (pieces)

Applications K.K. c. 4 K.K.c.23/2
1. 2.11+0.35 4.3+0.79
2. 2.67+0.50 3.30+0.30
3. 2.31+0.69 5.13+£1.23
4. 1.70+0.33 3.45+0.39
5. 1.75+0.52 4.16+0.95
6. 3.2240.1 3.8+ 0.36
7. 3.0£1.26 2.56+0.35
8. 3.85+0.85 3.45+0.84
9. 3.60+0.6 4.0+0.84
10. 4.1+0.41 2.8+0.74
11. 2.67+1.37 3.44+0.67
12. 2.57+0.5 2.70+0.76

3.9. Callus formation rate (%) and level (cm)

While callus formation was not observed in the shoot stage, callus formation appeared in the
basal parts of the explants at the rooting stage and the difference between these callus levels was found
to be statistically significant. The highest callus levels are 0.43 cm in the 6th application combination
for Kalecik Karasi clone 4 and 0.72 cm in the 12th application combination for clone 23-2 (Table 9).

Table 9. Callus levels of two different Kalecik Karasi (K.K.) clones (c.) at the rooting stage

Applications KK.c. 4 K.K.c.23/2
1. 0.00£0.00 " A™ 0.00+0.00 d A
2. 0.13+0.05 de A 0.06+0.04 cd A
3. 0.02+0.02 ¢ A 0.05+0.03 d A
4. 0.27+0.04 bc A 0.12+0.07 bed B
5. 0.07+0.04 de A 0.00+0.00 d A
6. 0.43£0.04 a A 0.24+0.06 b B
7. 0.00+£0.00 ¢ A 0.05+0.02 cd A
8. 0.00+£0.00 ¢ B 0.21£0.12 bc A
9. 0.00£0.00 ¢ A 0.02+0.02d A
10. 0.19£0.01 cd A 0.22+0.05b A
11. 0.08+0.06 de B 0.23+£0.06 b A
12. 0.38+0.06 ab B 0.71+£0.01 a A

*According to the Duncan multiple comparison test, the differences between the averages shown with different letters are
significant (p<0.01).

*Lowercase letters show the differences between applications.

**Uppercase letters show the differences between genotypes.

3.10. Rooting (transformation into complete plant) rate (%)

In the shoots grown in rooting medium for four weeks, the rooting rate for both genotypes was
found to be 100 %.

3.11. Longest root values (cm)
Genotype X application interaction was found to be statistically significant in terms of the
longest root value. As can be seen in Table 10, the longest root value was obtained from the 9th

application (3.47 cm) for Kalecik Karasi clone 4, and from the 1st application (3.9 cm) for clone 23-2
(Table 10).

624



YYU J AGR SCI 31 (3): 617-628
Karaca Sanyiirek et al.. / Optimization of Meristem Culture to Obtain Virus-Free Clonal Basic Material of Grape Cultivars

Table 10. The longest root value of two different Kalecik Karasi (K.K.) clones (c.) at the rooting stage

Applications KK.c. 4 KK.c.23/2

1. 0.0£0.0 b" B™ 3.9£0.70 a "A

2. 0.2140.21 b A 0.4+0.33 cd A

3. 0.11£0.11b B 3.2£0.79 ab A

4. 0.07+£0.07b B 2.84+1.63 abed A
5. 0.48+0.28 b B 2.66+0.66 abcd A
6. 1.64+0.83 ab A 2.44+0.90 abcd A
7. 0.86+0.86 b A 0.72+0.27 bed A
8. 0.84+0.58 b A 1.26+0.93 bed A
9. 3.47+1.28 a A 2.74+0.59 abcd A
10. 2.10+1.11 ab A 0.30+0.21d B

11. 2.54+1.07 ab A 2.02+0.38 abcd A
12. 0.37£0.27b B 2.97+1.17 abed A

*According to the Duncan multiple comparison test, the differences between the averages shown with different letters are

significant (p<0.01).

*Lowercase letters show the differences between applications.
“Uppercase letters show the differences between genotypes.

In the study of Kara (1992), root lengths between 6.333 and 0.33 cm were obtained in Cavus,

Miiskiile, Hafizali, Razaki, Sultani seedless and Cal Karasi varieties.

3.12. Average length of roots (cm)

The average root lengths obtained from the evaluation of the average of the lengths of all the
roots formed in each of the in vitro shoots of the two different Kalecik Karasi clones at the rooting stage
are given in Table 11. Accordingly, it was determined that the highest value was 3.34+1.27 cm in the
9th application combination for Kalecik Karasi clone 4, and 2.33+1.38 c¢m in the 4th application

combination for clone 23-2.

Table 11. Root lengths of different Kalecik Karasi (K.K.) clone (c.) at the rooting stage

Applications KK.c. 4 KK.c.23/2
1. 0.0£0.0 b"B™ 2.29+043 a A
2. 0.17£0.16 b A 0.41+0.33 ab A
3. 0.10£0.09b B 1.95+0.41 ab A
4. 0.08+0.08 b B 2.33£1.38a A
5. 0.27+0.14b A 1.63+0.29 ab A
6. 1.2440.69b A 1.71+0.60 ab A
7. 0.69+0.68 b A 0.59+0.21 ab A
8. 0.61+0.40b A 0.96+0.69 ab A
9. 334+1.27a A 1.93+0.44 ab A
10. 1.40+0.78 b A 0.23+0.16 b A
11. 1.5340.69b A 1.50+0.25 ab A
12. 0.24+0.17b A 1.31+0.45ab A

*According to the Duncan multiple comparison test, the differences between the averages shown with different letters are significant (p<0.01).
"Lowercase letters show the differences between applications.
“*Uppercase letters show the differences between genotypes.

3.13. Average number of roots (n)

The difference between the data of both combinations was statistically significant in terms of
the number of roots (p<0.01), while the highest value was determined as 7.6+2.4 in the 11th application

combination for clone 4 and 6.83%1.4 in the 5th application combination for clone 23-2 (Table 12).

Table 12. Average number of roots of grapevine genotypes at the rooting stage
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Applications KK.c. 4 KK.c.23/2
1. 0.00+0.00 b* B** 3.654£0.6 bc A
2. 0.44+0.44b A 0.40+0.3d A
3. 0.38+0.38b B 5.45+1.4ab A
4. 0.10£0.1b A 0.89+0.51d A
5. 2.25+1.21bB 6.83+t1.4aA

6. 2.78+1.19b A 1.33+0.50 cd A
7. 0.40£0.4b A 1.22+0.45cd A
8. 0.60+0.34b A 1.2940.84 cd A
9. 2.74095b B 5.22+1.10ab A
10. 1.00+0.52b A 0.40+£0.30d A
11. 7.60+2.42 a A 5.33+0.96 ab A
12. 0.30+0.20 b B 3.75+0.75 bc A

*According to the Duncan multiple comparison test, the differences between the averages shown with different letters are
significant (p<0.01).

*Lowercase letters show the differences between applications.

**Uppercase letters show the differences between genotypes.

In their study, Ergoniil and Oztiirk (2016), have eliminated the viruses identified in the
certification system of the European Union countries and our country and the grapevine pathogen
Agrobacterium vitis with thermotherapy and meristem culture methods by using clones of 14 grapevine
varieties and 6 rootstocks, which are of economic importance for our country. Yepes et al. (2019)
obtained clean material in the V. vinifera cv. Riesling variety, infected with Agrobacterium vitis and
grown in the greenhouse, by means of the meristem culture method and propagated it through tissue
culture. Most of the plants can be successfully protected from viral contamination with tissue culture-
virus elimination programs, and the criteria for the use and propagation of clonal, high quality and
healthy (certified) grapevine seedlings free from viruses and similar are included in the European Union
directives, which are binding in the candidate countries of the European Union (Mullins, 1990).

4. Conclusions

This study, which we have conducted for the production of base material for Kalecik Karasi
clones 4 and 23-2, consists of extracting and culturing meristems, forming shoots from explants, rooting,
transforming them into complete plants and acclimatizing them to external conditions. In addition, the
number and lengths of the shoots formed by the explants during the shoot formation and rooting stages
were also examined. During the meristem and shoot formation, callus formation was observed, and the
survival rate in clones 4 and 23-2 was determined as 60% and 80%, respectively. In addition to the full-
strength MS medium during the shoot formation stage of the explants, 2.0mg. L' BAP+0.5 mg. L' IBA
was used, and the average number of shoots was 3.67 and 3.83, and the average shoot length was 2.42
cm and 2.04 cm, respectively. In addition to MS nutrient media, 12 different auxin (IBA) and cytokine
(2iP and BAP) concentrations were used at the rooting stage, and the effects of these concentrations on
explant root development, number of shoots, shoot length and transformation into complete plant were
examined.

At the rooting stage, it was determined that the formation of shoots and the number of leaves
were higher in Kalecik Karasi clone 23-2, and that 1.0 mg. L' IBA+0.5 mg. L' BAP/2 iP concentration
gave the highest shoot formation and number of leaves. At this stage, callus formation was in parallel
with the increase of auxin and cytokine levels. The highest callus levels were determined as 0.43 cm for
Kalecik Karasi clone 4 and 0.72 c¢m for clone 23-2. MS media with 2mg. L! IBA gave the highest
rooting value. The longest root values were 3.47 cm with 1mg. L' IBA for clone 4, and 3.90 cm with
0.5mg. L' IBA for clone 23-2.

One of the most important problems of grapevine cultivation in our country is that the seedlings
produced are infected with viruses and these seedlings are distributed to different parts of the country.
What needs to be done is to work with clean plant material, certified grapevine seedlings, that is,
genotype/clone and rootstock breeds that do not contain any disease agents.
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Plants taken out of controlled conditions are very sensitive to environmental conditions, so
losses can occur. In our study, the rate of acclimatization to external conditions in both clones is 90%.
There was no difference between clones in terms of rate of acclimatization to external conditions.

Consequently, meristem culture studies with clones 4 and 23-2 belonging to Kalecik Karasi
grapevine variety revealed in our conditions that this method can be used practically for the grapevine
and is applicable during the production of seedlings by commercial firms.

The general feature of the tissue culture also manifested itself during the meristem culture in the
grapevine, and it was observed that different results can be obtained even if all conditions are kept
constant between different clones and they belong to the same variety. This difference was significant
in terms of features such as the development of meristems, the number of shoots and rooting rates and
rooting capacities. Therefore, when it is desired to use meristem culture technique to obtain base material
in the grapevine seedling production, it should not be overlooked that the method may need to be
optimized for each genotype due to the genotype effect.
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Makale Bilgileri Oz: Tarimsal yetistiricilikte artan su talepleri, giiniimiiz gelisen ve teknolojilerini
daha iyi sulama yOnetimi stratejilerini gelistirmeyi zorunlu hale getirmistir.
Goriintiileme teknolojilerine dayali bilgi iiretimi de bu amagli kullanimlar
ierisinde yer almaktadir. Bu ¢alismada, THA tabanli multispektral goriintiilerin
yiizey alt1 ve ylizey istii damla sulama uygulamalarinin degerlendirilmesinde
kullanilabilirligi arastirilmistir. Bu amagla ETO0 (0.00, 0.25, 0.50, 0.75, 1.00, 1.25,
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Anahtar Kelimeler 1.5) katlar1 olacak sekilde programlanan bir slajlik misir denemesinin biiyiime
Silajlik Misir, sezonu boyunca insansiz hava araci kullanilarak goriintiilenmistir. Alinan
Su kisiti, goriintiilerde 9 farkli vejetasyon indeksi olusturularak uygulamalarin
Sulama yontemi, izlenmesinde kullanilabilirlikleri birbirleri ile karsilagtirilmistir. Yiizey alti
Multispektral sensor, damlama sulama y&nteminde LCI ve TGI indeksleri, yiizey iistii damlama sulama

Vejetasyon indeksi,

. . yonteminde VARI indeksinin sulama programlar1 diizeyinde kullanilabilecegi
Insansiz Hava Araclari (IHA)

belirlenmistir (p<0.05). Gelisme déonemi boyunca temporal veriler incelendiginde
9 bitki indeksi sonuglari arasinda farkliliklar oldugu tespit edilmistir (p<0.05).
Multispektral goriintiilerin analizinden tiiretilen yiizey ve yiizey altt damla sulama
yontemleri Vejetasyon Indeksleri (VI) ile karsilastirildiginda islemler arasinda
istatistiksel olarak anlamli farklilik oldugu goézlemlenmistir. Sulama oranlari
karsilastirildiginda, bitki Ortiisii indeksi degerlerinde de benzer farkliliklar
belirlenmistir. Elde edilen sonuglar, farkli sulama uygulamalarina bitkilerin
tepkilerini karakterize etmek i¢in IHA entegrasyonlu multispektral goriintiilerin
uygulanabilirligini gostermistir. IHA lar ile yapilan Akilli Tarim, Hassas Tarim,
Organik Tarim ve Iyi Tarim Uygulamalarinin giftlik diizeyinde yiiksek kullanim
potansiyeline sahip olacagi diisiiniilmektedir.

The Effect of Restricted Irrigation Applications on Vegetation Index Based on UAV
Multispectral Sensing

Article Info Abstract: Increasing water demands in agricultural cultivation have made it
) necessary to develop better irrigation management strategies within today's
Received: 07.04.2021 development and technologies. Information production based on imaging

Accepted: 31.05.2021
Online Published: 30.09.2021
DOI: 10.29133/yyutbd.910909

technologies is also included in these uses. In this study, the usability of UAV-
based multispectral images in the evaluation of subsurface and surface drip
irrigation applications was investigated. For this purpose, a silage maize trial

Keywords programmed to be multiples of ETO0 (0.00, 0.25, 0.50, 0.75, 1.00, 1.25, 1.5) was
Silage Corn, imaged using an unmanned aerial vehicle during the growing season. 9 different
Water limited, vegetation indexes were created in the images taken and their usability in

monitoring the applications was compared with each other. It was determined that
LCI and TGI indexes in subsurface drip irrigation method and VARI index in
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Irrigation method, surface drip irrigation method can be used at the level of irrigation programs
Multispectral sensor, (p<0.05). When the temporal data were examined during the development period,
Vegetation index, ) it was determined that there were differences between the 9 plant index results
%T%med Aerial Vehicles (p<0.05). When the surface and subsurface drip irrigation methods derived from
‘ the analysis of multispectral images were compared with the Vegetation Indexes
(VI), it was observed that there was a statistically significant difference between
the treatments. When irrigation rates were compared, similar differences were
determined in vegetation index values. The obtained results demonstrated the
feasibility of UAV-integrated multispectral images to characterize the responses
of plants to different irrigation applications. It is thought that Smart Agriculture,
Precision Agriculture, Organic Agriculture, and Good Agricultural Practices

made with UAVs will have high utilization potential at the farm level.

1. Giris

Tiim iklim bolgelerini tehdit eden kuraklik, arastirmacilarin ve yoneticilerin acil eylem planlari
ve uygulamalar1 agisinda dikkatini ¢ekmektedir. Mevcut iklim degisikligi tahminleri yakin gelecekte
Akdeniz ve yari1 kurak bolgelerde kurak donemlerin sikliginda ve siddetindeki artiglara isaret etmektedir.
Ayrica 2050 yili i¢in 6ngoriilen kiiresel gida talebi, tarimsal liretimin ve buna bagl su kullaniminin
katlanarak artmasi gerektigini gostermektedir (Danandeh Mehr ve ark., 2020). Diinyadaki tatli su
kaynaklarinin ¢ogu (% 70) tarim i¢in kullanilmaktadir. Ayn1 zamanda, diger sektdrlerde de artan su
tiikketimi, gida tiretimi i¢in kullanilan su i¢in bir rekabet olusturmaktadir. Su talebindeki artis ve iklim
degisikligi bu olumsuzluklarin kuraklik {izerine etkilerini arttirmaktadir (Tiryaki, 2018). Kiiresel olarak
diinyadaki gida arzinin % 45'i, ekilebilir alanlarin yalnizca % 18'ini kapsayan sulanan arazilerde
tretilmektedir. Bu durum, sulama yonetiminde su kullanimini optimize etmenin 6nemli oldugu
anlamina gelmektedir. Su kaynagi kitligi, tiim diinyada 6zellikle kurak ve yar1 kurak alanlarda tarimsal
su yonetiminin en 6nemli sorunlarindan biridir (Fernandez Garcia ve ark., 2020). Su kullanim etkinligini
artirmanin 6nemli yollarindan biri de gesitli bitkiler i¢in lizerinde uzun yillardir arastirma yapilan kisith
sulama uygulamasidir. Bununla birlikte, verim ve sulama suyu arasinda hassas bir denge saglamak i¢in
etkili izleme yontemleri gerekmektedir. Bu nedenle, ¢evreyle iliskili olarak bitki ortiisiindeki dinamik
degisiklikleri dikkate almak 6nemlidir (Demir ve Basayigit, 2020).

Toprak nem igeriginde gergeklesen azalmaya bagl olarak bitkilerin igsel su durumunu gdsteren
stoma iletkenligi ve yaprak su potansiyeli gibi ¢esitli fizyolojik 6zellikler uzaktan algilama teknolojileri
kullanilarak tespit edilebilmektedir (Ugar, 2011). Toprak su igerigine bagli olarak bitkilerin bazi
fizyolojik 6zelliklerinde gergeklesen degisimlerin yerinde lglimleri zaman alici, zahmetli ve maliyetli
olmaktadir. Bu yoOntemlerde, toprak ile bitki arasindaki mekansal degiskenlik iligkisi yeterince
degerlendirilememekte iken, giiniimiizde ¢esitli uzaktan algilama platformlarindan ¢ok sayida veri elde
edilebilmekte ve bitki su stresini izleme ¢aligmalarinda kullanilmaktadir. Uzaktan algilamanin tarimsal
amagli olarak en yaygin kullanimi uydu platformlarindan temin edilen farkli 6zelliklerdeki
goriintiilerdir. Ancak uydu platformlari, uzamsal-zamansal ¢oziiniirliige baglh artan maliyetleri, kisitl
gercek zamanl goriintiileme kabiliyetleri ve atmosfer kogullarindan etkilenme gibi ¢esitli dezavantajlara
sahiptir. Bu nedenle giiniimiizde IHA'lar (insansiz hava araglar1) yeni nesil uzaktan algilama araclari
olarak devreye girmekte ve daha esnek calisma kabiliyetleri sunmaktadir. Sensorlerle donatilmig hava
platformlar1 kullanilarak uygun maliyetlerle bazi ¢aligmalar da kullanilabilecegi belirtilmistir. Ancak,
bu ekipmanlarin izleme alanlarina taginmasi ve serit haritalama kabiliyetini azaltmasindan dolay1
kullanimlar1 kisitlanmaktadir (Calera ve ark., 2017; Demir ve Basayigit, 2020).

Son yillarda teknolojik gelismeler ile birlikte THA'larin sivil amaglh kullanimi artmaya
baslamigtir. Diisiik maliyet, yapimi kolay, rahat ulasim, yiiksek esneklikte ¢alisma olanagi sunmasi, kisa
calisma dongiisli ve yiiksek uzaysal-zamansal ¢oziiniirliik avantajlar1 nedeniyle, insansiz hava araci
(IHA) uzaktan algilama sistemi olarak kullanimi artmaktadir. Mahsul bilgilerini istenen bir uzaysal-
zamansal ¢oziiniirliikte IHA ile toplanabilmektedir (Demir ve Basayigit, 2020). Belirtilen 6zellikler
IHA’larin bitki su stresini ¢iftlik 6lceginde hizl ve titizlikle izlemeyi daha uygun hale getirmistir.

Bitki ortiisiiniin ve karsilik gelen banttaki diger yer nesnelerinin yansitiminin matematiksel
islem sonucu olan bitki Ortiisi indeksi (VI), yilizey bitki Ortiisi durumunu izlemek igin
kullanilabilmektedir. Bitki indeksi; arazi ortiisii siniflandirmasi, ¢evresel degisiklikler ve kurakligi
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izlemek amaciyla basartyla uygulanmaktadir (Xue ve Su,2017; Han ve ark., 2018; Wahab ve ark., 2018;
Kumar ve ark., 2020; Becker ve ark., 2020; Zhang ve ark., 2021). Suyun yeni bir deger olarak yiikseldigi
giiniimiizde teknolojiye dayali bu arastirmalarin 6nemi daha da artmaktadir.

Bu ¢alismada; ylizey alt1 ve ylizey Ustli damlama sulama yontemi ile farkli diizeylerde sulama
suyu uygulanan silajlik musirm; (1) yiiksek ¢oziiniirliiklii {HA tabanli multispektral ve temporal
goriintiilerinin alinmasi, (2) vejetasyon indekslerinin iiretilmesi, (3) su seviyelerindeki vejetasyon
indekslerinin parsel bazli ve donemsel olarak yansima verilerine dayali sulama programlarinin
istatistiksel olarak belirlenmesi ¢alismasi yer almaktadir.

2. Materyal ve Yontem
2.1. Cahisma Alanmin Konumu ve iklimi

Caligma alani, Isparta-Burdur Karayolunun dogusunda, iiniversite yerlesim birimleri ile Isparta
Mensucat fabrikasi arasinda, Goller Bolgesi Teknokent ile ISUBU Ziraat Fakiiltesi arasinda kalan
Egitim, Aragtirma ve Uygulama Ciftligi arastirma parseli icerisinde 4190803.07-41900845.45 N kuzey
enlemleri - 283075.62-283208.54E dogu boylamlart (WGS-1984, UTM-m, 36N Zon) arasinda yer
almaktadir. Toplam 7862 metrekare alana sahiptir (Sekil 1). Meteoroloji Genel Miidiirliigi 17240
numarali Isparta Merkez istasyonu 2018 yil1 iklim verilerine gore; yillik ortalama sicaklik 13.8 °C, en
diisiik ayhik ortalama sicaklik 3.1 °C Ocak ayinda, en yiiksek aylik ortalama sicaklik 24.3 °C’ ile
Temmuz ve Agustos aylarinda tespit edilmistir. Y1llik ortalama yagis 536.9 mm, en yiiksek yagis 107.1
mm Aralik aymda, en diisiik yagis 1.6 mm ile Eyliil ayinda tespit edilmistir (MGM, 2021). McKee ve
ark. (1993)’e gore Standart Yagis Indeksi (SPI) hesaplanmistir (Danandeh Mehr ve ark., 2020). Calisma
alaninin SPI degerleri 1990-2019 yillart arasindaki iklim verileri kullanilarak hesaplanmistir. 2018 yilina
ait SPI degerleri, yillik, aylik ve kuraklik kategorisi Temmuz, Agustos ve Eylill aylar1 ve 2018 yill
“Normale Yakin Kuraklik “ kuraklik kategorisi igerisinde yer almistir.
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Sekil 1. Calisma alaninin konum haritasi.
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2.2. Deneme Konular

Caligma alam ve cevresinde silajlik musir yetistiriciligi yapilan donemlerde SPI degerleri
normale yakin kuraklik kategorisinde yer almistir. Bu nedenle misirin vejetasyon doneminde ihtiyag
duydugu suyun uygun yéntem ve uygun programda verilmesi bolgede su kullanimi yoniinden 6nem arz
etmektedir (Cakmakg1 ve ark., 2017; Alaboz ve ark., 2020; Cakmak¢1 ve Sahin, 2020; Alaboz ve
Cakmakei, 2020). Calismada, su tasarrufu yoniinden etkin olan ylizey iistii ve yiizey alt1 damla sulama
yontemleri ile referans bitki su tiiketimi (ET0)’ya gore 7 farkli sulama programi olacak sekilde deneme
kurulmustur (Sekil 2).

Sekil 2. Deneme plani.

ETO baz alinarak olugturulan 7 farkli sulama programi Parsel 1, 2, 3, 4, 5, 6 ve 7 i¢in yiizey alt1
damla sulama yontemi ve Parsel 8, 9, 10, 11, 12, 13 ve 14 igin yiizey iistli damla sulama yontemi olarak
planlanmistir. Parsellere ait deneme konular1 Sekil 2°de gosterilmistir.

ETO, Penman Monteith yontemine gore hesaplanmistir (Ugar ve ark., 2017). Deneme konularina
ETO’in (Referans bitki su tiikketimi) 0.00, 0.25, 0.50, 0.75, 1.00, 1.25 ve 1.50 kati sulama suyu
uygulanmistir (Tablo 1). 22.06.2018 tarihinde biitiin konular tarla kapasitesine getirilecek kadar sulama
suyu uygulanmigtir. 0 konusuna 22.06.2018 tarihinden sonra sulama suyu uygulanmamustir.

Tablo 1. Denemede konularina uygulanan sulama suyu miktar: (mm)

S1 S2 S3 S4 S§ Sé6 S7

Sulama Tarihleri 1.50 1.25 1.00 0.75 0.50 0.25 0.00

09.06.2018 20.2 20.2 20.2 20.2 20.2 20.2 20.2

15.06.2018 30.7 30.7 30.7 30.7 30.7 30.7 30.7

22.06.2018 40.8 40.8 40.8 40.8 40.8 40.8 40.8
29.06.2018 54.8 45.6 36.5 27.4 18.3 9.1
06.07.2018 53.7 44.8 35.8 26.9 17.9 9.0
13.07.2018 61.1 50.9 40.7 30.5 20.4 10.2
20.07.2018 55.8 46.5 372 27.9 18.6 93
27.07.2018 55.8 46.5 372 27.9 18.6 93
03.08.2018 524 43.6 349 26.2 17.5 8.7
10.08.2018 45.8 38.1 30.5 22.9 153 7.6
17.08.2018 48.5 40.4 323 24.2 16.2 8.1

TOPLAM 519.4 448.1 376.8 305.5 234.3 163.0 91.7

2.3. Kiiltiirel Uygulamalar

Denemelerin kurulacagi parsel dnce pullukla siiriim yapilmis ve ardindan rotatiller ile siiriilerek
dikime hazir duruma getirilmistir. Toprak analiz sonucglar1 dikkate alinarak, ekimle birlikte damla
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sulama sisteminde yer alan venturi giibreleme sistemiyle ilk giibreleme (10 kg da™ AquaDrip 20-20-20-
TE) yapilmustir. 1 Haziran 2018 tarihinde sira arasi 70 cm ve sira tizeri 20 cm olmak iizere pnomatik
hassas ekim makinesi ile ekim gerceklestirilmistir. Ciceklenme ve hasat dénemleri arasinda Skg da™!
olacak sekilde 2 doz giibreleme daha uygulanmistir. Hayvan yemi olarak kullanilacagi i¢in kimyasal
miicadele uygulanmamis, tim yetisme periyodu boyunca ortaya ¢ikan yabanci otlarla miicadele elle
yapilmistir.

2.4. insansiz hava araclar goriintiilerinin almmasi

Calismada kullanilan THA platformu, ISUBU Ziraat Fakiiltesi Toprak Bilimi ve Bitki Besleme
Bolimii Uzaktan Algilama ve Cografi Bilgi Sistemleri laboratuvari envanterine 2017 yilinda dahil
edilen DJI Phantom 4 Pro Quadcopter (DJI, 2021) marka olup SHGM sisteminde kayitli ve Tiirk Hava
Sahas! icerisinde kullanilabilmektedir. IHA platformu iizerine Sentera Double 4K Multispektral sensor
(Sentera, 2021) yerlestirilmis durumdadir (Demir ve Basayigit, 2020).

Sentera FieldAgent yazilimi ile tiim ¢alisma alanimi kapsayacak sekilde, %70 bindirmeli, 10 mhp
hizda olacak sekilde ve +70° ugus yoniinde olacak sekilde ugus plan1 yapilmistir. Uguslar 01.07.2018,
15.07.2018, 30.07.2018, 15.08.2018 tarihlerinde 12:00-14:00 saatleri arasinda bulutsuz havada
gergeklestirilmistir. 21 adet yer kontrol noktasi verisi dogruluk degerlendirmesi igin RTK GNSS GPS
ile alinmustir.

2.5. Veri isleme ve analizler

Ugus planma gore 15 Agustos 2018 tarihine kadar, IHA platformu iizerinde bulunan sensor
tarafindan kayit edilen goriintiilerde, tarimsal tiretim igin bilgi iiretmek amaci ile Pix4D (demo), Erdas
IMAGINE ve ArcGIS yazilimi kullanilarak goriintii isleme ¢alismalar1 yapilmistir. Verilerin analizinde
vejetasyon indeksleri kullanilmistir (Tablo 2). Calismada kullanilan indekslerin kisitli sulama
uygulamasi yapilan iki farkli sulama yonteminde iiretilen tematik katmanlarda parsel bazli olarak 3
tekerriirlii olarak ArcGIS programinda zonal istatistik araci kullanilarak ortalama indeks degerleri
iretilmistir. Elde edilen parsellerin indeks degerlerinin ayr1 ayr1 kisith sulama uygulamasini belirlemede
donemsel ve parsel bazli kullanilabilirligi arastirilmistir.

Tablo 2. Vejetasyon indeksleri

Vejetasyon Indeksi Kullanilan Esitlik Kaynak

Normallestirilmis Fark Bitki Ortiisii
Indeksi NDVI = (
(Normalized difference vegetation index)

Rouse ve ark., (1974)

(Near Infrared — Red)
Near Inrared + Red

Normallestirilmis Fark Kirmizi Kenar ((NIR — Red edge)) Gitelson ve Merzlyak
Indeksi NDRE = |—FF——F——7— ’
(Normalized Difference Red Edge Index) NIR + Red edge (1994)
Yaprak Klorofil Indeksi _ _
(Leaf Chlorophyll Tndex) LCI = ((NIR — Red Edge)/(NIR + Red)) Datt ve ark., (2003)
Modifiye Klorofil Absorpsiyon Yansitma
Indeksi MCARI = [(NIR — Red) — 0.2(NIR Daughtry ve ark.,
g
(Modified Chlorophyll Absorption — Green| (NIR/Red) (2000)
) Reflectance Ir}dex)
Uggen Yesillik Indeksi TGI = (Green — 0.39 * Red — 0.61 * Blue) Hunt ve ark., (2013)

(Triangular Greenness Index)
Goériiniir Atmosferik Direng Indeksi VARI = (((Green — Red))/(Green + Red
(Visible Atmospheric Resistant Index) — Blue))
Yesil Normallestirilmis Fark Bitki
Ortiisii indeksi
(Green Normalized Difference
Vegetation Index)

Gitelson ve ark., (2002)

(NIR — Green) .
GNDVI = Gitelson ve ark., (1996)

(NIR + Green)

Yesil-Kirmiz1 Vejetasyon Endeksi _ [(Green — Red)
(Green-Red Vegetation Index) GRVI = (Green + Red) Tucker, (1979)
Toprak Uyarlannms Vejetasyon Indeksi _( (NIR —Red)
(Soil Adjusted Vegetation Index) SAVE= (NIR + Red + L) a+0) Huete, (1988)
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2.6. Goriintiilerin dogruluk degerlendirmesi

Dogruluk degerlendirmesi, IHA gériintiisiiniin diizenlenmesi ile ilgili hatay1 tahmin etmektedir.
Her bir ortomozaik konumlamanin kok ortalama kare hatasi (RMSE) uzaysal dogrulugunu
degerlendirmek i¢in yaygin olarak kullanilmaktadir (Gémez-Candon ve ark., 2014; Boon ve ark., 2016).
RMSE, ortomozaik goriintiiniin kalitesinin kiiresel bir gdstergesini, goriintii koordinatlarinin ve zemin
koordinatlariin kalintilarina dayanmaktadir (Es. 1). Dogrulama puanina sahip bir goriintii i¢in RMSE
asagidaki esitlikten hesaplanmaktadir (ERDAS, 1999):

a

RMSE = %Z[(XS —X.)? + (Y, — ¥,)?] (M
i=1

Esitlikte; Xs ve Ys, IHA sensor goriintiisiiniin jeo-uzamsal nokta koordinatlaridir. X, ve Y, saha
seviyesinde Olgiilen ayn1t GNSS-GPS noktasinin koordinatlaridir (Demir ve Basayigit, 2020).

2.7. istatistiksel Analiz

Calismada vejetasyon indekslerinin tanimlayici istatistikleri 4 dénemde hesaplanarak boxplot
grafik Ozeti diizenlenmistir. Ayrica 9 vejetasyon indeksinin 4 donemde sulama programlari
parsellerindeki degisimini gosteren Time Series Plot grafigi hazirlanmigtir. Calismada tizerinde durulan
ozellikler bakimindan elde edilen veriler faktoriyel diizende tekrarlanan 6l¢iimlii varyans analizi teknigi
ile analiz edilmistir (Gezan ve Carvalho, 2018). Calismada sulama programinin 7 seviyesi ve vejetasyon
indeksi 6l¢lim metodu faktdriiniin 4 dénemi ayni anda denenmistir. Tekrarlanan Glglimler vejetasyon
indeksi 6l¢iim metodunun seviyelerinde gerceklestirilmistir. Varyans analizi sonrasi faktdrlerin alt grup
ortalamalar1 ve grup ortalamalar1 arasindaki farkliliklarin belirlenmesinde ¢oklu karsilastirma
yontemlerinden Tukey Testi kullanilmustir.

3. Bulgular
3.1. Veri toplama, 6n isleme ve bitki indeksleri

Calisma alaninda IHA ile yapilan goriintiilemeler 15°er giin arayla 4 farkli tarihte
gergeklestirilmistir. Alanda belirlenen 21 yer kontrol noktasi kullanilarak goriintiilerin dogruluk
degerlendirilmesi hesaplanmigtir (Tablo 3). Pix4D (Demo) yazilimi kullanilarak g¢aligma alaninin
goriintii mozaikleri olusturulmustur. Calisma alanina ait multispektral goriintiiler islenerek 9 tane
vejetasyon indeksine ait veriler olusturulmustur. Caligma alanindan kayit edilen 4 goriintiiden tiiretilen
NDVI, NDRE, LCI, MCARI, TGI, VARI, GNDVI, GRVI ve SAVI indekslerindeki degisim
sunulmustur (Sekil 3).

Tablo 3. Calisma alan1 mozaik goriintiilerinin jeo-uzamsal dogrulugu

Uous Tarih xm Yo 20 RVSE(m) (derece)
(o1 .071.'21)0&13;3le l3no.gun) 0.24 0.15 0.33 0.24 0.011
(15.072..2(]))16811? TS.gﬁn) 0.40 0.25 0.27 0.31 0.010
(30.073.'2(]))16811? I6no.gun) 0.33 0.27 0.48 0.36 0.008
4. Donem 0.36 0.33 0.57 0.42 0.009

(15.08.2018- 76. giin)

Bitki indekslerine ait goriintiilerin istatistik olarak karsilagtirilmasi amaciyla, sinir etkisini
ortadan kaldirmak {izere parsel sinirlarinda 2 metrelik bufferzone olusturulmus ve parsel icerisinde kalan
15.69 m? alan ArcGIS ortamina aktarilmistir. Daha sonra ArcGIS yaziliminda zonal istatistik tool
kullanilarak belirlenen alandaki 63 pikselin vejetasyon indeks degerlerinin ortalamasi elde edilmistir
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(Rhew ve ark., 2011). Yiizey alt1 ve yiizey {istii damla sulama yontemi i¢in uygulanan sulama
programlarinin degerlendirmesi insansiz hava araclart kullanilarak elde edilen vejetasyon indeksleri ile
yorumlamada kullanilmstir. Uretilen bitki indeks gériintiilerine gore parselleri olusturan bitkilerin farkli
donemlerdeki gelisimleri indeks gruplarinda farklilik gostermistir.

1. DONEM

2. DONEM

il
'

I

|
L l i

|
|

]

3. DONEM

=
—
(]

|SST—

4. DONEM

Sekil 1. Calisma alan1 temporal indeks degerleri.

3.2. Yiizey alti damlama sulama yontemi

1. ve 2. donemlerde misir bitkisinin vejetatif gelisiminin az ve kaplama oraninin diisiik olmas1
nedeniyle topraktan kaynaklanan yansima baskin olmustur. Bu dénemlerde 9 vejetasyon indeksi sulama
programlari i¢in istatistiksel olarak 6nemli bulunmamastir.

3. ve 4. donemde yalnizca S6 (0.25) sulama programinin uygulandigi parselde bitki indeks
degeri tekerriirler arasi degisimi fazladir. S6 (0.25) sulama programinin, S7 (0.00) sulama programindan
ortalama piksel degeri araliginin daha yiiksek ¢ikmasi, belirlenen alandaki piksel degerlerinin, toprak
yansima degerinin yiiksek olmasindan kaynaklanmistir. Diger sulama programi uygulanan parsellerin
vejetasyon indeks degerlerinde tekerriirler arasinda deneme bagsina hata diigiik oldugunu gdstermistir.

4. donemde bitki yesil aksamindaki gelisim hiz1 ve yiiksek kapama oranindan dolay1 S6
disindaki paraleller arasi yakin degerler alarak deneme basina hata diismiistiir. Sulama programlarina
ait vejetasyon indekslerinin 4 donemdeki degisimi Sekil 4’te verilmistir. Vejetasyon indisinin 4
donemdeki degisimi Sekil 5’te gosterilmistir. TGI ve LCI vejetasyon indeksi hari¢ diger indeksler 4
donemde lineer artis gostermistir. NDVI, NDRE indeksine gore sulama programlar arasinda diisiik
lineer iligki tespit edilmistir. NDRE indeksinden donemsel olarak daha basarili sonuglar elde edilmesi
daha 6nceki yapilan benzer ¢aligmalarla 6rtiismektedir (Becker ve ark., 2020). Calisma alanina ait SAVI
degerleri -0.51-0.94 araliginda deger almistir. Yiizey alti damla sulama parsellerinin 3. donem ortalama
indeks degeri 0.45 olarak hesaplanmistir. Taghvaeian ve ark. (2012)’e gore Misir 0,64 SAVI degerinde
tam Ortilye ulagsmaktadir.
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LCI indeksine ait sulama programlari ve donem farkliliklar1 Tablo 4’te, TGI indeksine ait
sulama programlari ve dénem farkliliklart Tablo 5°te, diger indekslerin donemsel farkliliklari Tablo 6’da

sunulmustur.
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Sekil 4. Sulama Programlarina ait vejetasyon indekslerinin dénemsel tanimlayici istatistikleri.
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Sekil 2. Sulama Programlarinin dénemsel vejetasyon indeks degerleri.
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Tablo 4. LCI indeksine Sulama Programlarinin etkileri

Sulama Program

Doénem 1
LCI1

Ort. = Std. Hata

Donem 2
LCI2

Ort. = Std. Hata

Donem 3
LCI3

Ort. = Std. Hata

Donem 4
LCI4

Ort. + Std. Hata

S1 -0.62 £ 0.048Bd -0.57 £ 0.055Bc 0.11 + 0.064Aab -0.76 £ 0.052CBb
S2 -0.50 £ 0.048Bc -0.55 £ 0.055Cb 0.13 + 0.064Aa -0.77 £+ 0.052Db
S3 -0.52 £+ 0.048Cc -0.37 £ 0.055Ba 0.03 + 0.064Ab -0.60 £ 0.052Da
S4 -0.56 % 0.048Bcd -0.67 £ 0.055Cd 0.07 + 0.064Aab -0.78 £ 0.052Db
Ss -0.51 £ 0.048Bc -0.69 £ 0.055Cb 0.13 + 0.064Aa -0.75 £ 0.052Cb
Sé -0.40 £ 0.048Bb -0.36 £ 0.055Ba 0.02 + 0.064Ab -0.60 + 0.052Ca
S7 -0.33 + 0.048Ba -0.43 £0.055Ca 0.10 + 0.064Aab -0.63 £ 0.052Da

* Biiyiik harfler her bir sulama programin da vejetasyon indeksler arasi farklilig, kiigiik harfler ise her bir vejetasyon indeksinde
sulama programlari arasi farkliligi géstermektedir (p<0.05).

Sulama programlari 1. Donemde, S7 ile S1, S2, S3, S4, S5 ve S6 arasindaki fark istatistiksel
olarak farkli bulunmustur. 2. Dénemde, S7 sulama programi ile S1, S2, S4 ve S5 sulama programlari
arasinda istatistiksel fark 6nemli bulunmustur. 3. donemde diger donemlere gore LCI indeksinin
istatistiksel farki 6nemli bulunmustur. 3. Dénemde, sulama programlar1 seviyesinde S2 ve S5, S3 ve S6
arasindaki fark istatistiksel olarak 6nemli bulunmustur. 4. Donemde, S7 sulama programi ile S1, S2, S4
ve S5 arasindaki fark 6nemli bulunmustur. ET0 Penman Monteith yontemine gore uygulanan deneme
konularinda LCI vejetasyon indeksi ile her donemde S2, S4 ve S5 kontrole gore farkli bulunmustur. Bu
parsellere uygulanan sulama suyu miktarlarii her donemde izlenmesinde basarili sekilde
kullanilabilecegi belirlenmistir. Zonal istatistiksel degerler kullanilarak bu ayrimin yapilabilmesi yaygin
sekilde kullanimina olanak saglamistir. Misir bitkisinde gelisme donemine goére uygulanan deneme
konularinda basarili bir sekilde izlenebilecegi belirlenmistir (Tablo 4).

Tablo 5. TGI indeksine Sulama Programlarinin etkileri

Sulama Doéneml1 Doénem 2 Doénem 3 Doénem 4
Program TGI 1 TGI 2 TGI 3 TGI 4
Ort. = Std. Hata Ort. £+ Std. Hata Ort. = Std. Hata Ort. + Std. Hata
S1 316.3 + 81. 81Bd 332.4 + 148,89Bab 852.0 £ 49.8Aa 19.6 + 5.12Ca
S2 4279 + 81. 81Bd 510.3 + 148,89Bb 890.6 + 49.8Aa 273 +£5.12Ca
S3 427.9 + 81. 81Bcd 510.3 £ 148,89Ba 890.6 + 49.8Aa 273 +5.12Ca
S4 314.7 + 81. 81Bd 330.9 + 148,89Bab 1022.3 + 49.8Aa 20.6 + 5.12Ca
S5 536.7 £ 81. 81Bc 287.5 + 148,89Cb 938.8 + 49.8Aa 19.2 + 5.12Da
S6 758.7 + 81. 81Bb 307.1 + 148,89Cb 898.1 + 49.8Aa 23.8 +5.12Da
S7 1036.8 £+ 81. 81Aa -59.7 + 148,89Bc 924.6 + 49.8Aa 28.5 + 5.12Ba

* Biiyiik harfler her bir sulama programin da vejetasyon indeksler arasi farkliligy, kiigiik harfler ise her bir vejetasyon indeksinde
sulama programlari arasi farkliligi géstermektedir (p<0.05).

Sulama programlari 1. dénemde, S3 ile S5 ve S6 sulama programi arasindaki fark istatistiksel
olarak 6nemli bulunmustur. 2. dénemde, S7 sulama programi ile diger sulama programlar1 arasindaki
fark 6nemli bulunmustur. 2. dénemde, S7 sulama programi ile diger sulama programlarinda istatistiksel
fark 6nemli bulunmustur. 1. dénemde, S7 sulama programi ile diger sulama programlar1 arasinda
istatistiksel fark onemli bulunmusgtur. 2. dénemde, S3 ile S2, S5 ve S6 sulama programi arasindaki fark
istatistiksel olarak onemli bulunmustur. Bu parsellere uygulanan sulama suyu miktarlarini 1. ve 2.
donemde izlenmesinde basarili sekilde kullanilabilecegi belirlenmistir. Zonal istatistiksel degerlerin
kullanilarak bu ayrimin yapilabilmesi yaygin sekilde kullanimina olanak saglamigtir. Misir bitkisinde 1.
ve 2. donemine gore uygulanan deneme konularinda basarili bir sekilde izlenebilecegi belirlenmistir. 3.
ve 4. donemde TGI vejetasyon indeksi deneme konularia goére ayrimda sinirli kalmistir. Bu durumun
zonal istatistik degerlerin kullanilmasindan kaynaklandig: diisiiniilmektedir (Tablo 5).
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Tablo 6. Vejetasyon indekslerine Sulama Programlarinin donemsel etkileri

VEJETASYON DONEM 1 DONEM 2 DONEM 3 DONEM 4
INDEKSI Ort. + Std. Hata Ort. + Std. Hata Ort. + Std. Hata Ort. + Std. Hata
NDVI -0.40 £ 0.021C -0.34 £+ 0.035B 0.30 + 0.064B 0.07 + 0.064A
NDRE -0.45 £ 0.004B -0.44+ 0.006B 0.06+ 0.022A 0.06 + 0.022A
MCARI -2528.4 +243.1C -1295.2 + 407.7BC  2687.6 & 863.9A -1.7998 + 22.99B
VARI -0.06 + 0.013B 0.02+ 0.049B 0.15+ 0.029A 0.16 £ 0.024A
GNDVI -0.39 £ 0.021C -0.32+ 0.047C 0.20+ 0.047A -0.03 £ 0.048B
GRVI -0.01 £ 0.011C 0.00174 0.049B 0.11+ 0.021A 0.11 +£ 0.017A
SAVI -0.61 £ 0.032C 0.51+ 0.052C 0.45+ 0.096A 0.11 £+ 0.096B

*Biiyiik harfler her bir vejetasyon indeksinin gelisme dénemindeki farkliligin1 gostermektedir (p<0.05).

Caligmada iizerinde durulan ozellikler bakimindan elde edilen veriler faktoriyel diizende
tekrarlanan 6l¢iimlii varyans analizi teknigi ile analiz edilmistir. Calismada sulama programi faktoriiniin
7 seviyesi ve vejetasyon indeksi Ol¢iim metodu faktoriiniin 4 seviyesi ayni anda denenmistir.
Tekrarlanan olgiimler vejetasyon indeksi 6lglim metodunun seviyelerinde gergeklestirilmistir. LCI ve
TGI vejetasyon indekslerinin sulama programlarima ve 4 donemde istatistiksel olarak duyarli
olmasindan dolay1 kullanilabilecegi belirlenmistir (Tablo 7). Bunun nedeninin piksellerin ortalama
degerlerinin kullanilmasindan ve elde edilen degerlerin standart sapmalarinin negatif ve pozitif deger
almasindan dolay1 oldugu diisiiniilmektedir. Nitekim donemsel olarak bitkilerin toprak yiizeyini
kaplama oran arttik¢a vejetasyon indekslerinin kullanilabilirliginin arttig1 bilinmektedir (Zhang ve ark.,
2019; Zhang ve ark., 2021).

3.3. Yiizey iistii damla sulama yontemi

Sulama programlarina ait 9 indeks degeri elde edilmistir. Yiizey Ustii damla sulama yontemi
uygulanan sulama programlarina ait tanimlayici istatistik degerleri Sekil 6’da verilmistir. Elde edilen
vejetasyon indeks degerleri 1. ve 2. donemde negatif degerler almistir. Bu donemlerde misir bitkisinin
vejetatif gelisimi diigiik oldugu i¢in sulama programi paralellerinde topraktan kaynakli yansima diisiik
oldugu i¢in ortalama zonal istatistik degerleri negatif degerler almistir. Bu donemlerde misir bitkisinin
kapama orami diisiik oldugu i¢in, sulama programlarinda vejetasyon indeks degerlerinin topraktan
yansima degerlerini igeren piksellerin fazla olmasindan kaynaklanmistir. 3. ve 4. donemde S6 (0.25)
sulama programi haricinde sulama programi uygulanan parsellerde negatif degerler elde edilmistir. 4.
donemde yiiksek kapama oranindan dolay1 S6 disinda paraleller arasi yakin degerler alarak deneme
basina hata diismiistiir. Sulama programlarina ait vejetasyon indekslerinin 4 donemdeki degisimi Sekil
7’de verilmistir. TGI ve LCI vejetasyon indeksi hari¢ diger indeksler 4 déonemde lineer artig gostermistir.
NDVI, NDRE indeksine gore sulama programlari arasinda diisiik lineer iliski tespit edilmistir. NDRE
indeksinin dénemsel olarak daha basarili sonuglar vermesi daha dnceki yapilan ¢alismalar ile benzerlik
ifade etmektedir (Becker ve ark., 2020). Calisma alanina ait SAVI degerleri 0.10-0.89 araliginda deger
almigtir. Yiizey alti damla sulama yonteminde sulama programlari ve donemsel VARI indeksine ait
sonuglar verilmistir (Tablo 7). VARI indeksine ait sulama programlar1 ve dénem farkliliklar1 Tablo 7°de
sunulmustur. Diger bitki indekslerinin dénemsel farkliliklar1 Tablo 8’de gdsterilmistir (p<0.05).
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Tablo 7. VARI indeksine sulama programlariin etkileri

Doénem 1 Doénem 2 Doénem 3 Doénem 4
Sulama Programu VARI 1 VARI2 VARI 3 VARI 4
Ort. £+ Std. Hata Ort. £+ Std. Hata Ort. £+ Std. Hata Ort. £+ Std. Hata
S1 -0.03 £0.11Aa 0.07 + 0.04Aa 0.07 £ 0.07Aa 0.10 £ 0.05Aa
S2 -0.33 £ 0.11Bc 0.08 £ 0.04Aa 0.206 £ 0.07Aa 0.24 £+ 0.05Aa
S3 -0.16 £+ 0.11Babc 0.05 £+ 0.04Aba 0.16 £ 0.07Aa 0.19 £+ 0.05Aa
S4 -0.37 £ 0.11Bbc 0.11 £ 0.04Aa 0.206 £ 0.07Aa 0.208 + 0.05Aa
S5 -0.05 £ 0.11Aa 0.07 £ 0.04Aa 0.13 +£ 0.07Aa 0.15 £ 0.05Aa
S6 -0.16 £+ 0.11Babc 0.01 £+ 0.04Aa 0.14 £ 0.07Aa 0.19 £+ 0.05Aa
S7 -0.08 + 0.11Bab 0.08 + 0.04ABa 0.13 £ 0.07ABa 0.22 + 0.05Aa

* Biiyiik harfler her bir sulama programin da donemler aras: farkliligs, kiigiik harfler ise her bir donemde sulama programi
uygulanan parseller arasi farklilig1 gostermektedir (p<0.05).

Yiizey Ustli damla sulama yonteminde sulama programlar1 ve donemsel VARI indeksine ait
sonuglar verilmistir (p<0.05). Sulama programlar1 S1, S5’te donemler arasi fark goriilmemistir. Sulama
programi S3, S4, S5 ve S6’da 1. donem ile 2. 3. 4. donem arasindaki fark istatistiksel olarak 6nemli
bulunmustur. Sulama programi S7 4. Donem ve 1. Dénem arasindaki fark dnemli bulunmustur. Sulama
programi S7 (kontrol)’e goére, 1. Donem S2 sulama programi istatistiksel olarak fark 6nemli
bulunmustur. 3. ve 4. donemde S7 (Kontrol) sulama programina goére sulama programi seviyelerinde
istatistiksel olarak fark Onemsiz ¢ikmigtir. 3. ve 4. donemde VARI vejetasyon indeksi deneme
konularina gore ayrimda smirli kalmigtir. Bu durumun zonal istatistik degerlerin kullanilmasindan
kaynaklandig diisiiniilmektedir.

1. Dénem 2. Dénem
ST TR LA = T B D A R LI L
= T TP - T R e RO T RO TR
- GNDVIT GR\‘UD - SAVIT " TNDVIT ':"_‘D TRVIT S SAVTZ
SR TR LT e T T T LT B I N T T

S1 82 S S4 S8 Se S§7 - S P S1 82 S3 84 88 S §7 S1 82 S3 84 88 & 87 S P S1 82 §3 S4 88 S 87
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Rl N R L G A WAL - |
i B T LT CR= e =N R b
::t‘lgljﬂgu”u ‘HHHHQH ""Uﬁu-u"”“ :::EEU.EUH: ::fﬁEDﬁErg ::;HED-EU=n
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Sekil 6. Sulama Programlarina ait vejetasyon indekslerinin donemsel tanimlayici istatistikleri.
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Yiizey Ustii Sulama

1 2 3 4
0.5 AL Sulama
Programu

0,0 /! S1

0.5 S2

MCARI S3

5000 / S4

. Vo, Y 85

S6

-5000 / S7

1 2 3 4
Donem
Sekil 7. Sulama Programlarinin dénemsel vejetasyon indeks degerleri.
Tablo 8. Vejetasyon indekslerine sulama programlarinin dénemsel etkileri
VEJETASYON DONEM 1 DONEM2 DONEM3 DONEM4
INDEKSI Ort. + Std. Hata Ort. + Std. Hata Ort. + Std. Hata Ort. + Std. Hata

NDVI -0.54 £ 0.015B -0.39 + 0.031B 0.33 £ 0.05A 0.16 £ 0.053A
NDRE -0.44 + 0.004B -0.43 £ 0.006B 0.09 + 0.021A 0.09 + 0.021A
LCI 0.35740.006B 0.460+0.017C 0.123+0.024A 0.704£0.016D
MCARI -4208.2 £ 176.4C -1038.5 £ 224.1B 3136.7 + 636.5A 24.50 + 16.80B
TGI 637.8 + 70.3B 3423+ 15.1C 844.5 £ 24.7A 19.63 + 1.54D
GNDVI -0.47 £ 0.028C 0.43 +£0.021C 0.24 + 0.038A 0.04 +£0.041B
GRVI -0.06 + 0.015C 0.04 £ 0.015B 0.08 £ 0.021AB 0.13 £ 0.014A
SAVI -0.81 £ 0.02D -0.59 £ 0.046C 0.50 £ 0.075A 0.25 £ 0.079B

Donemsel olarak elde edilen SAVI, TGI, LCI indekslerinin vejetasyon donemini izlemede
istatistiksel olarak anlamli sonuglar verdigi tespit edilmistir. Diger indekslerde icin 1. ve 2. donem ile 3.
ve 4. donem arasinda istatistiksel olarak farklilik 6nemli bulunmustur (p<0.05). Yesil bandin yansimasi
saglikli bitki ortlisiiniin bir gostergesidir. Yesil yansima kapasitesinin kuraklik stresini tespit etme
kapasitesinin bir sonucu olarak, bu band1 kullanan birkag vejetasyon indeksi dnerilmistir (Zhang ve ark,
2019; Zhang ve ark., 2021). Bu ¢alisma i¢in kullanilan yesil spektral bant dahil NDVI, NDRE, LClI,
MCARI, TGI, VARI, GNDVI, GRVI ve SAVI indekslerinin kisitli sulama uygulanan muisir
parsellerinde farkli sulama yontemlerine gore etkileri degerlendirilmistir. NDRE, Normalize Edilmis
Fark Vejetatif indeksi (NDVI) ile hesaplamada yontemi aynidir. Ancak, NDVI'da kullanilan ortalama
kirmizi bant yerine ortalama kirmizi kenar bandi kullanilmaktadir. Goriiniir bélge yansima
spektrumunun kirmizi kenarli boélgesi, klorofilin radyasyonu absorbe etmedigi bitki Ortiisiiniin
yansimasinda hizli artis gosteren bir bolge oldugu belirtilmektedir (Gitelson ve Merzlyak, 1994). Yakin
kiziltesi ve goriiniir bolge bantlar ile iiretilen vejetasyon indeksleri toprak yansimasi da dikkate alinarak
kiigiik isletmelerin arazilerindeki sulama seviyelerini ek bir diizeltme faktorii ihtiyaci hissetmeden
belirlemede kullanilabilecegi ¢alisma ile ortaya konulmustur.

Ciftlik olgeginde, bitki su stresinin takibi genellikle zordur. Uydu ve ucak platformlari ile
uzaktan algilama, yiiksek isletim zorlugu ve yiiksek isletme maliyeti gibi dezavantajlara sahiptir ( Zhao,
2014; Han ve ark., 2018; Zhang ve ark., 2019; Miijdeci ve ark., 2020; Demir ve Basayigit, 2020; Zhang
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ve ark., 2021). Insansiz hava arac1 (IHA) uzaktan algilama sistemi, mahsul bilgilerini istenen bir uzamsal
ve zamansal ¢oziiniirliikte toplanmasi bitki su stresini ve su kisitini ¢iftlik 6l¢eginde hizli ve titizlikle
izlenmesine olanak saglayacagi belirlenmistir. Diger uzaktan algilama yontemlerine gore kiigiik 6lcekli
alanlarda yapilan tarimsal uygulamalarin, IHA ile izlenmesi ve takip edilmesinde énemli avantajlara
sahip olmasi tarimsal amagli kullanimlarinin arttiracagini géstermektedir.

4. Sonug¢

Bu calisma ile, IHA platformlarindaki yiiksek uzamsal ¢oziiniirliige sahip Multispektral sensor
kullanilarak kisith sulama uygulanan parsellerin multispektral goriintiilerinden (B, G, R, RE, NIR)
tiiretilen vejetasyon indeksleri ile farkli sulama yontemlerinin izlenebilirligi ve tarimsal uygulamalarda
kullanilabilirligi belirlenmigtir. Yiizey altt damla sulama yénteminde LCI ve TGI indeksleri, yiizey tstii
damla sulama yonteminde VARI indeksi S7 (Kontrol) programina gore, diger ET0’a gore hesaplanan
sulama seviyelerindeki uygulanan sulama suyu miktarlarinda misir bitkisi i¢in daha kullanislt oldugu
belirlenmistir (p<0.05).

Standart Yagis Indeksi (SPI) ile hesaplanan Normale Yakin Kuraklik kategorisi icerisindeki
aylarm goriildiigii bolgeler i¢in sulama yontemlerinde ve sulama programlarinda silajlik misir
gelisiminin takip edilmesi ve su ihtiyaci kritik seviyelerinin belirlenmesi ¢alismalarinin gerekliligini
ortaya koymak i¢in uygulanan yaklasimin kullanilabilir oldugu sonucuna varilmstir.

Multispektral sensér bulunan THAlara sahip yerel ¢iftciler igin, silajlik misir bitkisinin sulama
seviyelerinde izlenmesi ve degerlendirmesini gergeklestirmek igin 6nemli sonuglar ortaya konulmustur.
IHA sensérlerine belirtilen indeks degerini hesaplayan algoritmalarin programlanmast ile giftciler icin
daha kullanilabilir hale gelebilecegi diisiiniilmektedir. Calismalarin, sulama suyu seviyesi ve arazi
kosullarinda elde edilen verilerin degerlendirilmesinde dijital tarim teknikleri yoniinden katk:
saglayacag beklenmektedir. Nitekim bu c¢alisma, Akilli Tarim, Hassas Tarim, Organik Tarim ve lyi
Tarim uygulamalarinda IHA kullanimlarma yénelik bir alternatif uygulama 6rnegi olmustur.
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Makale Bilgileri Oz: Bitkisel yaglar, yiiksek besleyici ozellikleri ile insan beslenmesinde biiyiik

oneme sahiptir. Gliniimiizde basta ¢orek otu olmak iizere soguk pres yaglara

' talep, her gecen giin artmaktadir. Bu caligmada gida takviyesi olarak tiiketilen ve

Kab.ul. 18.05.2021 soguk pres Ozelligi vurgulanarak satilan yaglarin, baz1 kalite ve karakteristik
Online Yaymlanma 15.09.2021 . . .. . .o - .. .

DOI: 10.29133/yyutbd. 780205 ozelllklerln}n gida giivenligi agisindan degerlendirilmesi amaglanmuistir.

Caligmada Istanbul piyasasinda satisa sunulan alti marka ve dort ¢esit (¢orek otu,

Gelis: 13.08.2020

Anahtar Kelimeler riiseym, liziim ¢ekirdegi ve kayisi ¢ekirdegi) numunenin, % serbest yag asitligi
Soguk pres yaglar, (FFA), peroksit degerleri (PV), yag asitleri kompozisyonlar1 ve iyot sayilari
FFA, incelenmistir. Analiz sonuglarina gore yaglarin ortalama FFA degerleri, ¢orek
Peroksit degeri, otunda % 8.1, riseymde % 1.43, lziim g¢ekirdeginde % 1.90 ve kayist
Yag asit kompozisyonu, cekirdeginde % 4.31; ortalama PV (meq Oy/kg yag) degerleri ise, ¢orek otunda
Iyot sayst. 24.30, riiseymde 21.42, {iziim ¢ekirdeginde 12.39, kayisi ¢ekirdeginde 26.23

olarak tespit edilmistir. Numunelerin toplam (X) SFA, MUFA, PUFA degerleri
sirastyla, ¢orek otunda % 7.14-11.42, % 16.43-42.78, % 29.09-48.81; riiseymde
% 6.83-11.35, % 22.64-51.87, % 22.27-54.87; iiziim ¢ekirdeginde % 6.89-11.86,
% 22.68-41.82, % 30.76-44.27; kayis1 ¢ekirdeginde % 5.62-10.29, % 22.58-
59.24, % 21.15-43.93 araliklarinda degistigi tespit edilmistir. Ortalama iyot
sayilar1 (g 1/100 g yag) ise, ¢orek otunda 95.17, riseymde 97.58, iiziim
cekirdeginde 99.00 ve kayisi cekirdeginde 92.62 olarak hesaplanmistir. Incelenen
numunelerden sadece Uiziim c¢ekirdegi yagi, Tirk Gida Kodeksi’nde yer
aldigindan, diger numunelerin degerlendirilmesi Kodeks’e gore yapilamamustir.
Uziim cekirdegi yag: numunelerinden 2 adedinin PV degerinin, 3 adedinin ise
FFA degerinin teblige gore uygun olmadigi tespit edilmistir. Numune
analizlerinden elde edilen sonug farkliliklarinin hammadde kalitesi ve depolama
kosullar1, proses sartlart ve son liriin muhafaza kosullarindan kaynaklandigi
diistiniilmektedir.

Determination of Chemical Properties of Cold Pressed Qils Sold in Istanbul Market

Article Info Abstract: Vegetable oils are important in human nutrition with their nutritional
properties. Today the demand for cold pressed oils, especially black cumin, is
increasing day by day. In this study, it was aimed to evaluate the quality and
characteristics of the oils consumed and sold by highlighted as cold pressed as
food supplements in terms of food safety. In the study, % free fatty acidity (FFA),
peroxide values (PV), fatty acid compositions and iodine numbers of samples (six

Received: 13.08.2020
Accepted: 18.05.2021

Online Published 15.09.2021
DOI: 10.29133/yyutbd.780205

Keywords brands and four varieties; black cumin, wheat germ, grape seed and apricot
Cold pressed oils, kernel) sold in the Istanbul market were investigated. According to results,
FFA, average FFA values were 8.1% in black cumin, 1.43% in germ, 1.90% in grape
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Peroxidg values, N seed, 4.31% in the apricot kernel. Average PVs (meq Oz kg! oil) were 24.30 in
Fatty acids composition, black cumin, 21.42 in germ, 12.39 in grape seed, 26.23 in the apricot kernel.
lodine value. Total(X) SFA, MUFA, PUFA values were determined between 7.14-11.42%,

16.43-42.78%, 29.09-48.81% in black cumin; 6.83-11.35%, 22.64-51.87%,
22.27-54.87% in germ; 6.89-11.86%, 22.68-41.82%, 30.76-44.27% in grape
seed; 5.62-10.29%, 22.58-59.24%, 21.15-43.93% in apricot kernel, respectively.
Also, average iodine numbers (g I,/ 100 g oil) were calculated 95.17 in black
cumin, 97.58 in germ, 99 in grape seed, 92.62 in the apricot kernel. Since only
grape seed oil is included in the Turkish Food Codex, evaluation of the other
samples couldn’t be made according to the Codex. It was determined that the PV
value of 2 grape seed oil samples and the FFA value of 3 samples were not
suitable according to the communiqué. The differences in the analysis results are
thought to be caused by raw material quality and storage, process and final
product storage conditions.

1. Giris

Bitkisel yaglar gerek biyoaktif gerekse yiiksek besleyici 6zelligiyle insan beslenmesinde dnemli
bir gida maddesidir. Insanlar, giinliik besin ihtiyacinin % 25’ini yaglardan karsilamaktadir (Akoh ve
Min, 2008; Demirci, 2012). Meyve ya da tohumlarindan elde edilen bitkisel yaglar tiiketiciye gelene
kadar pek cok asamadan ge¢mektedir. Bu asamalarda yaglarin besin degeri ve Onemli biyoaktif
bilesenleri kayba ugramaktadir. Soguk preslenmis yaglar; dogrudan tiiketime uygun olan, 1s1l islem
olmaksizin sadece mekanik yontemle elde edilen ve su ile yikanarak, ¢okeltme, filtreleme ya da santrifiij
islemleri uygulanarak saflastirilan yaglar olarak tanimlanir (CAC,1999; TGK, 2020). Soguk pres
yontemiyle elde edilen yaglar yiiksek sicakliklara maruz kalmazlar, kiispe sicakligimin siirtiinme
etkisiyle maksimum 50 °C’ye ¢ikmasi, yagin ise maksimum 37 °C’de islem gormesi saglanir
(Gurgenova ve Wawrzyniak, 2012; Panfilis ve ark., 1998).

Corek otu, bugday riiseymi, iiziim ¢ekirdegi ve kayis1 ¢ekirdegi yaglarmin biyoyararliliklart
iizerine in-vitro ve in-vivo pek ¢ok calisma mevcuttur. Doymamis yag asitleri, ugucu bilesikler, fitosterol
ve E vitamini igerikleriyle zengin olan bu yaglarin antihiperlipidemik, antioksidatif, antikanserojenik,
antiinflamatuar, antimikrobiyel 6zellikleri bilinmektedir (Aric1 ve ark., 2005; Cakmake1 ve Cakir, 2011;
Cetinytirek, 2012). Bu 6zelliklerinden dolay1, son donemlerde soguk pres yaglar (degerli yaglar) lizerine
caligsmalar artmistir. Giiniimiizde, 6zellikle aktarlarda soguk pres adi altinda gesitli yaglar satilmaktadir.
Ancak s6z konusu yaglarin etiket bilgilerinin yetersizligi, satilan tiim yag ¢esitlerinin Kodekste yer
almamasi gida giivenligi agisindan risk olusturmaktadir.

Bu nedenle ¢alismamizda piyasada gida takviyesi olarak kullanilan ve en ¢ok satilan soguk pres
yaglari hem gida giivenligi agisindan risk olusturup olusturmadiginin incelenmesi hem de bu yaglarin
standart kalitede iiretimlerinin gergeklestirilebilmesi i¢in ilgili tebligde limit degerlerinin belirlenmesi
gerekliliginin ortaya konulmasi amaglanmustir.

Bu caligmalardan elde edilen sonuglar ve literatiir degerleri hammaddenin, ambalajin, proses
kosullarinin, depolamanin ve kontrolsiiz iiretimin, elde edilen soguk pres yaglarin tiiketilebilirligi,
kalitesi ve raf Omrii {izerine son derece 6nemli oldugunu gostermektedir.

2. Materyal ve Yontem
2.1. Materyal

Bu ¢alismada Istanbul’un farkli ilgelerindeki (Fatih, Bakirkdy ve Giingdren) aktarlardan alinan
alt1 farkli yerli markaya ait satis hacmi hizli dort ¢esit yag numunesi (¢orek otu, bugday riiseymi, iiztim
¢ekirdegi ve kayisi ¢ekirdegi yagi) materyal olarak kullanilmistir. Yag numuneleri liretim ve son
kullanma tarihleri arasinda en fazla bir ay siire olacak sekilde temin edilmistir.

2.2. Metot

24 adet numuneye ait tiim analizler ikiser paralel olarak gerceklestirilmistir.
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2.2.1. % Serbest Yag Asitligi (FFA) ve Peroksit Degeri (PV)

Calismada numunelerin % serbest yag asitligi (FFA) ve peroksit degerleri (PV) klasik titrimetrik
yontemlerle belirlenmistir (TSE, 2015; 2017).

2.2.2. Yag Asitleri Kompozisyonu Analizi

Yag asitleri kompozisyonu, Thermo Scientific Trace 1300 Gaz Kromatografisi cihazinda
(AOAC, 2017a) metoduna gore belirlenmistir.

2.2.3. iyot Sayisi

Iyot sayis1 yag asitleri kompozisyonundan faktér katsayisindan yararlamlarak direkt olarak
hesaplanmigtir (Petursson, 2002; AOAC, 2017b).

2.2.4. istatistiksel Analiz

Elde edilen veriler arasindaki farklar, JMP 6.0 programi kullanilarak p<0.05 anlamlilik
diizeyinde bagimsiz "t" testi ve tek yonlii varyans analizi ile belirlenmistir.

3. Bulgular ve Tartisma

Calismamiza ait numunelerin serbest asitlik (% FFA) degerleri Cizelge 1’de verilmistir. Cizelge
1 incelendiginde ¢orek otu yaginin % FFA degeri, en diisiik % 3.35 ile C markasinda, en yiiksek deger
ise % 11.88 ile D markasinda tespit edilmistir. Pakistan’da yetisen ¢orek otunun farkli cinsleri tizerine
yapilan bir arastirmada, ¢orek otu yagimin % FFA degerlerinin; % 4.7 ile % 20.5 arasinda degistigi
bildirilmektedir (Sultan ve ark., 2009). Yapilan baska bir arastirmada, Tunus ve Iran’da yetisen ¢orek
otundan hekzan ile ekstrakte edilmis yagin % FFA degerleri sirasiyla % 22.7 ve %18.6 olarak
saptanmistir (Aftab ve ark., 2014). Kiralan ve ark.’nin (2014), ¢orek otu yagimnin soguk pres, soxhlet ve
mikrodalga destekli ekstraksiyonla eldesi lizerinde yaptig1 arastirmaya gore, % FFA degerleri sirasiyla;
% 7.5, % 9.28 ve % 9.51 arasinda tespit edilmistir. Mohammed ve ark.’nin (2016), yaptig1 ¢alismaya
gore ise soguk pres ektraksiyonla elde edilen ¢orek otu yaginda % FFA degeri % 6.15 bulunmustur.
Caligmamiza ait sonugclar literatiir ¢aligmalari ile benzerlik gdstermektedir.

Cizelge 1’deki degerlere gore, bugday riiseymi yaglarinda % FFA en diisiik % 0.56 (E markasi),
en yiksek % 1.94 (F markasi) olup, altt markanin ortalama % FFA ise % 1.43’tlir. Eisenmenger’in
(2005), ruseymlerden stiperkritik akiskan (SFE) ve hekzan ekstraksiyonlariyla yag elde ettigi
calismasinda % FFA, SFE’de % 6.2; hekzan ekstraksiyonunda ise % 7.9 olarak saptamistir. Mahmoud
ve ark. (2015)’nin, Misir orijinli bugday riiseymlerinden hekzan ekstraksiyonuyla elde edilen yaglarinda
ise % FFA degeri % 8.33 olarak tespit edilmistir. Calismamizda incelenen numunelerin % FFA degerleri
literatiirdeki degerlere gore diisiiktiir.

Uziim g¢ekirdegi yaglarinin %FFA degerleri incelendiginde en diisiik % 0.31 (B markasi), en
yiiksek %3.31 (A markasi) ve ortalama % 1.89 degeri tespit edilmistir. E1-Shami ve ark.’nin (1992),
Masir orijinli lizlimlerden elde ettikleri yaglarin % FFA degerinin % 3.45 oldugunu bildirmektedir.
Yousefi ve ark. (2013), Iran orijinli iki farkli {iziim gesidi yaglarimin % FFA degerlerini % 0.61 ve %
0.67, Chander (2010) ise ¢aligmasinda % FFA degerini % 0.7 olarak tespit etmistir. Caligmamiza ait
sonuglar literatiir caligmalar ile benzerlik gostermektedir.

Cizelge 1°deki degerlere gore, kayisi ¢ekirdegi yaglarinda % FFA degeri en diisiik % 1.09 (E
markast), en yiiksek % 11.85 (D markasi) olup, altt markanin ortalama degeri ise % 4.27°dir. Pakistan’da
Manzoor ve ark. (2012) hekzan ekstraksiyonu ile elde edilen ¢ekirdek yaglarinda % FFA degerini %
0.41- 1.28 arasinda, Hussain ve ark. (2011) mekanik presleme ile elde edilen ac1 kayis1 cekirdegi
yaglarinda %7.80, tatli kayis1 ¢ekirdekleri yaglarinda ise % 7.76 olarak tespit etmislerdir. Pavlovic ve
ark. (2018), soguk pres kayisi ¢ekirdegi yaginda % FFA degerinin % 1.77, siiperkritik ile ekstrakte
edilen yagda ise % 1.88 oldugunu bildirmektedir.

Calismamizdaki numunelerin % FFA degerlerinin literatiirdeki degerlere yakin oldugu
goriilmiistiir. Istatistiksel olarak % FFA degerlerinde anlamli diizeyde farklilar belirlenmistir (p<0.05).
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% FFA degerleri lizerine hammaddenin orjini, hasattan sonra bekleme siiresi, depolama kosullar1 ve elde
edilme proses yontemlerinin etkili oldugu goériilmektedir.

TGK Bitki Adi ie Anilan Yaglar Tebligi’nde ¢alismamizda incelenen iiziim ¢ekirdegi yagi
disindaki yaglar yer almadig i¢in, sadece iiziim ¢ekirdegi yagi analiz degerleri teblig ile kiyaslanmigtir.
Buna gore alti numuneden {igiiniin % FFA degeri (mg KOH / g yag) limit disinda tespit edilmistir.

Cizelge 1. Farkli markalardaki ¢orek otu, bugday riiseymi, iziim ¢ekirdegi ve kayisi ¢ekirdegi yaglarinin

% FFA degerleri (n:24)
% FFA
Numune Corek Otu - . . Uziim Kayis1 Cekirdegi Yagi
Yag Bugda‘);ﬁlllseyml Cekirdegi
g Yag
A 9.43+0.01¢ 1.68+0.13B 3.12+0.03B 4.39+0.01B
B 0.95+0.08B 0.95+0.01¢ 0.31+0.04F 1.17+0.07°
C 3.35+0.04% 1.78+0.048 0.78+0.01% 2.87+0.08¢
D 11.88+0.224 1.71+0.03B 3.30+0.104 11.85+0.08*
E 6.89+0.12P 0.56+0.01P 0.90+0.03P 1.09+0.03°
F 7.19+0.29P 1.9440.04% 2.9040.04¢ 4.24+0.048
Ort. 8.10 1.44 1.89 4.27

Degerler ortalama+tstandart sapma seklinde verilmistir. Kiigiik harfler dort ¢esit yag arasindaki farki; bityiik harfler ayn1 yagin
markalar arasindaki farki gostermektedir (p<0.05).

Numunelere ait peroksit degerleri Cizelge 2’de verilmistir. Cizelge 2 degerlendirildiginde ¢orek
otu yaginda peroksit degerinin en diisiik 5.08 meq O./kg yag (C markasi), en yiiksek 46.34 meq Ox/kg
yag (E markasi), ortalama degerin ise 24.30 meq O./kg yag oldugu tespit edilmistir. Sultan ve ark.
(2009), ¢orek otu yag karisimlar: tizerine yaptiklari ¢alismada peroksit degerinin 5.7 meq Ox/kg yag
oldugunu bildirmektedir. Kiralan ve ark. (2014) ise, soguk pres, soxhlet ekstraksiyon ve mikrodalga
destekli ekstraksiyon yontemi ile elde edilen ¢orek otu yaginin peroksit degerlerini sirasi ile 31.32 meq
O./kg yag, 25.23 meq Ox/kg yag, 21.45 meq Ox/kg yag olarak tespit etmislerdir. Peroksit degeri iizerine
sicakligin etkisi ile ilgili yapilan bir ¢alismada, ¢orek otu yagi 3 hafta siiresince 60°C sicakliktaki firinda
bekletilmis ve peroksit degeri baslangic seviyesi 51 meq Oxkg yag iken, 64.5 meq Oxkg yag’a
ulasmistir (Ramadan ve Morsel, 2004). Mohammed ve ark. (2016) ise, soguk pres ile ¢orek otu yag
eldesinde peroksit degerini 4.1 meq O»/kg yag bulmuslardir.

Riiseym yaginin peroksit degerleri incelendiginde, en diisiik degerin 11.17 meq Ox/kg yag (C
markast), en yiiksek degerin 44.32 meq Ox/kg yag (F markasi), ortalama degerin ise 21.42 meq O/ kg
yag oldugu belirlenmistir. Mahmoud ve ark. (2015) riiseym yagimin peroksit degerini 16.35 meq O./kg
yag, Wang ve Johnson (2001) ise 20 meq Ox/kg yag oldugunu bildirmektedir. Megahed (2011), Misir
orjinli bugdaydan elde edilen riiseym yaglarini oda sicakliginda 7 giin bekleterek peroksit degerlerini
6lemiis ve degerleri 1.71-19.48 meq O./kg yag araliginda saptamistir. Zou ve ark. (2018) calismalarinda,
kavrulmamis bugday riiseymi yaginda peroksit degerlerini, 0-110 meq O./kg yag araliginda ve 180
°C’de 5, 10 ve 20 dk siirelerle kavrulmus ii¢ drnekte ise 0-140 meq Ox/kg yag araliginda degistigini
tespit etmistir.

Uziim ¢ekirdegi yaginda peroksit degerlerine bakildiginda, en diisiik deger 6.06 meq O./kg yag
(A markas), en yiiksek deger 27.81 meq Ox/kg yag (F markas1), ortalama deger ise 12.39 meq Ox/kg
yag olarak tespit edilmistir. Uziim ¢ekirdegi yagmin peroksit degeri ile ilgili yapilan diger galismalarda
El-Shami ve ark. (1992),8.5 meq O./kg yag, Chander (2010) 13.5 meq O2/kg yag, Yousefi (2013) ise,
farkl iki gesit iran iiziimiinden elde edilen yagin peroksit degerlerini 9.30 ve 10.63 meq Oxkg yag
oldugunu bildirmislerdir.

Calismamizdaki numunelerin peroksit degerlerinin literatiirdeki degerlere yakin oldugu tespit
edilmistir. Istatistiksel olarak yapilan degerlendirmede peroksit degerleri arasinda anlamh diizeyde
farkliliklar belirlenmistir (p<0.05). TGK Bitki Adi ile Amlan Yaglar Tebligi’nde caliymamizda
incelenen iiziim ¢ekirdegi disindaki yaglar yer almadigi i¢in, sadece iiziim ¢ekirdegi yagi analiz degerleri
teblig ile kiyaslanmistir. Buna gore alti numuneden ikisinin peroksit degeri (miliekivalen aktif
oksijen/kg yag) limit disinda tespit edilmistir.
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Kayisi ¢ekirdegi yaginin peroksit degerlerine bakildiginda en diisiik degerin 1.1 meq Ox/kg yag
(A markasi), en yiiksek 97.79 meq O./kg yag (E markasi), ortalamanin ise 26.23 meq O»/kg yag oldugu
Cizelge 2’de goriilmektedir. Manzoor ve ark. (2012), Pakistan’da hekzan ekstraksiyonu ile elde edilen
cekirdek yaglarinda peroksit degerini 1.00-2.32 meq O./kg yag arasinda, Hussain ve ark. (2011)
mekanik presleme ile elde edilen aci kayisi ¢ekirdegi yaglarinda 4.9 meq O./kg yag, tath kayisi
cekirdekleri yaglarinda ise 5.0 meq O./kg yag olarak tespit etmislerdir. Pavlovic ve ark. (2018), soguk
pres kayist ¢ekirdegi yaginda peroksit degerini 0.49 meq Ox/kg yag, siiperkritik 1ile ekstrakte edilen
yagda ise 0.48 meq O»/kg yag olarak bildirmektedir. Durmaz (2008), Malatya orijinli farkl1 diizeylerde
kavurma islemine tabi tutularak hekzan ve petrol eteri karisimi ekstraksiyonuyla elde edilen yaglarinin
peroksit degerlerinin 103 meq O»/kg yag’a kadar ulastigini belirlemistir.

Cizelge 2. Farkli markalardaki ¢orek otu, bugday riiseymi, tiziim ¢ekirdegi ve kayisi ¢ekirdegi yaglarinin
peroksit degerleri (PV) (n:24)

Bugday Riiseymi Uziim Cekirdegi Kayis1 Cekirdegi

Numune Corek Otu Yagi Yag Yag Yag

A 7.94+0.28P 17.74+£0.21¢P 6.06+0.11P 1.10+0.14F

B 14.28+0.13¢ 20.22+0.308 8.88+0.12¢ 13.15+0.31¢

C 5.08+0.12P 11.17+1.11F 6.27+0.14P 1.70+0.13F

D 36.36+0.118 18.89+0.015¢ 6.41+0.42P 5.10+0.13P

E 46.34+5.294 16.18+1.39P 18.91+0.238 97.79+0.364

F 35.80+0.618 44.32+0.28% 27.81+0.424 38.55+1.508
Ort. 24.30 21.42 12.39 26.23

Degerler ortalama+tstandart sapma seklinde verilmistir. Kiiglik harfler dort ¢esit yag arasindaki farki; biiyiik harfler ayn: yagin
markalar arasindaki farki gostermektedir (p<<0.05).

Corek otu yagi numunelerine ait iyot sayist ve yag asitleri kompozisyonu, Cizelge 3’ te
verilmistir. Cizelge 3 incelendiginde bir numune disinda (B markas1) diger tiim numunelerde en yiiksek
miktarda linoleik asit (ort. % 37.62), dért numunede omega-3 yag asitlerinden Eikozapentaenoik Asit
(EPA), bir numunede ise Dokozahekzaenoik Asit (DHA) tespit edilmistir. Toplam doymus yag asitleri
(SFA) en yiiksek % 11.42 (E markasi), en diisiik % 7.14 (F markas1), ortalama degerin ise % 9.26 oldugu
saptanmistir. Numunelerin tekli doymamis yag igerigi (MUFA) i¢in en yiiksek % 42.78 (F markasi), en
diisiik % 16.43(A markas1) ve ortalama degerin % 27.94 oldugu, ¢coklu doymamis yag igerigi (PUFA)
icin ise en yliksek % 48.81 (E markasi), en diisiik % 29.09 (B markasi), ortalama degerin ise % 40.23
oldugu belirlenmistir.

Caligmalarda ¢orek otu yagmin linoleik asit miktarinin % 51.8-57.49 arasinda, oleik asit
miktarini % 23.95- 28.55 arasinda ve linolenik asit miktarinin ise % 0.25 oldugu bildirilmektedir. (Aftab
ve ark., 2014; Kiralan ve ark., 2014). Diger arastirmalardan farkli olarak numunelerimizin dort adedinde
omega-3 yag asitlerinden EPA, bir adedinde ise DHA tespit edilmistir. SFA, MUFA ve PUFA
degerlerine bakildiginda tiim numunelerin SFA degerleri, Kiralan ve ark (2014)’nin ¢alismalarina yakin;
PUFA degerleri, Aftab ve ark (2014)’nin ¢aligmalarma yakin; MUFA degerlerinin ise farkli oldugu
gOrilmistir.

Calismamizdaki ¢orek otu yagi numunelerinin iyot sayilarinin 85.04 ile 106.7 arasinda degistigi
tespit edilmistir. Sultan ve ark. (2009), Pakistan cinsi ¢érek otundan elde edilen yagin iyot sayisinin
112.32 oldugu, Ustiin ve ark. (1998) ise Kiitahya, Denizli ve Konya’da yetisen ¢drek otu yagmin iyot
sayisinin sirast ile 116.63, 112.32 ve 122.13 oldugunu bildirmektedir. Mohammed ve ark. (2016), soguk
pres ekstraksiyonla ¢orek otu yag eldesinde iyot sayisint 104.37 olarak tespit etmistir.

Riiseym yagi numunelerinin iyot sayist ve yag asitleri kompozisyonu, Cizelge 4’te verilmistir.
Cizelge 4 incelendiginde, {i¢ markada (A, C ve F) linoleik asit (ort. 36.29), en yliksek oranda ¢ikan yag
asididir. Diger ii¢ markada (B, D ve E) ise, oleik asit konsantrasyonu (ort. 34.18) yiiksektir. Ayrica, iki
numunede EPA tespit edilmistir. Orneklerin linolenik asit miktar1 ise %1’in altinda tespit edilmistir.
SFA degerlerinin en yiiksek % 11.35 (F markas1) ve en diisiik % 6.83 (E markas1) olarak tespit edilirken,
ortalama degerin % 9.06 oldugu goriilmiistiir. Numunelerin MUFA igeriginin en yliksek % 51.87 (D
markas1), en diisiik % 22.64 (F markasi) ve ortalama degerin % 36.52 oldugu; PUFA degerinin ise en
yliksek % 54.87 (A markasi), en diisikk % 22.27 (E markasi) ve ortalama degerin ise % 37.66 oldugu
tespit edilmistir.
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Cizelge 3. Farkli markalardaki ¢orek otu yaglarinin iyot sayilar1 ve yag asitleri kompozisyonlari (n:6)

Yag Asitleri Kompozisyonu (%) A B C D E F Ort.
C14:0 0.10 TE 0.07 TE 0.12 TE 0.10
C16:0 852 544 551 8.09 9.00 7.00 7.26
C16:1 0.15 0.16 TE 0.17 0.15 TE 0.16
C18:0 224 208 236 2.16 2.30 TE 2.23
C18:1 16.12 36.05 22.78 2896 1598  20.23 23.35
C18:2 40.38 27.69 4192 40.03 4636 2934  37.62
C18:3 (cis-6,9,12) 0.15 0.19 0.17 0.19 0.15 0.32 0.20
C18:3 (cis-9,12,15) 022 043 0.15 054 0.25 0.39 0.33
C20:0 TE 025 TE 0.17 TE 0.14 0.19
C20:1 0.16 1.35  0.09 2.04 0.67 22.55  4.48
C20:2 .72 023  0.53 1.55 1.99 0.98 1.17
C20:3 TE 028 037 0.13 TE TE 0.26
C20:4 TE 0.17 TE 0.09 TE 0.32 0.19
C20:5 TE 0.10 1.14  0.06 0.06 TE 0.34
C22:6 TE TE TE TE TE 3.78 3.78
XSFA 1086 7.77 794 1042 1142 7.14 9.26
IMUFA 16.43 3756 2287 31.17 16.80 42.78  27.94
YXPUFA 4247 29.09 43.28 4259 4881 35.13  40.23
Iyot sayisi (g I/ 100 g yag) 85.04 85.13 99.27 98.85 96.00 106.70 95.17

TE: Tespit edilmedi.

Literatiirdeki bazi ¢aligmalara gore riiseym yaginin linoleik asit miktar1 % 54.88- 59.7 arasinda;
oleik asit miktar1 % 13.6-16.22; linolenik asit miktar1 ise % 7.3-7.34 araligindadir (Wang & Johnson,
2001; Ozcan ve ark., 2013). Zou ve ark. (2018) ise, kavrulmamus riiseym yaginda SFA, MUFA ve PUFA
degerlerini sirasiyla, % 17.39, % 16.35 ve % 65.17 saptamislardir. SFA, MUFA ve PUFA degerlerine
bakildiginda ise, analizlenen riiseym yaglarmin yag asitleri kompozisyonu, literatiir ¢aligmalariyla
karsilastirildiginda farkliliklar goriilmektedir.

Cizelge 4’e gore, rliseym yagi numunelerinin iyot sayilar1 84.03-121.98 araliginda degismistir.
Arshad ve ark. (2008)’nin yaptiklar1 ¢aligmada, Pakistan orijinli riiseym yaginin iyot sayisin1 107 olarak
belirlemislerdir. Mahmoud ve ark. (2015) ise Misir orijinli bugday riiseyminden elde edilen yagin iyot
sayisini 115.47 olarak tespit etmislerdir. Megahed (2011) ise ¢alismasinda, soxhelet yontemiyle elde
edilen riiseym yaglarimi 25-30 °C’de 7 giin boyunca bekletmis ve 7. giiniin sonunda degeri 117.2 olarak
bildirmistir.

Uziim cekirdegi yagi numunelerinin iyot sayis1 ve yag asitleri kompozisyonu, Cizelge 5’te
verilmistir. Cizelge 5 incelendiginde bir numune disinda (E markasi) diger tiim numunelerde en yiiksek
miktarda linoleik asit (ort. % 38.67), bes numunede omega-3 yag asitlerinden EPA, bir numunede ise
DHA tespit edilmistir. SFA degeri en yiiksek % 11.86 (A markasi), en diisiik % 7.38 (C markasi) ve
ortalama deger % 8.79 olarak saptanmistir. Numunelerin MUFA igerigi i¢in en yiiksek % 41.82 (E
markast), en diisiik % 22.68 (C markasi) ve ortalama degerin % 30.36 oldugu; PUFA icerigi i¢in ise en
yiiksek % 44.27 (F markasi), en diisiik % 30.76 (E markasi1) ve ortalama degerin % 40.67 oldugu
belirlenmistir.

Calismamizda iki adet numunede (E ve F kodlu) sirasi ile % 0.98, % 0.15 oraninda trans yag
asidi ve ayn1 numunelerde 18.91 ve 27.81 meq O»/kg yag degerlerinde peroksit sayisi tespit edilmistir.
Numunelerde trans yag ve yiiksek seviyede peroksit degeri tespit edilme nedenlerinin, tohumun
orijininden, proses asamasinda yiiksek sicakliklara maruz birakilmasindan ya da soguk pres tiziim
cekirdegi yag1 igerisine tagsis yapilarak, yiiksek sicakliklarda deodorize edilmis rafine yag
karigtirilmasindan kaynaklanabilecegi diisiiniilmektedir.

Calismalarda {iziim ¢ekirdegi yaginin linoleik asit miktarinin % 49-63.33 arasinda; oleik asit
miktarinin % 21.63-28.9 arasinda ve linolenik asit miktarinin ise % 0.35 oldugu bildirilmektedir (EI-
Shami ve ark., 1992; Baydar ve ark., 2007) Tiirk Gida Kodeksi Bitki Ad1 ile Anilan Yaglar Tebligi Ek-
3’e (TGK, 2020) gore, iiziim ¢ekirdegi yaginda linoleik asit % 58-78 ve oleik asit miktar1 % 12-28
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arasindadir. Diger aragtirmalardan ve TGK (2020)’den farkli olarak numunelerimizin bes adedinde
omega-3 yag asitlerinden EPA, bir adedinde ise DHA tespit edilmistir.

Cizelge 4. Farkli markalardaki bugday riiseymi yaglarinin iyot sayilari1 ve yag asitleri kompozisyonlar

(n:6)
Yag Asitleri Kompozisyonu (%) A B C D E F Ort.
C16:0 6.82 5.46 8.8 5.65 5.22 9.50 6.91
C16:1 TE 0.15 0.19 0.19 TE TE 0.18
C18:0 3.02 2.39 1.42 1.90 1.61 1.85 2.03
C18:1 28.89 39.51 30.89 46.62 38.56 20.63 34.18
C18:2 53.64 34.82 40.14 25.73 20.96 42.43  36.29
C18:3 (cis-6,9,12) 0.25 0.25 0.30 0.94 TE 0.34 0.42
C18:3(cis-9,12,15) 0.25 0.65 0.29 1.09 0.89 0.32 0.58
C20:0 TE 0.28 TE 0.46 TE TE 0.37
C20:1 0.78 2.93 1.23 5.06 4.15 2.01 2.69
C20:3 0.53 0.39 TE 0.30 TE 0.16 0.35
C20:4 TE 0.16 TE 0.34 0.42 TE 0.31
C20:5 0.20 0.16 TE TE TE TE 0.18
XSFA 9.84 8.13 10.22 8.01 6.83 11.35  9.06
IMUFA 29.67 3994 3231 51.87 42,71 22.64 36.52
YPUFA 54.87 36.43 40.73 28.40 2227 4325 37.66
Iyot sayisi (g 1./100 g yag) 121.98 84.03 93.50 99.86 97.10 89.00 97.58

TE: Tespit edilmedi.

Calismamizdaki {iziim ¢ekirdegi yagi numunelerinin iyot sayisi degerlerinin Teblig’e uygun
olmadig tespit edilmistir.

Kayisi ¢ekirdegi yaglarinin yag asitleri kompozisyonu ve iyot sayilar1 Cizelge 6’da verilmistir.
Cizelge 6’ya gore, iic numunede (A, B ve D markalari) oleik asit en yliksek konsantrasyonda bulunan
yag asidi (ort. 41.36) iken, diger {i¢ numunede ise (C, E ve F markalari) linoleik asit miktar1 (ort. 31.42)
en yliksektir. Dort numunede ise (B, C, E ve F markalar1) EPA tespit edilmistir. Ayrica, bir numunede
(F markas1) linoleik asitin trans izomeri saptanmistir. Numunelerdeki linolenik asit miktar1 ise % 1’in
altinda tespit edilmistir. SFA degeri en yliksek % 10.29 (E markasi), en diisiik % 5.62 (D markasi) ve
ortalama deger ise % 7.78 olarak saptanmistir. Numunelerin MUFA igerigi en yiiksek % 59.29 (A
markast), en diisiik % 22.58 (F markasi) ve ortalama degerin % 42.25 oldugu; PUFA igeriginin ise en
yliksek % 43.93 (F markasi), en diisiik % 21.15 (B markas1) ve ortalama degerin % 32.03 oldugu tespit
edilmistir.

Pavlovic ve ark. (2018), soguk pres ve siiperkritik CO; ile ekstrakte edilen kayisi ¢ekirdegi
yaginda oleik asit oranin1 % 57.33-68.69 olarak tespit etmislerdir. C, E ve F marka yaglarda ise linoleik
asidin miktar1 diger yag asitlerine gore yiiksektir. Aydemir (2003), Durmaz (2008) ve Hussain ve ark.
(2011)’nin caligmalarma gore, kayisi ¢ekirdegi yaglarinda oleik asit miktar1 (% 63.81-68.69), diger yag
asitlerinden belirgin sekilde yiiksektir. Yapilan bagka ¢aligmalarda ise kayisi ¢ekirdegi yaginda linoleik
asit oranmin % 21.66-30.33, linolenik asit oranin ise % 0.73-1.61 aralifinda oldugu bildirilmistir
(Aydemir, 2003; Durmaz, 2008; Hussain ve ark., 2011; Pavlovic ve ark., 2018). Calismamiz bu
calismalarla karsilastirildiginda, A markasi disinda diger yaglarda oleik asit miktarmin oldukea diisiik
oldugu ve linoleik asit miktarinin ise belirgin sekilde yiiksek oldugu saptanmistir. Ayrica, diger
caligmalardan farklh olarak dort numunede (B, C, E ve F markalar1) EPA saptanmistir. Pavlovic ve ark.
(2018), sirasiyla SFA, MUFA ve PUFA degerlerini soguk pres yaginda, % 6.82, % 63.86, % 29.31 ve
stiperkritik ile ekstrakte edilen yagda ise % 7.57, % 58.45 ve % 33.98 olarak tespit etmislerdir.
Calismamizdaki MUFA degerleri, markalar arasinda farklilik gostermekte olup, diger ¢aligmalardaki
degerlerden diisiiktiir. PUFA degerleri ise yine markalar arasinda farklilik gostermistir ve C, E ve F
markalarinda diger caligmalardaki degerlere gore oldukca yiiksektir. Analizlenen kayisi ¢ekirdegi
yagmin yag asitleri kompozisyonu, literatiir caligmalariyla karsilastirildiginda biiylik farkliliklar
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goriilmektedir. Bu farkliliklarin ve F kodlu numunede trans yag asidi tespit edilme nedeninin, uygun
olmayan tohum ve proses sartlarinin (depolama ve yiiksek sicaklik gibi) yaninda, yagin igerisine tagsis
yapilarak, diisik kalitede rafine yag kanstirllmig olma ihtimalinden kaynaklanabilecegi
diistiniilmektedir.

Cizelge 5. Farkli markalardaki {iziim ¢ekirdegi yaglarmin iyot sayilar1 ve yag asitleri kompozisyonlari

(n:6)
Yag Asitleri Kompozisyonu (%) A B C D E F Ort.
C16:0 7.84 5.04 4.78 6.23 4.72 5.86 5.75
C16:1 0.11 0.10 TE 0.16 TE TE 0.12
C18:0 4.02 2.36 2.60 2.88 2.03 4.07 2.99
C18:1 27.03 27.81 2234 30.24 38.12 18.80 27.39
C18:2 40.78 40.47 43.09 40.53 26.48 40.68 38.67
C18:2 (trans-9,12) TE TE TE TE 0.93 0.15 0.54
C18:3 (cis-6,9,12) 0.36 0.20 0.17 0.21 0.77 0.22 0.32
C18:3 (cis-9,12,15) 0.14 0.35 0.10 0.51 0.69 0.27 0.34
C20:0 TE TE TE 0.17 0.39 TE 0.28
C20:1 0.30 1.45 0.18 2.25 3.61 9.39 2.86
C20:2 0.21 TE 0.06 0.09 TE TE 0.12
C20:3 TE 0.42 0.40 0.16 0.18 0.27 0.29
C20:4 TE 0.13 TE 0.21 0.38 0.34 0.27
C20:5 TE 0.16 0.14 0.07 0.07 0.10 0.11
C22:6 TE TE TE TE 1.26 2.24 1.75
C24:1 TE TE TE TE 0.09 TE 0.09
XSFA 11.86 7.4 7.38 9.28 6.89 9.93 8.79
IMUFA 2744 2936 22.68 32.65 41.82 28.19 30.36
YPUFA 41.49 41.73 4396 41.78 30.76  44.27 40.67
iyot sayisi (g 1./100 g yag) 95.52 99.00 96.37 101.47 9330 108.32 99.00

TE: Tespit edilmedi.

Cizelge 6’ya gore, farkli markalardaki kayis1 ¢ekirdegi yaglarinin iyot sayilarn 77.77-106
arasinda degismistir. Markalarin ortalamasi 92.62°dir. Manzoor ve ark. (2012)’1n ¢aligmasinda farkli
tiirlerdeki Pakistan kayisi ¢ekirdeklerinden sokselet yontemiyle elde edilen yaglarin iyot sayilar1 96.4-
106.3 degerlerinin arasinda degismis oldugu belirtilmistir. Aydemir (2003)’in ¢alismasinda Malatya
yoresi kayisilarindan sokselet ekstraksiyonuyla elde edilen ac1 ve tatli kayisi ¢ekirdegi yaglariin iyot
sayilari sirastyla, 92.5 ve 101.2 olarak saptanmistir. Aci ve tatli kayisi ¢ekirdeklerinde yapilan bir bagka
caligmada her iki yagin iyot sayisinin 95 olarak saptanmistir (Hussain ve ark., 2011). Pavlovic ve ark.
(2018), soguk pres kayisi ¢ekirdegi yaginda iyot sayisin1 103.45; siiperkritik ile ekstrakte edilen yagda
ise 102.98 olarak tespit etmislerdir. Buna gore, iki numune (B ve D markalari) diginda diger yaglarin
iyot sayilar literatiirdeki degerlerle ortiismektedir.

Incelenen tiim yaglarm yag asidi kompozisyonu degerleri arasindaki farkliliklarmin,
hammaddenin genetik, morfolojik, fizyolojik 6zellikleri ve yetistirildigi ortamin ekolojik sartlarindan
kaynaklandig1  diisiiniilmektedir. Ozellikle, hammaddenin yetistirildigi cografyanin, toprak
ozelliklerinin ve bakim sartlarinin {iriin 6zelliklerinde varyasyona sebep olabilecegi belirtilmektedir
(Altikat ve Temiz, 2019). Iyot sayisi degerlerindeki farkliliklar da, yag asitleri bilesimindeki
farkliliklardan kaynaklanmaktadir.
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Cizelge 6. Farkli markalardaki kayisi ¢ekirdegi yaglarinin iyot sayilar1 ve yag asitleri kompozisyonlari

(n:6)
Yag Asitleri Kompozisyonu (%) A B C D E F Ort.
C16:0 4.87 5.65 7.28 4.58 8.40 5.43 6.04
C16:1 0.58 0.35 0.26 0.56 TE TE 0.44
C18:0 1.04 1.71 1.53 1.04 1.83 3.07 1.70
C18:1 58.93 4400 3426 5534 34.18 21.46 41.36
C18:2 (cis-9,12) 2296 1996 3756 22.80 42.61 42.63 31.42
C18:2 (trans-9,12) TE TE TE TE TE 0.21 0.21
C18:3 (cis-6,9,12) 0.08 0.21 0.27 0.08 0.34 0.21 0.20
C18:3 (cis-9,12,15) 0.07 0.44 TE TE 0.16 0.12 0.20
C20:0 TE 0.14 TE TE TE TE 0.14
C20:1 0.08 1.77 0.37 TE 0.52 1.11 0.77
C20:2 TE 0.07 TE 0.07 TE TE 0.07
C20:3 TE 0.17 0.11 TE 0.13 0.36 0.19
C20:4 TE 0.16 TE TE TE TE 0.16
C20:5 TE 0.07 0.10 TE 0.13 0.36 0.17
C22:0 TE TE TE TE TE 0.05 0.05
YSFA 5.87 7.52 8.80 5.62 10.29 8.59 7.78
XMUFA 59.24 46.14 3489 5589 3474 22.58 42.25
YXPUFA 2271 21.15 38.04 2295 4341 4393  32.03
iyot sayisi (g 12/100 g yag) 90.46 77.77 96.5 87.81 106.00 97.15 92.62

TE: Tespit edilmedi.
4. Sonug¢

Calismamizda alt1 marka, dort ¢esit (¢orek otu, riiseym, {liziim ¢ekirdegi ve kayisi ¢ekirdegi
yag1), toplam 24 adet soguk pres yagin 6nemli kalite 6zelliklerinden % FFA ve peroksit degerleri (PV);
onemli karakteristik 6zelliklerinden ise yag asitleri kompozisyonlar1 ve iyot sayilari incelenmistir. Tiirk
Gida Kodeksi Bitki Adi ile Anilan Yaglar Tebligi’nde soguk preslenmis natiirel yag tanimu ile aspir,
findik, babassu, ay¢igek, hindistan cevizi, palm ¢ekirdegi, palm ¢ekirdegi olein, palm ¢ekirdegi stearin,
palm, palm olein, palm stearin, palm kernel, palm siiperolein, pamuk, soya, susam, iiziim ¢ekirdegi,
kanola, yer fistig1 yaglar1 yer almakta ve bu yaglara ait standart degerler belirtilmektedir. Oysa piyasada
basta ¢orek otu, incir, kayisi, erik, karpuz, nar ¢ekirdegi, riiseym vb. Teblig’de yer almayan bir¢cok soguk
pres yag, “gida takviyesi” olarak satilmaktadir. Calismamizda incelenen yaglarin sonuglarindan da
goriildiigi gibi bu tiriinlerin hem kalite hem de karakteristik dzellikler ¢ok degisken oldugu saptanmustir.
Ozellikle kalite 6zelliklerinden asit ve peroksit degerleri gida giivenligi ve saglik agisindan ciddi risk
teskil etmektedir. Karakteristik 6zellikler ise bu iirlinlerde tagsis yapildigini gosterebilmektedir. Tiim bu
nedenlerden dolay1 piyasada satisa sunulan ve Teblig’de yer almayan soguk pres yag cesitleri ile ilgili
detayli bir ¢alisma yapilmas1 ve s6z konusu iiriin-standartlarinin belirlenmesinin olduk¢a 6nemli oldugu
diistiniilmektedir.
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accurately. Field data were sampled from the farms in the Dezaj region of the west
of Iran. In addition, satellite remote sensing technique was applied during barley
growing season in 2019 using Landsat 8 images. The vegetation indexes were-used
as input in the prediction model in this study. The results showed that satellite

Keywords

Barley farming, imaging has enough potential to predict the harvesting time of barley accurately.
Harvesting time, R-squared and RMSE values of the best-structured stepwise regression model in
Satellite imagery. this study were 0.791 as well, and 1.34 respectively. This method can be

beneficially employed by farm managers to have an accurate estimation of the most
appropriate harvesting time and be able to manage the process, which is an
important challenge for them.

Uydu Goriintiilerini Kullanarak Kurak Arazi Kosullarinda Arpa Hasat Zamanini
Tahmin Etme

Makale Bilgileri Oz: Arpanmn hayvancilik yeminde 6nemli bir yeri vardir. Bu nedenle, arpa
) yetistiriciliginde kayb1 en aza indirmek i¢in hasat zamaninin dogru tahmin edilmesi
Gelig: 05.04.2021 gerekmektedir. Bu c¢aligmanm amaci, uydu goriintiileri kullanilarak arpa hasat

Kabul: 07.07.2021
Online Yaymlanma 15.09.2021
DOI: 10.29133/yyutbd.909711

zamanini dogru bir sekilde belirlemektir. fran'in batisinda Dezaj bélgesindeki
ciftliklerden tarla verileri 6rneklenmistir. Ayrica 2019 yilinda arpa yetistirme
sezonunda Landsat 8 goriintiileri kullanilarak uydudan uzaktan algilama teknigi

Anahtar Kelimeler uygulanmstir. Bitki 6rtiisii indeksleri bu ¢alismada tahmin modelinde girdi olarak
Arpa yetistiriciligi, kullanilmigtir. Sonuglar, uydu goriintiilemenin arpanin hasat zamanini1 dogru bir
Hasat zamani, sekilde tahmin etmek igin yeterli potansiyele sahip oldugunu gosterdi. Bu
Uydu gériintiileri. ¢alismada da en iyi yapilandirilmis asamali regresyon modelinin R kare ve RMSE

degerleri sirastyla 0.791 ve 1.34 idi. Bu yontem, ¢iftlik yoneticileri tarafindan en
uygun hasat zamaninin dogru bir sekilde tahmin edilmesi ve onlar igin 6nemli bir
zorluk olan siireci yonetebilmek i¢in faydali bir sekilde kullanilabilir.

1. Introduction

Crop production is a vital element for securing the survival of the human. Cereals have the most
important role in the human food supply. Among the cereals, barley is cultivated in most parts of the
world. Furthermore, it is more tolerant of environmental stresses such as drought, salinity than the cereal
family, and today this product constitutes a significant percentage of feeding livestock. Currently, barley
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plants in about 50 million hectares of the world's arable land. On the other hand, the highest area under
barley cultivation in the world include European Union, Russia, Australia, Turkey, Ukraine, Canada,
Kazakhstan, Iran and Morocco, respectively (FAO, 2017). This makes barley, one of the most important
agricultural productions. Sustainable production of barley requires understanding the growth stages of
barley (such as maturity and harvest time) and providing suitable machinery (cultivators, planters and
harvesters) at these times (Anonymous, 2014). Therefore, there are some researches to estimate the
growth stages of barley (Yin and Van Laar, 2005). The barley maturity stage is one of the most
significant stages of barley growth. In general, barley maturity can be divided into two categories:
morphological and technological maturity. At the technological maturity stage, the product is suitable
for harvesting. The technological maturity stage is actually the harvest time and the quality and yield of
barley is the maximum amount at this stage. Also, the growth stages of wheat and barley are similar
together. Evers et al. (2010), used a model of wheat stages development combining aboveground, within
the plant structure, assimilate distribution, plant structure, photosynthesis, and organ-level microclimate,
organ growth and development. They used an experimental sigmoid relationship between leaf length
and leaf mass for plant organ development calculation. The results showed that more efforts were
necessary to modelling mechanistically other significant physiological processes such as nitrogen
distribution and uptake, and leaf and tiller senescence. Other researchers (Gao et al., 2020, Canata et al.,
2021, Mobe et al., 2021,) used some parameters such as weather temperature, soil moisture, etc. to
predict barley growth stages. The disadvantage of these models is the unavailability of the above
parameters for all farms. Therefore, it is needed to have an alternative or complementary method for
these models. Harvest time (technological maturity) is an important factor in farm management. For
example, harvest time has effects on the performance of the plants' rotation because delay in harvesting
time could reduce the yield of the second crop in the plants' rotation. Sun et al. (2007) studied the effect
of harvesting time in the rotation of winter wheat - maize. Results showed that each day of delay in
barley harvesting (the first cultivated crop in the rotation) led to 0.6 % maize yield decrease (second
cultivated crop). Remote sensing is fairly a new technique, which could help researchers to get more
information about plants, periodically. Remote sensing, which concentrates on the images examination
of the earth’s surface, has quickly evolved since the discovery of the infrared spectrum in the early 1800s
(Campbell, 2002). The application of remotely sensed images leads to collect of reliable and timely data
from crop performance (Lyle et al., 2013, Taghizadeh et al., 2019). Most vegetation indexes (VIs)
incorporate reflectance in a few wavebands, which could be collected mainly by satellite broadband
sensors. VIs have been used to determine the plant stage of development (Huete, 2012). Within the final
decade, remote sensing has been very effective in farm administration decisions such as cultivation,
fertilization and yield determination (Bao et al., 2008). Jongschaap and Schouten (2005) showed that
using remote sensing, the wheat area could be appraised with more than 80% accuracy. They also
reported good fitting; i.e. model based estimations of regional wheat production were in accord with
agricultural statistics. Ren et al (2008) predicted wheat yield using MODIS-NDVI (Normalized
Difference Vegetation Index) data in Shandong, China. They reported that the relative errors of the
predicted yield were in the range of 4.62 -5.40 % and RMSE was 214.16 kg/ha. Song et al. (2016)
evaluated the performance of the time series of Landsat 8 images to barley yield prediction. They used
NDVI. Their results showed that there was good fitting (R2 =0.87) between this vegetation index and
the yield of barley. Although satellite images were used in some agricultural applications, no research
has yet been conducted on harvesting time prediction using Landsat 8. Therefore, the main aim of this
research was to evaluate the proficiency of Landsat 8 satellite images to determine barley harvest time.
Furthermore, developing a regression model for estimating barley harvest time is another purpose of
this study.

2. Material and Methods
2.1. Field description
The collecting Method in this study was done in the Dezaj region (35°09'N, 47°91°E) in the

west of Iran in 2019 (Figure 1). This region has a cold mountainous climate with an average annual
rainfall of 444 mm and annual temperature changes from -38 to +35 °C. The predominant product of

656



YYU J AGR SCI 31 (3): 655-662
Adiban et al.. / Predicting Barley Harvest Time in Dryland Conditions Using Satellite Images

this region is barley (Bahman cultivar). The growing season of wheat in this region is from mid-October
to mid-July next year.

2.2. Field data

During field surveys before harvest season, 30 barley farms were selected from the study area
for each year. The locations of farms were recorded using GPS (Garmin 62s). The required descriptive
information of farms and the crop density of each farm were also recorded. The yield samplings were
done (from the middle of June until harvesting day) using a Im x 1m quadrate in the randomly selected
points in each farm. The yield samplings were carried out by five random throws of the quadrate and
choosing three crops in each throw. At each sampling, fifteen crops were sampled for each farm. As the
plant densities were consistent in one farm, fifteen crops were sufficient for sampling. By measuring the
grain mean weight of sampled crops in each farm and knowing crop density, the yield for each farm was
calculated until harvest day. Yield samplings were performed with two days intervals and the yield of
other days were obtained by interpolating. For each farm, the day with maximum yield was the best
harvesting time.

36°30' N
33°49'N
a a5 130km|
—
46° 07 E 49°03'E

Figure 1. The study area is satellite imagery of Land.
2.3. Landsat 8 Images and spectral vegetation Indexes

Landsat 8 includes two sensors and eleven bands summarized in table 1 (Irons et al., 2012).
Landsat gives the spatial determination and ceaseless record required to capture time histories and it is
very useful for agricultural applications. In this study, the Landsat images of the study area were
acquired according to the barley growing calendar. Seven cloud free images of the barley growing period
were selected. Table 2 shows all images of the study area, from the tillering to ripening (maturity) of
barley. FLAASH module/ ENVI was used for atmospheric correction. Also, the geometric correction
was done for images. Then corrected images were used for the calculation of the VIs. These indices
have made a simple and suitable approach for obtaining information from remote sensing data. In this
study, we used four VIs as following:

1. Normalized Difference Vegetation Index (NDVI): NDVI is the most widely used index for
remote sensing of vegetation in the past two decades. This index has been used in many applications,
including the estimation of crop yields and above-ground dry biomass (Rouse et al., 1974; Tucker et al.,
1986; Ren et al., 2008). NDVI is calculated by the following equation:
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‘o — (MR = RED)
~ (NIR + RED) (D)

Where NIR and RED are spectral reflectances of Near Infrared and red bands.

Table 1. Description of Landsat 8 bands

Band Specifications Wavelength (um)
Band 1 — aerosol (30 m) 0.43-0.45
Band 2 — blue (30 m) 0.45-0.51
Band 3 — green (30 m) 0.53-0.59
Band 4 — red (30 m) 0.64-0.67
Band 5 — near infrared (30 m) 0.85-0.88
Band 6 — shortwave infrared (30 m) 1.57-1.65
Band 7 — shortwave infrared (30 m) 2.11-2.29
Band 8 — panchromatic (15 m) 0.50-0.68
Band 9 — cirrus (30 m) 1.36-1.38
Band 10 — thermal Infrared (100 m) 10.60-11.19
Band 11 — thermal Infrared (100 m) 11.50-12.51

2. Soil Adjusted Vegetation Index (SAVI): SAVI attempts to reduce the influence of the soil by
assuming that most soil spectra follow the same soil line (Huete, 1998). The formula of SAVI is
demonstrated in equation 2.

(1+L) (NIR — RED)
(NIR + RED + L)

SAVI = (2)

Where the constant L = 0.5 has been adjusted to account for first-order soil background variation.

3. Enhanced Vegetation Index (EVI): EVI1is developed as a standard satellite vegetation product
for the Terra and Aqua Moderate Resolution Imaging Spectroradiometers (MODIS). EVI provides
improved sensitivity in high biomass regions while minimizing soil and atmosphere influences (Huete
et al., 1997). The formula of EVI is demonstrated in equation (3).

2.5 (NIR — RED)

EVI =
(NIR+ 6 * RED — 7.5 * Blue + 1)

€)

Where Blue is the spectral reflectance of the blue band.

4. Normalized Difference Water Index (NDWI): NDWTI is sensitive to changes in the liquid
water content of vegetation canopies. NDWI is less sensitive to atmospheric effects than NDVI, (Gao,
1996). The formula of NDWI is demonstrated in equation 4.

NDWI = (NIR — SWIR) A
~ (NIR + SWIR) @

Where SWIR is spectral reflectance of short wave infrared band.
The above mentioned spectral indices were calculated for farm pixels for all images from

tillering to ripening stages.
2.4. Development of regression models for barley harvest date estimating
The stepwise regression method was used to determine affected growth stages using SPSS 16

software. Seven stepwise regression models of harvest date vs. vegetation indices were developed to
find the relation between them for each barley growth stage. The models' inputs were spectral indices
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and the best harvest date was the output of models. Field observation data were divided into two
categories: 70% of data were used for model development and 30 % were used for validation of models.

3. Results and Discussion
3.1. Developing regression models at different growth stages of barley

As be seen in Table 3, the stages after flowering have the stronger ability to predict the
harvesting date of barley. Moreover, table 3 shows the image coincide provided the best regression
model with the dough stage (R*> = 0.791; RMSE= 1.34). The spectral indices were used in this model
were NDVI and NDWI. NDVI is one of the most extremely used indices. The range of NDVI values is
between [-1, +1]. Based on phenology studies18 of the United States Geological Survey (USGS), the
NDVI values are categorized as follows; the regions of sand or snow usually have very low NDVI values
(e.g. 0.1 or less). Sparse vegetation as grasslands or senescing crops has moderate NDVI values (i.e.
nearly 0.2 to 0.5). Dense vegetation such as tropical forests13 or crops at their peak growth stage may
result in high NDVI values (about 0. 4 to 0.8). In this research, the NDVI is the only index, which has
been entered in all models. Song et al. (2016), demonstrated that Landsat NDVI data could be used to
predict the wheat yield. In their research, the booting stage of wheat was the best stage for yield
prediction. Also, the results of Ren et al. (2008) research which used NDVI to estimate wheat regional
yield showed that the best predicted yield data of winter wheat could be achieved nearly 40 days before
harvest time (about booting stage). However, to predict barley harvest time in the Dezaj region, we
found that about 15- 20 days ahead of harvest time (dough development stage) is the best time. The
results of this research and mentioned researches showed that NDVI could be a good index for
agricultural applications such as harvest time prediction and yield estimation. In previous studies, the
NDVI index has been used to estimate the area of agricultural crops, plant yield and growth monitoring
and determine the phenological stages of crops, which the results have been in accordance with our
study (Shi et al., 2013; Zhang et al., 2013).

Table 1. The developed models at barley different growing stages

No The growth stage Developed model R? RMSE
1 Tillering Y=-2.30 NDWI+3.90 EVI+5.66 NDVI+176.22 0.135 3.51

2 Stem elongation Y=5.11 NDWI+1.28 SAVI+8.33 NDVI+172.87 0.388 3.03

3 Booting Y=85.2 NDWI+7.21 EVI2+3.78NDVI+175.33 0.376 3.01

4 Awn emergence Y=4.54 NDWI+5.83 EVI+8.66 NDVI+174.55 0.441 291

5 Flowering Y=65.55 NDWI+18.66 NDVI+173.29 0.599 2.18

6 Dough Y=83.26 NDWI+86.2 NDVI+168.53 1.34 0.791

development
7 Ripening Y=148.32 NDVI+158.62 1.95 0.571

The results showed that NDWI could predict mature dates with an accuracy of 0.65. 3.2.
Evaluation of the developed regression model for harvest time predicting In order to assess the predictive
performance of the developed models, we used three models, which had the better estimations (the
models of flowering, dough development and ripening stages). In this step, we used the 30% remained
data for evaluation. Additionally, it can be concluded that the best time for barley harvest time prediction
is after the best time for yield estimation. Furthermore, NDWI is an index, which is sensitive to changes
in the liquid water content of vegetation canopies. That interacted with the incoming solar radiation
(Gao, 1996). NDWTI is less sensitive to atmospheric effects than NDVI. In addition, in various stages of
barley growth, the amount of liquid water content changes. Therefore, there is a relationship between
harvest day of barley and NDWI, and the most relationship was found at the dough development stage.
Also, Studies have reported that NDWI is a good index for estimating the mature date of cereals (Meng
etal., 2011; Meng et al., 2015; Mulianga et al., 2015).

Figures 2, 3 and 4 illustrate the performance of these models, in a scatter plot between predicted
and observed harvest days. The R? and RMSE values of the developed model based on the dough
development stage were achieved 0.812 and 1.40, respectively. In addition, as it can be seen in Figure
2, the image coincides with the dough development stage had the best predictive performance. The
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performance of developed models at flowering (R2 = 0.557 and RMSE =2.51) and ripening (R2 = 0.
487 and RMSE = 2.84) stages were less than dough development stage. Therefore, it can be concluded
that the suitable period for anticipated harvest time using satellite images for achieving the highest yield
is the barley dough development stage.
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Figure 2. Scatter plot of predicted and observed harvest time for dough development stage (the boarder
lines indicate confidence level of 0.01).

190

188

Observed
x

®

182

lso 1 1 1 |
180 181 182 183 184 185 186 187 188 189 190

Predicted

Figure 3. Scatter plot of predicted and observed harvest time for flowering stage (the boarder lines
indicate confidence level of 0.01).

660



YYU J AGR SCI 31 (3): 655-662
Adiban et al.. / Predicting Barley Harvest Time in Dryland Conditions Using Satellite Images

190 . . - - . - . ; ;

188
187 |

186 [

Observed
I~
th

R'=0.487
RMSE=2.84

ls" 1 1 1 - L 1 1 L L L
180 181 182 183 184 185 186 187 188 189 190
Predicted

Figure 4. Scatter plot of predicted and observed harvest time for ripening stage (the border lines indicate
confidence level of 0.01).

4. Conclusion

The objective of this study was to predict barley harvest time to reducel4 the yield gap (the
difference between yield potential and the actual yield) using satellite images in the Dezaj region. The
analyses of attained results showed Landsat satellite imagery is able to produce valuable information
using spectral indexes. Regional estimation of harvest time has different important aspects including
farm management, commercial politics and so on. Moreover, the knowledge of harvest time could help
to crop harvest without decreasing yield. The advantage of remote sensing technologies and spectral
indexes is their ability to continuous visit crops. However, many environmental factors such as the
amount of clouds and atmospheric conditions could affect the estimations. It should be noted that NDVI
and NDWI are important indexes in crop and vegetation studies. The best model to predict barley harvest
time was extracted from indexes related to the barley dough development stage (R2 = 0.791; RMSE =
1.34). Therefore, Landsat 8 images could be used for harvest time prediction. This paper only
demonstrates a primary research of crop harvesting time prediction using satellite imagery. To advance
development the utilize of satellite remote sensing to accuracy harvest, the following researches are
proposed: -The relationships between vegetation indexes and harvest time were influenced by satellite
image procurement date, so the harvest time predicting models might be diverse when images on
distinctive dates are utilized. Therefore, a general model could be developed using several years’ data,
which can actualize harvest time forecast with satellite images at diverse dates. integrating of crop
models and satellite remote sensing based models could improve the predicting capability of these
models. Therefore, a combination of these two categories of models is suggested for future researches.
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Abstract: Garden thyme is an aromatic plant with various applications in the
pharmaceutical, food, and hygienic-cosmetic industries around the world. In this
research, field-cultivated plants were harvested in two cuts and three consecutive
stages (pre-flowering, flowering, and post-flowering). The essential oil percentage
and compositions were identified in the essential oil samples. The antibacterial
activity of the essential oil was measured against Escherichia coliand
Staphylococcus aureus. The antioxidant activity, total phenol and flavonoid
contents, chain-breaking activity, and ICso were recorded. The highest essential oil
percentage (2.56%) was obtained from the pre-flowering stage. The results of
GC/MS revealed that p-cymene, y-terpinene, thymol, and carvacrol were the most
important constituents of the studied essential oil. The lowest antibacterial activity
was recorded by the second cut at the pre-flowering stage. The highest antibacterial
activity against E. coli and S. aureus were recorded by the second cut during the
flowering stage and the first cut during the flowering stage, respectively. The lowest
MIC was 15.75 pg mL™! related to the second cut during the flowering stage. The
plants had the highest total phenol (16.64 mg GAE g! DM) and total flavonoid
contents (2.88 mg QE g'! DM) at the pre-flowering stage. The highest antioxidant
activity (ICso = 134.05 ug mL™") was observed at the pre-flowering stage. It can be
said that phenological stages and cuts can affect essential oil antibacterial and
antioxidant activities, as well as its chemical characteristics.
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Kesimlerin ve Farkl Fenolojik Asamalarin Bah¢e Kekigi (Thymus vulgaris L.) Ugucu
Yagimin Antibakteriyel ve Antioksidan Aktiviteleri ve Kimyasal Ozellikleri Uzerine
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Anahtar Kelimeler

Antibakteriyel aktivite,
Antioksidan aktivite,

Oz: Bahge kekigi, diinya ¢apinda ilag, gida ve hijyenik-kozmetik endiistrilerinde
cesitli uygulamalara sahip aromatik bir bitkidir. Bu arastirmada, tarlada yetistirilen
bitkiler iki kesimde ve birbirini takip eden ii¢ asamada (¢i¢eklenme Oncesi,
ciceklenme ve gigeklenme sonrasi) hasat edilmistir. Ugucu yag 6rneklerinde ugucu
yag yiizdesi ve bilesimleri belirlendi. Ugucu yagin antibakteriyel aktivitesi
Escherichia coli ve Staphylococcus aureus'a karsi Olglilmiistiir. Antioksidan
aktivite, toplam fenol ve flavonoid igerikleri, zincir kirma aktivitesi ve ICso
kaydedildi. En yiiksek ugucu yag yiizdesi (%2.56) ¢igeklenme oncesi donemden
elde edilmistir. GC/MS sonuglari, ¢alisilan ugucu yagin en 6nemli bilesenlerinin p-
cymene, y-terpinen, timol ve karvakrol oldugunu ortaya koydu. En diisiik
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Kesmek, antibakteriyel aktivite, c¢iceklenme Oncesi asamadaki ikinci kesimde
Esans, kaydedilmistir. E. coli ve S. aureus'a karst en yiiksek antibakteriyel aktivite,
Bahce kekigi, sirasiyla cigeklenme doneminde ikinci kesimde ve ciceklenme doneminde ilk
Fenolojik donemler. kesimde kaydedilmistir. En diisiik MIC, c¢igeklenme déneminde ikinci kesime bagli

olarak 15.75 pug mL™! idi. Bitkiler, ¢igeklenme 6ncesi asamada en yiiksek toplam
fenol (16.64 mg GAE g! DM) ve toplam flavonoid igerigine (2.88 mg QE g' DM)
sahipti. En yiiksek antioksidan aktivite (ICso = 134.05 ug mL"") ¢igeklenme dncesi
asamada gozlenmistir. Fenolojik asamalarin ve kesimlerin ugucu yagin kimyasal
Ozelliklerinin yan1 sira antibakteriyel ve antioksidan aktivitelerini de
etkileyebilecegi sdylenebilir.

1. Introduction

Garden thyme (Thymus vulgaris L.) is a medicinal and aromatic plant species from the family
Lamiaceae. The latest findings show that the essential oil of this plant species contains over 80
compounds, most of which have antioxidant and antimicrobial activities (Wesolowska & Jadczak,
2019). Phenol compounds like thymol (44-60%) and carvacrol (2.2-4.%) are among the main
components of its essential oil (Pasqua et al., 2005).

The composition of the essential oil of aromatic plants is profoundly influenced by genetics,
ecology, technology, cultivation techniques, harvesting methods, the storage conditions of the raw
material, and processing methods. Thus, the wild and domesticated types of similar plant species can
exhibit very different chemical components and characteristics (Miladi et al., 2013).

The results of a study in New Zealand on the effect of seasonal variations on the percentage and
components of garden thyme essential oil revealed that the highest essential oil yield (22.8 L ha) was
obtained in December after the termination of the flowering period. The components were also very
variable during the vegetative period. The highest contents of thymol and carvacrol (37%) were
observed at the post-flowering stage in summer. As one of the most important components, p-cymene
constituted 40-50% of the essential oil in winter and early spring, but it was reduced to 21% in January
(McGimpsey et al.,, 1994). The constituents of the shoot essential oils of 7. kotschyanus and T.
pubescens were studied at the full flowering stage in Behshahr, Iran. The main components in the
essential oil of T. kotschyanus were reported to include pulegone (18.7%), thymol (14.17%), 1,8-cineole
(9%), piperitenone (6.3%), and carvacrol (37%). The essential oil of T. pubescens was found to mainly
compose of 32.1% carvacrol, 19.1% thymol, 14.6% o -terpineol, and 6.1% p-cymene (Morteza-Semnani
et al., 2000).

Escherichia coliis a common pathogenic bacterium in humans and animals that is mostly
responsible for mild to severe diseases depending on the serotype. E. coli is transmitted by food and
excretory pathways and has been isolated from various foodstuffs (Kordali et al., 2008). Staphylococcus
aureus is the most common pathogen of skin infections (Bensouilah and Buck, 2006). Both bacteria are
resistant to conventional synthetic antibiotics, complicating the treatment of the diseases caused by
them. This inherent or acquired resistance, which has been shown in various pathogens, has so far been
among the most important treatment problems. This has drawn the attention of researchers to alternative
treatments, especially natural components that possess antibacterial properties. As such, the essential
oil of medicinal and aromatic plant species has been proposed as a possible alternative (Kordali et al.,
2008).

Various studies have reported the potential of using plant essential oils as a preservative in food
industries against pathogenic and decaying microorganisms since they are more advocated by
consumers owing to their natural compounds (Rojas-Gra et al., 2007). Although some main components
of essential oils act similar to industrial antibiotics, they are very unlikely to be available as medication
or food preservatives since a limited number of bacterial strains have been researched and even they
have shown different sensitivities. Thus, to use these compounds as a medicine or food preservative,
they need to be tested against a more diverse set of bacterial strains and species to prove their
effectiveness (Fournomiti et al., 2015).

Few studies have addressed the effect of Shirazi thyme essential oil on preventing the toxicity
of important bacteria in foodstuffs. In a study, for example, different rates of the essential oil of this
plant species were applied to Staphylococcus aureus to check its impacts on the production of alpha-
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hemolysin and enterotoxin C under in vitro conditions. The results revealed its inhibitory effect on its
toxicity (Parsaeimehr et al., 2010).

Perpetual exposure to invasive factors results in the production of more free radicals, cell
degradation, and in the long run, senescence and other organic disorders. Reactive oxygen species
(ROS), nitrogen, and sulfur contain free radicals that cause various diseases including neural disorders,
cancer, cardiovascular diseases, cataract, rheumatism, ulcer, and atherosclerosis. Antioxidants can
neutralize free radicals and protect cell molecules including proteins, lipids, carbohydrates, and nucleic
acids (Martins et al., 2015). These antioxidants are also used to preserve food quality for a longer time.
Presently, there is a dispute on the use of synthetic antioxidants, so it is desirable to replace them with
natural antioxidants (Delgado et al., 2014). Flavonoids are a group of pigments in plants that are
responsible for the color of flowers and fruits and many of their biological properties, such as their
antioxidant activities (Tripoli et al., 2007). Owing to its high thymol content, garden thyme has higher
antioxidant activity than other thyme species so that its IC50 has been shown to be 59.159 pg mL™
(Gedikoglu et al., 2019).

In addition to assessing the antioxidant activity and other compounds in the essential oil of
garden thyme, the present research aimed to measure the antibacterial activity of its leaf essential oil
against E. coli and S. aureus during harvest at different phenological stages and at two cuts under the
ecological conditions of Urmia, Iran.

2. Material and Methods

The seeds of garden thyme from the landrace of Deutsche Welle, Germany were sown in sowing
trays on a substrate composed of perlite and peat moss under greenhouse conditions in February. For
better acclimation, the seedlings were transferred to pots containing a mixture of soil, sand, and manure
and were kept outdoors for one week. In mid-June, the seedlings were planted at the main farm in 2 x 3
m? plots spaced by 50 x 30 cm? in the research farm of the Faculty of Plant Production and Genetic
Engineering, Department of Agriculture, Urmia University, Iran. The experiment was conducted as split
plots based on a randomized complete block design with three replications. The main factor was
assigned to harvest at different phenological stages (before, during, and after flowering) and the sub-
plot to the cut (first and second cut). The plants were established in the first year and were harvested in
the second year. After harvesting, the plant samples were dried at room temperature away from sunlight
in 7 d. Then, they were refrigerated at 4 °C in paper pockets until the laboratory assays.

2.1. Essential oil distillation

The plant samples were separately distilled with a Clevenger for 3 h. Their essential oil was
collected, and they were, then, measured and recorded in percentage (g/100gDW). After that, the
essential oils were dried with water-free Na,SO4 (Sigma-Aldrich) and were stored in glass vials at 4°C.

2.2. Determination of essential oil components by GC/MS

The essential oil samples were examined by an Agilent 7890A gas chromatograph (US)
equipped with an Agilent 5975C mass detector and the HP Chemstation software in Microsoft Windows,
a split/splitless mode injector, and an HP-5 MS capillary column with a height of 30 m, an internal
diameter of 0.25 mm, and a thickness of 0.25 mm (Agilent Co., US). The oven temperature was initially
kept at 80 °C for 3 min, then increased to 180 °C at a rate of 8 °C min™', and kept at that temperature for
10 min. Helium was used as carrier gas. The flow rate of the carrier gas was 1 mL min™ and the electron
impact was 70 eV. The injection valve in the split mode had a ratio of 500:1 and a mass range for 40-
500 mass bar”'. To identify the components, the Wily 2007 and NIST 2005 mass references were used.
The temperature of the injection valve was set at 250 °C. Data were analyzed by the Chemstation
software package in Microsoft Windows.
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2.3. Antibacterial activity

The antimicrobial susceptibility of the essential oil against E. coli and S. aureus were determined
by the following two methods.
i.  Broth microdilution to determine MIC and MBC
ii.  Agar well diffusion
Distilled water was used as the solvent control and gentamicin (Sigma, US) was employed as
the standard antibiotic. Each assay was performed in three replications.

2.3.1. Broth microdilution

The method is used to determine the minimum inhibitory concentration (MIC) or the maximum
bactericidal concentration (MBC) of essential oils against bacteria. In summary, base-2 consecutive
dilutions were prepared from the essential oils separately in round-bottom 96-well microplates (from
dilutes 1:2 to 1:4096) containing the Mueller Hinton broth medium (Merc, Germany) and 5% dimethyl
sulfoxide. Similar dilutions of distilled water, enrofloxacin, and dimethyl sulfoxide in the Mueller
Hinton broth medium were prepared as the negative control, antibiotic control, and solvent control,
respectively. It should be noted that the final volume of the wells had been adjusted at 180 pL until this
stage. At the final step, 20 uL of the suspension of each bacterium equivalent to 0.5 McFarland standard
(1-2 x 108 CFU mL™") was added to all wells. Also, in each row, one well was allocated to the culture
medium control and one well to the bacteria growth control. After the bacteria were added, the
microplates were placed in an oven in aerobic conditions at 37 °C for 24 h. To prepare the bacteria
suspensions, 24 hours before preparing the foregoing dilutions, the bacteria were separately cultured in
the TSB broth medium under aerobic conditions at 37 °C for 24 h. Then, the cultures were centrifuged
at 2500 rpm at 4 °C for 15 min and the resulting sediment was suspended twice in a sterile physiological
serum and its density was adjusted at 0.5 McFarland standard to be added to the wells (the final amount
of bacteria inoculated into each group was 105 CFU/well).

To estimate MBC, 10 uL of the content of a well before and a well after the well in which MIC
was observed was cultured linearly on an agar TSA medium.

2.3.2. Agar well diffusion

In the present study, the antibacterial activity of the essential oil was checked by the agar well
diffusion method too for which plates with a diameter of 8 cm were first prepared from Mueller-Hinton
agar culture and 6 mm wells were created with a sterile punch. After 24 h culture of the bacteria, a
suspension was prepared similar to the previous method (0.5 McFarland) and linear culture was
performed by a sterile swab on the plate. Finally, base-2 dilutions of essential oils (100, 200, 400 and
800 ppm) were prepared by the aforementioned method, 50 uL of each dilution was added into the wells,
and the plates were placed in an oven under aerobic conditions at 37 °C for 24 h after which the diameter
of the growth inhibition zone was measured with a ruler in mm (Qaiyami, 2007).

2.4. Antioxidant Activity
2.4.1. Measurement of DPPH radical scavenging percentage

The capability of essential oil in donating hydrogen atoms or electrons was measured by the
extent of bleaching or reducing absorbance of purple DPPH solution in methanol (Brand-Williams et
al.,, 1995). In this method, 2,2-diphenyl-1-picrylhydrazyl (DPPH) was used as a stable radical
composition and reagent for which 100 uL of different essential oil solutions (diluted to 1:500) was
added to 2 mL of 0.004% DPPH in methanol. After 30 min of incubation at room temperature and in
darkness, the absorbance of the samples was read against blank at 517 nm. The spectrophotometer was
zeroed with methanol. DPPH free radical inhibition percentage was calculated by the following
equation:
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AL —A
I% — blank sample ~ 1 00 (1)

blank

Then, to estimate IC50 (expressing the effective concentration of essential with the potency of
50% DPPH inhibition), five different rates of essential oil were prepared and after they were added to
the DPPH solution similar to what described above, their absorbance was read with a spectrophotometer
and was calculated by the diagram.

2.4.2. Measurement of total phenol content.

Total phenol was measured by Folin-Ciocalteu reagent using Oki et al. (2002)’s procedure. To
this end, 1 mL of the Folin-Ciocalteu reagent (diluted to the ratio of 1:10) was added to 120 uL of
essential oil solution (diluted to the ratio of 1:500). After 3 min, 0.3 mL of 2% sodium carbonate was
added to the solution. The resulting solution was incubated at room temperature for 30 min and then, its
absorbance was read at 750 nm with a spectrophotometer (Biowave, WPSA 2100, UK). The total phenol
content was measured by using a standard gallic acid curve and expressed in mg gallic acid equivalent
(GAE)/g dry matter (DM). The spectrophotometer was zeroed with methanol.

2.4.3. Measurement of total flavonoid content

The procedure described in Serra Bonvehi et al. (2001) was used to measure total flavonoid
content. To this end, 260 pL of essential oil solution (diluted to 1:500) was mixed with 0.3 mL of 5%
sodium nitrite and 3 mL of distilled water. After 5 min, 0.3 mL of 5% aluminium chloride was added.
After 6 min, 2 mL of 1M sodium hydroxide solution was added to the solution and finally, the volume
of the 10-mL volumetric flask containing the solution was adjusted with methanol. The absorbance was
immediately read at 510 nm with a spectrophotometer against a control sample. The flavonoid content
was calculated by the standard quercetin curve and expressed in quercetin equivalent (EC) per g DM.

2.4.4. Measurement of chain-breaking activity

Chain-breaking rate activity was measured using the DPPH reagent by Brand-Williams et al.
(1995)’s procedure with slight modifications. The reaction rate was estimated by the following equation:

Abs~® — Abs;® =03kt 2

in which 4bs denotes absorbance over time, Absy denotes absorbance at time 0, ¢ denotes time
in minutes, and k denotes chain-breaking rate.

2.5. Statistical Analysis

Data were statistically analyzed by the SAS software package. Means of the samples were
compared by Duncan’s test at the P < 0.05 level. The relationships between the recorded parameters
were also checked by Pearson’s test. MS-Excel was used to draw the graphs. All measurements were
replicated three times and the values were reported as mean = SD.
3. Results and Discussion
3.1. Essential oil percentage and compositions

Essential oil efficiency was found to be 40.20%, 1.2%, and 1.21% for the three phenological
periods including pre-flowering, at flowering, and post-flowering in the first cut and 2.91%, 2.15%, and

1.76% for the three phenological periods in the second cut, respectively. Based on the results of the
analysis of variance (ANOVA; Table 1), the main effect of the cut and phenological period was
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significant (P < 0.01) on essential oil efficiency, but their interactive effect was revealed to be
insignificant for this trait.

Table 1. The results of analysis of variance for the essential oil percentage based on a split-plot design
over time

Means of squares

Sources of variations df —
Essential oil percentage

Block 2 0.005™
Phenological stage 2 1.85™

Error a 4 0.02

Cut 1 12.03™
Phenological stage x cut 2 0.017"
Experimental error 6 0.03

Coefficients of variations (%) 8.21
ns, *, and ** show insignificance and significance at the P < 0.05 and P < 0.01 levels, respectively.

Essential oil efficiency was higher in the second cut (2.28%) than in the first (1.6%; Table 2).
The highest essential oil efficiency (2.56%) was observed at the pre-flowering period, then it declined
to 1.78% during flowering reaching its minimum value (1.49%) at the post-flowering period. It implies
that as the plant approached maturity, its essential oil efficiency was decreased (Table 2). These findings
are consistent with the results of other studies on garden thyme and other plants as to achieving the
highest essential oil efficiency at the pre-flowering period. In a study on garden thyme, Salehi et al.
(2014) found that the highest essential oil efficiency was 2.42% for the flower initiation period and as
the plant approached the end of flowering, its essential oil percentage declined. A research on Satureja
sahendica Bornm. revealed that the highest essential oil efficiency (3.30%) was at the early-flowering
period and the lowest (1.65%) was at the late-flowering period among all phenological periods (Sefidkon
& Akbari-nia, 2009). In a study on the hybrid Thymus x citriodorus, the highest and lowest essential oil
was observed at the pre-flowering (2%) and post-flowering (1.3%) periods, respectively (Toncer et al.,
2017). On the other hand, our findings are not consistent with the results of Zantar et al. (2015) on wild
thyme, Ghasemi et al. (2016) on Echinophora cinerea, and Morshedloo et al. (2018) on Origanum
vulgare subsp. gracile. They found that the studied plant species produced the highest essential oil
percentage at the full flowering period. The inconsistency can be related to the differences in plant
species and vegetative conditions.

Table 2. The comparison of means for the simple effects of phenological stage and cut on the recorded

traits
Treatment Essential oil percentage
Phenological stage
Pre-flowering 256+0.15a
Flowering 1.78£0.18 b
Post-flowering 1.49+0.14 ¢
Cut
First cut 1.60£0.15b
Second cut 228+0.17a

Means in each column with similar letter(s) did not differ statistically at the P < 0.05 level based on Duncan’s test

The profile of the chemical compounds, which was determined by GC/MS, is presented in Table
3. The percentage of the compounds in the samples was determined based on the normalization of the
curve peak and listed in order of their retention index on the HP-5MS column (Figure 1). A total of 25
compounds were detected of which 20 compounds were observed during and after flowering in the first
cut and 19 compounds in the next cuts. The amount of oxygen-containing monoterpenes was higher in
the first cut than in the second cut. With respect to the phenological periods, the highest value was
87.13% related to the harvest during flowering whereas the amount of hydrocarbonic monoterpenes was
higher in the second cut than in the first cut and its highest amount (35.06%) among different
phenological periods was related to the pre-flowering period.
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Table 3. The chemical composition of the essential oils and the antibacterial activity of some constituents at different phenological stages. For the essential oil
of T. vulgaris, the GC signal was observed and identified. The main components included p-cymene (3.37-18.04%), y-terpinene (4.88-16.61%), thymol (43-
63.18%), and carvacrol (4.73-17.84%).

%

Antibacterial Activity

No.  Components RI Cutl - - - Cut2 - - - - -

Pre-flowering  Flowering Post-flowering  Pre-flowering  Flowering  Post-flowering Species of bacteria References

stage stage stage stage stage stage
1 a -Thujen 927 0.55 - 0.40 0.84 0.82 0.76
2 a -Pinene 931 0.55 - 0.51 0.56 0.55 0.51 Campylobacter jejuni ~ (Kovac et al.,2015)
3 1-Octen-3-ol 975 0.51 0.51 0.49 0.83 0.75 0.79
4 B -Myrcene 989 1.05 - 0.91 1.18 1.08 1.00
5 a -Terpinene 1015 1.70 0.38 1.15 2.04 1.35 1.13
6 P-Cymene 1026 7.20 3.37 10.55 12.54 17.86 18.04 M. tuberculosis (Andrade et al., 2015)
7 Limonene 1028 0.42 - 0.37 0.46 0.44 -
8 1,8-cineole 1032 - 0.46 0.89 0.59 0.48 0.54
9 y -Terpinene 1060 13.78 4.88 7.55 16.61 10.60 8.46 S. aureus (Cristani et al., 2007)
10 Trans-sabinene 1068 0.60 0.63 0.68 0.7 0.76 0.57

hydrate
11 Linalool 1099 1.75 1.78 2.03 2.10 1.88 2.10 Streptococcus mutans ~ (Park et al.,2012)
12 Camphor 1148 - - - - 0.43 -
13 Borneol 1168 1.23 0.60 0.71 0.81 1.07 1.15
14 Terpineol-4 1180 0.73 0.68 0.66 0.73 0.64 0.86
15 o. -Terpineol 1194 - 0.20 - - - - E. coli&Staph. aureus  (Cosentino et al.,1999)
16  Thymol, methyl ether 1235 - 1.23 0.68 1.12 - 1.05
17 Carvacrol methyl ether 1245 0.88 1.13 0.75 0.89 0.62 0.86
18 Thymol 1295 55.14 62.12 63.18 51.10 43.00 44.41 E. coli&Staph. aureus  (Kavoosi et al., 2013)
19  Borneol, acetate 1297 0.45 0.46 0.54 0.58 0.85 1.015
20  Carvacrol 1303 9.91 17.84 5.85 4.73 14.77 14.03 E. coli&Staph. aureus  (Mahboubi&
Kazempour.,2011)

21 Trans-caryophyllene 1425 1.84 245 1.64 1.27 1.57 1.54 Staph. aureus (Dahham et al.,2015)
22 p-bisabolen 1509 - 0.23 - - - -
23 Delta-Cadinene 1527 - 0.33 - - - -
24 Caryophyllene oxide 1590 0.87 0.51 0.46 - - 0.52
25  a-cadinol 1645 0.38 0.22 - - - -
Monoterpene hydrocarbons 25.76 9.14 21.93 35.06 33.45 30.69
Oxygenated monoterpenes 70.69 87.13 75.97 63.35 64.5 66.585
Sesquiterpene hydrocarbons 1.84 3.01 1.64 1.27 1.57 1.54
Oxygenated sesquiterpenes 1.25 0.73 0.46 - - 0.52
sum 99.54 100.01 100 99.68 99.52 99.335
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Figure 1. GC/MC chromatograms of 7. vulgaris analyzed in GC/MC (Agilent, US) at the pre-flowering first cut
(A), flowering first cut (B), post — flowering first cut (C), pre-flowering second cut (D), flowering second cut
(E) and post — flowering second cut (F), using a capillary column (MS-5) attached to a mass detector.
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The lowest amount of hydrocarbonic monoterpenes was obtained from the harvest during flowering in
the second cut whilst these plants exhibited the highest amounts of oxygen-containing monoterpenes
and sesquiterpenes too. The abundance of hydrocarbonic monoterpenes at the pre-flowering stage is
reasonable since monoterpenes like c-terpinene and p-cymene are regarded as the biogenetic precursors
of terpene phenol carvacrol (Casiglia et al., 2015). The main components of the essential oil were thymol
(43-63.18%), p-cymene (3.37-18.04%), carvacrol (4.73-17.84%), and y-terpinene (4.88-16.61%). The
other components were observed in lower values in ranges smaller than 11.79-14.70%. The highest
thymol content was related to the pre-flowering and post-flowering periods in the first cut, the highest
p-cymene content to the post-flowering period in the second cut, the highest carvacrol content to the
flowering period in the first cut, and the highest y-terpinene to the pre-flowering period in the second
cut. These results are partially in agreement with the results of Rota et al. (2008) who found that thymol,
carvacrol, and y-terpinene were the main components of the essential oil of 7. vulgaris. However, our
results are inconsistent with the results of Sartoratto et al. (2004) in their study on garden thyme in Brazil
so that, according to their findings, geranyl was the most abundant component (21.8%), and y-terpinene
and thymol constituted 2.6% and 17.5% of the essential oil, respectively — much lower than our
observations in the present study. This may point to the impact of geography or environment on the
components of 7. vulgaris essential oil. These differences can also be ascribed to the differences in
chemotypes. On the other hand, a study on Thymus X citriodorus showed that the most abundant
components on its essential oil were terpinolene, a-terpineol, linalool, bornyl acetate, and borneol
(Toncer et al., 2017). Based on the results, it seems that the cut and phenological stage can influence the
amount and type of essential oil components.

3.2. Antibacterial Activity

The results of ANOVA indicated that the interactive effect of cuts and phenological stage at
harvest time was significant (P < 0.01) on the diameter of the zone of bacterial growth inhibition. Based
on the comparison of means (Table 4), the highest diameter of the inhibition zone was the second cut
during flowering (19.9 mm) for E. coli and the first cut during flowering (18.2 mm) for S. aureus. The
results revealed that the plant had the lowest antibacterial activity among the studied essential oils before
flowering at the second cut in which the diameter of the inhibition zone was 15.2 mm for E. coli and
13.2 mm for S. aureus (Table 4). Nedorostova et al. (2009) reported the antimicrobial activity of the
essential oil of three plant species — 7. vulgaris, T. pulegioides, and T. serpyllum — in the vapor phase
against E. coli and S. aureus. In addition, a high level of antifungal activity has been reported for the
essential oil of thyme isolated at the flowering stage (Saoud et al., 2013). The results indicate that the
lowest MIC was 15.75 ug mL™"' related to the second cut during flowering and the highest was 125
ug mL™"' related to the second cut before flowering. These results are consistent with the findings as to
the diameter of the growth inhibition zone.

Table 4. The antibacterial activity of the T. vulgaris essential oil at different phenological stages against
Staphylococcus aureus and Escherichia coli. Gentamicin (Sigma, US) was used as the control medicine.
The DMSO solvent (dimethyl sulfoxide) was 10% with no antibacterial activity.

. S. aureus ATCC 29213 E. coli ATCC35218

Phenological — —

Cut stage MIC MBC Inhibition zone MIC MBC Inhibition zone

(ugmLl™") (ugmL™) (mm) (ugmLl™") (ugmL™) (mm)

First  Pre-flowering 62.5 123 17.2+0.06 b 62.5 125 16.3+£0.11d
Flowering 31.25 62.5 182+0.17a 31.25 62.5 19.4+0.15b
Post-flowering 62.5 125 1726 +0.2b 125 250 17.2+0.09 ¢

second Pre-flowering 125 250 13.2+0.11d 125 250 152+0.08 ¢
Flowering 15.75 31.5 17.13+0.08 b 15.75 31.5 19.9£0.09 a
Post-flowering 62.5 125 15.13+0.15¢ 62.5 125 164+0.11d
Gentamycin 17.5 35 22 15 30 28

Means in each column with similar letter(s) did not differ statistically at the P < 0.05 level based on Duncan’s test.
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The antibacterial activity of carvacrol and p-cymene was examined against Vibrio colerae.
Carvacrol showed a high inhibitory effect on V. colerae whereas p-cymene did not. Nonetheless, the
presence of p-cymene reinforced the inhibitory activity of carvacrol when they were applied together.
The synergy of p-cymene and carvacrol may justify their combined application to suppress V. cholera
and other pathogens in foodstuffs (Mitropoulou et al., 2015). In another study on the antibacterial
activities of various essential oils, including p-cymene, thymol, and carvacrol, against Mycobacterium
tuberculosis and M. bovis, p-cymene showed the lowest antibacterial activity, but thymol and carvacrol
were found to be the most active terpenes (Andrade-Ochoa et al., 2015). An interesting finding as to the
relationship between the phytochemical analysis by GC and bioactivity on the bacteria of Streptococcus
mutans showed that the bacteria was influenced by the high percentage of menthol in M. arvensis (over
70% of the total composition of the essential oil) and the high percentage of phenol monoterpenes such
as carvacrol in T. capitatus (over 65% of the total composition of the essential oil) and thymol in 7.
vulgaris (over 25% of the total composition of the essential oil), which had a MIC of 8 pL mL™
(Tardugno et al., 2018). The mechanism by which menthol and other phenolic isomers of thymol and
carvacrol influence oral bacteria is associated with their performance in inducing disorder in membranes,
which leads to cell leakage (Gursoy et al., 2009; Franz, 2010; Oyanagi et al., 2012; Freires et al., 2015;
Kouidhi et al., 2015). Other components of essentials oils, e.g. a-pinene, y-terpinene, linalool, o-
terpineol, and trans-caryophyllene, have also been subject to extensive research (Table 3).

The results showed that the essential oil of garden thyme had an effective inhibitory impact on
the growth of both tested bacteria (Figure 2). This finding corroborates similar reports as to the
antibacterial activity of plant essential oils against Gram-positive and Gram-negative bacteria (Roldan
et al., 2010; Sokovi¢ et al., 2007). We observed that E. coli (a Gram-negative bacteria) was more
sensitive to the antibacterial activity of the garden thyme essential oil than S. aureus (a Gram-positive
bacteria). Fatma et al. (2014) report that despite the possession of an external layer composed of
hydrophobic compounds around their cell wall, which acts as a barrier against permeability, the Gram-
negative bacteria are usually more sensitive to the essential oil of Thymus hirtus sp. There is seemingly
a relationship between the low antibacterial activity of thyme essential oil and the deficiency of oxygen-
containing monoterpenes. Also, the low molecular weight of the essential oil compounds seems to allow
them to penetrate across the internal membrane of Gram-negative bacteria (Pattnaik et al., 1997). The
results of our screening prove the potential of the garden thyme essential oil to be used as an active
ingredient in medications and food preservatives in the treatment of plant and animal disease and remove
food-rotting microorganisms.

Staphylococcus
aureus at different cuts and phenological stages: A = pre-flowering stage, B = flowering stage; C = post-
flowering stage; 1 = first cut; 2 = second cut.

3.3. Antioxidant activity

The assay of the antioxidant activities of the T. vulgaris essential oil at a rate of 3.68 ug mL"'
provided the following results.

Based on the results of ANOVA (Table 5), the main effects of cut and phenological stage were
significant (P < 0.01) on total phenol content, but their interaction was not. Among the phenological
stages (Table 7), the highest total phenol content was obtained at the pre-flowering stage (16.64 mg
GAE g' DM) and the lowest at the post-flowering stage (8.88 mg GAE g"' DM).
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Table 5. The results of analysis of variance for the antioxidant activities based on a split-plot design
over time

o Means of squares
Sources of variations

Total phenol  Total flavonoids  Chain-breaking IC50 DPPH
Block 2 10.14° 0.050m 4.26™ 13.29™ 7.95"
Phenological stage 2 90.30™ 247" 2.75m 10856.44™  31.62™
Error a 4 0.98 0.010 3.36 9.53 8.06
Cut 1 267.95™ 7.86" 58.88™ 5739.85"  0.19™
Phenological stage x cut 2 8.95m 0.27* 27.63" 71878 74.16™
Experimental error 6 4.30 0.012 3.68 16.16 6.32
Coefficients of variations (%) 16.24 5.06 10.51 2.30 6.80

ns, *, and ** show insignificance and significance at the P < 0.05 and P < 0.01 levels, respectively.

The total phenol content was higher in the second cut than in the first cut. Phenols are
compounds that contain at least one hydroxyl (OH) group attached to an aromatic ring. They occur in
aerial parts of the plants, e.g. flowers, leaves, seeds, fruits, stems, and also in their roots. Phenol
compounds are interested in due to their appealing biological properties including antioxidant activities
and free radical scavenging (Goger et al., 2011). A research study on rosemary revealed that total phenol
content was lower at the pre-flowering stage than at the fruit-bearing stage, which is inconsistent with
our findings (Jordan et al., 2013).

The interaction of cut and phenological stage (Table 5) was significant for total flavonoids,
IC50, and DPPH at the P < 0.01 level and for chain-breaking extent at the P < 0.05 level. Flavonoids are
polyphenol compounds with a high distribution in plants and perform many functions. They may also
be involved in chemical signalling, thereby contributing to physiological regulations and cell cycle
inhibition (Galeotti et al., 2008). The comparison of means (Table 6) indicated that the total flavonoid
content was lower in the first cut at different phenological stages and its highest value was related to the
second cut at the pre-flowering stage (3.70 mg QE g"' DM) and the lowest to the first cut at the post-
flowering stage (1.21 mg QE g' DM). In separate studies on the alcoholic extract of garden thyme
leaves, total flavonoid content was reported to be 8.56 mg QE g DM (Nadia et al., 2013) and 36.6 mg
QE g DM (Koksal et al., 2017). The highest total flavonoid contents at the early-flowering stage were
14.94, 75.85, 8.4, and 36.87 mg QE g' DM for the extracts of Agastache foeniculum, Lavandula
foeniculum, Melissa officinalis, and Nepeta cataria, respectively, which is consistent with our findings
(Duda et al., 2015).

Table 6. The comparison of means for the interactive effects of phenological stage x cut on the studied

traits
Phenolosical stage  Cut Total flavonoid  Chain-breaking IC50 DPPH inhibition
gl S8 (mg QE g' DM) (%) (ug mL™) (%)

Pre-flowering First 2.07+0.08 ¢ 16.85+2.34¢ 19337+ 1.61c 30.22+3.07b
Second 370+£0.14 a 18.07 = 1.09 be 128.74 £ 0.98 d 3855+144a

Flowering First 1.28+0.05d 22.18+0.65a 196.51 £0.94 b 40.77 +0.69 a
Second 2.77+0.06 b 1522+040¢ 145.54+2.70 ¢ 36.72+1.39a

Post-flowering First 1.21+£0.02d 21.11+0.06 ab  241.67+3.89a 39.66+0.53 a
Second 2.05+0.05¢ 16 £0.275¢ 196.12+0.13 b 36+0.34a

Means in each column with similar letter(s) did not differ statistically at the P < 0.05 level based on Duncan’s test.

The highest IC50 was observed in the first cut at the post-flowering period and the lowest in the
first cut at the pre-flowering period (Table 6). This means that the antioxidant activity is higher in the
first cut at the pre-flowering stage. A research study on Echinophora cinerea showed that the antioxidant
activity was stronger at the pre-flowering stage than at the full-flowering stage (Ghasemi et al., 2016).
The comparison of means showed that the first cut at the pre-flowering stage had the lowest DPPH, but
it did not differ from the other treatments significantly. The highest chain-breaking activity was obtained
from the first cut at the flowering stage and the lowest from the second cut at the flowering stage.
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Table 7. The comparison of means for the simple effects of the phenological stage and cut on the studied

traits

Treatment Total phenol Total flavonoid Chain-breaking IC50

(mgGAEg'DM)  (mgQEg' DM) (%) (ngmL™)

Phenological stage

Pre-flowering 16.64+2.14a 2.89+037a 17.46 £ 1.88 a 134.05+£2.52¢
Flowering 1276 £2.29b 2.03+0.34b 1870+ 1.59a 171.03+11.47b
Post-flowering 8.88+1.17¢ 1.63+0.19¢ 18.60+1.15a 21890+10.33 a
Cut

First 89+0.87b 1.52+£0.14b 20.04+1.07 a 192.52+14.85a
Second 16.62 + 1.64 a 2.84+0.24a 1643 +0.55b 156.80 + 10.16 b

Means in each column with similar letter(s) did not differ statistically at the P < 0.05 level based on Duncan’s test.

Phenol and total flavonoid contents were negatively correlated to the IC50 activity significantly
(P <0.05). A previous study on T. vulgaris (Sarikurkcu et al., 2008) revealed a close relationship
between polyphenols and antioxidant activity, which can support the effectiveness of these compounds
as free radical scavengers and antioxidants. Fatma et al. (2014) reported that total phenol and total
flavonoid contents had a negative correlation with the DPPH assay whereas the positive correlation
between a less-shown phenol compound ((+)-catechin hydrate) and the DPPH assay may support the
role of trivial compounds in synergy with the main compounds in their antioxidant activity.

4. Conclusions

The results revealed the effectiveness of the thyme essential oil against the tested bacteria. All
in all, the biochemical properties and the measurement of the antimicrobial activity showed that a higher
percentage of aliphatic and oxygen-containing monoterpenes and mainly phenol monoterpenes such as
thymol were responsible for the antioxidant activity of the studied essential oil. As well, the Gram-
negative E. coli was more sensitive to the 7. vulgaris essential oil than the Gram-positive S. aureus. The
essential oil percentage was higher in the second cut than in the first cut. Also, the essential oil had
stronger antioxidant activity in the second cut at the pre-flowering stage. Overall, it can be said that
phenological stages and cuts can affect essential oil percentage, composition, and antioxidant and
antimicrobial activities.
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Abstract: In Turkey, one of the essential grain legumes is lentil. It is usually
perceived as a weak competitor with weeds. The research objective was to
determine the tolerance of selected 145 mutagenized lentil genotypes at MS5
generation to imazamox herbicide including 139 M5 lentil genotypes derived from
Ethyl Methane Sulfonate (EMS) mutagenized seeds of cultivar Firat-87 and 6
control lentil cultivars were screened for imazamox herbicide tolerance.
Experiments were carried out in the greenhouse and field. Herbicide was applied at
150% of the recommended dose of (100 ml/ha, or 40 g a.i/ha) imazamox when the
plants were between 5 - 6 node stage. The response of the genotypes to the herbicide
was evaluated by measuring the plant height as a sign of the growth and also by
visual scoring of foliar damage with a 1 to 5 scale at 45 and 60 days after a spraying
in the field experiment and at 30 and 60 days after a spraying in the greenhouse
experiment. The genotypes were categorized based on their reactions to herbicides
as highly tolerant, tolerant, moderately tolerant, sensitive, and highly sensitive. The
results showed significant differences among the genotypes for tolerance to the
herbicide. At 60 days after spray, most of the genotypes showed some of the
recoveries in both experiments. Five genotypes (IMI-124, IMI-128, IMI-130, IMI-
138, and IMI-139), displayed high herbicide tolerance in both experiments. The
tolerant genotypes can be exploited in future breeding programs for improving
herbicide tolerant lentil varieties.
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Anahtar Kelimeler
Mercimek,

Etil metan sulfonat (EMS),
Imazamoks tolerans.

Oz: Yabanc otlara karsi rekabet giicii zayif olan mercimek, Tiirkiye'de iiretilen
onemli yemeklik dane baklagillerdendir. Arastirma, Etil Metan Siilfonat (EMS) ile
mutajenize edilen Firat 87 ¢esidinden M5 generasyonunda segilen 139 mercimek
mutant genotipleri ve 6 kontrol gesitin imazamoks herbisite toleransini belirlemek
amaciyla yiritiilmiistiir. Denemeler hem sera hem arazi sartlarinda yapilmistir.
Imazamoks etken maddeli herbisit, bitkiler 5 - 6 bogumlu oldugu dénemde
onerilen dozun (100 ml/ha veya 40 g a.i/ha) 1.5 kat1 (150 ml/ha) olarak uygulandi.
Genotiplerin herbisite tepkisi, biiylimenin bir isareti olarak bitki boyunun
Olgiilmesiyle ve ayrica, bitki aksaminda olusan herbisit zararinin gorsel
skorlanmasi (1= dayanikli 5= % 100 &lii) yapilarak degerlendirildi. Olgiim ve
skorlamalar tarla denemelerinde ilaglama yapildiktan 45 ve 60 giin sonra, sera
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denemelerinde ise 30 ve 60 giin sonra yapilmistir. Genotiplerin herbisite karsi
reaksiyonlari; yiliksek toleransli, toleransli, orta derecede toleransli, hassas ve
oldukga hassas olarak gruplandirildi. Elde edilen sonuglara gore, herbisite tolerans
bakimindan genotipler arasinda 6énemli farkliliklar gézlenmis olup ilaglamadan 60
giin sonra yapilan degerlendirmelerde, hem tarla hem de sera denemelerinde
genotiplerin ¢ogunda bir miktar iyilesmeler gozlenmistir. Bes genotip (IMI-124,
IMI-128, IMI-130, IMI-138 ve IMI-139), tarla ve sera denemelerinde herbisit
toleranst en yiiksek genotipler oalrak belirlenmistir. Bu genotipler, imazamoks
herbisite toleransli mercimek cesiti gelistirmek igin 1slah programlarinda
kullanilabilir.

1. Introduction

Lentil (Lens culinaris Medik.) is a member of the Fabaceae family. It is grown as a winter crop
in most parts of the world. Lentil can grow well in depleted soil, and a lack of rain and freezing
conditions do not necessarily affect their growth. It has nutritional and health importance for humans
because it contains a high percentage of vegetable protein (up to 30%) and is a good source of vitamins
and other important nutrients, such as 0.5% phosphorus content. Furthermore, lentil brings good
economic returns (Sarker, 2006). It is cultivated in most parts of the world and the countries with the
greatest production are Canada, India, Australia and Turkey. Crushed crust from the processing of lentils
is also used to feed cattle and poultry. Therefore, its cultivation brings secondary benefits such as animal
feed and, via nitrogen fixation, increases the fertility of the land in which they are grown.

Lentil cultivation suffers from considerable annual variations in yield, and a clear decline has
emerged over the last five years in Turkey due particularly to management problems, and susceptibility
to various biotic and abiotic stresses (Figure. 1). The yield of current cultivars of lentil ranges between
1450 and 1950 kg/ha, but the yield can be considerably depressed due to poor weed management (Aktar
et al., 2013). In Turkey, the lentil area harvested was 292 455 ha, production was 430 000 tonnes and
yield was 1 470 Kg/ha, in 2017 (FAO, 2018).

2500
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Yield (Kg/ha)
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2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Years

Figure 1.Variations in lentil yield in Turkey (FAO, 2018).

Weeds have a major impact on lentil production. Yield losses in lentil range between 20% and
80% because lentil is a poor weed competitor (Al Thahabi et al., 1994; Saxena and Wassimi 1980;
Boerboom and Young, 1995; Brand et al., 2007). Many broadleaf species and annual grasses are in
competition with lentils for water, nutrients, and sunlight, which affects lentil production and the quality
of grain while also allowing diseases and other pests to thrive (Rizwan, 2015). Losses due to weed
competition in the lentil yield are dependent on the level of weed infestation, and the types of weed
species which are prevalent (Al-Thahabi et al., 1994; Yenish et al., 2009; Saxena and Wassimi 1980;
Hattori, 1995).

679



YYU J AGR SCI 31 (3): 678-689
Lakmes et al. / Tolerance to Imazamox Herbicide Found after Screening of Advanced Generation Lentil Mutant Genotypes

In lentils, weeds are commonly controlled manually. However, hand weeding is impractical in
the extensive production areas because is an expensive process and labour intensive (Baumgartner and
Al-Khatib, 1999; Iler and Pauls,1993), and if delayed, the operation does not prevent the adverse effect
of the weeds on crop yield. It is therefore necessary to use effective herbicides to decrease unwanted
competition (Ashigh et al., 2009). As such, lentil genotypes with improved herbicide tolerance can offer
more suitability for the use of broad-spectrum post-emergence herbicides which are required by farmers.
In light of this information, lentil varieties with improved herbicide tolerance which can offer greater
flexibility for the use of broad-spectrum post-emergence herbicides are required by farmers.

The IMI class of herbicides, including imazethapyr, imazamox and imazapic, provides a broad
spectrum of weed control activity, adjustability in the timing of application, low usage rates, and low
mammalian toxicity. Other advantages of using IMI herbicides include low environmental damage,
control of broadleaf weeds and a low herbicide dose per hectare (Weed Science Society of America
2007). Furthermore, IMI-tolerant genotypes have been identified in many species, which has enabled
the development of several tolerant crops (Ashigh et al., 2009). At present, IMI herbicides are used on
non-pulse crops such as barley, spring wheat, sunflower, oats, oilseed mustard, canola and alfalfa and
pulse crops including lentil, field pea, soybean and dry bean (Saskatchewan Ministry of Agriculture
2013).

There is the possibility of finding highly tolerant genotypes by the screening of a large number
of genotypes to exploit natural differences or screening of genotypes created through induced mutations
(Toker et al., 2012). Other studies have reported the creation of herbicide-tolerant mutants by selection
from spontaneous mutation (Bernasconi, 1995; Tan, 2005). Herbicide tolerant mutant plants have been
discovered in many crops like lentil (Sharma, 2017), wheat (Newhouse, 1992) and maize (Anderson,
1989; Newhouse, 1992). In particular, many studies have found that in many crops, the mutations were
efficient in the creation of genotypes tolerant to herbicide (Tan et al., 2005; Rizwan et al., 2017; Ndungu,
2009; Malkawi, 2003; Sharma et al., 2018; Chant 2004; Bernasconi et al., 1995; Beckie at al., 2006).

Seed mutagenesis followed by herbicide selective pressure has been utilized widely to develop
crop resistance to herbicides (Mulwa and Mwanza, 2006). This technique obtains a wide array of
advantages for farmers of enhanced economical weed control and improves economic returns.
Enhanced economical weed control are advantage to farmers from the technique of seed mutagenesis.
Plant -tolerance to herbicides has been developed by the widespread utilization of seed mutagenesis
followed by herbicide selective pressure. The selected- mutations can be evaluated for herbicide
resistance. Because most herbicide-resistant mutants have been created via chemical mutagenesis, this
process was understood to be a significant source of producing genetic variability.

Among chemical mutagens, ethyl methanesulfonate (EMS) is the most popular method for
obtained an effective method (Rizwan et al., 2017; Tan et al., 2005). EMS generally causes little
nucleotide changes or small point mutations within the genome, as compared to other chemical and
physical mutagens that cause huge changes such as the disappearance of the large part of the genome
that causes significant changes and can also destroy the characteristics of the cultivar (Weil and Monde,
2007).

This study aims to explore the potential of EMS induced mutation to generate lentil genotypes
that are tolerant of the imidazolinone herbicide that could be included in plant breeding programs.

2. Material and Methods
2.1. Material

The present study was conducted at Harran University, Faculty of Agriculture Experiment
Station field and greenhouse facilities in the 2017-2018 growing season. A total of 145 genotypes
including 139 genotypes of EMS mutagenized seeds of cultivar Firat-87 and 6 lentil cultivars used as
imidazolinone sensitive controls (Firat-87, Cagil and 4 Canadian cultivars with the unknown name) were
screened against imazamox herbicide tolerance in the experiment. The protocol for ethyl
methanesulfonate (EMS) mutation has been described by Bukun and Kahraman, 2013.

EMS mutated Firat 87 genotypes were selected at M2 generations based on healthy appearance
after two doses of imazamox spray in the field and were advanced to M6 generation using single seed
descent (SSD) to obtain homozygosity and also to generate enough seed for the experiment.
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A commercial herbicide of imazamox was used in the experiment. The herbicide is registered
for use on Clearfield Sunflower cultivars with a recommended dose of 1250 ml/ha (50 g a.i/ha) in
Turkey. Currently, there is no imidazolinone herbicide registered for use in lentil in Turkey but
imidazolinone herbicides have been used on Clearfield lentil cultivars grown in Canada with a
recommended application dose of 40 g a.i/ha. Based on this information, it was decided to apply with
an extra 50% of the recommended dose of imazamox (1500 ml/ha, e.g 60 g a.i/ha) to determine the
tolerant genotypes. Any genotype that survived at this dose of herbicide would be considered tolerant
to the herbicide. A shoulder-mounted hand operated knapsack sprayer was used to spray agents the
herbicide by100 L/ha of water during cooler hours of the day when there was slow or no wind.

Two experiments were carried out both in the greenhouse and in the field in a randomized
complete block design (RCBD) with three replications. Since the aim of the experiment was to determine
genetic resistance to the herbicide, seed yield was not evaluated, and the experiments were not carried
out at the usual planting time of lentil. About 30 seeds from each genotype were planted in 1 m rows
with 20 cm of row spacing in the field experiment. For the greenhouse experiment, 10 seeds from each
genotype were planted in a 50 cm row length with a 20 cm of row spacing.

The imazamox herbicide was applied when the plants had grown between 5 - 6 nodes in size.
A 1 to 5 scale was used to evaluate the damage caused by the herbicide as proposed in chickpea [(Gaur
et al., 2013), (Table 1)]. The damage was scored in the whole row. The damage response of lentil
genotypes against imazamox herbicide in the field experiment was observed after 45 and 60 days after
spraying (DAS), or after 30 and 60 DAS for the greenhouse experiment.

Table 1. The scale used for categorizing plants for their reaction against herbicides (Gaur et al., 2013)

Damages Reaction

Highly tolerant Very good genotype growth with no chlorosis/burning/narrowing of leaves
Tolerant Good genotype growth with a litle chlorosis /narrowing/burning of leaves
Moderately moderate genotype growth with medium chlorosis/narrowing/burning of leaves,
Sensitive Weak growth genotype growth with severe chlorosis /narrowing/burning of leaves

Very Weak growth genotype with complete chlorosis/narrowing/burning leading to

Highly sensitive mortality of most plants

In addition to the susceptibility score, plant height was measured immediately before spray (BS).
Resistance to the herbicide was observed by measuring plant height as a sign of post-treatment growth
after 15 and 45 DAS for the field experiment, or after 30 and 60 DAS for the greenhouse experiment of
the spray. Stalling or stunting of plant growth was considered as susceptibility to the herbicide, while
regular normal growth of any genotype was considered as resistance to the herbicide.

2.1. Statistical Analysis

Statistical analysis of the data was performed with Microsoft Excel and Genstat v12 and
involved analysis of variance (ANOVA) to test for differences in plant height between genotypes at each
measured timepoint in the field and greenhouse experiments. Histograms were constructed to show the
frequency distribution of plant height and plant damage reaction scales. The dynamic development of
plant height in each response category was assessed by comparing mean plant height across timepoints
and using ANOVA to test the significance of differences between each category and the interaction
between category and time point. The relationship between plant height and tolerance scores was
assessed with least squares difference (LSD) tests of plant height in each category.

3. Results
3.1. Plant damage reaction scale

Based on the visual scoring at 45 DAS and classification, the herbicide tolerance score of the
genotypes ranged from 1 to 5 in the field experiment. Out of 139 genotypes tested, one genotype (IMI-

128) was scored as highly tolerant, 4 genotypes as tolerant (IMI-124, IMI-130, IMI-138 and IMI-139),
9 genotypes as moderately tolerant, 7 genotypes as sensitive, and the rest of the genotypes (124) were
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highly sensitive (Table. 2) shows the results of variance analysis. The response of the genotypes for
imazamox at 60 DAS indicated some differences in the herbicide tolerance scores among the genotypes
with some recovery observed in plants possibly due to late rains in the field. Based on the second visual
scoring at 60 DAS (Figure 2), it was observed that 3 genotypes (IMI-124, IMI-128, IMI-130) were
highly tolerant, 7 genotypes (IMI- 125, IMI -132, IMI- 135, IMI- 136, IMI- 137, IMI- 138, IMI- 139),
were tolerant, 8 genotypes were moderately tolerant, 19 sensitive, and the rest of the genotypes (108)
were highly sensitive (Table 3).

The herbicide tolerance score of the genotypes in the greenhouse at 30 DAS ranged from 1.3 to
5.0. No genotype was scored as highly tolerant, 4 genotypes (IMI-128, IMI- 129, IMI- 130 and IMI-
138) were tolerant, 11 genotypes were moderately tolerant, 4 genotypes were sensitive and the rest of
the 126 genotypes were highly sensitive (Table 3). Similar to the field results, the second visual scoring
at 60 DAS recorded that some genotypes showed recovery. According to the second visual scoring, it
was observed that 2 genotypes (IMI-129, and IMI-130) were highly tolerant, 5 genotypes (IMI- 123,
IMI- 124, IMI- 128, IMI- 138, IMI- 139) were tolerant, 10 genotypes were moderate tolerant, one
genotype was sensitive, and the rest of the genotypes (127) were highly sensitive. (Table 3 and Figure
3).

For the control genotypes, little tolerance was observed against imazamox herbicide in field and
greenhouse experiments. All these genotypes were highly sensitive and sensitive, except a Canadian
genotype (CL-Lentil-4) that was moderately tolerant at first and second observation in the field and
greenhouse experiments.

The ANOVA test (Table. 2) showed significant differences between field and greenhouse
experiments. Most of the differences between field and greenhouse experiments were among sensitive
and highly sensitive genotypes (Figure 4).
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Figure 2. Frequency distribution of Figure 3. Frequency distribution of Figure 4. Frequency distribution of
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herbicide on a 1-5 scale in the field herbicide on a 1-5 scale in the herbicide on 1-5 scale in field and
experiment. greenhouse experiment. greenhouse experiments, 60 DAS.

HS: Highly sensitive, S: sensitive, M: Moderately tolerant, T: Tolerant, HT: Highly tolerant.

Table. 2. Analysis of variance for scales according to location, genotype and replication in the field and
greenhouse experiments

Source DF Sum of Squares F Ratio Prob>F
Location 1 139.58 395.01 <0.001*
Replication 2 3.87 5.48 0.043*

Genotype 144 1011.99 19.89 <0.001*

Asterisks indicate significant ANOVA results.

3.2. Plant height

Visual symptoms started appearing on plants from about 15 DAS, where the imazamox
herbicide killed the growing tips of the branches and affected the vegetative growth of the highly
sensitive and sensitive genotypes. A high level of injuries on various plant parts was observed in highly
sensitive genotypes that led to the death of many plants. According to the analysis of variance for plant
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height, there were highly significant differences between the height of treated genotypes in the field and
greenhouse experiments (p<0.001) at each timepoint (Tables 4 & 5).

Plant height in the field experiment at BS ranged from 2.33 to 5.70 cm (IMI-75and IMI-20,
Figure 5). Plant height in the field at 15 DAS ranged from 0.00 (plants were dead) to 7.67 cm (IMI-68,
IMI-127 Figure 6), while plant height in the field at 45 DAS ranged from 2.67 to 26.33 cm (IMI-86 and
IMI-128, Figure 7), with only a few genotypes growing taller than 20 cm.

Plant height in the greenhouse experiment at BS was 7.33 to 12.00 cm (IMI-65 and IMI-141)
(Figure 8), while at 30 DAS plant height ranged between 0.00 (plants were dead) for many highly
sensitive and sensitive genotypes to 17.00 cm (IMI-123, and IMI-130, Figure. 9), and at 60 DAS, the
range was 0.00 cm to 27.67 cm (CL-Lentil-4, Figure 10). Only a few tolerant and highly tolerant
genotypes had plant heights greater than 15 and 20 cm at 30 and 60 DAS, respectively (Figure. 9 & 10).

The results indicated that all control genotypes showed low tolerance responses for plant height
against imazamox herbicide, except CL-Lentil-4 that showed a high tolerance response for plant height
against imazamox herbicide in both field and greenhouse experiments (Figures 11 & 12, Table 3).

Table7 indicates no significant differences for plant height between the field and the glasshouse,
confirming that relative plant height per genotype is consistent across environments.

The correlation for plant height between each consecutive timepoint showed a significant
increase between BS and 15 DAS, also a highly significant increase was between 15 DAS and 45 DAS
in the field experiment, while in greenhouse no significant change between BS and 30 DAS was seen
because strongly growing plants could still be herbicide sensitive, but a highly significant increase was
seen between 30 DAS and 60 DAS because the tolerance continues across these timepoints (Table.6).
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Table 3. Damage scale and plant height responses of tolerant lentil genotypes and controls for imazamox
herbicide in field and greenhouse experiments at different timepoints

Genotype 1-5 (scale) Plant height (cm)

Field Greenhouse  Field Greenhouse

45 60 30 DAS 60 DAS BS 15 45 BS 30 60

DAS DAS DAS DAS DAS DAS
Firat-87 Control HS HS HS HS 3.60 3.80 4.50 10.50 0.40 0.60
Cagil Control HS HS HS HS 460 580 5.60 11.10 0.00 0.00
CL Lentil-1 Control HS HS HS HS 430 430 4.30 10.70 0.00 0.00
CL Lentil-2 Control HS HS HS HS 370 470 4.00 10.00 0.00 0.00
CL Lentil-3 Control HS HS HS HS 470 430 6.70 11.00 0.00 0.00
CL Lentil-4 Control MT MT MT MT 470 6.70 21.30 11.30 15.70 27.70
IMI-123 M5 MT MT MT T 330 530 1570 11.70 17.00 21.70
IMI-124 M5 T HT MT T 370 570 19.00 10.70 16.70  22.30
IMI-125 M5 MT T MT MT 330 530 1830 11.30 8.30 18.00
IMI-128 M5 HT HT T T 370 6.70 26.30 10.30 16.30 21.30
IMI-129 M5 MT MT T HT 3.00 5.00 20.70 9.70 16.70  25.00
IMI-130 M5 T HT T HT 430 7.70 23.00 9.70 17.00 24.00
IMI-132 M5 MT T MT MT 233 433 17.33  9.00 12.67 16.67
IMI-135 M5 MT T MT MT 3.00 5.00 1830 10.30 13.70 18.30
IMI-136 M5 MT T MT MT 3.00 5.00 19.30 9.30 15.00 19.30
IMI-137 M5 MT T MT MT 370 530 19.70 11.30 15.30 20.00
IMI-138 M5 T T T T 330 6.00 23.00 10.70 15.30 22.30
IMI-139 M5 T T MT T 330 570 21.70 11.00 16.00 21.70

BS: Before spray, DAS: Days after spray, HS: Highly sensitive, S: sensitive, M: Moderately tolerant, T: Tolerant, HT: Highly
tolerant.

Table 4. Analysis of variance for plant height according to genotype and replication in the field

experiment
Source of variation BS 15 DAS 45 DAS
DF MS F F pr. MS F F pr. MS F F pr.
Genotypes 144 089 134 <0.001** 245 223 <0.001* 7594  16.59 <0.001**
Replications 2 11.57 18.21 <0.001** 44,17 40.21 <0.001* 29324 64.07 <0.001**
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Table 5. Analysis of variance for plant height according to genotype and replication in the greenhouse

experiment
Source of BS 30 DAS 60 DAS
variation DF MS F F pr. MS F F pr. MS F F pr.
Genotypes 144 283 240 <0.001** 71.40 43.44 <0.001** 140.02 38.80 <0.001**
Replications 2 2527 21.52 <0.001** 230 1.823 0.16 7.63 213 0.12
Table 6. The correlation for plant height between each consecutive time point in the field and greenhouse
experiments
Field experiment Greenhouse experiment
Correlations BS1 15 DAS 45 DAS  Correlations BS2 30 DAS 60 DAS
Bsl 1 0.146%* 0.17* Bs2 1 0.11 0.08
15 DAS 1 0.57** 30 DAS 1 0.98%*
45 DAS 1 60 DAS 1

*Correlation is significant at the 0.05 level ** Correlation is significant at the 0.01 level.

Table 7. Analysis of variance for plant height according to the location on, genotype, and replication in
the field and greenhouse experiment

Source DF Sum of Squares F Ratio Prob>F
Location 1 4.72 0.25 0.62

Replication 2 436.46 11.48 <0.001**
Genotype 144 21307.72 7.79 <0.001**

3.3. The dynamic development of plant height in each response category against imazamox
herbicide

Analysis of variance for the interaction between category and timepoint showed highly
significant differences (p<0.001) in plant height for response categories, timepoint, and category X
timepoint interaction in the greenhouse and the field experiments (Table. 8). These are due to differences
in the response of these categories against imazamox herbicide in field and greenhouse experiments.
Also, Table. 9 indicates significant differences between response categories for plant height in the field
and greenhouse experiments, except between tolerant and moderately tolerant in field and between
highly tolerant and tolerant in the greenhouse.

Figure 13 shows the dynamic development of average plant height by time for each imazamox
damage response category in the field experiment. Firstly, before spray, the average plant height for all
categories was about 4 cm. Secondly, at 15 DAS, some differences between categories were observed,
that the average plant height for highly tolerant and tolerant categories was mostly 6.67 cm, moderately
tolerant category was 5.30 cm, while the sensitive and highly sensitive categories were about 4.00 cm.
Thirdly, at 45 DAS, large differences between categories were observed, where the average of plant
height for; highly tolerant, tolerant, moderately tolerant, sensitive, and highly sensitive categories were
respectively; 24.11, 22.33, 18.70, 8.50, and 5.12 cm.

Also, Figure 14 indicates large differences in average plant height of genotypes in each response
category against imazamox herbicide in the greenhouse experiment at 30 and 60 DAS. The average
plant height before spray for all categories was about 10 cm. While at 30 DAS, the average of plant
height in each category; highly tolerant, tolerant, moderately tolerant, sensitive, and highly sensitive,
was respectively; 16.83, 15.38, 13.17, 5.33, and zero cm. Finally, at 60 DAS, the average plant height
for each respective category was; 24.50, 21.10, 18.70, 12.67, and zero cm.
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Table 8. Analysis of variance for the interaction between category and timepoint in the field and
greenhouse experiment

Field experiment Greenhouse experiment
Source D Sum of F Ratio Prob >F Sum of F Ratio Prob > F
F  Squares Squares

Category 4 1357.04 274.48 <0.001* 6606.41 1748.90 <0. 001**
*

Timepoint 2 2617.18 1058.71  <0.001* 279.02 147.73 <0. 001**
*

Categoryx 8 1874.90 189.61 <0.001* 3471.4 459.49 <0. 001**

Timepoint *

Table 9. Significant differences between categories for plant height, in-field and greenhouse experiment

Category Field experiment Greenhouse experiment
LSD Mean plant height LSD grou Mean plant height
p g group p g
group (cm) /category (cm) /category
1  Highly tolerant A 11.09 A 17.00
2 Tolerant B 9.35 A 16.33
3  Moderately tolerant B 8.79 B 14.37
4 Sensitive C 4.95 C 9.33
5  Highly sensitive D 4.11 D 3.35
30,00 - 30
25,00 24,11 25 | 24,50
€ 22,33 21,10
i 20 -
G 20,00 15 E 19,58
) ' =
'g 15,00 - .%” 15 4
= 12,67
€
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e Highly Sensitive

Figure 13. The dynamic development of plant height Figure 14. The dynamic development of plant
in each category against imazamox herbicide in the height in each category against imazamox
field experiment. herbicide in the greenhouse experiment.

4. Discussion and Conclusion

Lentils are a weak competitor of weeds and their sensitivity to herbicides is a major hurdle for
large scale production. It is crucial to control the sensitivity of lentil to herbicides because the selection
of herbicides targeting only weeds is difficult to achieve. Due to the limited responsiveness of
leguminous crops to transformation, scientists have instead tried seed mutagenesis to develop
imidazolinone resistant crops, with many mutagens being used with seeds in different crops, including
physical (gamma irradiation) and chemical (ethyl methanesulfonate, N-nitroso-N-methylurea,
ethylnitrosourea and sodium azide) treatments. For example, Malkawi et al., (2003) treated lentil
cultivars with gamma radiation to develop tolerance against chlorsulfuron herbicide. In the present
study, chemical mutagen EMS (ethyl methane sulfonate) was used to create variability in the genotypes.
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The resulting lentil genotypes were evaluated for enhanced tolerance against imidazolinone herbicide.
The screening and selection of imidazolinone herbicide resistant mutants is a necessary first step for
further plant breeding efforts.

In the present study, the EMS mutagenized lentil genotypes showed a range of different
responses against imazamox herbicide measured on a 1-5 scale and as plant height in both field and
greenhouse experiments. Differences in induced mutations of these genotypes is a likely reason for the
observed variability intolerance as evidenced by the consistent results across replicates, experiments and
timepoints. In earlier studies, the classification of tested lentil genotypes into different categories
revealed considerable genetic variations in tolerance to imazethapyr herbicide, such as in lentil (Sharma
et al., 2018; Rizwan et al., 2017), chickpea (Gaur et al., 2013; Chaturvedi et al., 2014) and ryegrass
(Preston and Powles 2002). Our findings are consistent with that of Taran et al., (2010) who showed
the existence of a significant range of natural differences for resistance to the IMI class of herbicides
(imazethapyr and imazamox) in chickpea (Taran et al., 2010) and field pea (Hanson and Thill 2001).
A possible explanation for the different levels of resistance in different varieties might be the different
levels of resistance in different genotypes which can be attributed to differential metabolic degradation
rates (Sharma et al., 2018).

This study indicated that EMS is an efficient tool to develop herbicide-resistant genotypes in
lentil. In particular, the second visual scoring revealed that some genotypes showed symptoms of
recovery in the field experiment and greenhouse experiment. A similar study performed by Sharma et
al. (2018) screening 180 lentil genotypes for tolerance against imazethapyr herbicide by visual scoring
to determine the resistance at 14 and 45 DAS indicated that some lentil genotypes showed recovery in
the second visual scoring. This result corroborates our findings that some mutant genotypes can show
recovery after herbicide spray.

Lentil genotypes showed a range of different responses against imazamox herbicide in both field
experiments and greenhouse experiments. The field and greenhouse experiments had contrasting
environments (i.e the greenhouse was protected from the rain while the field was not). The change in
the category of a few genotypes between field and greenhouse experiments appears to be due to
environmental conditions such as late rains in the field experiment, which might have reduced the
efficacy of the herbicide. The limited difference in genotypes’ relative imazomox tolerance were
observed between the field and greenhouse experiments, indicating that these differences were under
genetic control. The significant genetic differences determined in these lentil genotypes for imazamox
herbicide resistance will encourage further study efforts towards the development of herbicide-tolerant
varieties.

Five genotypes (IMI-124, IMI-128, IMI-130, IMI-138, and IMI-139), were observed to have a
high tolerance response for imazamox herbicide in the field and greenhouse experiments. These
genotypes can be used in future breeding programs for creating herbicide-resistant lentil varieties. Based
on the second visual scoring, some studied genotypes showed some recovery in both locations. The
herbicide-tolerant genotypes that have been examined in this study would be helpful in genetic and
physiological studies aimed at determining the molecular mechanisms of imazamox herbicide tolerance.
.3.2000Greater knowledge about the mechanisms of imazamox herbicide tolerance could facilitate
future progress in the development of herbicide tolerant lentil cultivars.

References

Aktar, S., Hossain, M. A., Siddika, A., Naher, N., & Amin, M.R. (2013). Efficacy of herbicides on the
yield of lentil (Lens culinaris Medik). The Agriculturists, 11(1): 89-94.

AL-Thahabi, SA., Yasin, J. Z., Abu-Irmaileh, B. E., Haddad, N.I., & Saxena M.C. (1994). Effect of
weed removal on productivity of chickpea (Cicer arietinum L.) and lentil (Lens culinaris Med.)
in a Mediterranean environment. J. Agron Crop Sci. 172(5), 333-341.

Ashigh, J., Corbett, C. A. L., Smith, P. J., Laplante, J., & Tardif, F. J. (2009). Characterization and
diagnostic tests of resistance to acetohydroxyacid synthase inhibitors due to an Asp376Glu
substitution in Amaranthus powellii. Pesticide Biochemistry and Physiology, 95(1), 38-46.

Anderson, P.C., & Georgeson M. (1989). Herbicide tolerant mutants of corn. Genome. 3:994-999.

687



YYU J AGR SCI 31 (3): 678-689
Lakmes et al. / Tolerance to Imazamox Herbicide Found after Screening of Advanced Generation Lentil Mutant Genotypes

Baumgartner, J.R., & Kandcurrie, R.S., (1999). Cross-resistance of imazethapyr-resistant common
sunflower (Helianthus annuus) to selected imidazolinone, sulfonylurea, and triazolopyrimidine
herbicides. Weed Technol 13:489—493.

Beckie, H.J., Harker, K.N., Hall, L.M., Warwick, S.I., Legere, A., & Sikkema, P.H. (2006). A decade
of herbicide-resistant crops in Canada. Canadian Journal of Plant Science. 8:1243-1264.
Bernasconi, P., Woodworth, A.R., Rosen, B.A., Subramanian, M.V. & Siehl D.L. (1995). A naturally
occurring point mutation confers broad range tolerance to herbicides that target acetolactate

synthase. J Biol Chem 270:17 381-17 385.

Boerboom, C.M. & Young, F.L. (1995). Effect of post plant tillage and crop density on broadleaf
weed control in dry pea (Pisum sativum) and lentil (Lens culinaris). Weed Tech. 9(1), 99-106.

Brand, J., Lines, M., Gaynor, L., Mcmurray, L. & Matthews, P., (2007). The impact of row spacing
on the growth and yield of lentil cultivars in southern Australia. In Proc. 15th Australian
Agronomy Conference. Lincoln, New Zealand 15th18th Nov.

Chant, S.R. (2004). Imidazolinone tolerance in lentil (Lens culinaris Medik.). M.Sc. Thesis, University
of Saskatchewan, Saskatoon, SK. 95 p.

Friesen, G.H., & Wall, D.A. (1986). Tolerance of lentil (Lens culinaris Medik.) to herbicides.
Canadian Journal of Plant Science. 66:131-139.

Gaur, P.M., Jukanti, A.K., Samineni, S., Chaturvedi, S.K., Singh. S., Tripathi, S., Singh, I., Singh, G.,
Das, T.K., Aski, M., Mishra, N., Nadarajan, N., & Gowda, C.L.L. (2013). Large genetic
variability in chickpea for tolerance to herbicides imazethapyr and metribuzin. Agronomy
3:524-36.

Chaturvedi, S.K., Aski, M., Gaur, P.M., Mishra, N., Singh, K., & Nadarajan, N. (2014). Genetic
variations for herbicide tolerance (Imazethapyr) in chickpea (Cicer arientinum). Indian J Agric
Sci 84(8):968-970.

Hanson, B.D., & Thill DC. (2001). Effects of imazethapyr and pendimethalin on lentil (Lens
culinaris), pea (Pisum sativum), and a subsequent winter wheat (Triticum aestivum) crop. Weed
Technol 15:190-194.

Hattori, J., Brown, D., Mourad, G., Labbe, H., Ouellet, T., Sunohara, G., Rutledge, R., King, J., &
Miki, B. (1995). An acetohydroxy acid synthase mutant reveals a single site involved in multiple
herbicide resistance. Mol Gen Genet 246:419-425.

Iler, S.E., Swanton, C,J,. & Pauls, K.P. (1993). In vitro selection of imazethapyr-tolerant tomato
(Lycopersicon esculentum Mill). Weed Sci 41:12—17.

Malkawi, H.I., Al-Quran, N.A., & Owais, W.M. (2003). Acetolactate synthase activity and
chlorsulfuron sensitivity of gamma-irradiated lentil (Lens culinaris Medik.) cultivars. The
Journal of Agricultural Science.;140: 83-91.

Mulva, R. M., & Mvanza, L. M., (2006). Biotechnology approaches to developing herbicide
tolerance/selectivity in crops. African Journal of Biotechnology 5(5):396-404.

Ndungu, D.K. (2009). Mutagenesis and development of herbicide resistance in sorghum for protection
against striga. Ph.D Thesis, University of Kwazulu Natal, Pietermaritzburg, South Africa. 129
p-

Newhouse, K., Singh, B.K., Shaner, D., & Stidham, M. (1991). Mutations in corn (Zea mays L.)
conferring resistance to imidazolinone herbicides. Theoretical and Applied Geneteics. 83:65—
70.

Newhouse, K., Smith, W.A., Smith, M.A., Starret, T.J., & Singh, B.K. (1992). Tolerance to
imidazolinone herbicides in wheat. Plant Physiology. 100: 882. PMID: 16653071.
Preston. C., & Powles, S.B. (2002). Evolution of herbicide resistance in weeds: initial frequency of
target site-based resistance to acetolactate synthase-inhibiting herbicides in Lolium rigidum.
Heredity 88:8—13.
Rizwan, M. (2015). Genetic manipulation of lentil (Lens culinaris Medik.) for herbicide resistance
through induced mutations (Doctoral dissertation, University of Agriculture, Faisalabad).
Rizwan, M., Aslam, M., Asghar, M. J., Abbas, G., Shah, T. M., & Shimelis, H. (2017). Pre-breeding
of lentil (Lens culinaris Medik.) for herbicide resistance through seed mutagenesis. Plos one, 12
2).

Sarker, W. Erskine, (2006). Recent progress in the ancient lentil J. Agric. Sci. 144, 19-29.

Saxena MC & Wassimi N (1980). Crop weed competition studies in lentils. Lens. 7:55-57.

688



YYU J AGR SCI 31 (3): 678-689
Lakmes et al. / Tolerance to Imazamox Herbicide Found after Screening of Advanced Generation Lentil Mutant Genotypes

Sharma, S., Agrawal, S. K., Patil, S., Singh, S., Kaur, J., Gill, R.K., Aggarwal, N & Kushwah, A.
(2018). Genetic Variation for Tolerance to Herbicide Imazethapyr in Lentil (Lens culinaris
Medik.). Archives of Agronomy and Soil Science, 64(13), pp. 1818-1830.

Tan S, Evans RR, Dahmer ML, Singh BK & Shaner DL. (2005). Imidazolinone-tolerant crops: history,
status, and future. Pest Management Science. 61:246-257. doi: 10.1002/ps.993 PMID:
15627242.

Taran, B., Warkentin, T. D., Vandenberg, A., & Holm, F. A. (2010). Variation in chickpea germplasm
for tolerance to imazethapyr and imazamox herbicides. Canadian Journal of Plant
Science, 90(1), 139-142.

Toker C, Canci H, Inci NE & Ceylan FO (2012). Improvement in imidazolinone resistance in Cicer
species by induced mutation. Plant Breeding 131:535-539.

Weil CF & Monde RA (2007). Getting the point - mutations in maize. Crop Sci, 47:S60-S67.

Yenish, J. P. 2009. Garbanzo Beans (Chickpeas). Pages 204-206 in E. Peachey, D. Ball, R.

689



Yuzuncu Yil University Journal of Agricultural Sciences Volume31, Issue 3, 30.09.2021

Yuzuncu Yil University
Journal of Agricultural Sciences

https://dergipark.org.tr/en/pub/yyutbd

Research Article

Influence of Groundnut Waste as Substrate and Host Plant on Inoculum Production of
Endophytic Mycorrhiza for Large Scale Agricultural Application

Ashish KUMAR"!, Ashok AGGARWAL?, Navnita SHARMA®, Anil GUPTA*

123 Department of Botany, Kurukshetra University, Kurukshetra, India
“Botany Faculty, Institute of Integrated and Honors Studies, Kurukshetra University, Kurukshetra, India
Thttps://orcid.org/0000-0001-9189-940X Zhttps://orcid.org/0000-0002-5333-9097 >https://orcid.org/0000-0001-8831-7456

“https://orcid.org/0000-0002-6088-1466
*Corresponding author e-mail:ashish2020@kuk.ac.in

Article Info

Received: 16.04.2021
Accepted: 14.07.2021

Online Published 15.09.2021
DOI: 10.29133/yyutbd.910233

Keywords

Arbuscular mycorrhizal
fungi,

Groundnut waste,

Root colonization

Abstract: A pot culture experiment was conducted to study the effect of soil
amendment with different forms of groundnut waste on spore population and root
infection of indigenous Arbuscular Mycorrhizal fungal species i.e. Glomus
mosseae under polyhouse conditions. Two angiospermic plant species viz. sorghum
and sesame were also examined for mycorrhization potential in the study.
Observations were made for percent root colonization, spore density of AM fungi
and the effectiveness of AM fungi on the shoot and root biomass of both host plants.
The results indicated that AM fungal spore population and colonization levels were
substantially enhanced by the application of compost groundnut waste as a
substrate over dry groundnut waste. Among growth parameters, plant height, root
length and plant biomass were recorded more in sorghum than sesame. On the
whole, mycorrhization was reported the highest with 75 g/pot concentration of
waste. Also, sorghum appeared to be a better host than sesame.

Biiyiik Olcekli Tarimsal Uygulama I¢in Endofiz Mikorrhizasinin inokiilum Uretimi
Uzerinde Substrat ve Konak Bitki Olarak Yer Fistigi Atiklarinin Etkisi
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Anahtar Kelimeler
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K&k kolonizasyonu

Oz: Farkli yerfistig1 atig1 formlari ile 1slah edilen topraklarin, sera kosullarinda
yerli Arbuscular Mycorrhizal Fungus tiirlerinin, yani Glomus mosseaenin spor
popiilasyonu ve kok enfeksiyonu iizerindeki etkisini incelemek i¢in bir saksi
kiiltiirii deneyi yapilmustir. Tki anjiyospermik bitki tiirii olan sorghum ve susam
bitkileri de calismada mikoriza potansiyeli agisindan incelenmistir. Her iki
konukgeu bitkinin siirglin ve kok biyokiitlesi iizerinde yiizde kdk kolonizasyonu,
AM funguslarinin spor yogunlugunu ve AM funguslarinin etkinligini tespit etmek
icin gozlemler yapilmistir. Sonuglar, kuru yerfistigi atig1 ilizerine bir substrat
olarak kompost yerfistigi atifinin uygulanmasiyla AM fungus spor
popiilasyonunun ve kolonizasyon seviyelerinin Onemli Olciide arttigini
gostermistir. Bilylime parametreleri arasindan bitki boyu, kék uzunlugu ve bitki
biyokiitlesi sorgum bitkisinde susama gore daha fazla kaydedilmistir. Genel
olarak, en yiiksek mikorizamiktar1 75 g/saks1 atik konsantrasyonunda tespit
edildi. Ayrica, sorgum bitkisinin susam bitkisinden daha iyi bir konuk¢u oldugu
gorilmistiir.
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1. Introduction

The productive improvement of plants through regular use of synthetic fertilizer is the most
common habit among farmers because nutrient availability is an important yield determining factor. But
the huge application of synthetic fertilizers leads to degradation of long term soil fertility, pollution and
increased disease susceptibility in the plant (Eman et al., 2008). The use of soil microbes as bio-fertilizer
with respect to sustainable agriculture is becoming increasingly urgent since the apposite management
of these microbes could potentially decrease the dependency on synthetic fertilizers. Among different
soil microbes used as biofertilizer, AM fungi (AMF) are most common due to their ubiquitous
distribution and forming a symbiosis with the roots of nearly 80 percent of the plant community, played
an important role in the restoration of soil fertility (Pacheco et al., 2021). These arbuscular mycorrhizal
fungi are widely known to improve plant growth through stimulating nutritional uptake, water
absorption, made infected plants healthier and tolerant to drought, salinity and pathogen attack by
activation of different kinds of alleviating processes associated with stresses (Sharma et al., 2017; Kumar
et al., 2020). To achieve the benefits, the main approach adopted is the introduction of AMF propagules
i.e. rhizospheric soil having AMF spores and colonized root fragments into destined soil. Unfortunately,
the obligate symbiotic nature of AMF does not let them flourish in pure cultures, distant from their host
plants making it challenging to produce large scale AMF inoculums. Except for its nature, demand for
pathogen-free inoculum with an increased shelf life is another factor that limits its application at the
commercial level. In spite of the availability of different kinds of techniques intentionally meant for
inoculum production of AM fungi, the traditional pot-culture method is one of the most commonly
followed methods where the AMF spores are usually maintained and multiplied in combination with
suitable host plant roots (Kadian et al., 2019).

Groundnut is the second most nutritious legume in the world after soya-bean known for its
diverse uses including oil production, human consumption as food and also animal consumption in the
forms like hay, silage and cake. Approximately, 97% of the global area is used for groundnut cultivation
mainly in developing countries and that contributes 94% of groundnut production (Prasad et al., 2009).
One tone of groundnut yield produces approximately 35-40 kg shell waste, left after the extraction of
groundnut seed from its pod. This is the abundant lingo-cellulosic waste product that has a very slow
degradation rate under natural conditions (Zheng et al., 2013; Musekiwa et al., 2020). However, lingo-
cellulosic agricultural wastes after crop harvest the usually left in unused form or burned which elevate
the level of greenhouse gases in the atmosphere (Guzman et al., 2015). Thus, new technologies have
been adopted to maximise the use of agricultural waste products for meaningful purposes like integration
of small fractions in animal feed, used in pulp production, bio-ethanol production and wastewater
treatment. These wastes in their original or compost form and in definite proportion could be applied to
the soil deliberately to assess their consequence on fauna and flora. Several workers have introduced
waste substrates in addition to the soil-sand mixture to promote the AM fungal growth earlier (Tanwar
et al., 2013; Kadian et al., 2018). In this series of investigations, groundnut wastes or groundnut shell
waste may be a useful substrate as it contains cellulose (35.7%), hemicelluloses (18.7%), lignin (30.2%)
and has total nitrogen 0.87%, total phosphorus content 1.87%, total potassium 1.19%, organic carbon
30.0% and C/N ratio 34.5 (Torkashvand et al., 2015; Ramgopal et al., 2016).

Keeping in view, the concept of sustainability, obligate biotrophic nature and importance of AM
fungi, production of agricultural waste and demand for AM inoculum, a systematic investigation was
undertaken to assess the mass production of Glomus mosseae using sorghum and sesame as hosts and
different form of groundnut waste as substrate. Moreover, the lack of external application of synthetic
fertilizers to the soil and published reports concerning the use of groundnut waste as substrate for mass
production of AM fungal inoculum made it different from earlier studies.

2. Material and Methods
2.1. Study site and soil characterstics

The experiment was performed under polyhouse conditions at the Botany Department,
Kurukshetra University, Kurukshetra, Haryana, from September 2018 to January 2019. Soil used in this
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experiment consisted of sand 64.2%, clay 3.90 %, silt 21.81%, pH 6.8 +0, EC 0.25 dS m™, organic
carbon 0.40%, nitrogen 0.042%, phosphorous 0.017% and potassium 220 kg ha™.

2.2. Experimental design

The experiment was a 4x2x2 factorial in a completely randomized design employing two types
of hosts (sesame and sorghum) and four concentrations (without substrate (control), 50, 75, 100 g pot™))
of each substrate (groundnut waste used in dry and compost form). Five replicates were maintained for
each treatment. The experiment was carried out in a polyhouse, where humidity was approximately 55-
70% and temperature 25+30 °C. The light was provided by cool white fluorescent lamps (8000 lux)
under a 16-h photoperiod. The polyhouse received natural sunlight also.

2.3. Selection of AM fungi, hosts and substrates

The rhizospheric soil samples of Cymbopogon citratus were examined for a dominant strain of
AM fungi i.e. Glomus mosseae and further spores used for the preparation of starter inoculum. The
identification of AM spores was done by using the identification manual of Schenck and Perez (1990).
Two host plants namely sesame and sorghum (member of Pedaliaceae and Poaceae family respectively)
were screened for each substrate. Dry and compost forms of groundnut waste were selected for mass
multiplication of G. mosseae. Groundnut waste was collected from the university market, the first sun-
dried, grounded to make fine powder and used as dry form, and for the second form collected waste
subjected for further decomposition (placed in jute bags and buried under soil for 3 months). Both forms
of substrates were autoclaved at 121 °C for 2 hr and then utilized in different concentrations with soil:
sand (3:1) in pots for mass production of the AM fungi in polyhouse.

2.4. Preparation of Starter inoculums

The starter culture of the selected AM fungal spores was multiplied with sorghum as a host
using the soil funnel technique of Menge and Timmer (1982). In this technique, earthen funnels
(Chillams) were filled with sterilized sand: soil mixture (1:3), inoculated with selected AM spores and
then disinfected seeds of sorghum were sown for 30 days. The inoculum thus produced was further
subjected for the multiplication of AM fungi first under big earthen pots for 60 days. The inoculum
produced in earthen pots was examined for root colonization and spore count by methods suggested by
Gerdemann and Nicolson (1963) and Philips and Hayman (1970) respectively, and then used as starter
inoculums for further study.

2.5. Experimental setup

Top soil for this experiment was collected from Botanical Garden Kurukshetra University,
Kurukshetra. Initially, the soil was air-dried, pulverized and then sieved through a 2 mm sieve. The soil
was then mixed with the sand to form a soil: sand ratio 3:1 and further sterilized in an autoclave at 121
°C for two consecutive days at 15 Ib pressure for 15 minutes. Different concentrations of each substrate
(without substrate-0, 50, 75 and 100 g pot') were mixed thoroughly with soil: sand mixture to make a
final volume of 1 kg which was then added to earthen pots (15%15 cm). To each pot, 10% i.e. 100 g of
selected AM inoculum consisting of chopped AM colonized root pieces of sorghum along with soil
containing 200-250 AM spores 100 g was added. Healthy seeds of sorghum and sesame after surface
sterilization with 0.5% sodium hypochlorite for 10 min and subsequent washing with double distilled
water were sown in each pot above the layer of inoculum further covered with a layer of sterilized soil
mixture. Plants were watered regularly to maintain the moisture content of soil and 100 mL pot” of
Hoagland’s solution (without KH,PO4) were poured into each pot at 15-day intervals.

2.6. Harvest and analysis

Plants were manually uprooted after 90 days of planting to measure plant height and root length.
The plants were cleaned in running tap water and then separated into roots and shoots to note down their
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fresh weight, placed in an oven to dry at 70 °C and then weighted for dry weight. The rhizosphere soil
and fresh root samples were assessed for mycorrhization.

2.7. Statistical analysis

The experimental data were subjected to analysis of variance and means were separated with
the least significant difference test using the IBM Statistical Package for Social Sciences [IBM SPSS,
ver. 25, Chicago (IL), USA].

3. Results

The data analysis related to inoculum productions of G. mosseae shows significant variations in
AM spore number and root colonization in relation to the type of host, substrate forms and their different
concentrations used for mass multiplication. When sorghum was used as a host, the mycorrhization was
enhanced with an increase in substrate concentration as maximum spore count (103.6+18.97), 65.88%
increase in spore number as compared to control and percent root colonization (66.77+6.840%) was
recovered with a dry substrate concentration of 100 g (Table 1). Control plant (without substrate) was
reported with the least mycorrhization. However, an increase in concentrations of the dry form of
groundnut substrate was also found to be stimulatory in the case of sesame as a host plant and observed
maximum spore number (89.09+£34.91) plus percent increase i.e. (72.36%) and root colonization
(65.94+20.31%) with substrate concentration of 75 g. The least mycorrhization status was observed in
the control treatment which had no substrate (Table 3). Similarly, morphological parameters of host
plants were also influenced by substrate concentration indirectly through mycorrhization. It was found
that the sorghum plants having 100 g dry groundnut substrate concentration had improved shoot
fresh(03.67+0.856 g) and dry weight (1.116+0.035 g), root length (19.55+2.715 cm), root fresh
(2.170+0.771 g) and dry weight (1.20+£0.047 g) except shoot height i.e. (45.83+06.75 cm) with substrate
concentration of 50g (Table 2). So, a positive influence of mycorrhization was observed for maximum
growth parameters in the sorghum plant. In the case of sesame, plant height (40.09+11.53 cm) was
recorded highest at 50g dry groundnut substrate concentration. Other parameters like shoot fresh weight
(2.336+0.221 g) dry weight (1.096+0.215 g), root length (14.59+£5.859 cm), root fresh weight
(1.356+0.357 g) and dry weight (1.030+0.105 g) were reached a maximum level at 75 g dry groundnut
substrate concentration (Table 4).

When compost form of groundnut waste was used as substrate and sorghum as the host plant,
maximum spore count (125.1+30.91), as well as AM root colonization (72.30+12.80%) were observed
with 75 g concentration. On comparing spore count and root colonization with the control plant, percent
increase was recorded maximum with 75 g per pot concentration of compost waste When sesame plants
were used as hosts with compost groundnut substrate, root colonization (67.57+14.00%) and spore count
(92.76+12.94) were recorded highest at 75 g concentration of substrate (Table 1). Data analysis studies
clearly showed that the root colonization positively influenced the morphological parameters of
sorghum like plant height (55.13+03.73 c¢cm), shoot fresh (03.86+0.630 g) and dry weight (1.256+0.659
g), root length (25.21+4.775 c¢m) and root fresh (3.466+1.098 g) and dry weight (1.36=0.015 g) (Table
2). Shoot height (50.26+3.689 cm), fresh weight (4.180+£0.096 g) and dry weight (1.270+0.151 g) were
recorded maximum at a substrate concentration of 75 g in the dicot plant as the host. In the same way,
root length (20.86+2.540 cm), root fresh weight (1.856+0.281 g) and dry weight (1.006+£0.081 g) were
reported maximum with 75 g concentration of compost form of groundnut substrate in sesame as host
(Table 4). When sorghum and sesame were used as host with dry and compost form of groundnut
substrate at a concentration of 75 g was found best for mass multiplication of G. mosseae.

The data analysis related to inoculum productions of G. mosseae shows significant variations in
AM spore number and root colonization in relation to the type of host, substrate forms and their different
concentrations used for mass multiplication. When sorghum was used as the host, the mycorrhization
was enhanced with an increase in substrate concentration as maximum spore count (103.6+18.97) and
percent root colonization (66.77+6.840%) was recovered with a dry substrate concentration of 100 g
(Table 1). Control plant (without substrate) was reported with the least mycorrhization. However, the
increase in concentrations of the dry form of groundnut substrate was also found to be stimulatory in the
case of sesame as the host plant and observed maximum spore number (89.09+34.91) and root
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colonization (65.94+20.31%) with substrate concentration of 75 g. The least mycorrhization status was
observed in the control treatment which had no substrate (Table 3). Similarly, morphological parameters
of host plants were also influenced by substrate concentration indirectly through mycorrhization. It was
found that the sorghum plants having 100 g dry groundnut substrate concentration had improved shoot
fresh(03.67+0.856 g) and dry weight (1.116+0.035 g), root length (19.55+2.715 cm), root fresh
(2.170+0.771 g) and dry weight (1.20+£0.047 g) except shoot height i.e. (45.83+06.75 cm) with substrate
concentration of 50 g (Table 2). So, a positive influence of mycorrhization was observed for maximum
growth parameters in sorghum plant. In the case of sesame, plant height (40.09+11.53 ¢cm) was recorded
highest at 50 g dry groundnut substrate concentration. Other parameters like shoot fresh weight
(2.336+0.221 g) dry weight (1.096+0.215 g), root length (14.59+£5.859 cm), root fresh weight
(1.356+0.357 g) and dry weight (1.030+0.105 g) were reached a maximum level at 75 g dry groundnut
substrate concentration (Table 4).

Table 1. Influence of groundnut waste as substrates (dry and compost) and their different concentrations
on mycorrhization status associated with host plant (sorghum) used for mass multiplication of

G. mosseae
Form of Concentration AM spore .Percent AM' roqt ) Percc?nt Pattern of colonization
roundnut of substrate number/100 g increase colonization increase in root
groundnu (g pot™) of soil in AM (%) colonization
waste as
Substrate Spore Mycelium  Vesicles  Arbuscules
number
Control 35.34+2.103%¢ - 35.34+£2.101% - + + -
D 50 60.85+11.31°  41.92 60.85+10.34* 41.92 + - +
y 75 103.6+£18.97* 65.88 66.37+5.024* 46.75 + ++ ++
100 103.3+13.97* 65.78 66.27+6.840" 46.67 ++ + +
Control 44.01+8.342¢ - 22.2446.604° - + + -
Compost 50 64.51£1.610¢¢  31.77 70.97+26.34% 68.66 + + +
ompost 55 125.1430.91%  64.82 72.30£12.80° 6910 + ++ +
100 109.6£28.24"  59.84 70.10+£11.41° 68.27 +++ + +
L.S.D (P<0.05)  30.682 21.518
ANOVA F(7,16) 9.153 4.703
Substrate type 5.071 2.599
Substrate conc. 19.505 9.710
S type xS conc 0.163 0.398

Each value is mean of five replicates, +: standard deviation, S: substrate, AM: Arbuscular mycorrhizae, - : absent, + : scanty, ++ : moderate,
+++ : abundant, means followed by same letter/s within a column are not significantly at P<0.05 level (least significant difference
test).

When compost form of groundnut waste was used as substrate and sorghum as the host plant,
maximum spore count (125.1+30.91), as well as AM root colonization (72.30+12.80%) were observed
with 75g concentration. When sesame plants were used as hosts with compost groundnut substrate, root
colonization (67.57+14.00%) and spore count (92.76+12.94) were recorded highest at 75 g
concentration of substrate (Table 1 and 3). Data analysis studies clearly showed that the root colonization
positively influenced the morphological parameters of sorghum like plant height (55.13+03.73 cm),
shoot fresh (03.86+0.630 g) and dry weight (1.256+0.659 g), root length (25.21+4.775 c¢m) and root
fresh (3.466+1.098 g) and dry weight (1.36+0.015 g) (Table 2). Shoot height (50.26+3.689 cm), fresh
weight (4.180+£0.096 g) and dry weight (1.270+0.151 g) were recorded maximum at a substrate
concentration of 75 g in the dicot plant as the host. In the same way, root length (20.86+2.540 cm), root
fresh weight (1.856+0.281 g) and dry weight (1.006+0.081 g) were reported maximum with 75 g
concentration of compost form of groundnut substrate in sesame as host (Table 4). When sorghum and
sesame were used as the host with dry and compost form of groundnut substrate at a concentration of
75 g was found best for mass multiplication of G. mosseae.
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Table 2. Influence of groundnut waste as substrates (dry and compost) and their different concentrations
on growth parameters of the host plant (sorghum) used for mass multiplication of G. mosseae

Form of Concentration Plant Height Shoot weight (g) Root Length Root weight (g)

groundnut of substrate (cm) (cm)

waste as (g pot™)

Substrate Fresh Dry Fresh Dry
Control 31.36+05.44¢ 02.30+1.093%  0.690+0.336°  11.93+2.481%  1.020+0.070¢  0.71+0.347°

Dry 50 45.83+£06.75"¢  02.86£0.546™  0.933+£0.085*  13.74+2.014%  1.133£0.159%  0.97+0.052%
75 39.44£09.21%¢  03.04£0.605"  1.016x0.070*  14.33+£0.813° 1.340+0.357°¢  1.09+0.128°
100 42.35+14.84  03.67+0.856™  1.116+0.035°  19.55+2.715° 2.170£0.771%  1.20+0.047*
Control 25.22402.31¢ 02.21£1.037¢ 0.816£0.515*  6.686+3.18° 1.066£0.654  0.26+0.045¢

Compost 0 42.49+12.38"  02.2840.088"  1.032+0.660°  18.43+2.068*  2.356+0.453*®  0.77+0.163"
75 50.43+£06.44®  03.86+0.630° 1.256+0.659°  25.21+4.775*  3.466+1.098*  1.36+0.015%
100 55.13+03.73" 03.06+0.895"°  1.120+0.617*°  11.69£2.938%  2.096+0.330®®  0.63+0.295®
L.S.D (P<0.05) 14.926 1.351 0.093 4.898 1.006 0.311
ANOVA F(7,16) 5.799 2.140 0.514 6.946 6.162 6.471
Substrate type 15.083 0.547 0.493 0.559 13.754 5.251
Substrate conc. 6.609 4.608 1.027 13.358 8.351 12.400
S type xS conc 1.894 0.202 0.008 2.662 1.443 0.949

Each value is mean of five replicates, +: standard deviation, S: substrate, AM: Arbuscular mycorrhizae, means followed by same letter/s within
a column are not significantly different at P< 0.05 (least significant difference test).

Table 3. Influence of groundnut waste as substrates (dry and compost) and their different concentrations
on mycorrhization status associated with host plant (sesame) used for mass multiplication of G.

mosseae
Concentration AM spore Percent AM root Percent
Form of of substrate number/100g  increase  colonization increase in Pattern of colonization
groundnut (g pot™) of in AM (%) root
\éva;tcz af soil spore colonization
vostrate number Mycelium  Vesicles  Arbuscules
Control 24.62+11.01¢ - 40.73+15.66™ - + - +
D 50 53.52+22.40*  53.99 52.45+13.73%® 22.34 + + +
Yy 75 89.09+34.91* 72.36 65.94+20.31* 38.23 + - -
100 70.96+12.50%® 65.30 54.01+13.42% 24.58 + + +
Control 37.11£7.010¢ - 43.99+16.61¢ - + + +
50 56.02£10.50*¢  33.75 55.89+1.879* 21.29 + + -
Compost abe ab
75 92.76+12.94 59.99 67.57+14.00 34.89 + + +
100 71.04£13.92%  47.76 58.07+10.87% 24.24 + + +
L.S.D (P<0.05) 30.723 23.187
ANOVA F(7,16)  4.099 3.097
Substrate type 0.820 3431
Substrate conc. 8.513 5.488
S type xS conc 0.780 0.595

Each value is mean of five replicates, +: standard deviation, S: substrate, AM: Arbuscular mycorrhizae, -: absent, +: scanty, ++: moderate,
+++: abundant, means followed by the same letter/s within a column are not significantly different at P<0.05 level (least significant

difference test).
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Table 4. Influence of groundnut waste as substrates (dry and compost) and their different concentrations
on growth parameters of host plant (sesame) used for mass multiplication of G. mosseae

Form of ncentration .

gfoun((i)nut onO ssgsttr;tte(zg Plant Height Shoot weight (g) Root Length Root weight (g)

waste as pot™) (cm) (cm)

substrate Fresh Dry Fresh Dry
Control 14.82+3.436°  0.980+0.776° 0.483+0.176°  5.333+0.881° 0.646+0.368¢ 0.350+0.026°
50 40.09+11.53*  2.190+0.105®  1.046£0.171®  10.93+1.427¢ 1.093+0.109%  0.836+0.050*°

Dry 75 36.21£14.62°  2.336+0.221*  1.096+0.215®  14.59+5.859%¢  1.356+0.357**  1.030+0.105°
100 31.73+4.075®  2.090+0.103*°  1.030+£0.401*  13.81£2.450%  1.216+0.061*  0.963+0.300°
Control 23.19+1.875%  1.250+0.538"  0.446+0.125°  4.53+1.532° 0.62340.188¢ 0.373+0.109°
50 31.11£3.116™  2.156£1.005®  0.740£0.105*  20.23£1.700®°  1.383£0.149**  0.679+0.105°

Compost 50.26£3.689°  4.180£0.096°  1.270£0.151°  20.86+2.540°  1.856+0.281*°  1.006+0.081%
100 37.23+2.701°  3.536£1.041®  0.968+0.055®  19.49+2.020*  1.846+0.550  0.920+0.135%
L.S.D (P<0.05)  12.385 1.072 0.347 4.698 0.520 0.240
ANOVA F(7,16) 5.535 2.901 5.035 15222 6.935 10.801
Substrate type 2.957 4.982 0.426 12.179 6.757 4.268
Substrate conc.  9.462 4.192 10.558 27.569 12.566 23.155
Stype xSconc  2.468 0.918 1.050 3.890 1.363 0.624

Each value is mean of five replicates, +: standard deviation, S: substrate, AM: Arbuscular mycorrhizae, means followed by same letter/s within
a column are not significantly different at P<0.05 level (least significant difference test).

4. Discussion and Conclusion

The two host plants used for the experiment are found selective for the mycorrhizal association.
Sorghum was reported to be the best host as compared to sesame. The mycorrhization of G. mosseae
was recorded highest in sorghum host amended with compost form of groundnut waste at the
concentration of 75 g pot”. Variation in root types, root architecture, nutrient status and hormone
production in relation to the rhizospheric environment might be the causative factors behind host
susceptibility for mycorrhization (Rajkumar et al., 2012). Moreover, growth conditions like the type of
soil, moisture, pH, fertility, temperature and light condition, microbial interaction and ability of plants
to acclimatize are also accountable for variation in the degree of root colonization in two hosts (Kumar
etal., 2021).

The root colonization is directly controlled by the growth of the roots while, the addition of
decomposed substrates increased the nutrient availability and improved porosity of the soil which are
favourable conditions for the growth of developing root and thus increased availability to host roots for
more sporulation as well as root colonization (Coelho et al., 2014). An increase in spore number and
root colonization by AMF with sorghum plant has been reported by Kadian et al. (2018).

The variable responses are also corresponding to the availability of nutrients in used substrates
with different hosts. After decomposition, groundnut waste has been reported to contain more nutrients
like total nitrogen 2.76 %, total potassium -1.48 %, while total phosphorus content -0.67 %, organic
carbon 27.1 %, C/N ratio 9.8 are reduced than the unused form of organic wastes (Torkashvand et al.,
2015). Many studies confirmed the positive influence of compost waste as substrates on AMF
sporulation (Agnihotri et al., 2021). The application of these organic wastes was found to be stimulatory
for sporulation as well as root colonization in both the trap hosts and increased in addition to wastes as
compared to the control which consisted of soil sand mixture. The positive impact of substrates on
mycorrhization status was supported by increased water holding capacity, soil aeration, nutrient uptake,
space for spreading of roots due to the addition of wastes thus more surface area for colonization and
nutrient absorption (Kadian et al., 2019). Moreover, the availability of high nitrogen and low phosphorus
content has been observed to promote symbiosis (Ingraffia et al., 2021). On the other hand, the soil
mixture deficient in nitrogen promotes competition among the host plants and the fungi for nitrogen.
This affects the mycorrhizal sporulation as well as root colonization in a negative way. The mycorrhizal
fungi led to improved phosphorus content of inoculated plants under adequate levels of nitrogen in the
soil (Puschel et al., 2016; Bawadekji et al., 2016).

With sorghum as host, spore number of G. mosseae and root colonization was found highest at
75 g pot” concentration of groundnut waste and lowered at other concentrations. Similarly, the spore
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number of G. mosseae was observed maximum in sesame host supplemented with the same
concentration of groundnut waste. This increment in mycorrhization might be due to high cellulose and
hemicellulose content in groundnut waste that supports the findings of Tanwar et al. (2013), who also
observed that the rate of mycorrhization is directly related to the cellulose content of substrates. In
control without substrate, the mycorrhization status was lesser due to decreased aeration and more
mechanical stress imposed on roots which favours decreased root colonization (Kadian et al., 2019).

In this mass multiplication experiment, the concentrations of the substrate which tends to
increased colonization also observed to increase above plant parts and biomass of host plants because
the AM fungi improved the uptake of mineral nutrients and water by increasing the surface area for
absorption through the hyphal networks which extend beyond the nutrient-depleted zone of the soil. A
similar positive relation between mycorrhization and above plant part biomass of host has been noted
by many investigators (Mangla et al., 2012; Sharma et al., 2015; Sharma et al., 2021). Moreover, the
occurrence of vesicles and arbuscules in mycorrhizal roots were found to be related to the biomass of
the host as the plants had more arbuscules and vesicles in the infected roots had improved morphology
and biomass.
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Makale Bilgileri Oz: Bu arastirmada Sanliurfa’nin Merkez, Bozova, Harran ve Surug ilgelerinden
temin edilen Hicaznar, Katirbasi, Devedisi, Surug ve Surug Karasi nar ¢esitlerinin
meyve suyu ve gekirdeklerindeki toplam fenolik madde, toplam flavonoid,
toplam antosiyanin miktar1 ve antioksidan aktiviteleri incelenmistir. Calisma
sonucunda; nar gesitlerinden alinan meyve suyundaki toplam fenolik madde
miktarin 26.60-40.43 pg GAE g' arasinda, toplam flavonoid miktarinin
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Anahtar Kelimeler 572.66-1150.83 pg QE g arasinda, toplam antioksidan kapasitenin % 89.47-

96.38 arasinda, toplam antosiyanin miktarinin 0.84-24.12 mg siyanidin 3-glikozit

Antioksidan aktivite, 1" arasinda, gekirdeklerindeki toplam fenolik madde miktarmin 95.39-146.44 ug

Antosiyanin GAE g arasinda, toplam flavonoid miktarimn 983.57-1830.18 pg QE g

EaVOHOid, arasinda, toplam antioksidan kapasitenin % 7.76-26.64 arasinda, toplam
ar

antosiyanin miktarinin 0.19-3.51 mg siyanidin 3-glikozit I"! arasinda oldugu tespit
edilmistir. Tiim gesitler icinde en yiiksek toplam fenolik madde miktar1 ve toplam
flavonoid miktari ¢ekirdek drneklerinde, toplam antioksidan kapasitesi ve toplam
antosiyanin miktar1 ise meyve suyu drneklerinde 6lciilmiistiir. Arastirmadan elde
edilen sonugclar 15181nda, nar ¢esitlerinin meyve suyu ve c¢ekirdeklerinin zengin
fitokimyasal igerige sahip oldugu ve insan sagligi iizerine faydali fenolik
bilesenleri yiiksek miktarda icerdikleri goriilmiistiir.

Determination of the Phenolic Contents and Antioxidant Activities of Some
Pomegranate (Punica granatum L.) Cultivars Grown in Sanhurfa

Article Info Abstract: In this research; total phenolic content, total flavonoid content, total
anthocyanin content and antioxidant activities in fruit juices and seeds of
Hicaznar, Katirbasi, Devedisi, Suru¢ and Suru¢ Karasi pomegranate cultivars
gﬁ?&%%ﬁbllizs'}%&z&z }) 92021 obtained from the Central, Bozova, Harran and Surug districts of Sanlurfa were
DOI: 1029133 /yyutB 4913003 investigated. As a result of the study, the total amount of phenolic substance in
the juice taken from pomegranate varieties is between 26.60-40.43 pg GAE g,

Received: 02.05.2021

Keywords the total amount of flavonoids is between 572.66-1150.83 pg QE g, the total

antioxidant capacity is between 89.47-96.38%, the total anthocyanin amount is
Antioxidant activity, between 0.84-24.12 mg cyanidin 3-glycoside L' between, the total amount of
Anthocyanin phenolic substance in the seeds is between 95.39-146.44 ug GAE g, the total
Flavonoid, amount of flavonoids is between 983.57-1830.18 ug QE g, the total antioxidant
Pomegranate.

capacity is between 7.76-26.64%, the total amount of anthocyanin is 0.19-3.51
mg cyanidin 3-glycoside L' 1t was found to be between. The highest total
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phenolic content and total flavonoid content among all cultivars were measured
in seed samples, and total antioxidant capacity and total anthocyanin content in
fruit juice samples. In the light of the results obtained from the research, it was
seen that the juice and seeds of pomegranate varieties have rich phytochemical
content and contain high amounts of phenolic components beneficial for human
health.

*"Bu makale, Emine DURSUN’un “Bazi Nar (Punica granatum L.) Cesitlerinin Pomolojik Ozellikleri, Fenolik
Bilesenleri ve Antioksidan Aktivitelerinin Belirlenmesi” baslikli yiiksek lisans tezinden tiretilmistir.

1. Giris

Nar (Punica granatum L.), Punicaceae familyasina ait subtropik ve tropik iklim kusaginda
yetistirilen bir meyve tiirtidiir. Eski ¢aglarin énemli meyve tiirlerinden birisi olan narin tarihgesinin
giiniimiizden 7 bin y1l 6ncesine kadar uzandig1 ifade edilmektedir. Mezopotamya’da M.O. 2500 yillarina
ait yazitlarda, bu meyve tiiriinden bahsedildigi bildirilmektedir (Kaygisiz, 2009).

Nar potasyum, demir ve C vitamini bakimindan zengin bir meyvedir. Narin ¢esitli kisimlarindan
tanen, pektin, yag, sitrik asit, sirke, hayvan yemi, boya, miirekkep ve ¢esitli ilag hammaddeleri elde
edilmektedir (Ikinci, 2007; Simsek ve ikinci, 2017). Nar, taze olarak tiiketilebildigi gibi meyve suyu,
meyve suyu konsantresi, recel, sarap ve likore islenebilen, ¢esitli gidalara renk verici ve tatlandirici
olarak da kullanilabilmektedir. Nar igerigindeki saglik iizerine olumlu etkiler saglayan bilesenler
sayesinde uzun yillardan beri halk arasinda uygulanan geleneksel tedavi yontemlerinde kullanilan bir
meyvedir. Uzun yillar siiren bilimsel ¢alismalar, narin insan viicudunu pozitif olarak etkileyen besin
igerikleri ile yiiklenmis oldugunu ortaya ¢ikarmistir (Simsek ve Ikinci, 2017).

Narin ¢esitli tirlinlere islenmesinde 6nemli olan parametrelerin basinda seker, asitlik ve fenolik
bilesikler gelmektedir. Viicutta serbest radikal olusumunu dnleyerek kanser ve kalp damar hastaliklarini
onlemede bu fenolik bilesiklerin biiylik bir etkisinin oldugu bildirilmektedir. Cesitli ¢aligmalarda,
antioksidan, bagisiklik artiric1 ve anti-kanserojenik 6zellikleri nedeniyle nar meyvesinin bitkisel bir
tedavi edici olarak uygulanabilecegi bildirilmistir. Oziitlerinde goriilen benzersiz antimikrobiyal ve
antioksidan etkileri nedeniyle bilim insanlar1 nar1 kanser dnleyici ajanlar olarak kullanma arayisina
girmistir (Goliikcii ve ark., 2011; Karimi ve Nowrozy, 2017).

Nar meyvesi temel olarak kabuk, ¢ekirdek, tane ve beyaz zar olmak iizere 4 ana bdliimden
olusmaktadir. Narin taneleri, meyvenin % 52’sini olusturmakta ve tanelerin ise % 78’1 meyve eti, %
22’si ¢ekirdekten olusmaktadir. Meyve suyu ise % 84.5 oraninda su ve buna ek olarak 6nemli
miktarlarda suda ¢ozinir kuru madde, fenolikler, antosiyaninler, askorbik asit, protein ve seker
icermektedir (Fadavi ve ark., 2005; Kulkarni ve Aradyha, 2005).

Narm suyunun yamn sira ¢ekirdegi ve kabugunun da bir¢ok fenolik bileseni barmdirdigi, bu
bilesenlerin meyve suyuna dnemli miktarda gegebildigi bildirilmistir. Nar suyunun delfinidin, siyanidin,
pelargonidin, ellajik asit, ellagatinler ve punikalajinden dolay1 yiiksek antioksidan kapasitesiye sahip
oldugu bilinmektedir. Nar suyunda kumarik asit, klorojenik asit, ferulik asit, gallik asit, ellajik asit,
protokatesik asit ve kafeik asit en ¢ok bulunan fenolik asitlerdir. Nar ¢ekirdegi 6nemli diizeyde palmitik
asit, stearik, linoleik, linolenik ve oleik gibi yag asitlerini, kabuk ise luteolin, kuersetin ve gallik asit gibi
tanen flavonlarini igermektedir. Ayrica; antimikrobiyal, antikanserojen, antiparasitik ve antiviral gibi
Ozelliklere sahip olmasi nedeniyle, gelecek yillarda bu meyveye olan ilginin daha da artacag: ifade
edilmistir (Singh ve ark., 2008; ilbey ve ark., 2009; Giindogdu ve ark., 2010; Kelebek ve Canbas, 2010;
Nizamlioglu ve ark., 2010; Fischer ve ark., 2011; Karaca, 2011; Mizrahi ve ark., 2014; Ahmadiankia,
2019; Guerrero-Solano ve ark., 2020).

Nar meyvesinin kimyasal kompozisyonu yetistirilme bdlgesine, iklimine, g¢esidine, dikim
uygulamasina ve depolama kosullarindaki degisikliklere gore farklilik gosterir. Kimyasal
kompozisyonuna bagli olarak nar sular1 taze tiikketim, sanayi {iretimi veya tibbi amaglar igin
kullanilmaktadir. Yapilan c¢aligmalarda nar tanelerinde fizikokimyasal ve fonksiyonel parametreler
acisindan nar gesitleri arasinda dnemli farkliliklar oldugu bulunmustur. Nar; yiiksek toplam polifenol
igerigi, antioksidan aktivite, ham lif ve mineraller agisindan da fonksiyonel gida olarak
kullanilabilmektedir (Martos ve ark., 2010; Marmol ve ark., 2017).
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Bu ¢alismada, Sanliurfa’da yaygin olarak yetistirilen ‘Hicaznar’, ‘Katirbasi’, ‘Devedisi’,
‘Surug’ ve ‘Surug Karas1’ nar gesitlerinin fizikokimyasal 6zelliklerinin ortaya konulmasi amaglanmustir.
Arastirma kapsaminda, nar ¢esitlerine ait meyve suyu ve ¢ekirdek orneklerinin toplam fenolik madde
miktari, toplam flavonoid miktari, toplam antioksidan kapasitesi, toplam antosiyanin miktar1 ve fenolik
bilesik dagilimi belirlenmis ve bu 6zellikleri karsilastirilmigtir.

2. Materyal ve Yontem
2.1. Materyal

Arastirma kapsaminda materyal olarak, Sanliurfa’nin Bozova ve Merkez ilgelerinden temin
edilen Hicaznar, Harran il¢esinden temin edilen Hicaznar, Katirbasi ve Devedisi, Surug ilgesinden temin
edilen Surug¢ ve Surug Karasi gesitleri kullanilmistir.

Nar meyveleri 10-21 Ekim 2018 tarihleri arasinda hasat edilmistir. Meyveler paslanmaz gelik
bicakla 2-4 pargaya ayrilarak, dane dokusuna zarar vermeyecek sekilde elle danelenmistir. Meyve
orneklerinden alinan 200’er gram dane orneklerinin katt meyve sikacagi (Pro 120, Moulinex, Fransa)
ile suyu ¢ikarilmis, ¢ikarilan sular kaba filtre kagidindan gecirilmis ve nar suyu ornekleri kimyasal
analizler yapilincaya kadar -18°C’de muhafaza edilmistir. Daha sonra ayirilan ¢ekirdek orneklerinin
Soxhlet ekstraksiyon cihazi ile ekstraktlart hazirlanmustir.

2.2. Yontem
2.2.1. Fizikokimyasal analizler

Arastirma kapsaminda, Harran Universitesi Merkezi Laboratuvari’nda meyve suyu ve ¢ekirdek
orneklerinin toplam fenolik madde miktari, toplam flavonoid miktari, toplam antioksidan kapasitesi ve
toplam antosiyanin miktari belirlenmistir.

2.2.1.1. Toplam fenolik madde miktari

Nar suyu Orneklerinin toplam fenolik madde miktar1 Singleton ve Rossi (1965) tarafindan
gelistirilen metot esas alinarak gergeklestirilmistir. Bitkisel materyallerden alinan ekstraktlar, Folin &
Ciocalteau reaktifi 1:9 olacak sekilde saf su ile uygun oranlarda seyreltilmistir. 0.4 ml seyreltilen
ekstrakt tizerine 0.1 N 2 ml Folin-Ciocalteau ve 1.6 ml % 7.5 Na,COj ¢ozeltisi eklenip; vortekslenmistir.
Oda sicakliginda 1 saat karanlik ortamda bekletilen karisimlarin, Shimadzu UV-1700 UV-Vis
spektrofotometre ile 765 nm’de absorbans degerleri okunmustur. Toplam fenolik madde miktari,
standartlardan elde edilen kalibrasyon grafigi (R*=0.99) yardimiyla hesaplanarak, sonuglar pg GAE g’
olarak verilmistir.

2.2.1.2. Toplam flavonoid miktari

Toplam flavonoid madde miktar1 Zhinsen ve ark. (1999) tarafindan onerilen yontemle
belirlenmistir. Nar suyu oOrneklerinin toplam flavonoid madde miktar1 pg QE g' olarak
spektrofotometrede [Shimadzu UV-1700 UV-Vis spektrofotometre, Japonya] absorbansin 510 nm’de
Ol¢iilmesiyle tespit edilmistir.

2.2.1.3. Toplam antioksidan kapasitesi

Antioksidan kapasitenin bir ifadesi olan DPPH radikalini indirgeme aktivitesi (antiradikal
aktivite, % ARA) Brand-Williams ve ark. (1995)’na gore belirlenmistir. Analize baglanmadan 6nce
DPPH radikali hazirlanmistir. 0.008 g DPPH radikali amberli ve aliiminyum ile kapli siseye alinmustir.
Uzerine 150 ml ¢dziicii (etanol) eklenmistir. 1 giin karanlik ortamda galkalanmis ve siire sonunda 50 ml
daha ¢oziicli eklenmistir. Daha sonra her bir bitkisel materyalin ekstraktlar1 saf su ile 10 kat
seyreltilmigtir. Ekstraktlardan 0.1, 0.2 ve 0.3 ml alinarak, tiipler icerisine eklenmistir. Her tiipe toplam
3 ml olacak sekilde ¢oziicii eklenmistir. Uzerine 1 ml DPPH radikali eklenerek, vorteks ile karistirilip,
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oda sicakliginda karanlikta 30 dakika bekletilmistir. 30 dakika sonunda Shimadzu UV-1700 UV-Vis
spektrofotometre ile 517 nm’de absorbans degerleri okunmustur. Ekstraktlarin antioksidan kapasitesinin
bir 6l¢iisii olan % ARA degerleri asagidaki formiile gore hesaplanmistir (1).

% ARA = [ Ak — (3 )1 % 100 (1)
Ak: Kontroliin absorbanst
A0: Ornegin absorbansi

2.2.1.4. Toplam antosiyanin miktar: analizi

Toplam antosiyanin miktar1 igerikleri Giusti ve Wrolstad (2001) tarafindan belirtilen pH-
diferansiyel metoduna gore belirlenmistir. 0.025 M KCI tamponu [pH 1.0] ve 0.4 M CH3COONa
tamponu igerisinde inkubasyona tabi tutulan Grneklerin absorbanslar1 spektorfotometrede [Shimadzu
UV-1700 UV-Vis spektrofotometre, Japonya] 520 ve 700 nm’de &lgiilmiis ve absorbans degerleri A
[absorbans degeri]=[A520nm-A700nm] pH 1.0- [Aszonm-AmOnm] pH 4.5 formiilijyle bulunmustur. Omeklerin
elde edilen absorbans degerleri asagida verilen esitlik kullanilarak hesaplanmis ve toplam antosiyanin
miktar1 mg siyanidin 3-glikozit 100 ml™' olarak hesaplanmustir (2).

Toplam antosiyanin miktar1 = (A*MW*DF*10%)/ ¢*1 (2)
MW: Siyanidin-3-glikozidin molekiil agirligi = 449.2 g mol

DF: Seyreltme faktorii

€: Siyanidin-3-glikozidin molar absorpsiyon katsayisi = 26.900

2.3. istatiksel Analizler

Arastirma, tesadiif parselleri deneme planinda ti¢ tekerriirlii ve her tekerriirde 5 meyve olacak
sekilde yiiriitiilmiistiir. Analizlerinde, her &rnek icin iki paralel okuma yapilmustir. Istatistiksel
analizlerde elde edilen sonuglar ortalama =+ standart sapma seklinde ifade edilmistir.

3. Bulgular ve Tartisma
3.1. Toplam fenolik madde miktari

Sanliurfa’da yaygin olarak yetistirilen nar ¢esitlerine ait meyve suyu ve ¢ekirdek dérneklerindeki
toplam fenolik madde miktarlar1 Cizelge 1 ile Sekil 1°de verilmistir.

Arastirmada incelenen nar gesitlerinin meyve sularinda toplam fenolik madde miktar1 26.60-
40.43 pg GAE g arasinda degisim gdstermistir. Bozova ilgesinde yetistirilen Hicaznar (Bozova) cesidi
en yiiksek fenolik madde miktar1 ile diger 6rneklerden 6nemli diizeyde farklilik gostermistir (Cizelge 1
ve Sekil 1). Nar ¢esitlerinin ¢ekirdeklerindeki toplam fenolik madde miktari bakimindan 146.44 pg GAE
g ile Hicaznar (Merkez) en yiiksek toplam fenolik madde miktarmna sahip oldugu belirlenmistir.
Hicaznar (Merkez) cesidini, Suruc¢ Karas1 (133.60 ug GAE g) ve Hicaznar (Bozova) (131.25 ug GAE
g) cesitleri takip etmistir (Cizelge 1 ve Sekil 1).

Yapilan analiz sonuglaria gore nar ¢ekirdeklerindeki toplam fenolik madde miktarinin, meyve
sularindaki miktardan daha yiiksek oldugu saptanmistir (Cizelge 1 ve Sekil 1). Ozgen ve ark. (2008),
iilkemizde yetistirilen 6 nar ¢esidine ait meyve sularin toplam fenolik madde miktarinin 1245-2076 mg
GAE 1" arasinda; Sarkhosh ve ark. (2009), iran’da yetistirilen 21 farkli nar genotipine ait ¢ekirdeklerin
toplam fenolik madde miktarmin 50.73-103.83 mg GAE 100 g arasinda; Izol (2012), Siirt’in Sirvan
ilgesinde yetistirilen baz1 nar ¢esit ve genotiplerinin danelerinde toplam fenolik madde miktarinin
820.98-1303.60 mg GAE 1" arasinda; Salgado ve ark. (2012), nar ¢ekirdeginin toplam fenolik madde
miktarmin 62.0 mg GAE g' oldugunu; Akhavan ve ark. (2015), Iran’da yetistirilen 10 farkli nar
cesidinde danelerden elde edilen ekstraktlarin toplam fenolik madde miktariin 220-1267 mg GAE 1!
arasinda, biitiin meyvelerden elde edilen ekstraktlarin toplam fenolik madde miktarinin 943-2931 mg
GAE 1" arasinda; Okumus (2016), Wonderful ve Hicaznar gesitlerine ait sularmn toplam fenolik madde
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miktarinin 1156.67-1428.1 mg GAE 1" arasinda, ¢ekirdeklerin toplam fenolik madde miktarmin 43.71-
54.66 mg GAE g arasinda; Ambigaipalan ve ark. (2017), toplam fenolik madde miktarinin ¢ekirdek
ekstraktlarinda (3.39 mg GAE g™'), meyve suyu ekstraktlarindan (1.03 mg GAE g™') yaklasik ii¢ kat fazla
oldugunu; Ozden (2018), Sanlurfa’da yetistirilen 3 nar ¢esidinde toplam fenolik madde miktarinin dane
ekstraktlarinda 728.88-906.66 mg GAE kg™ arasinda ve ¢ekirdek ekstraktlarinda 4733.33-6511.11 mg
GAE kg arasinda oldugunu bildirmislerdir.

Cizelge 1. Nar ¢esitlerinin meyve suyu ve ¢ekirdek orneklerindeki toplam fenolik madde ve toplam
flavonoid miktari

Toplam fenolik madde miktari Toplam flavonoid miktar1
(bg GAE g (g QE g")
Cesitler Meyve suyu Cekirdek Meyve suyu Cekirdek
Katirbast 36.19 +£2.38 119.97 £4.08 872.75+£99.90 1830.18 £ 75.37
Devedisi 30.63+1.46 125.94 + 1.91 627.03 £59.09 1573.44 +£213.73
Surug 28.61 +3.57 95.39 £6.62 572.66 £ 44.15 1040.01 £6.19
Surug Karasi 29.89 +4.73 133.60 + 6.39 868.62 + 28.68 983.57 £ 69.63
Hicaznar (Merkez) 26.60 +2.42 146.44 + 5.86 1132.24 + 140.69 1636.08 £ 92.44
Hicaznar (Bozova) 40.43 +0.77 131.25+3.75 1150.83 £19.18 1597.53 £29.27
Hicaznar (Harran) 32.81+1.76 100.21 +3.31 1026.93 + 56.37 1161.84 +£51.37
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Sekil 1. Nar ¢esitlerinin toplam fenolik madde miktarlar1 (A: meyve suyu, B: ¢ekirdek).

Incelenen nar gesitlerinin meyve suyu ve gekirdek drneklerinin toplam fenolik madde miktar,
literatiirdeki ¢aligmalarda da tespit edildigi gibi, meyve suyu Orneklerinin toplam fenolik madde
miktarindan yaklagik 3-4 kat daha yiiksek oldugu saptanmistir. Bu sonug¢ nar ¢ekirdeginin dnemli bir
gida kaynagi oldugunu gostermektedir. Calismamizda elde edilen sonuglar ile literatiirdeki ¢alisma
sonuglart kismen benzerlik gostermektedir. Verilerdeki farkliliklarin gesit, olgunluk, yetisme bolgesi,
presleme basinci, 6rneklerin ekstrakte edildigi ¢6ziicli, kullanilan standart ¢ozelti ve sonuglarin farkl
birimlerde degerlendirilmesi gibi nedenlerden kaynaklandig: diisiiniilmektedir.

3.2. Toplam flavonoid miktari

Cesitlere ait meyve suyu drneklerinin toplam flavonoid miktarlar1 572.66-1150.83 ug QE g
araliginda belirlenmistir (Cizelge 1 ve Sekil 2). Toplam flavonoid miktari bakimindan Hicaznar
(Bozova) ¢esidini, Hicaznar (Merkez) (1132.24 ug QE g') ve Hicaznar (Harran) (1026.93 ug QE g")
cesitleri izlemistir. En diisiik flavonoid miktar1 ise 572.66 pg QE g ile Surug ¢esidinde tespit edilmistir.

Cekirdek 6rneklerinin toplam flavonoid miktar1 karsilastirildiginda, en yiiksek deger Katirbasi
cesidinde 1830.18 ug QE g, en diisiik deger ise Suru¢ Karasi ¢esidinde 983.57 pg QE g olarak tespit
edilmistir (Cizelge 1 ve Sekil 2). Toplam flavonoid miktar1 bakimindan Katirbasi ¢esidini, Hicaznar
(Merkez) (1636.08 pg QE g™'), Hicaznar (Bozova) (1597.53 ug QE g') ve Devedisi (1573.44 g QE g
") gesitleri takip etmistir. Yapilan analiz sonuclarina gore nar cekirdeklerindeki toplam flavonoid
miktarimin, meyve sularindaki miktardan daha yiiksek oldugu saptanmustir.

Karadeniz ve ark. (2005), nar suyunun toplam flavonoid miktarinin 459 mg QE kg'; Fawole ve
ark. (2012), Giiney Afrika’da yetistirilen 3 nar gesidinde toplam flavonoid miktarinin 46.38-72.28 mg
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100 ml™" arasinda; Turgut ve Seydim (2013), baz1 nar ¢esit ve genotiplerinde toplam flavonoid miktarinin
5.898-19.438 mg QE 100 ml" arasinda; Li ve ark. (2015), Cin’de yetistirilen 10 nar cesidinin dane
ekstraktlarinda toplam flavonoid miktarmin 0.045-0.335 QE mg ml' arasinda; Ozden (2018),
Sanliurfa’da yetistirilen 3 nar ¢esidinde toplam flavonoid miktarinin dane ekstraktlarinda 458.33-559.21
mg QE kg, ¢ekirdek ekstraktlarinda 1677.63-3076.75 mg QE kg arasinda oldugunu ve ¢ekirdek
ekstraktlarinin  toplam flavonoid miktarinin, dane ekstraktlarindan daha yiiksek oldugunu
bildirmislerdir.

Calisgmamizda elde edilen bulgular, diger arastiricilarin bulgulariyla kismen ortiismektedir.
Ozden (2018)’in gekirdek ekstraktlarmin toplam flavonoid miktarmin dane ekstraktlarmndan daha
yiiksek oldugu bulgusu, aragtirma sonuglarimiz ile paralellik gostermektedir.
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Sekil 2. Nar ¢esitlerinin toplam flavonoid miktarlari (A: meyve suyu, B: gekirdek).
3.3. Toplam antioksidan kapasitesi

Nar ¢esitlerine ait meyve suyu ve ¢ekirdek drneklerinde toplam antioksidan kapasiteleri Cizelge
2 ile Sekil 3’°te verilmistir.

Cizelge 2. Nar ¢esitlerinin meyve suyu ve g¢ekirdek Orneklerindeki toplam antioksidan kapasite ve
toplam antosiyanin miktari

Toplam antioksidan kapasite Toplam antosiyanin miktari

(%) (mg siyanidin 3-glikozit I'")

Cesitler Meyve suyu Cekirdek Meyve suyu Cekirdek
Katirbast 89.47 £ 6.34 12.68 £3.67 0.92+0.34 0.71 £0.64
Devedisi 96.38 £ 1.66 15.03 £5.85 1.79£0.26 1.18+0.64
Surug 96.10 £ 1.28 10.75£0.12 0.84+£0.74 0.19+0.12
Surug Karasi 94.96 + 2.35 26.64 £2.22 1.02+£0.42 0.91+£0.50
Hicaznar (Merkez) 95.67+2.58 10.32+2.84 20.27 +1.04 2.58+£2.25
Hicaznar (Bozova) 94.53 £ 1.60 7.76 £3.51 24.12+1.73 1.45+1.27
Hicaznar (Harran) 92.39 +2.68 10.40 £+ 5.05 14.62 +1.03 3.51 +£0.35
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Sekil 3. Nar gesitlerinin DPPH metodu ile antioksidan aktivite tayini (A: meyve suyu, B: ¢ekirdek).
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Nar cesitlerine ait meyve sularindaki toplam antioksidan kapasite bakimindan en yiiksek deger
% 96.38 ile Devedisi ¢esidinde ve en diisiik deger ise Katirbasi ¢cesidinde % 89.47 olarak tespit edilmistir
(Cizelge 2 ve Sekil 3). Toplam antioksidan kapasitesi bakimindan Devedisi ¢esidini, Surug (% 96.10)
ve Hicaznar (Merkez) (% 95.67) gesitleri takip etmistir.

Nar ¢esitlerinin ¢ekirdek orneklerindeki toplam antioksidan kapasite karsilagtirildiginda; en
yiiksek deger % 26.64 ile Suru¢ Karasi ¢esidinde ve en diisiik deger Hicaznar (Bozova) ¢esidinde %
7.76 olarak tespit edilmistir (Cizelge 2 ve Sekil 3). Toplam antioksidan kapasitesi bakimindan Surug
Karasi ¢esidini, Devedisi (% 15.03) ve Katirbasi (% 12.68) gesitleri izlemistir.

Yapilan analiz sonuglarina gore, tiim gesitlerde en yliksek toplam antioksidan kapasite meyve
suyu orneklerinde Ol¢ililmiistiir (Cizelge 2 ve Sekil 3). Surveswaran ve ark. (2007), nar ¢ekirdeginin
antioksidan kapasitesini 3.53 mmol TE 100 g'; Ozgen ve ark. (2008), 6 farkli nar ¢esidinin antioksidan
kapasitesinin 0.56-0.770 mmol TE 100 ml™" arasinda; Mousavinejad ve ark. (2009), iran’da yetistirilen
farkli gesitlere ait nar sularinin antioksidan kapasitesini DPPH metodu ile % 18.60-42.80 arasinda;
Tezcan ve ark. (2009), ticari nar sulariin antioksidan kapasitesini DPPH metodu ile % 10.37-67.46
arasinda; Tehranifar ve ark. (2010), Iran’da yetistirilen 20 nar ¢esidinde antioksidan kapasitesini DPPH
metodu ile % 15.59-40.72 arasinda; Karaca (2011), taze sikilmig nar suyunda antioksidan kapasitesini
DPPH metodu ile % 79.6-86.2 arasinda; Zaouay ve ark. (2012), Tunus’ta yetistirilen 13 farkli ¢eside ait
nar sularinin antioksidan kapasitesini DPPH metodu ile 9.57-21.07 mmol TE 1" arasinda; Turgut ve
Seydim (2013), baz1 nar ¢esit ve genotiplerinin antioksidan kapasitesinin 1.004-1.641 mmol TE 100 mI
' arasinda; Karaaslan ve ark. (2014), Tiirkiye’de yetistirilen 4 farkli nar cesidinin antioksidan
kapasitesinin 267.3-381.2 mg TE 100 g arasinda; Kaur ve ark. (2014), Hindistan’da 6 farkli nar
cesidinin antioksidan kapasitesinin DPPH metodu ile 8.98-15.47 pmol TE/g arasinda; Abbasoglu
(2016), Sanlurfa’da 3 nar ¢esidinin antioksidan kapasitesini DPPH metodu ile 4.70-19.42 mM TE I’
arasinda; Okumus (2016), Wonderful ve Hicaznar gesitlerinin antioksidan kapasitesini DPPH metodu
ile nar sularinda 7.40-7.58 mmol TE 1", nar c¢ekirdeklerinde 0.25-0.29 mmol TE g arasinda; Ozden
(2018), Sanlurfa’da 3 nar g¢esidinde dane ekstraktlarinin toplam antioksidan kapasitelerinin, ¢ekirdek
ekstraktlarindan daha yiiksek oldugunu bildirmislerdir.

Caligmamizda meyve suyu Orneklerinin toplam antioksidan kapasitelerinin, ¢ekirdek
orneklerinden daha yiiksek olmast literatiir sonuglariyla uyumludur. Ayrica arastirmamizda meyve suyu
ve cekirdek oOrneklerinden elde edilen antioksidan kapasitesi degerlerinin, literatiirde saptanan
degerlerden daha yiiksek oldugu da goriilmiistiir.

3.4. Toplam antosiyanin miktari

Nar cesitlerine ait meyve suyu ve ¢ekirdek drneklerinde toplam antosiyanin miktar1 Cizelge 2
ile Sekil 4°te verilmistir. Arastirmada incelenen gesitlerin meyve sularindaki toplam antosiyanin miktari
0.84 (Surug) mg siyanidin 3-glikozit 1" ile 24.12 mg siyanidin 3-glikozit I"' (Hicaznar (Bozova)) arasinda
degiskenlik gostermistir. Toplam antosiyanin miktar1 bakimindan Hicaznar (Bozova) ¢esidini, Hicaznar
(Merkez) (20.27 mg siyanidin 3-glikozit I'') ve Hicaznar (Harran) (14.62 mg siyanidin 3-glikozit 1)
cesitleri takip etmistir.

Cekirdek orneklerindeki toplam antosiyanin miktar1 karsilagtirildiginda, en yiiksek deger
Hicaznar (Harran) gesidinde 3.51 mg siyanidin 3-glikozit I ve en diisiik deger ise Surug cesidinde 0.19
mg siyanidin 3-glikozit I'' olarak tespit edilmistir (Cizelge 2 ve Sekil 4). Toplam antosiyanin miktari
bakimidan Hicaznar (Harran) ¢esidini, Hicaznar (Merkez) (2.58 mg siyanidin 3-glikozit 1) ve
Hicaznar (Bozova) (1.45 mg siyanidin 3-glikozit 1"") cesitleri izlemistir. Analiz sonuglarina gore, tiim
cesitlerde en yiiksek toplam antosiyanin miktar1 meyve suyu orneklerinde dlglilmiistiir (Cizelge 2 ve
Sekil 4).

Nar ¢esit ve genotiplerinde toplam antosiyanin miktarinin tespit edildigi diger ¢aligmalar
incelendiginde; Ozgen ve ark. (2008), Akdeniz Bolgesi’nde yetistirilen 6 farkli nar gesidinde toplam
antosiyanin miktarinin 0.61-21.9 mg 100 ml™" arasinda; Cam ve ark. (2009), iilkemizde yetistirilen 10
farkli nar gesidinde toplam antosiyanin miktarinin 8.1-36.9 mg 100 ml™' arasinda; Tehranifar ve ark.
(2010), Iran’da yetistirilen 20 farkl1 nar ¢esidinde toplam antosiyanin miktarinin 5.56-30.11 mg 100 g’
arasinda; Sepulveda ve ark. (2010), Sili’de yetistirilen 8 nar genotipinde toplam antosiyanin miktarinin
16.8-132.8 mg siyanidin 3-glikozit 100 ml" arasinda; izol (2012), Siirt’in Sirvan ilgesinde yetistirilen
bazi nar gesit ve genotiplerinin danelerinde toplam antosiyanin miktarinin 27.16-171.86 mg siyanidin
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3-glikozit kg arasinda; Fawole ve ark. (2012), Giiney Afrika’da yetistirilen 3 nar cesidinde toplam
antosiyanin miktarinin 16.53-26.93 mg 100 ml™" arasinda; Turgut ve Seydim (2013), bazi nar gesit ve
genotiplerinde toplam antosiyanin miktarinin 9.892-34.616 mg siyanidin 3-glikozit 100 ml" arasinda;
Abbasoglu (2016), Sanliurfa’da 3 nar gesidinde toplam antosiyanin miktarinin 2.07-67.84 mg siyanidin
3-glikozit 1" arasinda; Okatan ve ark. (2018), Bitlis’in merkez bdlgesinde yetisen nar genotiplerinde
toplam antosiyanin miktarinin 55.37-156.03 mg siyanidin 3-glikozit 1" arasinda; Ozden (2018),
Sanliurfa’da 3 nar ¢esidinde toplam antosiyanin miktarimin nar danelerinde 46.58-347 mg siyanidin 3-
glikozit kg, nar cekirdeklerinde 54.93-68.29 mg siyanidin 3-glikozit kg™ arasinda; Ozkan ve ark.
(2018), Zivzik narinda toplam antosiyanin miktarinin 16.3-21.7 mg siyanidin-3-glikozit 100 g arasinda
degisiklik gosterdigini bildirmislerdir.

Toplam antosiyanin miktar1 acisindan elde etmis oldugumuz degerler, diger arastiricilarin
bulgulartyla kismen uyumlu bulunmaktadir. Dane renkleri pembe ve agik pembe olan Devedisi,
Katirbasi, Surug ve Suru¢ Karasi ¢esitlerinin meyve suyu ve ¢ekirdek drneklerinin toplam antosiyanin
miktari, dane rengi kirmizi olan Hicaznar gesitlerinden daha diisiik saptanmustir.
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Sekil 4. Nar gesitlerinin toplam antosiyanin miktar1 (A: meyve suyu, B: ¢ekirdek).

4. Sonug¢

Arastirma sonucunda; ¢alismada kullanilan nar ¢esitlerinden alinan meyve 6rneklerinin analiz
edilmesi sonucunda hem gesitlerin birbiri arasinda hem de meyvelerden alinan meyve suyu ve ¢ekirdek
Ozlerinin birbiri ile kiyaslanmasi bakimindan toplam fenolik madde miktari, toplam flavonoid miktart,
toplam antioksidan kapasite ve toplam antosiyanin miktarlar1 degiskenlik gostermistir. Arastirmada
incelenen tiim nar ¢esitlerinde fenolik madde ve toplam flavonoid miktarinin ¢ekirdeklerde daha fazla
oldugu, buna karsilik toplam antioksidan kapasitesi ve toplam antosiyanin miktarmin ise meyve suyu
orneklerinde daha yiiksek diizeyde oldugu saptanmustir.

Arastirmadan elde edilen sonuglar 1s181nda, nar gesitlerinin meyve suyu ve cekirdeklerinin
toplam fenolik madde miktar1, toplam flavonoid miktari, toplam antioksidan kapasitesi, toplam
antosiyanin miktar1 ve saglik acisindan faydali fenolik bilesenleri yiiksek miktarda igerdikleri
goriilmiistiir. Sofralik tiiketim ve meyve suyu endiistrisinde kullaniminin yaninda, 6zellikle albenisi
olmayan ve bu ylizden yetistiriciler tarafindan tercih edilmeyen Suru¢ Karasi ¢esidinin,
cekirdeklerindeki oldukca yiiksek fenolik madde ve antioksidan kapasite nedeniyle fonksiyonel {iriin
olarak da endiistriyel kullaniminin yayginlagtirilmasi 6nerilmektedir.

Nar yetistiriciligi i¢in uygun ekolojik kosullara sahip olan bolgemizde iireticilerin nar
yetistiriciligi konusunda bilinglendirilmesi ve yetistiriciliginin yayginlastirilmasinin bolge ve iilke
ekonomisine de 6nemli bir katki saglayacagi diisiiniilmektedir.
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Bu ¢alisma, Harran Universitesi Bilimsel Arastirma Projeleri (BAP) Koordinatorliigii tarafindan
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cost microcontroller development card. The developed low-cost gaussmeter
includes an inexpensive magnetic field sensor, a microcontroller development
card, and LabVIEW software. Magnetic field measurements, based on the
optimization of the microcontroller-based gaussmeter, were developed with the

Keywords

Gaussmeter, HAL503 Hall Effect sensor with the help of LabVIEW software. A high
Hall effect sensor, regression was observed between the values obtained from the device and the
LabVIEW, results found from the calculations made using theoretical magnetic field formulas
Magnetic field, and the measured values. It was observed that it works with an average accuracy
Microcontroller. 0f99.6% for 3 different thickness magnets. According to the developed measuring

device results of 6, 8, and 10 magnets sizes, R? values were evaluated as 99.8%,
99.7%, and 99.3%, respectively.

LabVIEW Tabanh Tarimsal Amach bir Gaussmetre icin Diisiik Maliyetli Hall Etkisi
Duyargasinin Etkinlik Tespiti

Makale Bilgileri Oz: Gelisen teknoloji diisik maliyetli duyargalar yardimiyla daha dogru ve
) verimli 6l¢lim yapilmasini saglamaktadir. Bu nedenle bu g¢alismada, diisiik
Gelis: 03.05.2021 maliyetli tarimsal amach kullanilabilecek bir gaussmetre gelistirilmistir.

Kabul: 24.07.2021
Online Yaymlanma: 15.09.2021
DOI: 10.29133/yyutbd.932155

Gelistirilen diisiik maliyetli gaussmetre, bir manyetik alan duyargasi, bir
mikrodenetleyici gelistirme karti ve LabVIEW yazilimindan olugmaktadir.
Manyetik alan dlgiimleri LabVIEW yazilimi yardimiyla HALS503 Hall Effect

Anahtar Kelimeler duyargast ile gelistirilen mikrodenetleyici tabanli gaussmetrenin optimizasyonuna
Gaussmetre, dayali olarak yapilmistir. Cihazdan elde edilen degerler ile teorik manyetik alan
Hall etkisi duyargasi, formiilleri kullanilarak yapilan hesaplamalardan bulunan degerler arasinda
LabVIEW. yiiksek bir regresyon gozlenmistir. HALS503 hall etkisi duyargasi kullanilarak
Manyetik alan, yapilan bu calismada, 3 farkli kalinliktaki miknatis i¢in cihazin ortalama %99.6
Mikrodenetleyici, hassasiyetle ¢alistign goriilmiistiir. 6, 8 ve 10 miknatis boyutunda, gelistirilen

olgiim cihaz1 R? degerleri sirastyla %99.8, %99.7 ve % 99.3 olarak hesaplanmstir.
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1. Introduction

The first magnetometer was invented by Carl Friedrich Gauss in 1833 with the ability to measure
magnetic density. There have been notable developments in the Hall Effect, which is still widely used
for magnetic field measurements in the 19th century (Khan et al., 2017). Sensors used for magnetic field
measurements play an important role in many areas. For example, space researches (Can and Topal,
2015), agricultural and aquaculture enhancement, water treatment (Lin and Yotvat, 1990), agricultural
machinery, and military systems are well-known applications (Nowicki and Szewczyk, 2013; Nowicki
and Szewczyk, 2019). Agricultural production and irrigation magnetic field studies provide important
progress in agriculture sector.

Lin and Yotvat (1990) reported an increase in water efficiency in both crop and livestock
production at magnetically treated water. In another study, Amaya et al. (1996) and Podlesny et al.
(2004) showed the acceleration of plant growth, especially the seed germination and emergence rate,
through optimal external electromagnetic fields. Podlesny et al. (2004) investigated and observed
significant beneficial effects on germination, emergence, and seed yield by exposing the pod seeds to
varying magnetic forces before planting. After the use of magnetic treatment, a more regular plant
occurred and 2-3 days before the control process was observed. The magnetic field effect has also been
found to be effective when consuming plants with nutrients. Some studies show that strawberries and
tomatoes are increasingly flowering, early in life, and total fruit output by applying magnetic fields
(Esitken and Turan, 2004; Danilov et al., 1993). Duarte Diaz et al. (1997) have observed an increase in
the intake of food in magnetic processing. In the literature, the root growth of different plant species is
influenced by magnetic field applications (Belyavskaya, 2001; Belyavskaya, 2004; Muraji et al., 1992;
Muraji et al., 1998; Turker et al., 2007). Maize (Zea mays) root growth increase was shown by Muraji
et al. (1992) in the form of exposure to 5 mT magnetically grown seedlings at an alternative frequency
of 40-160 Hz. Also magnetic field application improve yield and plant growth in cucumber, as well as
an iron chelate (Ahmadi et al., 2020). Additionally, the magnetic field is known to reduce stress in
seedlings caused by heat. For 40 minutes, the effect of heat stress on cress seedlings (Lepidium sativum)
was reduced by exposure to a highly low-frequency magnetic field (50 Hz, 100T).

Hall effect refers to the phenomenon in which a potential difference develops in a conductor
that carries current in a magnetic field. This fact was discovered by Edwin Hall in 1879 (Hall, 1879). It
is believed that gaussmeter and electronic integrated flux meters are the most used devices for measuring
magnetic flux density (Seely, 1997). To ensure the proper use of magnetic measuring instruments, it is
necessary to understand the application methods of these tools (Murphy, 1999). Measuring the magnetic
field using the Hall Effect sensors is only one of these application methods (Blagojevic et al., 2004;
Logofatu et al., 1997), and gaussmeter are used for this purpose. The use of gaussmeter's for magnetic
parameters and properties of materials is a result of particle movement in the electric field. Besides,
different types of electricity in AC and DC can be measured using an industrial gaussmeter with a Hall-
effect sensor. When the sensor is near a magnetic field, it creates voltage differences according to the
strength of the magnetic field. However, they are costly as industrial measuring instruments. Hall
sensors, AMR sensors, GMR - STD sensors, FLUXGATE sensors, and some other devices use magnetic
field measurements (Ripka and Janosek, 2010). Also, different development cards such as Arduino,
ARM, Raspberry Pi can be used for this purpose (Khan et al., 2017). In the literature, Prasad et al. (2014)
stated that a low-cost development card-based device can be used to conduct various experiments on
magnetism in the physics laboratories. There are many Hall generators known today (Randjelovic et al.,
1999; Popovic, 1991). However, the noise impact of hall sensors limits their use (Popovic et al., 2001).
The hall effect plane is important in magnetic fields measured using the Hall sensor (Morvic and Betko,
2005; Goldberg and Davis, 1954; Schott et al., 2000). The sensor used in this study is the HALS503 linear
Hall Effect sensor. The principle of operation of the sensor used is that when the current is kept constant,
the voltage changes linearly according to the magnetic field (Badaroglu et al., 2008). Magnetic sensors
are solid-state devices that are becoming more and more popular because they can be used in many
different types of applications such as sensing position, velocity, or directional movement (Khan et al.,
2017).

In this research, considering the literature, the efficacy of a microcontroller and LabVIEW-based
gaussmeter has been studied with the help of HALS503 magnetic field sensor that works based on

711



YYU JAGR SCI 31 (3): 710-721
Beyaz and Parlak / Efficacy Detection of Low-Cost Hall Effect Sensor for a LabVIEW-Based Agricultural Gaussmeter

magnetic field theory for effectiveness detection because of the future low-cost magnetic field
applications in agriculture.

2. Material and Method

2.1. Material

The main subject of the adjustment is the development of an effective system in the LabVIEW
environment that can measure the magnetic field values of three different thickness neodymium magnets
in gauss and millitesla levels under controlled laboratory conditions with low-cost parts (Figure 1).

INPUT
A -
»~
Hall Effect Sensor Capacitors
A

________________________________ -
! \ 4 !
1 - 1
1 - = 1
! + -
! = W - [ € 1
1 . 1
: Front Panel Block Diagram LabVIEW Software 1
1
! 1
1 OUTPUT 1
! 1
T e e S S R R SR R R SR SRR R R SR R R R R R R R R R R R R R e e e e e

N

(o
Desktop Computer

Figure 1. Flow chart of LabVIEW-based gaussmeter software.

For this purpose, the voltage of the HALS503 magnetic field sensor, which received the analog
0 pin signal of the Arduino UNO R3 microcontroller development card, is stabilized using two 16V
100uF capacitors (Figure 3 - 5). Arduino Uno R3 can be operated via USB and communicates with
LabVIEW software via Serial Port (COM) (D'Ausilio, 2012). Sensor values obtained through Arduino
matching LabVIEW software, that are calculated in the block diagram of the LabVIEW software and
the signals processed in the graphics and measurement boxes created in the front panel (66Hz) are given
instantly (Figure 9 - 10). LabVIEW, which can interfere with the front panel and block diagram in these
computer operations, can provide the user a comfortable reading on the front panel (Figure 1).

2.1.1. Magnetic Field Generation
The most powerful permanent magnets currently available are neodymium magnets, which were
developed in 1982 by General Motors and Sumitomo Special Metals. Many applications of modern

products that include powerful permanent magnets, such as motors in cordless drills, hard disk drives,
and magnetic fasteners, have been taken over by them. Rare Earth magnets (also known as Neodymium
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magnets) are 5—7 times stronger than Ferrite magnets and are the most cost-effective. Higher values,
from N35 to N52, indicate stronger magnets. The magnetic field was created by layering various
thicknesses of N35 neodymium magnets (Table 1).

Table 1. Features of N35 neodymium magnets that are used in the application

Grade Residual magnetism Coercive and field strength Energy product Max.
Br bHc iHe (BxH)max.) operational
temp.
Gauss(G) Tesla  kOe kA/m kOe kA/m MGOe  kJ/m3 °C
(M
N35 11700- 1.17- 10.8-  860- >12 =955 33-35 263-279 <80
12100 1.21 11.5 915

Br: Remanence, bHc: coercive field force, iHc: demagnetized field strength, BxH: maximum energy product, N35: Type of neodymium magnet.

Three different neodymium magnets group were used for the measurements. 6, 8, and 10
magnets which have 10 mm diameter and 3 mm thickness were used respectively (Figure 2). In this
way, at different thickness levels, different magnetic fields were obtained from N35 neodymium
magnets. Additionally, with the N35 neodymium magnets, three different magnetic fields created for 25
different distance levels change 1 mm between the measurements 10 mm to 35 mm.

(a) (b) (c)
Figure 2. 6 neodymium magnets (a), 8 neodymium magnets (b) and 10 neodymium magnets(c).

Neodymium magnets are generally more powerful than normal magnets. However, neodymium
magnets cost more due to the more expensive materials needed to manufacture them: they require a
mixture of iron, neodymium, and boron to magnetize via exposure to a powerful magnetic field. Normal
and neodymium magnets each have different benefits. Neodymium magnets are metal magnets, and they
are colored in silver, like most other metals. The neodymium magnet is extremely strong, with magnetic
strengths between N24 and N55, with N55 being the strongest manufactured.

2.1.2. Arduino UNO R3

There are a lot of different development boards in the markets. However, Arduino UNO R3 is
the widely used one between them (Figure 3). It has enough capability and technical properties for this
low-cost measurement device development process. The board is easily connected with LabVIEW
software by using the LINX firmware. In this development process, an analog input of the board was
used for getting the voltage values. Also, it was used for the measurement of gauss values. For this aim,
the software was developed in the LabVIEW platform.

713



YYU JAGR SCI 31 (3): 710-721
Beyaz and Parlak / Efficacy Detection of Low-Cost Hall Effect Sensor for a LabVIEW-Based Agricultural Gaussmeter

Figure 3. Arduino UNO R3 microcontroller board front view.

The Arduino development card uses an ATmega328 embedded microcontroller from Atmel,
which has 6 analog inputs with 10-bit resolution, and a USB (Universal Serial Bus) connection.

2.1.3. HALS503 Hall Effect Sensor

The HALS503 is the sensor for the Hall effect that monitors very little magnetic density changes,
very small changes in the Hall effect controls. HAL503 hall effect sensor contains the Vcc, ground, and
Vdd terminals (Figure 4). They are magnetically driven mirrors for mechanical phenomena like motion
sensors, gear tooth sensors, and detectors of proximity. As sensitive electromagnet monitoring systems,
the performance of the system can be effectively measured by negligible loading of systems, while
providing insulation from contaminated and noisy environments. Each integrated Hall Effect circuit
comprises a Hall sensor element, the linear amplifier, and the output stage for the emitter follower. The
Hall cell and amplifier in one chip minimizes problems with the processing of small analog signals. For
most applications, three-pack styles deliver a magnetically optimized pack. The 'UA' packet suffix is an

ultra-mini SIP three-pin.
* -

7
<
8

w

SUPPLY
GROUND
ouTPUT

Figure 4. HAL503 Hall effect sensor and pinout.

For continuous operation, the sensor is evaluated within -40°C to +170°C. It has a high
sensitivity. It can function up to 10 kHz and dynamic magnetic fields in static magnetic fields. Becoming
suitable for multi-poles and rotational speed measurements, the HALS503 hall effect sensing sensors and
operating range allow for this application. The HALS503 Hall Effect Sensor absolute maximum values
can be seen in Table 2.

Table 2. Absolute maximum ratings of HALS503 Hall Effect Sensor

Absolute Maximum Ratings Specification
Supply Voltage (Vce) 3.8V to 24V
Magnetic Flux Density B Unlimited
Operating Temperature Range (Ta) -40°C to +170°C
Switching Type Latching
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2.1.4. Capacitors

A capacitor is a component that stores potential energy in an electric field between the passive
two-electrical terminal (Figure 5). The effect of a capacitor was called capacitance. While some
capacitance exists between any two electrical conductors in proximity to a circuit, a capacitor is an
electrical component that was designed to add capacitance to a circuit. The capacitor was initially known
as a condenser (Anonymous, 2018). In this magnetic field measurement system, two capacitors (100
uF) were used to control the current.

Figure 5. 16V 100uF capacitors.

In the research, the hall effect sensor's output was connected to the AO pin of the Arduino, which
communicates with the computer via a USB (Universal Serial Bus), and thus the voltage data sent to the
Arduino was processed through the LabVIEW program (Figure 6-7).

!
r
_
|
_
|
N
_
_
i

Figure 6. Arduino UNO R3 (a), capacitors (b), hall effect sensor (c), and 10 magnets (d).
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Figure 7. Schematics diagram of the magnetic field measurement system.

2.2. Methods

2.2.1. Magnetic Field Measurement

It is used to calculate the magnetic field force in gauss, near a disc or cylinder-shaped

neodymium magnet in the magnetic field calculation. Important points in the magnetic field calculation;

l.

N

Magnet material,

Remanence (Br),

Magnet shape,

Diameter,

Thickness (the direction of magnetization).

7

|
l s ;N E e
B

(
-

.\\ \\ \\

Figure 8. Size and distance parameters for cylinder-shaped magnets (Thickness T, Diameters C,

Distance D, Magnetic field B).

The Magnetic Field (gauss) can be evaluated at different levels, in the research, diameter,

thickness, and distance values was entered on the K&J Magnetics site to evaluate the magnetic field
values online (Anonymous, 2021). The magnetic field calculation is generally done the following
formula:
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By T+x _ X
B = 2 <\/R2+(T+x)2 VRZ+x2 ) (1

In this formula (Coramik and Ege, 2018);

B: Magnetic field (10 Gauss (G)=1 Militesla (mT))
X: Distance,

R: Magnet diameter,

T: Thickness,

B:: Remanence (Figure 8).

2.2.2. LabVIEW based Gaussmeter Software

There are a lot of scientific softwares like MATLAB, L takes, etc. Between these platforms,
LabVIEW is a useful development platform. Because of this reason, LabVIEW platform was chosen for
the Arduino-based low-cost gaussmeter software development platform. The connection between the
Arduino and LabVIEW platform was made with the help of LINX firmware. Arduino was connected to
the computer by using a USB port. Results of this connection Windows operating system created a com
port for precise communication. This part can be selected by using the front panel of the LabVIEW
gaussmeter (Figure 9). The Hall-effect sensor can be connected with different analog channels of the
development board because the board has different channels for the connection of different sensors. As
a result of this condition, channel selection properties were added to the front panel of the Arduino
gaussmeter. A chart was placed in the front panel to see the differences of gauss value during one minute
period. For the calibration of the low-cost gaussmeter control, input was also added. Instant loop rate
and gauss values can be seen as decimal numbers from the front panel. Also, a gauge tool was placed to
better understand the gauss differences visually. The measurement process can be stopped by using the
stop button on the front panel of the developed software.

LabVIEW Gaussmeter
LINX Device Settings Voltage Value (mV) Gauss Value
5000~ 2000~
Serial Port 1500-
(% ) 4000~ \ ———
s COM3 |G = 1000
: = E 3000- \ g 50
Al Channel & 2 0-
B 5 o00- e ¢ e
o = N \\
{ e ~1000-
-1500-]
0- | | 0 | ) -2000-, 0 | i ' =
302670 302800 393000 393200 393400 393693 302670 392800 393000 393200 393400 393693
Sample Sample
Loop Rate (Hz) Voltage (mV)  Start Voltage Calibration (mV) Start Value Gauss Value
& |||[esas ||| F[s195 a1 ||| 203 | B sop | | b by Assoc. Prof. Dr. Abdullah BEYAZ|
DN I \, -\ - ™ )

Figure 9. The front panel with measurement LabVIEW Gaussmeter.

Arduino has six ADC channels that any one or all of them can be used as inputs for analog
voltage. The Arduino UNO R3 ADC has a 10-bit resolution, so it means that the integer values change
between 0 to 1023. This also means that it will map input voltages between 0 and 5 volts into integer
values between 0 and 1023 (Khan et al., 2017). For every integer value corresponding to 5/1024= 4.9
mV (0.0049 V) per unit. The default reference if 5 volts and resolution are 10 bit we get 5/1024 = 4.9
mV for every one increment that is counted. The sensor calibration was done by using an online theoric
gauss calculator for getting the gauss values according to the type of grade, diameter, and thickness of
the magnet and distance. Then the 0 gauss output of the sensor is 2500 mV. To get 2500 mV output also
we need to subtract the 2519,53 mV value first to hold a 0 V read at the 0 Gauss field in the block
diagram of the developed software (Figure 10).
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Figure 10. Block diagram of LabVIEW Gaussmeter.

3.Result and Discussion

The regression coefficient and estimation equation for Calculated Gauss Value — LabVIEW
Gauss Value (Gauss) can be seen in Figure 11.

Calculated Gauss Value = - 0,001858 + 1,061 LabVIEW Calibrated Gauss Value

OEH s 00042749
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LabVIEW Calibrated Gauss Value

Figure 11. Calculated Gauss Value — LabVIEW Calibrated Gauss Value regression and estimation
equation.

Also, regression coefficient and estimation equation for Calculated Gauss Value — LabVIEW
Calibrated Gauss Value (Gauss) can be seen in Figure 12.
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Figure 12. 6 Magnets (a), 8 Magnets (b), and 10 Magnets (¢) Calculated Gauss Value — LabVIEW Gauss
(Gauss) regressions and estimation equations.

Haned and Missous (2003) express that the Hall effect sensor measures efficiently at 1uT using
DC techniques and 100 nT using AC techniques at low-level magnetic fields. Also, the measurement
results show that the LabVIEW-based low-cost gaussmeter which was developed with the help of
LabVIEW software is working efficiently. The measurement system has the capability of calibration for
different industrial gaussmeter corrections. It means that the system can be easily calibrated by using
the calibration control part of the front panel. According to Puaypung and Rakkapao, (2018) magnetic
field measurement research measurements can display about a 0.6% difference between the
experimental and theoretical magnitudes of the magnetic fields. In their experiment, they simply
obtained a linear relationship between the magnetic field (B) and the applied current (I) as B = 33.241
mT with R?=0.99. Also, Oy et al. (2015) claim that the gaussmeter which is developed by them can be
used more economically than if the measurement can be made between +1000 G (0.1 T) and -1000 G (-
0.1 T). In their research, their gaussmeter gave %100 regression with a limited number of measurements
(9 readings) at the measurements that had been done between +1000 G (0.1 T) and -1000 G (-0.1 T). On
the contrary of the research of Oy et al. (2015), in this research, the post-calibration regression
calculations of the values taken from three different thickness neodymium (NdFeB) magnets were
99.8% for 6 magnets, 99.7% for 8 magnets, and 99.3% for 10 magnets from 50 readings for each magnet
group, totally 150 readings were done. In the measurements made with 3 different thickness magnets
for the calibrated device, it was observed that the gauss measurement in the LabVIEW program operated
with an average accuracy of 99.6% between -500 G (-50 mT) and +500 G (+50 mT).

4.Conclusion
The developed system has been provided to be efficient and economical in laboratory
applications to be performed by students, scientists, and experts, compared with the gauss meters that

are more expensive and wide measurement range. Using this system, which is easy to use and measure
the data and also calibrate, it has been ensured that measurements for various agricultural activities can
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be made accurately and effectively. Also, the choice of ADC is important in terms of the precision of
the measurements. Therefore, its performance has been taken into consideration when selecting ADC
(Analog Digital Converter). Measurement accuracy can be increased by using higher-resolution ADC
and more sensitive sensors (Oy et al., 2015). Since the developed system works through a computer, it
works properly in indoor cultivation, factories, and industrial built-in spaces. A laptop is required for
instant measurements of the system in agricultural land and breeding places. In order to provide
flexibility to the user in terms of mobility and portability, the system can be re-coded for mobile use and
used with instant telephone measurements in the field.
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Makale Bilgileri Oz: Genetik kaynaklarmin karakterizasyonu ve gesitlilik  diizeylerinin
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yararlanilmaktadir. Capsicum chinense biber tiirii; meyve Ozellikleri yoniinden
yiiksek diizeyde varyasyon gostermektedir. Bu ¢alismada, Capsicum chinense
tiirine ait biber genetik kaynaklarinin (83 genotip) SSR yontemine gore molekiiler
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Anahtar Kelimeler genetik cesitlilik diizeylerinin saptanmasi amaglanmistir. Molekiiler analizler

sonucunda, incelenen 14 SSR primerinden toplam 115 bant elde edilmistir. Yapilan
Capsicum chinense, degerlendirme sonucunda, bantlarin 66 tanesinin polimorfik (% 57.4) ve 49
Karakterizasyon, tanesinin ise monomorfik (% 42.6) oldugu belirlenmistir. Capsicum chinense
SSR, tiiriine ait biber genotipleri, SSR markérleri ile yapilan molekiiler analizler

Genetik gesitlilik sonucunda Agirhk atanmamis komsu birlestirme yontemine gore ii¢ farkli

heterojen genetik gruba ayrilmistir. Ayrica, C. chinense tiiriine ait biber genotipleri
arasinda genetik uzaklik degerlerinin 0.15-0.75 arasinda degistigi bulunmugtur. Bu
caligma sonucunda karakterizasyonu yapilmis olan C. chinense tiiriine ait biber
genotiplerinde halen seleksiyon 1slahi ¢aligmalarina devam edilmektedir.

Molecular Characterization of Capsicum chinense Populations with SSR markers

Article Info Abstract: Morphological descriptors and molecular analysis methods were used to
identify plant genetic resources and determine genetic diversity levels. Capsicum
chinense has a high variation in terms of fruit traits. In this study, it was aimed to
identify the plant characteristics of 83 Capsicum chinense genotypes and to
determine genetic diversity levels in the existing population within the species by
SSR method. As a result of molecular analysis of genotypes of Capsicum chinense
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Keywords species, a total of 115 bands were obtained from 14 SSR markers. As a result of the

evaluation, 66 of the bands were polymorphic (57.4%) and 49 were monomorphic
Capsicum chinense, (42.6%). As a result of analyses made with SSR markers in Capsicum chinense
Characterization, genotypes, it was divided into 3 heterotic main groups according to the Unweighted
SSR, Neighbor-Joining method. Genetic distance values of C. chinense genotypes were
Genetic diversity. found to vary between 0.15-0.75. It is planned to continue selection breeding

studies in C. chinense genotypes, which have characterization with this study.
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1. Giris

Biber bitkisi, Solanaceae familyasi igerisinde yer alan 98 cinsten birisi olan Capsicum cinsine
aittir (Greenleaf, 1986; Eshbaugh, 2012). Glinlimiizde Capsicum cinsi igerisinde sadece bes tiir (C.
annuum L., C. baccatum L. var. pendulum, C. chinense Jacq., C. frutescens L. ve C. pubescens Ruiz &
Pav.) kiiltiire alinmistir (Eshbaugh, 2012; Barboza ve ark., 2019 ). Bu tiirler, ii¢ farkl1 gen merkezinde
yaygin olarak rastlanan yabani tiirlerden zaman igerisinde ortaya ¢ikan degisimler sonucunda meydana
gelmislerdir. C. chinense ve C. frutescens tlirlerinin gen merkezi, Amazon Havzasi olarak kabul
edilmektedir (Ramchiary ve ark., 2014).

Biberin orijini, Orta Amerika’dir. Brezilya'da en ¢ok yetistirilen ve tiiketilen ac1 biber tiirti, C.
chinense’dir. C. chinense Jacq tlirli 2n = 2x = 24 genom yapisina sahip olup, 2017 yilinda referans
genomu yayimlanmigtir. Biber 1slahinda 6zellikle biyotik ve abiyotik stres dayaniklilik/toleransinin
genetik alt yapisim1 ve allel ¢esitliliginin birincil kaynagi olarak c¢esit 1slah programlarinda
kullanilmaktadir. (Qin ve ark., 2014; Kim ve ark., 2017). Capsicum chinense Jacq. bitki karakterleri;
meyve sekli, rengi ve blylkligi bakiminda yiiksek diizeyde gesitlilik gostermektedir (Bharath ve ark.,
2013). Bu tiir, Orta ve Giliney Amerika tilkelerinde ve Asya’da Cin ve Japonya’da olduk¢a fazla yayilis
gostermektedir (Eshbaugh, 2012). Giinimiizde kiiltiire alman formlarinin yani sira gegit formlarda
bulunmaktadir. Bu nedenle C. chinense tiirii; meyve sekli, meyve rengi, meyve biiyiikliikleri ve acilik
seviyeleri yoniinden yliksek oranda fenotipik ¢esitlilik gostermektedir (Moscone ve ark., 2007).

Genetik kaynaklar, yeni c¢esitlerin gelistirilmesinde ve ¢esit 1slah programlarmin
olusturulmasinda bitki 1slah¢ilarinin en biiyiik yardimcisidir (Balkaya ve Yanmaz, 2001; Karaagac ve
Balkaya, 2017). Ayrica bu genetik materyaller yetistirildikleri farkli ekolojilere adaptasyon yetenekleri,
hastalik ve zararlilara kars1 dayaniklilik gostermeleri ve istenen bir¢ok kalite 6zelligine sahip olmalari
nedeniyle de gesit 1slah1 programlari igin essiz nitelikte degerli kaynaklardir (Hawkes, 1983). Islahgilar
son yillarda genetik cesitlilikten yararlanarak, adaptasyon, verim, kalite, hastalik ve zararlilara
dayaniklilik yoniinden istenilen 6zelliklere sahip bitki ¢esitlerini segme veya gesit gelistirme yolunda
onemli diizeyde basarilar elde etmislerdir (Karaagag ve Balkaya, 2017). Ortiz ve Delgado (1990), farkli
tohum gen bankalarinda (UNA, Peru; CATIE, Kosta Rika; INIA, Meksika ve CIRF, Meksika) bulunan
Capsicum cinsinin kiiltlirii yapilan bes farkli biber tiirlinde, morfolojik 6zellikler yoniinden incelemeler
yapmislar ve C. annuum L., C. chinense Jacq., C. frutescens L., C. pubescens ve C. baccatum L. tiirline
ait biber genotiplerini gesit 1slah1 ¢aligmalarinda kullanilmak {izere gruplandirmislardir.

Biber yetistiriciligi yapilan iilkelerde zaman igerisinde yiiksek diizeyde zengin bir genetik
cesitlilik olusmus ve bunun sonucunda bir¢ok farkli niteliklere sahip yeni ¢esitler meydana gelmistir.
Cesitli yollarla bir bolgeye gelen bitkisel gen kaynaklari, bulundugu bdlgeye zamanla adapte olmakta
ve cevre faktorlerinin de etkisiyle zamanla genetik yapisinda belirgin fenotipik agilmalar meydana
gelmektedir (Karaagag, 2006). Biberde yabanci tozlanma orani, gesitlere gore % 9-32 oranlar arasinda
degismektedir (Bayraktar, 1970). Biber tohum {iretiminde izolasyon tekniklerine uyulmadigi takdirde
yiiksek oranda genetik acilmalar meydana gelebilmektedir (Karaagag ve Balkaya, 2010).

Bitki genetik cesitlilik diizeylerinin belirlenmesine yonelik ¢aligmalarda, genetik farkliliklarin
tam ve dogru olarak ortaya konulmasinda hem morfolojik tanimlayicilar hem de molekiiler analiz
yontemlerinden yararlanilmaktadir (Geleta ve ark., 2005). Capsicum tiirleri, birgok arastirici tarafindan
morfolojik tanimlayicilar, sitogenetik analizler ve molekiiler markorler kullanilarak ayrintili olarak
incelenmistir (Conicella ve ark., 1990; Lefebvre ve ark., 1993, 2001; Zewdie ve Zeven, 1997; Geleta ve
ark., 2004). Bu calismalarda, Capsicum cinsi i¢erisinde bitkisel dzelliklerle ilgili 290’ nin {izerinde genin
bulundugu bildirilmistir. Bu genlerin kalitim mekanizmalari ile ilgili ¢alismalar halen devam etmektedir
(Buso ve ark., 2003).

Tarla ve sera denemeleri ile yapilan morfolojik ¢esit tanimlama ¢aligmalart hem uzun zaman
almakta hem de bazi morfolojik karakterlerin kalitim derecesinin diisiik olmasi nedeniyle ¢evre
kosullarindan kolaylikla etkilenmekte, dolayisiyla genotipik dzellikleri ile fenotipik 6zellikleri arasinda
zamanla belirgin farkliliklar olusabilmektedir. Bunun sonucunda bazen kesin sonuglara
ulasilamamaktadir (Okumus ve Balkaya, 2007; Karaaga¢ ve Balkaya, 2010). Bu sorunun istesinden
gelmek ve 1slah¢inin daha dogru ve kesin teshislere ulagabilmesi i¢in gliniimiizde modern biyoteknolojik
yontemlerden yararlanilmaktadir. Son yillarda birgok farkli molekiiler markor teknigi gelistirilmistir.
Bunlardan bazilari; RFLP (Restriction Fragment Length Polymorphism), RAPD (Random Amplified
Polymorphic DNAs), AFLP (Amplified Fragment Length Polymorphisms), SSR (Simple Sequence
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Repeats) ve SNP (Single Nucleotide Polymorphism) teknikleridir. (Réder ve ark., 1995; Geleta ve ark.,
2005; Sensoy ve Sahin, 2012; Erdinc ve ark., 2017).

Capsicum chinense Jacq. genomunun genetik haritalarinin olusturulmasi, genoma spesifik
markorlerin gelistirilmesi ve markor verilerinin biber tirleri arasinda transfer edilebilirlikleri ile
karsilastirmali haritalama ¢alismalar1 ger¢eklestirilmistir (Kim ve ark., 2017; Uncu 2019; Qin ve ark.,
2014; Park ve ark., 2019; Zhu ve ark., 2019). Birgok bilimsel ¢alismada; C. chinense gen kaynaklarinda
farkli molekiiler markor sistemleri kullanilarak genotipler arasinda genetik ¢esitliligin belirlenmesi,
popiilasyon yapis1 analizleri ile karakterize edilmistir. Ozellikle AFLP, SNP ve SSR markér
sistemlerinin C. chinense tlriine ait gen kaynaklarmin karakterizasyonunda c¢oklukla kullanildigi
bilinmektedir. (Baruah ve ark., 2019; Baba ve ark., 2016; Zhang ve ark., 2016; Moreira ve ark., 2018).
C. chinense gen kaynaklarmin karakterizasyonuna énemli bir 6rnek Latin Amerika cografyasindan elde
edilen 112 adet C. chinense genotipinin SSR markérleri kullanilarak genetik c¢esitlilik ve popiilasyon
yapisinin analiz edildigi ¢caligmadir (Moses ve ark., 2014).

Kromozomlarin iizerinde genlerin bulundugu 6zel kisimlar i¢in fazla oranda allel iiretebilmesi,
tekrarlanabilir olmasi, ayni tiire dahil olan ¢esitler ile ayni cinse dahil tirler arasinda aktarimin
saglanabilmesi ve iilkelerin veri tabanlarinin kiyaslanmasma izin vermesi gibi olduk¢a 6nemli
avantajlara sahip olmasi nedeni ile SSR teknigi, bitki tiirlerinin tanimlanmasinda 6nceki DNA
primerlerin kullanildigi tekniklere (RFLP, RAPD, AFLP vb.) gore daha yaygin kullanilmaktadir
(Acunalp, 2012). Arastiricilar, SSR yOnteminin sagladigi bu avantajlardan dolay1 farkli bitki tiir ve
cesitlerinde oldukga basarili bir sekilde uygulanabildigini bildirmislerdir (Roder ve ark., 1995; Geleta
ve ark., 2005).

Bu ¢alisma ile Amerika Tarim Bakanligi Tohum Gen Bankasinda kayitli bulunan C. chinense
tirtine ait diinya koleksiyonunun SSR markdorleri kullanilarak karakterize edilmesi, genotipler
arasindaki genetik uzakliklarin belirlenmesi ve birbirleriyle olan akrabalik iliskilerinin ayrintili olarak
belirlenmesi amaglanmaistir.

2. Materyal ve Yontem

Arastirma, 2019 yilinda Ondokuz May1s Universitesi Ziraat Fakiiltesi Bahge Bitkileri Boliimii,
Tarmmsal Biyoteknoloji Béliimii’nde ve Necmettin Erbakan Universitesi Fen Fakiiltesi Molekiiler
Biyoloji ve Genetik Boliimii’'nde koordineli olarak yiiriitiilmiistiir. Bitkisel materyal olarak Amerika
Tarim Bakanligi Tohum Gen Bankasindan (USDA-ARS-National Plant Germplasm System NPGS)
temin edilen Capsicum chinense tiiriine ait 83 biber genotipi kullanilmistir (Cizelge 1). C. chinense
genotiplerinde genetik materyallerde bir generasyon kendileme yapilmistir. C. chinense tiiriine ait biber
fideleri, Ondokuz May1s Universitesi Ziraat Fakiiltesi Bahge Bitkileri Boliimii sicaklik kontrollii sera
tinitesinde yetistirilmistir. Daha sonra 4-5 gercek yapraga ulasan fideler deneme arazisine 50 x 50 cm
sira arasi ve sira lizeri mesafe ile dikilmistir. Arazide dikimi yapilmig geng biber yapraklarindan her bir
populasyonu temsil edecek seklide bitkilerden bulk seklinde ornekler alinarak laboratuvara getirilmis
ve DNA izolasyonu yapilincaya kadar -80°C’de derin dondurucuda muhafaza edilmistir.

2.1. Molekiiler Karakterizasyon

Bitkisel genetik materyalde DNA izolasyonu, 14.01.2019 tarihinde ZR Plant/Seed DNA
MiniPrep kit kullanilarak gergeklestirilmistir. Izolasyonu gerceklestirilen DNA’larin kalitesi ve
miktarlar1 NanoDrop spektrofotometre’de Olcililmiistiir. Bitkisel materyallerden izole edilen DNA’lar
seyreltildikten sonra sentetik olarak hazirlanmig SSR primerleri ve tim reaksiyon komponentleri
eklenerek Polimeraz Zincir Reaksiyonu Sicaklik Dongii cihazi (PCR thermal cycler) igerisine
yerlestirilmistir. Calismada kullanilan SSR markorleri, literatiirde biberde daha o6nce farkl
popiilasyonlarda basariyla uygulanan markorlerdir (Cizelge 2) (Lee ve ark., 2004; Lee ve ark., 2005; Yi
ve ark., 2006). PCR uygulamasi, 0.2 ml’lik mikro tiiplerde 25 pl’ lik (Buffer 2 pl, MgCl, 1.5 pl, Taq
polimeraz enzimi 0.25 ul, ANTP karigimi 0.2 mM, Primer F 0.75 pl, Primer R 0.75 ul, DNA 1 ul, ddH,0)
toplam reaksiyon hacminde gergeklestirilmistir. PCR cihazinda PCR friinleri ilk olarak DNA
denatiirasyonu i¢in, 94 °C’de 10 dakika; 94 °C’de 30 saniye (35 dongii), 55 °C’de 30 saniye (primerlere
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gore bu sicaklik dereceleri degisiklik gosterebilmektedir) primer sicakliklari ve uzama i¢in 72 °C’de 45
saniye, son asamada ise uzama 72 °C’de 10 dakika olarak ayarlanmistir. Daha sonrasinda, PCR tiriinleri
goriintiilenecegi zamana kadar -20 °C’de bekletilmistir.

Cizelge 1. C. chinense tiirline ait gen havuzunda yer alan biber genotiplerinin aksesyon numaralar1 ve

orijinleri
C;l;gl?a Aksesyon Numarasi Orijin Glzgzzp Aksesyon Numarasi Orijin
CCl1 PI 159223 01 ABD CC39-2 PI 281430 01 Bolivya
cC2 PI 213916 01 Bolivya CC39-3 PI 281430 01 Bolivya
CC3 PI 215736 01 Peru CC39-4 PI 281430 01 Bolivya
cc4 PI 244667 01 Hindistan CC40-1 PI 315013 01 Peru
CCs PI 257085 01 Kolombiya CC40-2 PI 315013 01 Peru
CC6 PI 257129 01 Kolombiya CC40-3 PI 315013 01 Peru
cc7 PI 257145 01 Peru CC40-4 PI 315013 01 Peru
CC8 PI 260470 01 Peru cc47 PI 238053 01 Meksika
CcC9 PI 260485 02 Bolivya CC50 PI 497976 01 Filipinler
CC10 PI 260486 01 Bolivya CCs1 PI 241669 01 ABD
CCl11 PI 260508 01 Peru CC51-3 PI 241669 01 ABD
CC13 PI 281393 01 Meksika CC52 PI 653747 01 Venezuela
CCl14 PI 281417 01 Filipinler CC54 PI 653677 02 Peru
CCl6 PI 281435 01 ABD CC55 PI 653676 02 Peru
CC17 PI 281440 01 Venezuela CC56 PI 645487 03 Hindistan
CC18 PI 315019 01 Peru CC57 PI 257068 01 Kosta Rika
CC19 PI 315023 02 Peru CC59 PI 639655 02 Kosta Rika
CC20 PI 322721 01 Hindistan CC60 PI 645555 01 Meksika
cC21 PI 406725 01 Kosta Rika CCeo1 PI 593925 02 Bolivya
CC22 PI 438532 01 Belize CC62 PI 585253 04 Giiney Kore
CC23 PI 438636 02 Meksika CC63 PI 241668 01 Ekvator
CC24 PI 439416 01 Bolivya CC65 PI 257064 01 Ispanya
CC25 PI 439432 01 G. Kore CC66 Grif 9261 01 Kosta Rika
CC26 PI 585278 02 Ekvator CC68 PI 439419 01 Meksika
CC27 PI 257158 01 Peru CC69-1 PI 257126 01 Kolombiya
CC28 PI 666562 01 Meksika CC69-2 PI 257126 01 Kolombiya
CC-29 PI 260491 01 ABD CC69-3 PI 257126 01 Kolombiya
CC29-1 PI 260491 01 ABD CC69-4 PI 257126 01 Kolombiya
CC-30 PI 666561 01 Bolivya CC72 PI 441635 01 Brezilya
CC31 PI 438635 01 Peru CC72-4 PI 441635 01 Brezilya
CC33 PI 439467 01 Hindistan CC76 PI 260465 02 Arjantin
CC34 PI 653746 02 Kolombiya CC78 Grif 9193 02 Kolombiya
CC35 Grif 9308 01 Kolombiya CC79 P1 666547 01 Guatemala
CC36 PI 639657 04 Peru CC82-1 PI 260477 01 Peru
CC37 PI 485593 01 Peru CC82-2 PI 260477 01 Peru
CC38 PI 209028 01 Bolivya CC82-3 PI 260477 01 Peru
CC38-2 PI 209028 01 Bolivya CC82-4 PI 260477 01 Peru
CC39-1 PI 281430 01 Bolivya

PCR reaksiyonlar1 sonucu C. chinense genotiplerine ait DNA 6rneklerinden; ¢ogaltilmis olan
SSR markoérleri Qiaxcel Fragment Analyzer (Qiagen Sample&Assay Technologies) kapiler elektroforez
sistem ile Qiaxcel DNA High Resolution Kiti, QX DNA Size Marker 25-500 bp, v2.0 (Qiagen) boy
standardi ve QX Alignment Marker 15 bp/600 bp (Qiagen) hizalama standardi kullanilarak OM800
yiirlitme ve ayirma programu ile yiliksek ¢oziiniirliikte polimorfik allellerin belirlenmesi i¢in yiiriitilmiis
ve QIAxcel ScreenGel Software (Qiagen) yazilimi kullanilarak goriintiilenerek manuel olarak

skorlanmustir.
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Cizelge 2. PCR caligmalarinda kullanilan SSR primerleri ve baz dizinleri

Markor ismi

ileri primer (5’ — 3')

Geri primer (5' — 3')

EPMS-596 CTCGTGCCGTATTTCTGTCA AAGGGCGTGTTTGGTATGAA
EPMS-600 ATGGGTACGTGTTTGGGGTA ACTTTATTCCTCGTGCCGAA
EPMS-601 AAATTGAGAACATCGGTGCC TAAAGAAAGAGCCTCGTGCC
EPMS-603 GCGGTTCCCTATTTGAAGAA ATAGGGGGAATTGGGTTCC
EPMS-628 TGCTCCTTAAGACTGGCACC GGGTTCGGCTCTGTTATTGA
EPMS-629 GCTCGAGGGAGAGAGACTGT GGTCATATGTTTCCATGGGC
EPMS-642 CAACTTCGCGTTATTGTCCA AGGGCGGACAAAGAAGATTT
EPMS-643 CCAAGATCAACTCTTACGCTAT CCCCTCAAGAATTCCCTCCAT
EPMS-648 TGTAAAATAAAATAAGGCTAA CAAGAAAGTGTGCCCCAAAT
EPMS-649 AAGGGTTCTCGAGGAAATGC TCAATCCCAAAACCATGTGA
EPMS-650 CATGGGTGAGGGTACATGGT AGAGGGAAGGGTTATTTGCC
EPMS-654 TTCCACTCTTCGAAGCACCT GGTAGGGTTTAACACCGCCT
EPMS-658 CCTTGAGTAGGCGCACAAAT TTCCTCATTGCTTTTCCCAC
EPMS-670 TCACAAAGATGGAGAAGGGAA CAATCACTGTCACTGCTACTGCT
EPMS-683 AAATGGATCCCAACAACCAA GGAGTTGAAAACGGTGGAGA
EPMS-697 ATGTCGCTCGCAATTTCACT CGTAGGGAGGAGCGATAGAG
EPMS-704 GGTCCTCTGATTGGCAACAT GACCTGAAATTGGAGCAAACA
EPMS-705 TCAACTAGATCCACCACGCA TAACCCGTTGCTCACACTCA
EPMS-725 TTGAATCGTTGAAGCCCATT ATCTGAAGCTGGGCTCCTTT
EPMS-745 GTTGTTGGGTGGTACTTGGG GGAAGATCTCAAATGGGTCG
EPMS-747 CATTGGACGGTTGGTTCTCT TGGAATTGGAACTTCAAGCA
EPMS-755 CGCTCGCTACCCTTTCATTA AATTTCGGAAGGGCAAAGAT
EPMS-762 CGGCGAGATATGGACTTGAT CCCACGTTATACCATCCAGG
EPMS-773 CGAGCAACTCCCTCTTATCG TCGAATAGCACGCACGTTAG
EPMS-923 CAAAACCAAATAGGTCCCCC CGCGCAATAATTCAATATCG

2.2. C. chinense Popiilasyonunda Genetik Cesitlilik Diizeyinin Belirlenmesi

Genotiplere ait SSR markor allelleri meveut (1) veya yok (0) ve kayip veri (9) olarak
skorlanmistir. Bu veriler, Nei’nin genetik benzerlik indeksinin (The Nei index of genetic similarity)
hesaplanmasinda kullanilmistir (Nei, 1973). Polimorfik markor verileri molekiiler genetik cesitliligi
analiz etmek i¢in DARwin 6 (http://darwin.cirad.fr) bilgisayar programi kullanilarak analiz edilmistir.
Markor skorlama verileri benzememezlik hesabi, her bir genotip arasinda Dice katsayisi ile
hesaplanmigtir. Agirlik atanmamis komsu birlestirme yontemi kullanilarak bir genetik cesitlilik agaci
cizilmistir. Ayrica yine ayni yazilim kullanilarak genotiplere ait allel verisi Temel Koordinat Analizi
(PCoA) yapilmistir. Mantel testi benzememezlik hesabi ile ¢izilen cesitlilik agacinin arasidaki
korelasyonu test etmek iizere gergeklestirilmistir.

3. Bulgular ve Tartisma

Calismada, toplam 83 C. chinense biber genotipi SSR yontemi ile 25 adet markdr kullanilarak
incelenmigtir. Markorlerden 11 tanesinden tekrarlanabilir kalitede amplifikasyon elde edilememistir.
Amplifikasyonu olugturan 14 markorden, toplam 115 bant elde edilmistir. Yapilan degerlendirme
sonucunda, bantlarin 66 tanesinin polimorfik (% 57.4) ve 49 tanesinin ise monomorfik (% 42.6) yapida
oldugu belirlenmistir (Cizelge 3, Sekil 1). Calisma kapsaminda tespit edilen markor basina diigen
polimorfizim yiizdesi, Baruah ve ark. (2019) ve Zhang ve ark. (2016) yaptiklar1 ¢aligmalar ile benzerlik
gostermektedir.
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Cizelge 3. Capsicum chinense tiriine ait biber popiilasyonunda SSR analizi sonucunda 14 markdrden
elde edilen bantlarin sayis1 ve dagiliglar

. Alel
Markor Adi Toplam Bant Sayisi Polimorfik Bant Monomorfik Bant Biiyiikliikleri
Sayis1 (Allel) Sayisi (be)
EPMS-596 5 3 2 114-138
EPMS-600 8 4 4 98-142
EPMS-601 7 6 1 166-193
EPMS-603 9 5 4 112-204
EPMS-628 11 7 4 160-196
EPMS-649 7 4 3 137-219
EPMS-650 9 4 5 119-182
EPMS-705 9 2 7 144-157
EPMS-725 7 5 2 123-177
EPMS-745 5 3 2 119-163
EPMS-747 7 6 1 120-163
EPMS-755 8 2 6 119-136
EPMS-762 9 7 2 117-159
EPMS-773 14 8 6 124-182
Toplam 115 66 49

Sekil 1. C. chinense tiiriine ait biber genotiplerinde EPMS-773 SSR markéri ile elde edilen bantlarin
Qiaxcel Fragment Analyzer yiiriitmesinin QIAxcel ScreenGel Software goriiniimii.
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Arastirma sonucunda incelenen C. chinense tiirline ait biber genotipleri arasinda DARwin 6
programi ile C. chinense tlirline ait biber genotiplerinin genetik uzaklik degerleri hesaplanmustir.
Capsicum chinense tiirline ait tiim genotipler arasinda genetik uzaklik degerlerinin, 0.15-0.75 arasinda
oldugu tespit edilmistir. Elde edilen sonuglara gore en diisiik genetik uzaklik degeri CC54 ve CC40-3
genotipleri arasinda 0.15 ve en yiiksek genetik uzaklik degeri ise CC79 ve CC2 genotipleri arasinda 0.75
olarak bulunmustur. Arastirma kapsaminda kullanilan C. chinense tiiriine ait biber gen kaynaklarinin
ortalama genetik uzakligi 0.44 olarak hesaplanmistir. Calisma kapsaminda hesaplanan ortalama uzaklik
degeri, incelenen gen havuzunun yiiksek bir genetik cesitliligi barindiran bir genetik alt yapidan
geldigini isaret etmektedir. Bu durum hem calisilan tiiriin karakteri hem de diinya gen koleksiyonunu
temsil eden bir genetik havuzun kullanilmasinin sonucudur. Kullanilan gen havuzu, tiir igeresinde
bulunabilecek olasi her lokus i¢in potansiyel tiim allelleri tasima ihtimaline sahip essiz bir gen
koleksiyonu niteligindedir. Arastirma kapsamasinda kullanilan gen havuzuna benzer 6zelliklere sahip
gen kaynaklarinin karakterizasyonu calismalarinda elde edilen genetik uzaklik verilerine benzer ve
dogrular nitelikte sonuglar elde edilmistir (Baba ve ark., 2016; Zhang ve ark., 2016; Moreira ve ark.,
2018; Baruah ve ark., 2019). Molekiiler karakterizasyon sonucunda toplam 83 genotipten elde edilen
polimorfik bantlardan hesaplanan benzerlik oranlar1 kullanilarak olusturulan dendrogram, Sekil 2°de
verilmistir.
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Sekil 2. Agirlik atanmamis komsu birlestirme yontemi (Unweighted Neighbor-Joining [NJ]) metodu ile
olusturulmus C. chinense tiirline ait biber genotipleri arasindaki genetik iligkileri gdsteren
dendrogram.
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Uzaklik matrisi ile genetik benzerlikler (NJ) arasindaki korelasyon Mantel test ile belirlenmistir
(r = 0.92). Genetik uzaklik matrisi verileri ile dendrogram birlikte degerlendirildiginde sonuglarin
uyumlu oldugu goriilmektedir. Dendrogram incelendiginde C. chinense tiiriine ait biber genotiplerinin
3 ana grup igerisinde kiimelendikleri belirlenmistir (Cizelge 4). Moses ve ark. (2014) tarafindan Latin
Amerika kokenli bir C. Chinense genotip koleksiyonunun molekiiler genetik ¢esitliliginin incelendigi
calisma sonuglari, bu ¢aligma ile benzer sekilde genotiplerin {i¢ grupta toplandigini géstermektedir.

Cizelge 4. C. chinense biber popiilasyonlarinin kiime analizi sonucunda elde edilen grup ve alt gruplarin

dagilist
Toplam
Grup Alt Genotipler Genotip
Grup
Sayisi

CC82-2, CC40-4, CC40-1, CC40-2, CC54, CC40-3, CCR2-1,
CC82-4, CC27, CC37, CC82-3, CC55, CC31, CC76, CC56,
CC39-1, CC39-2, CC39-4, CC39-3, CC36, CC61, CC68, CC30,
A 5 CC38-2, CC38, CC72-4, CC72, CC63, CC52, CC3-2, CC3-1, 46
CCl15, CC11-2, CC10-2, CC23, CC20, CC10-1, CC19, CC7,
CCl11-1, CC14-1, CC10-4, CC10-3, CC4-3, CC4-1,
CC4-2

CC66, CC59, CC50, CC57, CC62, CC17-1, CC47, CC28, CCo0,
B 4 CC78, CC65, CC69-4, CC34, CC69-3, CC69-2, CC69-1, CC35, 26
CC79, CC29-1, CC29, CC51, CC51-3, CC33, CC22, CC24, CCI

C 3 CC21, CC2, CC25-1, CC18, CC16, CC13, CCo, CC17-2, CC25- 1
2, CC8, CC14-2
Toplam 12 83

Dendrogramda Grup A igerisinde, 5 alt grubun yer aldig1 belirlenmistir. En fazla biber genotipi
(46 genotip) Grup A igerisinde bulunmustur. Grup A’dan sonra en fazla alt grup, Grup B’de
belirlenmistir. Dendrogram incelendiginde, Grup C’nin 3 alt gruba ayrildig1 ancak en az sayida biber
genotiplerinin kiimelendigi grup oldugu bulunmustur. Bu grup icerisinde yer alan genotiplerin Grup A
ve Grup B’ye gore daha uzak genetik uzakliga sahip olduklar1 belirlenmistir.

C.chinense tiiriine ait biber gen havuzunun 3 farkli heterotik grup olusturmasi nedeniyle
gelecekte heterosis 1slahinda  yeni biber ¢esitlerin  gelistirilmesinde yararlanma potansiyeli
bulunmaktadir. Ayrica, aragtirma sonucunda farkli alt gruplar igerisinde yer alan biber genotiplerinde
var olan genetik cesitliligi bilylik oranda temsil eden gekirdek koleksiyonlarin olusturulmasi da
planlanmaktadir. BoOylece benzer genotiplerin ¢esit 1slah programlari igerisinde duplikasyonlari
onlenmis olacaktir.

Arastirma sonucunda, elde edilen molekiiler benzerlik oranlari ile daha 6nceden baska bir
calismada tespit edilmis olan morfolojik yonden benzerlik oranlar1 arasinda direkt bir iligkisinin
olmadig1 ortaya ¢ikmistir. Bu nedenle C. chinense tiiriine ait biber genotiplerinde hem morfolojik
Ozellikler hem de molekiiler analiz sonuglarmma goére tek bagina genotiplerin orijinleri ile
iligkilendirilmesi miimkiin olmamuistir. Bu durum, C. chinense tiiriinde ¢aligmalar yiiriiten Baba ve ark.
(2016) ve Moreira ve ark. (2018)’nin sonuglari ile de benzerlik gostermistir.

Temel Koordinat Analizi (PCoA) sonucunda biber genotipleri 4 ana grup igerisinde
kiimelenmistir (Sekil 3). Temel Koordinat Analizi sonucunda olusan kiimelerde yer alan genotiplerin
dagilis1 ile dendrogram gruplari igerisinde olusan kiimelenmeler ¢ogunlukla uyum saglamistir. PCoA
analizi genel olarak bu ¢alismada C. chinense tiirline ait biber popiilasyonlarinda SSR markoérleriyle
diinyanin farkli yerlerinden toplanmis olan C. chinense biber genotipleri arasindaki cografi bir
kiimelenmeyi ortaya ¢ikarmistir. PCoA, 6l¢iilen degiskenler agisindan popiilasyonlara ait genotipler
arasindaki benzerlikleri bir koordinat {izerinde gostermistir (Sekil 3).
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Sekil 3. Capsicum chinense tiiriine ait biber genotiplerinin PCoA (Temel Koordinat Analizi) grafigi.

4. Sonug¢

C. chinense tirii, Capsicum cinsi igerisinde yer alan en 6nemli biber tiirlerinden birisidir.
Guntmiizde kiltiire alinan formlarla birlikte yabani ve gegit formlart da bulunmaktadir. Bu nedenle, C.
chinense tiiril igerisinde yer alan biber genotipleri; meyve sekli, meyve rengi, meyve bilylikliikkleri ve
acilik seviyeleri yoniinden yiiksek diizeyde genetik cesitlilik gostermektedir. Bir¢ok arastirici, C.
chinense tiiriiniin biyotik ve abiyotik stres kosullarina dayaniklilik yéniinden 6nemli bir genetik kaynak
oldugunu bildirmislerdir (Hawkes, 1983; Yoon ve ark., 2006; Fonseca ve ark., 2008). Bu arastirma
sonucunda, C. chinense tiirline ait biber popiilasyonunda molekiiler analizlerde 14 SSR markorlerinden
toplam 115 bant elde edilmistir. Agirlik atanmamis komsu birlestirme yontemine gore biber genotipleri,
3 ana gruba ayrilmistir. Farkli uzunluklarda dendrogram gruplari, C. chinense tiiriine ait biber
genotiplerinin genetik farkliliklarinin oldukea yiiksek diizeyde oldugunu gostermistir.

Bu arastirma, C. chinense biber ¢esit 1slahinda tiire ait baslangi¢ popiilasyonunun molekiiler
yontemler ile ayrintili olarak tanimlanmasimi kapsayan cesit 1slah programinin baslangic asamasini
olusturmaktadir. Oniimiizdeki yillarda popiilasyon igerisinden seleksiyon 1slahi ile segilecek iistiin
nitelikli genetik materyallerin farkli 1slah amaglar dogrultusunda degerlendirilmesi planlanmaktadir.
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Oz: Bu calisma, Macar figinin farkli ekim zamanlarina gére verim, kalite ve besin
elementleri icerikleri agisindan gosterdigi farkliliklar1 ortaya koymak amaciyla
2014-2015 ve 2015-2016 yillarinda Bingél ili ekolojik kosullarinda
yiriitiilmiistir. Arastirmada Eylil aymin ikinci yarisindan baglamak {izere 10
giinliik araliklarla 4 ekim zamani segilmistir. Bitki boyu, yesil ot verimi, kuru ot
verimi agisindan birinci ekim zamanlarinin en yiiksek degerleri verdigi, ham
protein oranlarinin ise ekim zamanlari agisindan istatistiksel olarak bir farklilik
gostermedigi goriilmiistiir. En diisiik asit deterjan lif (ADF) ve nétral deterjan lif
(NDF) oranlart ile en yiiksek sindirilebilir kuru madde ve nispi yem degerlerinin
de birinci ekim zamanindan elde edildigi belirlenmistir. Besin elementleri
acisindan ise Ca, Mg ve K acisindan ekim zamanlar arasinda bir fark olmadig:
ve ekim zamani geciktikce P oraninda ise azalmalar oldugu goriilmistiir. Bing6l
ve benzeri ekolojik kosullara sahip karasal bélgelerde, Macar figi ekiminin, Eyliil
aymin ikinci yarisindan itibaren miimkiin oldugunca erken yapilmasinin verim ve
kalite agisindan avantajli oldugu sonucuna varilmistir.
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Abstract: This study was conducted in 2014-2015 and 2015-2016 under Bingdl
ecological conditions to determine the yield, quality, and nutrient content
differences of Hungarian vetch, which sowing different times. In the research,
starting from the second half of September, 4 sowing times were chosen at 10-day
intervals. It was found that the first sowing time had the highest value in terms of
plant height, forage yield, and dry matter yield, whereas crude protein ratios did not
show a statistically significant difference in terms of sowing times. Also, it was
determined that the lowest acid detergent fiber (ADF) and neutral detergent fiber
(NDF) ratios, and the highest digestible dry matter and relative feed values were
obtained from the first sowing time. It was observed that there was no difference
between the planting times in terms of Ca, Mg, and K elements and the P ratio
decreased when sowing time was delayed. It has been concluded that Hungarian
vetch cultivation in the second half of September is advantageous in terms of yield
and quality in Bingdl and similar terrestrial regions with similar ecological
conditions.
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1. Giris

Baklagiller familyasindan olan fig cinsi (Vicia L.), yeryiiziinde yaklasik 150 farkl tiire sahiptir
(Maxted, 1995). Tirkiye’de ise 66 adet fig tiiriiniin bulundugu bildirilmektedir (Basbag ve ark., 2013).
Macar Figi (Vicia pannonica), fig tiirleri arasinda yagin olarak bilinen ve hayvan besleme amaciyla
kullanilan, degerli bir yem bitkisidir (Erdogdu ve ark., 2016). Macar figi, ¢ogu fig tiirlerine gore soguga
daha dayanikli bir yapiya sahip olmasinin yanisira kira¢ kosullarda ve agir killi topraklarda daha yiiksek
verim saglamaktadir (Hashalic1 ve ark., 2017). Ayrica deniz seviyesinden 2200 m yiikseklige kadar olan
habitatlarda biiyiiyebilmetedir (Maxted, 1995). Dolayisiyla Tiirkiye’nin basta Orta ve Dogu Anadolu
bolgeleri olmak iizere tiim bdlgelerinde hem ana iiriin hem de ikinci iiriin olarak rahatlikla tarimi
yapilabilmektedir (A¢ikgdz, 2013). Macar figi yanliz olarak yetistirilebildigi gibi orta derecede yatik bir
yapiya sahip olmasi nedeniyle, yatmayr Onlemek amaciyla tahillarla birlikte karisik olarak ta
ekilebilmektedir (Giiliimser ve ark., 2017).

Yem bitkilerinin besleme degerlerinin belirlenmesinde yaygin olarak NDF, ADF ve ham protein
ierikleri kullanilmaktadir (Uke et al., 2017) ve bu klalite kriterleri agisindan Macar figi genotiplerinin
yiiksek yem kalitesine sahip oldugu birgok arastirmaci tarafindan bildirilmistr (Lamei ve ark., 2011;
Ilieva ve Naidenova, 2016; Kaplan ve ark., 2019). Baklagillerin yesil ve kuru otlarinin protein, vitamin
ve mineral madde icerikleri agisindan zengin oldugu ve Macar figinin kalite agisindan yaygin figden
biraz daha yiiksek degerlere sahip oldugu da bildrilmistir (Vasiljevic ve ark., 2009).

Macar figinin verim, kalite ve besin elementleri igerikleri ile ilgili olarak bir ¢ok ¢aligma
yiirtitilmistiir. Sayar ve ark. (2012), Mardin ili Kiziltepe kosullarinda 12 Macar figi genotipi ile
yiirtittiikleri ¢aligmada bitki boyunu 52.3-63.1 cm, yesil ot verimini 1227-2336 kg/da ve kuru ot verimini
295-575 kg/da arasinda tespit etmislerdir. Kayseri kira¢ kosullarinda bes Macar figi ¢esidi yiiriitiilen bir
caligmada bitki boyu 48.8-76.3 cm, yesil ot verimi 1160-2600 kg/da, kuru ot verimi 393-782 kg/da, ham
protein orani % 16.0-18.6, ADF oran1 % 30.0-37.1 ve NDF oran1 % 39.1-46.8 araliginda tespit edilmistir
(Hashalic1 ve ark., 2017). Bingdl kosullarinda Kaplan ve ark. (2019) tarafindan yiiriitiilen ¢aligmada
bitki boyu 90.2-105.2 cm, yesil ot verimi 1429-1963 kg/da, kuru ot verimi 298-380 kg/da, ham protein
oran1 % 15.5-20.9, ADF oram1 % 34.3-40.7, NDF oram1 % 46.3-50.0, sindirilebilir kuru madde oran1 %
57.2-57.4 ve nispi yem degeri ise 106-124 araliginda tespit edilmistir.

[randa figlerin kimyasal kompozisyonunun belirlenmesi amaciyla yiiriitiilen calismada Macar
figinin ham protein oran1 % 22.6, ADF oran1 % 25.3, NDF oram1 % 31.2, Ca 13.4 g/kg, P 1.01 g/kg, K
28.6 g/kg, sindirilebilir kuru madde oran1 % 70.3 ve nispi yem degeri ise 209 olarak tespit edilmistir
(Badrzadeh ve ark. 2008). Sirbistanda yiiriitiilen bir calismada Macar figinin bitki boyu 65-93 cm, yesil
ot verimi 16.5-48.7 mg/ha ve kuru ot verimi 4.0-12.0 mg/ha olarak tespit edilmistir (Mihailovic ve ark.,
2009). iran’in soguk bélgeleri i¢in kullamlabilecek uygun kislik bitki tiiriiniin belirlenmesi amaciyla
yiirtitiilen iki yillik ¢alismada Macar figinin yesil ot verimi 20.38 t/ha, kuru ot verimi 5.49 t/ha ve ham
protein verimi 897.1 kg/ha olarak tespit edilmistir. Calisma sonucunda iranin soguk bélgeleri icin Macar
figi tavsiye edilmistir (Lamei ve ark. 2011). Bulgaristanda 21 Macar figi genotipinin incelendigi
caligmada ham protein oran1 % 21.12, Ca orani1 % 1.35 ve P oran1 % 0.34 olarak tespit edilmistir (Ilieva
and Naidenova, 2016). Romanyada yiiriitiilen bir ¢aligmada ekim zamani ve azot giibrelemesinin kislik
bezelye ve Macar figinin kuru madde verimi iizerine etkisi arastirilmistir. Calismada Macar figi igin
ideal ekim zamaninin 20-30 Eyliil tarihleri oldugu ve bu zamanda yapilan ekimlerden en yiiksek verim
almdigi (7.71 t/ha) bildirilmistir (Dragomir ve ark., 2007).

Caligmanin yiiriitiildiigii Bing6l ilinin ekolojik kosullari, Macar figi {iretimi i¢in biiyiik bir
potansiyele sahiptir (Cagan ve Yilmaz, 2015). Bingdl’de yesil ot iiretimi amaciyla 3700 dekarlik alanda
yalin ekimi yapilan Macar figinden 2 269 kg/da verim elde edilmektedir. Bing6l ilinde Macar figinin
yesil ot verimi hem Tiirkiye’deki ortalamasindan (1 421 kg/da) hem de Elazig (1 200 kg/da), Malatya
(1 649 kg/da) ve Diyarbakir (1 494 kg/da) gibi cevre illerin ortalamasindan daha yiiksektir (TUIK,
2019). Bingol ilinde iklim &zelliklerinin uygunlugu, 6zellikle yillik diigen toplam yagisin (886.7 mm)
hem Tiirkiye hem de ¢evre illerin yagis miktarindan yiiksek olmasi, Macar figinden yiiksek verim elde
edilmesini saglamaktadir.

Tiirkiye’de Macar figi ekimi, Eyliil basindan Kasim ayma kadar olan siire igerisinde yani
sonbaharda yapildig1 takdirde daha yliksek verim alinabilmektedir (Tas, 2011). Macar figinin Dogu
Anadolu Bolgesinde sonbaharda ekimi yapilabilmesine karsin, sonbahar aylari i¢erisindeki uygun ekim
zamani bilinmemektedir. Bing6l ve benzer ekolojiye sahip olan Dogu Anadolu illerinde sonhahar
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aylarinda Macar figi i¢in ideal ekim zamaninin belirlenmesi durumunda, birim alandan verim ve kalitesi
yiiksek iiriin elde edilmesi saglanacaktir. Uygun ekim zamaninin belirlenmesi sayesinde artacak verim
ve kalitenin, Macar figinden yetistiriciliginin de yayginlagmasina katki saglayacagi n goriilmektedir.

Macar figinin farkli ekim zamanlarina gore verim, kalite, sindirilebilirlik ve besin elementleri
acisindan gosterdigi farkliliklar: tespit etmek ve bu ozellikler dogrultusunda ideal ekim zamanini
belirlemek amaciyla bu ¢alisma yiiriitilmiistir.

2. Materyal ve Yontem

Bitkisel materyal olarak, Macar figinin (Vicia pannonica Crantz) Tarmm I Miidiirliigiinden
temin edilen Agr1 popiilasyonu kullanilmistir. Bu popiilasyonun verim ve kalite agisindan yiiksek
degerlere sahip oldugu Kaplan ve ark. (2019) tarafindan ortaya konulmustur. Arastirma, Bingol il
merkezine 15 km uzaklikta ve ortalama rakimi1 1092 m olan Bingdl Universitesi Tarimsal Uygulama ve
Arastirma alaninda (Kuzey enlemi 38.81589°1le 40.53866° Dogu boylami) yiiritilmiistiir.

2.1. Arastirma Alaninin iklim Verileri

Bu calisma 2014-2015 ve 2015-2016 yetistirme donemlerinde yiiriitiilmiistiir. Bingdl il
Meteoroloji Miidiirliigii’niin arastirmanin yiriitiildiigi aylarin uzun yillar igerisindeki (2000-2015)
verileri incelendiginde (MGM, 2020), arastirma siiresince tespit edilen ortalama sicaklik degerlerinin
uzun yillar ortalamasinin (7.9 °C) iizerinde, toplam yagis miktarinin uzun yillar ortalamasinin (886.7
mm) altinda ve nispi nem oraninin ise uzun yillar ortalamasina (% 62.6) yakin oldugu goriilmiistiir

(Cizelge 1).
2.2. Arastirma Alaninin Toprak Ozellikleri

Bingdl Universitesi Ziraat Fakiiltesinde yapilan toprak analizi sonuglari, Sezen (1995) ve
Zengin (2012) referans alinarak degerlendirilmistir. Arastirma alaninin toprak yapisinin tinli (% 43.3),

hafif asidik pH’l1 (6.37), az kiregli (% 0.15) ve tuzsuz (% 0.0066) oldugu belirlenmistir. Topragin
organik madde (% 1.26), K (24.5 kg/da) ve P (7.90 kg/da) miktarlarmin da yetersiz oldugu belirlenmistir.

Cizelge 1. Bingdl iline ait 2014-2015, 2015-2016 ve uzun yillar (2000-2015) aylik iklim verileri

Ortalama sicaklik (°C) Toplam yagis (mm) Nispi nem (%)

Aylar 2014- 2015- Uzun 2014-  2015- Uzun 2014-  2015-  Uzun
2015 2016 Yillar 2015 2016 Yillar 2015 2016 Yillar

Eyliil 21.3 234 21.3 63.7 0.8 16.4 36.2 30.2 42.2
Ekim 13.7 14.3 14.2 87.3 220.9 70.3 62.3 68.3 58.9
Kasim 6.3 14.4 6.5 99.0 18.9 91.8 64.3 56.4 64.7
Aralik 4.6 1.3 0.2 63.2 46.2 121.8 75.7 58.6 70.7
Ocak -1.8 -2.8 -2.5 148.2 23511 154.0 74.7 753 73.3
Subat 1.9 24 -0.9 115.8 86.3 137.7 73.8 73.7 72.2
Mart 54 7.0 4.9 154.4 125.5 124.1 65.9 60.4 64.2
Nisan 10.9 13.9 10.9 66.7 45.5 103.8 58.7 48.4 61.2
Mayi1s 16.6 16.3 16.2 21.2 62.2 66.8 52.0 574 55.8
Toplam/Ort. 8.8 10.0 7.9 819.5 841.4 886.7 62.6 58.7 62.6

2.3. Metot

Caligmanin yiriitildiigii yetistirme sezonlarindaki ekim ve hasat tarihleri Cizelge 2’de
sunulmustur.
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Cizelge 2. Macar figinin 2014-2015 ve 2015-2016 yillarina ait ekim ve hasat tarihleri

2014-2015 yetistirme sezonu 2015-2016 yetistirme sezonu
Ekim zamanlar Ekim tarihi Hasat tarihi Ekim tarihi Hasat tarihi
E:1 (Birinci ekim) 19.09.2014 11.05.2015 17.09.2015 10.05.2016
E> (ikinci ekim) 30.09.2014 11.05.2015 29.09.2015 10.05.2016
Es (Ugiincii ekim) 11.10.2014 18.05.2015 09.10.2015 17.05.2016
E4 (Dordiincii ekim) 21.20.2014 18.05.2015 20.10.2015 17.05.2016

Caligmanin yiriitiilmesi sirasinda karigiklik yasanmamasi i¢in ekim zamanlarimin tarihlerini
kullanmak yerine ilk ekimden baslamak iizere sirasiyla birinci, ikinci, li¢lincli ve dordiincii ekim
zamanlari kavramlari kullanilmigtir. Denemenin ekimi, parsel uzunlugu 5 m, her parsele 6 sira ve 20 cm
sira arasi olacak sekilde 10 kg/da tohumluk kullanilarak yapilmistir. Ekim yapildiktan sonra saf madde
tizerinden 4 kg/da azot (N) ve 10 kg /da P giibresi uygulanmastir.

Hasat, parsellerin % 50 ci¢ceklenme doneminde ve parsellerin sag ve solundan 0.5 m, alt ve
iistiinden birer sira kenar tesiri alindiktan sonra 3.2 m®lik alanda yapilmistir. Yesil ot verimini
hesaplamak amaciyla parsellerden bigilen ot tartilarak elde edilen deger dekara doniistiiriilmiistiir.
Dekara kuru ot verimi ise parsellerden alinan 500 g yesil otun, 70 °C’de 48 saat kurutulup tartilmasiyla
hesaplanmistir. Ham protein (HP), asit deterjan fiber (ADF), nétral deterjan fiber (NDF), Kalsiyum (Ca),
Magnezyum (Mg), Fosfor (P) ve Potasyum (K) oranlar1 birgok aragtirmaci tarafindan aktif bir sekilde
kullanilan NIRS (Near Infrared Reflektans Spektroskopisi - Foss Model 6500) cihazi ile belirlenmistir
(Basaran ve ark., 2011; Basbag ve ark., 2018; Giiliimser ve ark., 2020). Analiz sonuclar1 kullanilarak,
Macar figi otunun HP verimi, sindirilebilir kuru madde (SKM=88.9-(0.779 x ADF)) orani ve nispi yem
degerleri (NYD=SKM x KMT (120/NDF)/1.29) hesaplanmistir (Rohweder ve ark., 1978; Morrison,
2003).

2.4. istatistiksel Model ve Analiz

Caligsma, tesadiif bloklar1 deneme desenine gore li¢ tekerriirlii olacak sekilde yiirGitiilmiistiir.
Calisma sonucunda elde edilen verilere, JMP istatistik programi (JMP Sas Institute, 2002) yardimiyla
varyans analizi uygulanmigtir. Gruplarin ortalamalari ise LSD (% 5) testi ile karsilagtirilmigtir.

3. Bulgular
3.1. Macar figinin farkh ekim zamanlarina ait verim ve kalite 6zellikleri

Cizelge 3’te farkli zamanlarda ekilen Macar figinin verim (yesil ot, kuru ot ve bitki boyu) ve
kalite (HP, ADF, NDF, SKM ve NYD) 6zellikleri sunulmustur.

Farkli ekim zamanlarinin yesil ot verimi, kuru ot verimi ve bitki boyu {izerinde olusturdugu
farkin istatistiksel olarak énemli oldugu tespit edilmistir (P<0.01). Yesil ot verimi, kuru ot verimi ve
bitki boyu acisindan yil ve yil x zaman interaksiyonun ise istatistiksel olarak Onemsiz oldugu
goriilmiistiir. En yiiksek yesil ot verimi (1 514 kg/da) ve kuru ot verimi (446 kg/da) birinci ekim
zamanindan elde edilmistir. Yesil ot ve kuru ot verimlerinin birinci ekim zamanindan sonra azaldig1 ve
en diisiik yesil ot verimi (512 kg/da) ve kuru ot veriminin (138 kg/da) dordiincii ekim zamanindan elde
edildigi goriilmistiir. En yiiksek bitki boyu (93.3 c¢m) birinci ekim zamanindan elde edilmistir. Ikinci
ekim zamaninda istatistiksel olarak en yiiksek degeri veren birinci ekim zamani ile ayni grupta yer
almistir. En disiik bitki boyu da (50.8 cm) dordiincii ekim zamanindan elde edilmistir.

Ekim zamanlar1 geciktikte, Macar figinden elde edilen HP oranlar1 da azalmistir. Ancak iki yilin
ortalamasi olarak elde edilen HP oranlari, ekim zamanlar1 ve yillar agisindan istatistiksel olarak bir
farkliliga yol agmamistir. HP orani, y1l x ekim zamani interaksiyonu agisindan 6nemli bulunmustur. En
yiiksek HP orant, birinci y1lin birinci ekim zamanindan elde edilirken (% 24.2), bunu istatistiksel olarak
ayn1 grupta yer alan birinci yilin ikinci ve {igiincii ekim zamanlari ile ikinci yilin birinci ekim zamani
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izlemistir. En diisiik HP oranlar ise istatistiksel olarak ayni grupta olan birinci yilin dordiincii ekim

zamant ile ikinci yilm ikinei, {igiincii ve dordiincii ekim zamanlarindan elde edilmistir.

Cizelge 3. Macar figinin farkli ekim zamanlarina ait verim ve kalite 6zellikleri

Yesil ot verimi (kg/da)

Kuru ot verimi (kg/da)

Ekim zaman 2015 2016 Ortalama 2015 2016 Ortalama
Ei 1534 1495 1514 a 461 432 446 a
E> 1266 1319 1292 b 352 369 361b
E;3 1161 1166 1164 b 309 341 325¢
Ea 567 457 512 ¢ 150 126 138 d
Ortalama 1132 1109 1121 318 317 317
Zaman (Z): Y (Y): ZxY: Zaman (Z): Yil (Y): ZxY:
(1}
LSD (% 5) 149.45%* — --- 29.48** --- ---
CV:% 10.66, **: p<0.01 CV: % 7.50, **: p<0.01
Bitki boyu (%) Ham protein orani (%)
Ekim zamanm 2015 2016 Ortalama 2015 2016 Ortalama
Ei 98.0 88.7 933a 242 a 22.3 ab 23.2
E> 86.3 81.2 83.8 ab 22.0 ab 213D 21.6
E;3 77.5 80.3 789D 22.1 ab 20.0b 21.0
E4 48.3 53.3 50.8 ¢ 20.0b 20.2b 20.1
Ortalama 77.5 75.9 76.7 22.1 20.9 21.5
Zaman (Z): Y (Y): ZxY: Zaman (Z): Y1l (Y): ZxY:
0,
LSD (% 5) 10.47** - - - - 2 .37%%*
CV:% 11.02, **: p<0.01 CV:% 6.29, **: p<0.01
ADF (%) NDF (%)
Ekim zamam 2015 2016 Ortalama 2015 2016 Ortalama
Ei 25.7 24.8 252¢ 33.7 343 340D
E> 28.2 28.6 2840 33.7 36.6 3520
E;3 30.5 26.5 285D 36.4 36.4 36.4 ab
E4 32.9 30.8 319a 38.7 38.3 38.5a
Ortalama 293 A 27.7B 28.5 35.6 36.4 36.0
Zaman (Z):  Yil (Y): ZxY: Zaman (Z): Y1l (Y): ZxY:
0,
LSD (% 5) 2.02%* 1.43%* — 2.54%* --- ---
CV:% 5.74, *: p<0.05, **: p<0.01 CV: % 5.69, *: p<0.05
SKM (%) NYD
Ekim zaman 2015 2016 Ortalama 2015 2016 Ortalama
Ei 68.9 69.6 69.2a 191 190 190 a
E> 67.0 66.6 66.8b 186 170 178 ab
E;3 65.2 68.3 66.7Db 167 174 170 b
E4 63.3 64.9 64.1c 152 158 155¢
Ortalama 66.1 B 67.3 A 66.7 174 173 173
Zaman (Z):  Yil (Y): ZxY: Zaman (Z): Y1l (Y): ZxY:
0,
LSD (%5) 1.58%* L11* 1402+

CV:% 1.91, *: p<0.05, **: p<0.01 CV: % 6.53, **: p<0.01

ADF oran1 ekim zamani ve yillar, NDF orani ise sadece ekim zamanlar1 agisindan istatistiksel
olarak farklilik gosterdigi goriilmiistiir. En diisiik ADF orani birinci ekim (% 25.2) zamanindan, en
diisitk NDF orani ise birinci (% 34.0) ve ikinci (% 35.2) ekim zamanlarindan elde edilmistir. En yliksek
ADF orani dordiincii ekim zamanindan, en yliksek NDF orani ise istatistiksel olarak ayni grupta olan
ticiincii ve dordiincii ekim zamanlarindan elde edilmistir. Ayrica ikinci yil edilen ADF oraninin, birinci
yil edilen ADF oranindan daha diisiik oldugu tespit edilmistir.
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SKM orani ekim zamani ve yillar, NYD ise sadece ekim zamanlar1 agisindan istatistiksel olarak
6nemli bulunmustur. En yiiksek SKM orani (% 69.2) birinci ekim zamanindan, en diisiitk SKM orani ise
dordiincii (% 64.1) ekim zamanindan elde edilmistir. En yiiksek NYD istatistiksel olarak ayn1 grupta yer
alan birinci (190) ve ikinci (178) ekim zamanlarindan elde edilirken, en diisiik NYD dordiincii ekim
zamanindan (155) elde edildigi goriilmiistiir.

3.2. Macar figinin farkh ekim zamanlarina ait besin elementleri icerikleri

Macar figinin fakli ekim zamanlarina ait besin elementleri icerikleri Cizelge 4’te verilmistir.
Besin elementleri igerikleri Ca, Mg ve K i¢in ekim zamanlari, yillar ve ekim zamani x yi1l interaksiyonu
acisindan istatistiksel 6nemli bulunmamistir. Sadece P un ekim zamanlar1 agisindan istatistiksel olarak
Onem arz ettigi, en yiiksek P oranlarmin ayn1 grupta yer alan birinci ve ikinci ekim zamanlarindan elde
edildigi, en diisiik P oranlarinin da ii¢lincii ve dordiincii ekim zamanlarindan elde edildigi gorilmiistiir.

Cizelge 4. Macar figinin farkli ekim zamanlarina ait besin elementleri igerikleri

Ca (%) Mg (%)
Ekim zamam 2015 2016 Ortalama 2015 2016 Ortalama
Ei 1.52 1.51 1.51 0.32 0.31 0.32
E> 1.54 1.54 1.54 0.34 0.34 0.34
E; 1.57 1.58 1.58 0.34 0.33 0.33
E4 1.68 1.68 1.68 0.34 0.34 0.34
Ortalama 1.58 1.58 1.58 0.34 0.33 0.33
LSD (% 5) -Z_rilman 2): Xil Y): -Z“x Y: -Z_rilman 2): Xil Y): -Z“x Y:
CV:% 6.25 CV:%4.29
P (%) K (%)
Ekim zamam 2015 2016 Ortalama 2015 2016 Ortalama
Ei 0.39 0.37 0.38 ab 2.05 1.95 2.00
E» 0.39 0.39 0.39a 2.34 2.34 2.34
E; 0.36 0.37 0.36Db 2.21 2.07 2.14
E4 0.36 0.36 0.36b 1.98 1.98 1.98
Ortalama 0.38 0.37 0.37 2.15 2.09 2.12
LSD (% 5) g%n;:: 2): Xil Y): -Z“x Y: -Z_rilman 2): Xil Y): -Z“x Y:
CV:% 4.14, **: p<0.01 CV: % 12.02

4. Tartisma ve Sonug¢

Macar figinin iki yillik ekim zamanlari ve y1l ortalamasi olarak yesil ot verimi 1121 kg/da, kuru
ot verimi ise 317 kg/da olarak tespit edilmistir. Ekim zamani ilerledik¢e elde edilen yesil ve kuru ot
verimlerinde diisiis goriilmiistiir. Yiiziincii Y11 Universitesi Ziraat Fakiiltesi deneme alaninda yiiriitiilen
bir calismada, Macar figi ve tiiylii figin farkli ekim zamanlariin verim tizerindeki etkisinin incelendigi
ve Van i¢in ideal ekim zamaninin belirlenmeye ¢alisildigi ¢alismada; Macar figinin ekimi 20 Eyliil, 10
Ekim ve 30 Ekim tarihlerinde yapilmistir. Calismada elde edilen ortalama 910 kg/da yesil ot verimi, 304
kg/da kuru ot verimi ile ekim zamani geciktik¢e verimin diistiigliniin belirlenmesi ve ideal ekim
zamaninin Van ili i¢in Eyliil ay1 olarak tavsiye edilmesi, bu ¢calismadan elde edilen sonuglar1 destekler
niteliktedir (Turna ve Ertus, 2017). Isparta ekolojik kosullarinda yiiriitilen ve Macar figi, tiyli fig
yaygin figin farkli ekim zamanlari ile hasat zamanlarinin verim ve kalite 6zelliklerine olan etkisinin
incelendigi ¢alismada 5 Ekim, 20 Ekim ve 5 Kasim tarihleri ekim zamanlari olarak belirlenmistir. Macar
figinden ortalama 416 kg/da kuru ot veriminin alinmasi ve ekim zamani geciktik¢e verimde goriilen
diistislerin istatistiksel olarak anlamli olmasi, bu caligmadan elde edilen bulgular ile paralellik
gostermektedir (Glizelogullar: ve Albayrak, 2017). Romanya’da yiiriitiilen bir ¢alismada da farkli giibre
uygulamalari ile Macar figinin 10 Eyliil, 20 Eyliil ve 30 Eyliil olacak sekilde ekim zamanlarinin verim
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tizerindeki etkileri incelenmistir. 6.80-7.71 t/ha Kuru ot veriminin elde edildigi 20-30 Eyliil tarihleri
Macar figi i¢in ideal ekim zamani olarak tespit edilmesi (Dragomir ve ark., 2007), mevcut ¢alisma
bulgularimi desteklemektedir.

Calismada Macar figinin bitki boyu 50.8-93.3 cm araliginda ve ortalamasi 76.7 cm olarak tespit
edilmis ve ge¢ yapilan bigimlerde daha diisiik bitki boylar1 elde edilmistir. Sirbistan kosullarinda
Mihailovic ve ark. (2009) tarafinan yiiriitiilen bir ¢alismada Macar figi popiilasyonlarinda bitki boyunun
65-93 cm, Kayseri ekolojik kosullarinda bes farkli Macar figi ¢esidinin bitki boyunun 55.8-66.6 ¢cm
(Hashalic1 ve ark., 2017) ve Kirklareli kosullarinda bazi Macar figi genotiplerinin farkli bigim
zamanlarinin verim ve kalite lizerine etkisinin incelendigi ¢aligmada bitki boyunun 84.4-91.3 cm
(Tenikecier ve ark., 2020) araliginda tespit edilmesi, mevcut ¢aligsma bulgularini desteklemektedir.

Farkli zamanlarda ekilen Macar figinde ham protein oranlar1 % 20.1-23.2 araliginda ve ortalama
% 20.1 olarak tespit edilmistir. Badrzadeh ve ark. (2008), iran kosullarinda Macar figinde HP oranini
% 22.6, Giizelogullar1 ve Albayrak (2016) Macar figinde HP oranini bigim zamanlarina gore degismekle
birlikte ortalama % 20.7, Ilieva ve Naidenova (2016) Bulgaristan kosullarinda Macar figinde HP oranini
% 21.2, Budak (2017) Igdir kosullarinda Macar figinde HP oranini % 18.8-20.0 ve Kaplan ve ark. (2019)
Bingol kosullarinda ayn1 Macar figi popiilasyonunda HP oranimi % 20.9 olarak tespit etmeleri, mevcut
bulgular1 desteklemektedir. Ancak, Macar figinde Celen ve ark. (2005)’min % 17.4, Hashalic1 ve ark.
(2017)’min % 16.0-18.6, Sentiirk (2019)’lin % 10.6-16.3 ve Tenikecier ve ark. (2020)’min % 15.8-17.2
olarak tespit ettikleri HP oranlari, mevcut c¢alisma bulgularindan farkli oldugu goriilmiistiir. Bu
farkliligin muhtemel nedeni hasat zamanlar1 arasindaki farkliklardir. Bazi ¢aligsmalarda tam ¢igeklenme
doneminde, bazi ¢aligmalarda ise % 50 ¢igeklenme doneminde hasat yapilmasi, diger kosullarin esdeger
olmas1 durumunda bile farkliliga sebebiyet verebilmektedir.

Farkli ekim zamanlarina gore degismekle birlikte, mevcut ¢alismada Macar figinin ADF orani
% 25.2-31.9, NDF oran1 % 34.0-38.5, ADF oran1 yardimiyla hesaplanan sindirilebilir kuru madde orani
% 54.1-69.2 ve nispi yem degeri de 155-190 arasinda degisim gosterdigi tespit edilmistir. Bu ¢aligmadan
elde edilen sonuglarin, fran kosullarinda Macar figinden elde edilen % 25.3 ADF orani1, % 31.2 NDF
orani, % 70.3 SKM oran1 ve 209 nispi yem degeri (Badrzadeh ve ark., 2008), Tokat kosullarinda saf
ekilen Macar figinden elde edilen % 29.2 ADF ve % 66.2 SKM oranlar1 (Kilicalp ve ark., 2020) ile
Gilzelogullar1 ve Albayrak (2016) tarafindan Isparta kosullarinda farkli ekim ve hasat zamanlarinda
Macar figinden elde edilen ortalama % 30.4 ADF ve % 36.5 NDF oranlart ile benzerlik gostermektedir.
ADF ve NDF oranlar bitki hiicre ¢eperini olusturan bilesikler olup, genel itibariyle bitkilerin erken
donemlerinde oranlar1 daha diisiik, ge¢ donemlerinde ise daha yiiksek olmaktadir. Dolayisiyla farkl
caligmalarda hasadin farkli donemlerde yapilmasi, ADF ve NDF oranlarinin farkli ¢ikmasi tizerinde en
¢ok etkili olan faktor olarak ortaya ¢ikmaktadir. Bu nedenledir ki Hashalic1 ve ark. (2017) tarafindan
Kayseri kosullarinda Macar figi ¢esitlerinde tespit edilen ADF (% 32.0-35.4) ve NDF oranlar1 (% 40.6-
45.2), Kaplan ve ark. (2019) tarafindan Bing6l kosullarinda Macar figi genotiplerinde tespit eilen ADF
(% 34.3-40.7), NDF (% 46.4-50.0), SKM (% 57.2-62.2) oranlar1 ve nispi yem degeri (106.7-124.7), yine
Bingol kosullarinda Bayar ve Cacan (2019) tarafindan hasat zamanlarinda farklilik gostermek iizere
tespit edilen ortalama ADF (% 36.5), NDF (% 42.8), SKM (% 60.5) ve nispi yem degeri (133.7) ile
Tenikecier ve ark. (2020) tarafindan Kirklareli kosullarinda Macar figi genotiplerinde tespit edilen ADF
(% 31.7-33.9) ve NDF oranlari (% 44.7-47.1), bu ¢calismadan elde edilen sonuglardan bir miktar farklilik
gostermistir.

Macar figinin ekim zamanlarina gore degismekle birlikte Ca oran1 % 1.51-1.68, Mg oran1 %
0.32-0.34, P oran1 % 0.36-0.39 ve K oran1 % 1.98-2.34 arasinda degisim gdstermistir. Van ilinde bazi
fig tiirlerinin besin igeriklerinin belirlenmesi amaciyla yiiriitiilen bir ¢aligmada Macar figinin P oran1 %
0.62, K oran1 % 1.86 ve Mg oran1 % 0.38 olarak tespit edilmistir (Celen ve ark., 2005). Iran kosullarinda
bazi fig tiirlerinin kimyasal kompozisyonunun belirlendigi ¢alismada Macar figinin Ca igerigi % 1.34
ve K icerigi % 2.86 olarak tespit edilmistir (Badrzadeh ve ark., 2008). Bulgaristan’da 21 Macar figi
genotipinin incelendigi ¢aligmada Ca oran1 % 1.35 ve P oran1 % 0.34 olarak elde edilmistir (Ilieva ve
Naidenova, 2016). Tekirdag ve Kirklareli olmak tizere iki lokayonda bazi Macar figi genotiplerinin
adaptasyon yeteneklerinin belirlenmesi amaciyla yiiriitiilen ¢alismada K igerigi % 1.97-2.53 ve Ca
igerigi % 0.92-1.13 arasinda tespit edilmistir (Sentiirk, 2019). Bu ¢alismalardan elde edilen bulgularin,
mevcut ¢caligmadan elde edilen bulgular ile benzerlik gosterdigi goriilmektedir.

Sonug olarak, Eyliil aymin ikinci yarisindan baslayarak 10 giinliik araliklarla yapilan ekimlerden
elde edilen veriler karsilastirildiginda; en yiiksek yesil ot ve kuru ot verimi ile bitki boyu degerlerinin

739



YYU TAR BiL DERG (YYU J AGR SCI) 31 (3): 733-741
Cagan ve ark. / Macar Figinin (Vicia pannonica Crantz) Farkli Ekim Zamanlarma Gére Verim, Kalite ve Besin Elementleri Igeriklerinin Degisim

birinci ekim zamanindan elde edildigi goriilmektedir. Birinci ekim zamaninda yapilan ekimlerden elde
edilen yesil ve kuru ot verimlerinin (1514 kg/da, 446 kg/da), dordiincli ekim zamaninda yapilan
ekimlerden elde edilen yesil ve kuru ot verimlerinin (512 kg/da, 138 kg/da) yaklasik {i¢ kat1 daha yliksek
oldugu goriilmiistiir. Eyliil ay1 ortasinda yapilacak ekimin, Ekim ay1 sonunda yapilacak ekime gore yesil
ot verimi agisindan % 295, kuru ot veriminin ise % 323 oraninda daha avantajli oldugu tespit edilmistir.
Eyliil ayimni ikinci yarisinda yapilacak Macar figi ekimlerinden, birim alandan daha fazla iiriin elde
edilmektedir.

Ekim zamaninin geciktirilmesi ile Macar figi otunun kalitesinin de diistiigii goriilmektedir. HP
oranlari ekim zamanina gore istatiksel olarak bir farklilik gdstermemistir. Ancak en diisiik ADF ve NDF
oranlari ile en yiiksek SKM oran1 ve NYD’nin de genel olarak Eyliil aymin ikinci yarisinda yapilan
ekimlerden elde edildigi goriilmiistiir. Ca, K ve Mg elementlerinin oranlar1 ekim zamanlar1 arasinda
istatiksel olarak farklilik gostermezken, P elementi orani ise birinci ve ikinci ekimlerde diger ekim
zamanlarina gore daha fazla bulunmustur. Eylil aymnm ikinci yarisinda yapilacak Macar figi
ekimlerinden, birim alandan daha kaliteli iiriin elde edildigi goriillmektedir.

Eyliil ayinin ikinci yarisinda yapilacak ekimlerin, bdlge ciftgileri i¢in hem verim hem de kalite
acisindan daha karli olacagi tespit edilmistir. Dolayistyla iki y1l yiiriitiilen bu ¢aligma neticesinde, Bing6l
ili ve benzer ekolojik kosullara sahip bolgelerde ot liretimi amaciyla yapilacak Macar figi ekimi igin
uygun ekim zamaninin Eyliil aymin ikinci yarisi oldugu kanaatine varilmstir.
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Abstract: This study was carried out to evaluate the efficiency of the Erzurum-
Beypinar1 land consolidation project. In the study, primary data were obtained
from agricultural enterprises through a survey and secondary data from State
Hydraulic Works. The minimum number of questionnaires was determined as 20,
taking into account the finite population and a 10% safety margin. Quantitative
data of the consolidation project were obtained with the help of the NetCAD
program. According to the results obtained from the research, the consolidation
rate in the research area was 67.9%. The average parcel size, which was 13.33
decares before consolidation, increased to 28.04 decares after consolidation. The
water supply and water usage rates were 55.1% and 17.4%, respectively, between
2000-2012, and these values increased to 100% and 26.8% after consolidation.
The ratio of shapeless parcels was 66.8% before Beypinari consolidation, this
value decreased to 15.4% after consolidation. With the consolidation, the length
of the in-field road increased 2.67 times, and the rate of parcels directly connected
to the road increased from 52% to 100%. Shareholders' sharing of agricultural
lands before consolidation efforts resulted in the emergence of new businesses.
However, the number of active agricultural enterprises has decreased. When
agricultural active enterprises are considered, it has been observed that the
number of parcels per enterprise, which was 16.11, decreased to 5.16 after
consolidation. The fact that the Beypinar1 project area borders the Erzurum
Airport and the Kars-Erzincan ring road has transformed the agricultural lands
into an attraction center, but made them disposed to misuse. From the research, it
was concluded that land consolidation projects are beneficial in terms of
quantitative features, but the multiplier effect can be increased by investigating
them socially and economically.

Erzurum ili Beypinar1 Arazi Toplulastirma Projesinin Niceliksel Ozellikler A¢isindan
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Anahtar Kelimeler

Siirdiirtilebilirlik,

Oz: Bu calisma Erzurum-Beypinari arazi toplulastirma projesinin etkinligini
degerlendirmek i¢in yapilmistir. Calismada, birincil veriler tarim isletmelerinden
anket yoluyla ve ikincil veriler Devlet Su Isleri’nden almmustir. En az anket
sayisi, sonlu popiilasyon ve % 10 giivenlik pay1 dikkate alinarak 20 olarak tespit
edilmistir. Toplulastirma projesine ait niceliksel veriler NetCAD programi
yardimi ile elde edilmistir. Arastirmadan elde edilen sonuglara gore arastirma
alaninda toplulastirma orant % 67.9 olarak gerceklesmistir. Toplulastirma
oncesinde 13.33 dekar olan ortalama parsel biiyiikliigii toplulagtirma sonrasinda
28.04 dekara yiikselmistir. Su saglama ve su kullanma oranlar1 2000-2012 yillar
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Kirsal gelisim, arasinda sirasiyla % 55.1 ve % 17.4 olarak gerceklesmis olup, toplulastirmadan
Arazi toplulastirma, sonra bu degerler % 100 ve % 26.8’e ¢ikmistir. Beypinari toplulastirmasindan
Kirsal altyap, once sekilsiz parsellerin oran1 % 66.8 iken, toplulastirma sonrasi bu deger %
Arazi pargaliligi, 15.4’e diismiistiir. Toplulastirma ile birlikte tarla i¢i yol uzunlugu 2.67 kat artmus,
Tarla i¢i gelistirme dogrudan yola bagh parsel orant % 52’den % 100’e ¢ikmustir. Toplulastirma
hizmetleri. calismalar1 6ncesinde hissedarlarin tarim arazilerini paylagmasi yeni igletmelerin

ortaya ¢ikmasina neden olmustur. Ancak tarimsal aktif igletme sayis1 azalmistir.
Tarimsal aktif isletme dikkate alindiginda, 16.11 adet olan isletme basina diisen
parsel sayisinin toplulastirma sonrasi 5.16’ya diistiigii gdzlenmistir. Beypinari
proje alanmin Erzurum Havaalan1 ve Kars-Erzincan ¢evre yoluna sinir olmasi
tarim arazilerini ¢ekim merkezine doniistiirmiis, ancak amag disi kullanima agik
duruma getirmistir. Kirsal gogiin dnlenememesi ise tarim arazilerinin etkin
kullanilmamasina neden olmaktadir. Arastirmadan, arazi toplulastirma
projelerinin nicel 6zellikler agisindan yararli oldugu, ancak sosyal ve ekonomik
yonden arastirilmasi ile ¢arpan etkisinin artirilabilecegi sonucu ¢ikarilmustir.

1. Introduction

Land consolidation is to join the farmlands to irrigation network and the road taking into
consideration ecological requirements and combine the lands of the same enterprise that located in
different directions and places compared to the village center, and in suitable shape geometrically in
terms of agricultural processing (Arici and Akkaya Aslan, 2014). With land consolidation, parcels are
rearranged and a positive parcel transformation is achieved. This situation facilitates the management
of agricultural enterprises; it also directly affects the rural development processes. There are many
studies on this subject in Turkey and the world. These studies are related to obtaining more efficiency
from a unit area with land consolidation studies (Celebi, 2010; Cakmak and Eminoglu, 2013;
Sonmezyildiz and Cakmak, 2013; Arslan and Degirmenci, 2016; Dagdelen et al., 2017), allowing the
use of modern production techniques (Peker and Dagdelen, 2016; Degirmenci et al., 2017), making
public and the other investments cheaper (Ugar and Kara, 2006; Kumbasaroglu and Dagdemir, 2007,
Akkaya et al., 2017; Asiama et al., 2018; Buday et al., 2018; Kirmikil and Aydus, 2018), and building
social peace among the people who benefit from these services. (Demetriou et al., 2012; Kirmikil and
Arici, 2013; Kosoe et al., 2020). In other words, these studies explain that land consolidation plays a
major role in the effective and sustainable use of agricultural land.

Reducing the number of parcels per agricultural enterprise, increasing the average parcel area,
ensuring that each parcel benefits from irrigation, drainage, and road network, ensuring effective use of
irrigation water, and arranging the parcels in a manner suitable for mechanization are the quantitative
objectives (visible, measurable) of land consolidation projects (Arici and Akkaya Aslan, 2014;
Choumert, and Phelinas, 2015; Kuslu and Ertem, 2019). Although land consolidation efforts in
Turkey have started about 60 years ago, this type of project is quite new in Erzurum province. It is aimed
to assess Beypinari Land Consolidation Project in terms of the acquisitions and changes quantitatively.

2. Materials and Methods

2.1. Study area

In Erzurum, the first compulsory consolidation decision was taken in the 13 village settlements
in the Erzurum Plain within the Kuzgun Dam irrigation area with Cabinet Decree No. 7103 in 2004.
Erzurum province Beypinari rural settlement is also included in this scope (Figure 1). The consolidation
project was started in 2010 and was completed at the end of 2012. Beypinari is located between 39° 99’
north latitude and 41° 15’ east longitude, 9.5 km from Aziziye District and 16.1 km from Erzurum city
center. Migration is experienced in a residential area. According to TURKSTAT (2020) data, the
population of Beypmari was 736 in 1965, 749 in 1975, 630 in 2000, and 417 as of the beginning of
2020. The altitude of Beypinari is 1770 m and its total area is 16.416 km?. In terms of soil properties, it
is seen that it has I, II, and III grade farmlands with a depth of 90 cm alluvial and fine-textured soils
(Canbolat et al., 1999). The average land slope varies between 0-2% and has a flat and nearly flat
topography (Kuslu and Yaganoglu, 2007). The average of some meteorological data for long years
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(1981-2018) in the study area is 5.2 °C for temperature, -1.8 °C for the lowest temperature, 12.2 °C for
the highest temperature, and 404.9 mm for precipitation (TSMS, 2021).
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Figurel. Parcel status of Beypinari before land consolidation (Kuslu, 2004).

2.2. Methods

Primary data on the research area were obtained from the questionnaires applied to the
agricultural enterprises in the Beypinari project area. While determining the minimum number of
enterprises to conduct the study, the following equation developed for finite populations was used for
the simple random sampling method, since the population subject to the study is finite and the variance
is limited (Cigek and Erkan, 1996):

Ng?

T IN-DD? + o2 M
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In the equation, n is sample unit number, N is population unit number, 62 is population variance,
and D is the possible error value. As a result of the calculations, 17 enterprises were found for the survey.
Considering the data security margin, 20 enterprises were considered in the evaluation in the study.

The secondary data of the study were taken from the records of the VIII. Regional Directorate
of State Hydraulic Works, Land Consolidation, and On-Farm Development Services Branch
Directorate. The NetCAD program was used in drawing the maps.

In the study, the efficiency of Erzurum-Beypinari consolidation was determined quantitatively
by some criteria. These are number of enterprise rate (ENR), consolidation rate (LCR), parcel area
change (PA), number of parcels per enterprise (NPE), water supply (WSR) and use (WUR) rates, road
efficiency (RE), connecting road rate (CRR), and parcel shape criteria.

Enr = 2N 100 )
~ENA”
Lcr=NB—PNA 00 3)
YY)
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pap 100 “)
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In these equations, ENB; the number of enterprises before land consolidation (pcs), ENA; the
number of enterprises after land consolidation (pcs), PNB; the number of parcels before land
consolidation (pcs), PNA; the number of parcels after land consolidation (pcs), PAB; parcel area before
land consolidation (da), PAA; parcel area after land consolidation (da), PrA; Project area (da), NPEB;
the number of parcels per enterprise before land consolidation (pcs), NPEA; the number of parcels per
enterprise after land consolidation (pcs), IL; irrigated land (da), AICL; active irrigated cultivated land
(da), RLB; road length before land consolidation (km), RLA; road length after land consolidation (km),
PCR; the number of parcels directly connected to the road (pcs).

One of the goals of land consolidation is to arrange the parcels in regular geometric shapes. In
the research area, the parcels were grouped in three ways as quadrangular-shaped parcels with an
acceptable aspect ratio (1/3-1/7), trapezoid-shaped parcels with at least two sides parallel to each other,
and shapeless parcels, and the parcel shape was evaluated status before and after consolidation.

3. Results

The parcel status of the Beypinari before and after the consolidation is given in Figure 1 and
Figure 2.
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The number of enterprises engaged in active agricultural activities in the Beypinari settlement
is 73, and the total number of enterprises registered in agricultural lands is 298. The LCR and NPE
values for the Beypinari project are given in Table 1. The number of parcels in the Beypinari settlement,
which was 1176 before consolidation, decreased to 377, and the consolidation rate was realized as
67.9%. The number of parcels per enterprise decreased both based on agricultural active enterprises and
the basis of total enterprises.

Table 1. Land consolidation ratio (LCR) and number of parcels per enterprise (NPE) values for
agricultural active and total enterprises

PNB (pcs) LCR (%) NPE* NPE**
Before land consolidation 1176 7.9 16.11 3.95
After land consolidation 377 ’ 5.16 1.27

* Enterprises currently engaged in agricultural activity, ** Including enterprises that do not reside in Beypinari and do not engage in agricultural
activities.

Information on the size distribution of the parcels and the change parcel area in the study area
are given in Table 2. As can be seen from Table 2, the number of parcels according to their sizes is the
highest in the 1. group land class before and after consolidation. However, after consolidation, there was
a decrease in small parcel groups (I. and II. groups) and an increase in other parcel groups. In all of the
plots, there was an area increase of 110.35%.

Table 2. Parcel situation before and after land consolidation and average parcel size

Number of parcel (pcs) Rates (%) Average parcel PA (%)
Groups I n 1 1Iv I II mr  1v area (da)
Before land consolidation 1016 135 16 9 864 114 14 08 13.33 11035
After land consolidation 161 108 61 47 427 28.6 162 125 28.04 )

L. group: <15 da, II. group: 16-30 da, I1I. group: 31-55 da, IV. group: >55 da.

The data obtained for water use (WPR, WUR) efficiency and indicators are given in Table 3.
As can be shown from Table 3, the water supply rate has reached 100% with the consolidation project.
While the water usage rate was 17.4% before consolidation, this value increased to 26.8% after
consolidation.

Table 3. Water use indicators in the research area

Before land consolidation (2000- After land consolidation (2013-

2012 years) average 2019 years) average
Irrigated land (da) 8641.4 15672.7
Active irrigated cultivated land (da) 1505.4 4195.9
Project area(da) 15672.7 15672.7
WPR (%) 55.1 100
WUR (%) 17.4 26.8

The calculated indicators for the road network in the research area are shown in Table 4. The
road length, which was 12801 km before consolidation, increased by 34235 km. With land
consolidation, road efficiency (the proportion of parcels directly connected to the road) has risen from
52% to 100%.

Table 4. Beypmari land consolidation project road network efficiency

Road length (km) Indicator PCR  Number of total parcel (pcs) RE (%)

Before land consolidation 12801 2674 612 1176 52
After land consolidation 34235 ’ 377 377 100
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The effect of the Beypinari consolidation project on the parcel shape and the change that
occurred is shown in Table 5. While the rate of shapeless parcels was 66.8% before land consolidation
in the research area, this rate decreased to 14.0% after consolidation. The proportion of rectangular
parcels increased from 15.4% to 69.0%.

Table 5. Parcel shape distribution of the Beypinari

Shape group Before land consolidation (pcs) Rate (%)  After land consolidation (pcs) Rate (%)
Quadrangular 181 15.4 260 69.0
Trapezoid 210 17.8 64 17.0
Shapeless 785 66.8 53 14.0

4. Discussion and Conclusion

Rural infrastructure defects such as increased fragmentation, fragmentation of parcels, road
inadequacy, loss of time cause delays in planting time and prevent parcels from benefiting from
infrastructure facilities (Latruffe and Piet, 2014; Yucer et al., 2016; Kuslu, 2019; Sardar et al., 2019;
Agizan et al., 2020; FAO, 2020; Kuzu and Degirmenci, 2020). At the end of all these, the desired product
increase cannot be achieved. For the Beypinari project, the number of enterprise change (ENR) values
was determined as 87.13%. The ENR indicator should have been 100%. In the Beypinar project, the
reason why this ratio is below 100% has been investigated. The main reason for this situation is that the
shareholders, who are not engaged in agriculture and do not reside in the Beypinari, get their shares of
lands in cadastral studies (Demirel and Senol, 2019; Karakayaci, 2019). The fact that the project area
borders the Erzurum Airport, which was put into service in 2005, and the Kars-Erzincan ring road are
the most important factors. In this way, new enterprises have been created. The fact that the criterion is
smaller than 100% indicates that new businesses are set up. Other indicators also need to be evaluated
together with ENR.

The consolidation rate is the most known and widely used indicator of project success. As the
consolidation rate increases, enterprises management becomes appropriate and the efficiency of land
consolidation increases and the activity extends over time. The consolidation ratio of the study area has
been calculated as 67.9% (Table 1). The average consolidation ratio in the land consolidation project in
Turkey is 42.4% (Sonmezyildiz and Cakmak, 2018). The consolidation ratio of the Beypinari project
appears to be above the average of Turkey. In the enterprises whose main occupation is agriculture, the
number of parcels per enterprise decreased from 16.11 to 5.16 after the project (Table 1).

Decreasing the number of parcels belonging to an enterprise increases the parcel size. As can be
seen in Table 2, the average parcel size has increased from 13.33 decares to 28.04 decares with the
consolidation project. The rate of change has been 110.35%. With the consolidation of Beypinari, the
share of the I. group lands (< 15 da) in total parcels, which was 86.4% before, decreased to 42.7%, while
the other groups increased. This shows that consolidation is effective in reducing the number of small
size parcels.

Beypinari irrigation project was carried out with the irrigation of Kuzgun Dam (2002), but the
consolidation project was completed at the end of 2012. Since the entire project area was opened to
irrigation after the land consolidation project, the WSR value was 100% (Table 3). The water usage rate
in the region was 19.63% on average between 2000 and 2019. The lowest water use rate was 13.8% in
2002, the highest water use rate was 33.15% in 2013, during the vegetation period after the completion
of the consolidation project. But, the increase did not continue in the following years. The WUR values
were realized as 28.3% in 2014, 24.53% in 2016, and 18.54% in 2019. If the irrigation rate is less than
30%, it indicates that the irrigation rate is "weak" (Cakmak and Eminoglu, 2013). When the reasons for
this are investigated, it has been determined that most of the Beypinari lands are not cultivated, and the
rural migration that previously existed has accelerated (Kuslu, 2009;). A similar situation is valid for
other countries, and new approaches are needed for land consolidation studies (Akkaya et al., 2018;
Biiyiiktas et al., 2018; Muchova et al., 2018; Sardar et al., 2020).

One of the aims of land consolidation projects is to provide roads for all parcels. With the land
consolidation project in the study area, it was ensured that all parcels benefit from the road network. The
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indicator was found as 2.67 and the value greater than one indicates that the road activity is successful
(Table 4).

The increase in the number of rectangular and square parcels is one of the indicators of effective
consolidation. Before the Beypinari consolidation, the ratio of quadrangular parcels was 15.4%, after
consolidation, this rate increased to 69.0%. Considering that the effect of the parcel shapes on the
mechanization tendency is a known fact, it can be concluded that the Beypinari consolidation project is
quite successful in this regard.

Beypinar1 Land Consolidation Project has achieved most of its quantitative targets. As a result
of the project, the total number of parcels and the number of parcels per enterprise has decreased.
However, the average parcel area and the rate of utilization from irrigation drainage and road networks
increased. A noticeable improvement in the geometric shapes of the parcels has been observed with the
consolidation. However, the goal of increasing irrigation efficiency, one of the most important goals of
land consolidation projects, has been insufficient. It has been concluded that the increase of this
efficiency is not related to quantitative gains (increasing the irrigation-drainage network), but is closely
related to the uncontrolled rural migration of the population engaged in agriculture in Beypinari.
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Makale Bilgileri Oz: Ulkemizde son yillarda armut iiretim alanlari artmis ve yetistiricilikte farkl
gelisim ozelliklerine sahip anag¢ ve yeni cesitler de kullanilmaya baglanmistir.
Bundan dolay1 yeni anaglar ve gesitlerin su stresine kars1 gosterdikleri tepkilerin
belirlenmesine gereksinim duyulmaktadir. Bu amaglar yiiriitillen c¢aligmada
OHFx333 anac1 iizerine agili Deveci, Ankara ve Margarita armut gesitlerine ait 1
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Anahtar Kelimeler Miidiirliigi'nde  yiriitiilmistiir. Denemede kullanilan saksi harct  1:1:0.5

oranlarinda tinli toprak:torf:hayvan giibresi karisimindan olusmustur. Karigim,
Armut, agirliklart bilinen 18 litrelik saksilara esit miktarlarda konulmus ve 1 yash armut
Su stresi, agaclarinin dikimi yapilmistir. Denemede her bir ¢esit i¢in 3 farkli sulama konusu
Bitki geligimi, yer almistir. Konular; Do: her sulamada eksilen nemin saksi tarla kapasitesine

Stirgiin geligimi. getirilmesi, D1: Do uygulamasinda saksilara verilen suyun % 50’sinin verilmesi, D2:

Do uygulamasinda saksilara verilen suyun % 25’inin verilmesi seklinde
olusturulmustur. Bitki boyu, bitki agirligi, kok agirligi, siirgiin uzunlugu ve siirgiin
cap1 geligimleri stres diizeylerinin yogunluguna bagli olarak olumsuz etkilenmistir.
Vejetatif dlciim sonuglarina gore OHFx333 anacina asili Margarita ¢esidinin su
stresinden en az etkilenen ¢esit oldugu belirlenmistir.

Effects of Water Stress on Vegetative Development of Some Pear Varieties (Pyrus
comminus L.)

Article Info Abstract: Pear production areas have been increasing in the last years and
rootstocks and new varieties which have different growing characteristics are being
used. Therefore, their responses to water stress must be determined. For this
purpose, one-year-old Deveci, Ankara, and Margarita pear varieties grafted on
OHFx333 rootstock were used in this study. This experiment was conducted at
Fruit Research Institute, MAREM, Egirdir-Isparta, Turkey. The potted mixture
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Keywords used in the study consisted of 1:1:0.5 ratio of soil:peat:manure. The mixture was
Pear, put into pots having 18 liter volume as equal amounts and one year old pear trees
Water stress, was planted. There were three different water stress treatments in the study for each
Plant growth, variety/rootstock combination. The treatments were; Do: the soil was fully irrigated
Shoot development. to reach field capacity in each irrigation; Di: 50% of Do; Da: 25% of Do, severe

stress. Plant height, plant weight, root weight, shoot length, and shoot diameter
were affected negatively depending to stress level intensity. According to the
results of measurement, it was determined that Margarita variety grafted onto
OHFx333 rootstock was least affected by water stress.
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1. Giris

Son yillarda olumsuz etkilerini daha ¢ok hissettiren kiiresel iklim degisikliginin en 6nemli
sonuglarindan birisi, belki de en dnemlisi, su kaynaklari lizerindeki olumsuz etkileridir. Arastirmacilar
yagislarin sabit oldugu kabul edildigi durumda bile, kiiresel 1sinmaya bagli olarak yiizey akislarinin %30
dolayinda azalacagmi bildirmislerdir (Onder ve Onder, 2007). Bu konuda son dénemde yapilan
arastirmalar, suyun diger kullanim alanlar1 olan endiistriyel ve evsel kullanim alanlarinda su kullanim
oranlarinin artacagini ve tarimsal sulamada kullanilan su oraninin azalacagini bildirmektedir (Coskun,
2008). Diger bir deyisle, kullanilabilir su kaynaklari miktarinin azalmaya basladig1 giiniimiizde, tarimsal
tretimi yapilan bitki tiirlerinin yakin zamanda su azligi ile karsilagsma ihtimali yiiksektir.

Kullanilabilir su kaynaklar1 miktari sadece tarimsal iiretim i¢in degil diger sektorler ig¢in de giin
gectikce azalmaktadir. Bu nedenle suyu kullanirken ¢ok daha dikkatli olunmalidir. Tarimsal iiretimde
kullanilan suyun miktari ¢ok oldugu i¢in kuraklik stresi ile ilgili ¢aligmalar daha da nem kazanmaktadir
(FAO, 2011). Su kithginin artmasi bitkisel iiretim igin ciddi bir ¢evresel kisitlamadir (Farooq ve ark.,
2009).

Meyveler tarimsal iiretimin yaninda insan sagligi i¢in de 6nemlidir. Armut elmadan sonra
yaygin olarak yetistirilen bir meyvedir. 2018 yili iiretim rakamlarina goére toplam armut {iretimi
23.852.421 ton olarak gerceklemistir. Tiirkiye armut {iretiminde 519.451 ton/yil ile 5. Sirada yer
almaktadir (FAO, 2020). Son yillarda meyve yetistiriciliginde farkli anaclar ve yeni ¢esitler
kullanilmaya baglanilmistir. Armut yetistiriciliginde de farkli gelisme giiciine sahip anaglar ve gesitler
kullanilmaktadir. Armut agaglari bliylime ve gelismeleri igin suya ihtiya¢ duyarlar. Bu nedenle, anaglar
ve cesitler arasinda su stresi iligkisi konusunda gerekli arastirmalarin yapilmasina ihtiyag vardir. OHxF
333 armut yetistiriciliginde yaygin kullanilan anaglardan biridir (Hepaksoy, 2019). Bundan dolay1 bu
calismada bu anag tercih edilmistir.

Armut yetistiriciliginde ticari siirdiiriilebilirligin saglanmasinda su en 6nemli faktordiir. Son
yillarda, Tiirkiye gibi kuraklik tehdidi altindaki iilkeler kuraklik stresi ile su stresi ile ilgili caligmalar
ivme kazanmistir. Meyve agacglarinin kurakliga tepkisini sadece anacglar degil ¢esitler de etkileyebilir.

Bir bitkinin kurakliga dayaniklilig1 sadece kok sisteminin genigligi ile ilgili degil, ayn1 zamanda
biiylime ve gelisme giicii, dal yapis1 ve yaprak ozellikleri ile de ilgilidir. Ancak, bitkiler kuraklik
stresinin {istesinden sadece toprak nem kosullarindan kaynaklanan kok gelisimi ve emis giicii
farkliliklart ile gelemezler. Agacin as1 noktasinin iistiindeki govde, siirgiin gibi organlar da su stresiyle
basa ¢ikmada onemli rol oynarlar (Erig, 2007). O nedenle anaglara ek olarak gesitler-kuraklik arasindaki
iligkiler de arastirilmalidir.

Bu c¢alismada OHxF 333 anaci iizerine asili Deveci, Ankara ve Margarita armut ¢esitlerinin
farkli su stresi seviyelerine tepkilerini belirlemek amaglanmuistir.

2. Materyal ve Yontem
2.1. Deneme alani ve bitkisel materyal

Bu calisma Meyvecilik Arastirma Enstitiisti (Egirdir,Isparta) deneme alaninda bulunan yar1 agik
(1s1tmasiz) seralarda 2017 yilinda yiirtitiilmistiir. Denemede, OHXF 333 anacina asili 1 yash Deveci
(Pyrus Comminus L. "Deveci”), Ankara (Pyrus comminus L. "Ankara”) ve Margarita (Pyrus comminus
L. "Margarita”) ¢esitleri kullanilmistir. Ankara ve Deveci armut ¢esitlerinin kullanilmasinin sebebi;
Tiirkiye’de armut yetistiriciliginde yiiksek oranda kullanmilmasidir (Ozaydin ve Ozgelik, 2014; Sakaldas
ve Giindogdu, 2016). Margarita ise bu gesitlere gore yeni ve armut yetistiriciliginde imitvar bir ¢esit
oldugu i¢in secilmistir.

Agagclar Nisan ay1 basinda saksilara dikilmistir. Deneme baslamadan dnce dikim i¢in benzer
gelisme giicline sahip agacglarin secilmesine dikkat edilmistir. Deneme konularinin haricinde, saksi
harcinin tarla kapasitesini belirlemek i¢in, i¢inde saksi harci olan 5 adet bitkisiz saksi hazirlanmistir.
Saksilarin tiimii, yagmurun etkisinden korunmak igin listii seffaf plastik ile kapli, yan kenarlari agik olan
yar1 agik plastik sera icerisine konmustur. Yari agik sera i¢erisinde deneme alanina ait hava sicakligi ve
nem degerlerini kaydetmek i¢in Hobo cihazi kullanilmistir. Deneme siiresince kaydedilen hava sicakligi
ve nem degerleri Sekil 1°de gosterilmistir.

753



YYU TAR BiL DERG (YYU J AGR SCI) 31 (3): 752-762
Kiigiikyumuk ve Tiirkeli / Baz1t Armut Cesitlerinin (Pyrus comminus L.) Vejetatif Gelisimi Uzerine Su Stresinin Etkisi

35 - 70
1. -
30 l"I‘ A "lv-'\‘ '1'\\ 1 I 60
i R ! ¥ \ ! vl [
—~ 25 ‘\,"h\'.\ e fﬂ\ ¥ { ) ,"I'\ =L 50
o ™ SN i o (] 177 TAE =
e_ d ¥ k b \I' - \o
& 20 ! v b F 40%
) F E
i~ [
S 15 £ 30 2
7 [ <
C >
S 10 E 202
T C
5 £ 10
0 Lo

9.6 16.6 23.6 306 7.7 14.7 21.7 28.7 4.8 11.8 188 258 1.9
mmmmm Hava sicakligi (°C) =---=--- Hava nemi (%)

Sekil 1. Denemenin yiiriitiildiigli alana ait hava sicakligi ve hava nemi degerleri.
2.2. Denemede kullanilan sulama suyu ve saksi harci

Denemede kullanilan sakst harci 1:1:0.5 oranlarinda torf:tinli toprak:hayvan giibresinin
karigimindan olugmustur. Karisim, agirliklar: bilinen 18 litrelik saksilara esit miktarlarda konulmus ve
1 yagl armut aga¢lariin dikimi yapilmigtir. Meyvecilik Arastirma Enstitiisii arazisi i¢inde bulunan
sulama kuyusundan saglanan su ile sulama yapilmistir. Sulama suyu, ABD Tuzluluk Laboratuvari
Grafik Sistemine gore C,S; sinifinda (tuzluluk: 0.310 dS/m, SAR:1.04) (USSL 1954) olup sulama igin
elverislidir.

2.3. Deneme konulari, sulama suyu ve bitki su tiiketiminin belirlenmesi

Deneme baslamadan 6nce, her bir saksiya uygulanacak sulama suyu miktarini belirlemek igin
saks1 ic¢indeki har¢ karisimlarina ait tarla kapasitesi degeri belirlenmistir. Bunun i¢in deneme
kurulmadan 6nce igine dikim yapilmayan ve har¢ bulunan 5 adet saksiya yavas yavas su eklenmis, bu
islem sizma olana kadar devam etmistir. Sizma islemi sona erdikten sonra saksilara yavas yavas su
ekleme isi birkac kez daha tekrarlanmistir. Daha sonra aliiminyum folyo ile buharlagsmay1 6nlemek i¢in
saksilarin tlizeri Ortiilmistiir. Bu islemden 48 saat sonra saksilarin ortalamasi alinarak tarla kapasitesi
degeri belirlenmistir. Bu degere saks1 agirliklart ve her bir ¢eside ait fidanlarin dikim sirasindaki
agirliklan eklenerek, bulunan deger her bir saksiya ait tarla kapasitesi olarak kaydedilmistir.

Denemede sulama aralig1 4 giin olarak belirlenmis, her sulamada her saksi tarla kapasitesine
getirilene kadar sulama suyu uygulanmistir. Deneme 3 Temmuz 2017 tarihinde baslanmig, dikimden
deneme baslangi¢ tarihine kadar her saksidaki agaglar tarla kapasitesine getirilene kadar sulama
yapilmigtir. Stres uygulamalarina 11 Eyliil 2017 tarihinde son verilmis, stres uygulamalar1 70 giin
stirmiistir.

Denemede her bir gesit i¢in 3 farkli sulama konusu yer almigtir. Konular; Dy: her bir sulamada
saks1 harcinda eksilen nemin saksi tarla kapasitesine gelene kadar sulanmasi, D;: 1. Dy konusunda
saksilara uygulanan su miktarinin %50’sinin verilmesi, D»: Dy konusunda saksilara uygulanan su
miktarmin %25’inin verilmesi seklinde olusturulmustur. Dy konusundaki saksilar her sulama oncesi
tartilmis, eksilen su 2 1 hacimli bir meziir (50 ml hassas) yardimiyla saksilara verilmis, Do konusundaki
her bir saksiya ait mevcut nem miktar1 tarla kapasitesine getirilene kadar sulama yapilmistir. Do
konusunda yer alan saksilara uygulanan su miktarlarinin ortalamasi alinmis, diger konulara uygulanan
su miktarlar1 i¢in bu ortalama degerler dikkate alinmistir. Her bir saksinin altinda bulunan tabaga su
sizmas1 durumunda bu su tekrar saksi i¢erisine eklenmistir.

Her bir konuya ait toplam sulama suyu miktarinin belirlenmesi i¢in her sulamada uygulanan su
miktarlar1 toplanmig ve 1/bitki cinsinden hesaplanmistir. Su stresi uygulamalarinin basladig1 3 Temmuz
tarihine kadar tiim konularda yer alan saksilardaki eksik nem tarla kapasitesine gelene kadar su
uygulanmistir. Uygulanan bu miktarlar bitki su tiikketimi hesaplamalarinda dikkate alinmigtir.
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Su stresi uygulamalarinin basladiktan sonra 10 giinlik dénemler halinde hesaplanan bitki su
tiketimi i¢in Esitlik (1) kullanilmigtir (Pouyafard, 2013).

ET1gn=Ti+1- T (1)
Esitlikte;
ETogin= 10 giinliik bitki su tiiketimi (gr),
T, = Bir dnceki tartim degeri (gr),
I = ki l¢iim arasinda sulama ile uygulanan su miktari (gr),
T>, = Son 6l¢iimdeki tartim degeri (gr)

Hesaplanan bitki su tiiketimi degerleri agirlik cinsinden bulunmus, sonrasinda hacme ¢evrilerek
1/bitki cinsinden verilmistir.

2.4. Vejetatif Ol¢iimler

Farkli su stresi diizeylerinin agaglarin gelisimine etkilerini belirlemek amaciyla tiim vejetatif
Olciimler her tekerriirde secilen 1 adet fidanda yapilmistir.

Bitki boyu: Her agac i¢in as1 noktasindan fidanin en iist noktasina kadar olan mesafe serit metre
ile 6lgilmiistiir. Agaclarin gelisim dénemi siiresince 4 Temmuz, 20 Temmuz, 3 Agustos ve 11 Eyliil
olmak iizere 4 defa 6l¢iim yapilmistir.

Bitki ve kok agirliklari: Deneme sonunda, Ol¢lim yapilacak agacglar sokiildiikten ve kok
sistemlerindeki topraklar temizlendikten sonra 0.1 g hassasiyetli terazide agirliklart tartilarak bitki
agirligi degerleri belirlenmistir. Daha sonra kok bogazinin hemen iizerinden kokler kesilmis ve tartim
yapilarak kok agirliklari belirlenmistir.

Stirgtin uzunlugu: Stres konularmin uygulanmaya basladigi tarihten itibaren 4 Temmuz, 3
Agustos ve 11 Eyliil tarihlerinde olmak iizere deneme siiresince 3 defa 6l¢iim yapilmistir. Olgiimler
i¢in, her tekerriirden bir fidan se¢ilmis, fidanda tiim siirgiinlerin gévdeye baglandigi yerden en ug
noktasina kadar olan mesafe lgiilmiistiir. Olgiimler serit metre ile cm cinsinden yapilmistir.

Stirgiin ¢api: Stres konularinin uygulanmaya basladigi tarihten itibaren 4 Temmuz, 3 Agustos
ve 11 Eyliil tarihlerinde olmak iizere deneme siiresince 3 defa dl¢iim yapilmistir. Olgiimlerde siirgiin
uzunlugu ol¢iimil icin segilen fidanlar kullanilmus, siirgiin ¢apt Sl¢limii igin siirgiinlerin gévdeye
baglandig1 yerden itibaren 5. cm’de Slgiimler yapilmistir. Olgiimlerde dijital kumpas kullanilmis, mm
cinsinden 6l¢iimler gergeklestirilmistir.

2.5. Deneme deseni ve istatistiksel analiz

Deneme Tesadif Parsellerinde Faktoriyel Deneme Desenine gore diizenlenmistir. Denemede
her konuda 3 tekerriir, her tekerriirde ise 3’er adet fidan olacak sekilde planlama yapilmistir.

Denemeden elde edilen veriler JUMP istatistik paket programi kullanilarak varyans analizine
tabi tutulmus, uygulamalar arasindaki farkliliklar LSD ¢oklu karsilastirma testine gore
degerlendirilmistir.

Metin igerisinde ¢esit/ana¢ kombinasyonlarindan bahsedilirken; Deveci/OHxF 333 ¢esit/anag
kombinasyonu “Deveci”, Ankara/OHxF 333 ¢esit/ana¢ kombinasyonu “Ankara” ve Margarita/OHxF
333 gesit/ana¢ kombinasyonu ise “Margarita” olarak isimleri kullanilmugtir.

3. Bulgular ve Tartisma
3.1. Bitki su tiiketimi

Her bir ¢esit i¢in konulara ait bitki su tiikketimi degerleri Cizelge 1’de gosterilmistir. En yiiksek
su tiikketimi Deveci ¢esidinden (46.9 1) elde edilirken, Ankara ve Margarita ¢esitlerine ait degerler
birbirine yakin olmustur (sirasiyla 42.4 1 ve 42.0 1). Cesitlerin gelisim giicliniin ve vejetatif gelisimlerinin

farkli olmasi su tiikketimi degerlerini etkilemistir (Kiiglikyumuk ve ark., 2015a). Uygulanan sulama suyu
miktar1 azaldikg¢a agaglarin su tiiketimi degerleri tiim ¢esitlerde azalmistir. Armutta yapilan ¢aligmalarda
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da uygulanan sulama suyu miktarina gore bitki su tiiketimi azalmistir (Kang ve ark., 2002; Gengoglan
ve Gengoglan, 2018).

Cizelge 1. Konulara ait bitki su tiikketimi degerleri (I/agag)

Cesitler Uygulamalar
Do D Ds
Deveci 46.9 30.5 232
Ankara 42.4 27.3 20.3
Margarita 42.0 26.9 21.0
3.2. Bitki boyu

Cesitlerin bitki boyu gelisimleri farkli olmustur (Cizelge 2). Cesitler kendi igerisinde
uygulamalarin etkisi dikkate alinarak incelendiginde, su stresi uygulamalarinin istatistiksel olarak % 1
(Deveci ve Ankara gesitleri) ve % 5 diizeyinde (Margarita ¢esidi) 6nemli oldugu goriilmiistiir. Her bir
cesit icin istatistiksel olarak 2 farkli grup olmustur. Deveci ve Margarita gesitlerinde D; (% 50 su kisiti)
konusunda yer alan fidanlarin boylar1 kontrol konusundaki fidanlarla ayni grupta yer almistir. Ankara
¢esidinde ise % 50 (D1) ve % 75 (D-) su kisit1 konularmin bitki boyu tizerindeki etkileri ayn1 olmustur.
Konular kendi arasinda degerlendirildiginde, ayn1 konularda yer alan gesitlerde ise sadece % 75 su
kisintisinin yapildigi konuda (D) istatistiksel olarak farklilik olmus, diger uygulamalar i¢in cesitler
arasinda fark olusmamistir. En disiik bitki boyu degeri 110.8 c¢cm ile D, konusunda Deveci ¢esidinden
elde edilmistir. Ankara ve Margarita ¢esitleri ayni grupta yer almistir.

Dikim sirasinda tiim fidanlarda esit uzunlukta tepe kesimi yapildig1 i¢in deneme baslangig
boylar birbirine yakindir. Bundan dolay1 uygulamalarin bitki boyuna etkileri net goriilebilmistir. Bitki
boyundaki en yliksek artis degerleri, su kisit1 olmayan konular arasinda Deveci ve Ankara ¢esitlerinden
(% 25,7 ve % 23.5) elde edilmistir. % 75 su kisit1 uygulanan (D) konular arasinda en disiik bitki boyu
artis degerleri % 5.4 ve % 5.7 ile sirasiyla Margarita ve Ankara gesitlerinden elde edilmistir. Geng meyve
agagclarinda yapilan su stresi ¢alismalarinda su kisitinin bitki boyunu azalttigi bildirilmistir (Kaya, 2012;
Reddy ve ark., 2004; Giir ve San, 2017).

Cizelge 2. Armut cesitlerine ait bitki boylari

Bitki boyu (cm)

Cesitler Do D, D,
Deveci 129.1 A**6d 122.6 Aod 110.8 Bb*
Ankara 133.4 A** 109.3 B 120.9 Ba

Margarita 128.5 A* 1284 A 121.4 Ba

Biiyiik harfler uygulamalar arasi farkliliklari, kiigiik harfler ise gesitler aras1 farkliliklar1 gosterir.
** Ayni siitunda ve ayni satirda farkli harflerle gosterilen ortalamalar arasi fark 6nemlidir (p<0.01).
*Ayni siitunda ve ayni satirda farkli harflerle gosterilen ortalamalar arasi fark onemlidir (p<0.05).
6d onemli degil.

Deveci Margarita Ankara
e Margarita DO ey Margarita D1 e Ankara D2 eosfjems Ankara D( e Ankara D1
el Deveci D) ey Deveci D] esmmQOummm Deveci D2 Margarita D2

140 - 140 4+ 140 -
- 130
E 130 130 -
=
E 120 120 4 120 4
z
&2 110 110 A 110

100 . r r v » 100 r r r r . 100 T T T T \

4.07. 20.07. 03.08. 11.09. 4.07. 20.07. 03.08. 11.09. 4.07. 20.07. 03.08. 11.09.

Sekil 2. Bitki boyunun donemsel degisimi ve artis oranlari (kutucuklarda gosterilen).
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3.3. Bitki Agirhklar

Su stresi uygulamalarinin bitki agirligi degerlerine etkisini net olarak belirleyebilmek i¢in deneme
kurulma agamasinda tiim fidanlar ayni noktadan tepe kesimi yapilarak tartilmis, agirlik degerleri
birbirine yakin olan fidanlar secilmistir (Sekil 3). Cesitler kendi igerisinde degerlendirildiginde, her
uygulama istatistiksel olarak farkli grupta yer almistir (Cizelge 3).

Uygulamalar dikkate alindiginda, Ankara ¢esidi her iki su stresi konusunda da ilk grupta yer almis,
Deveci ¢esidi her iki su stresi uygulamasinda da 2. grupta yer almistir. Artis oranlarma gore, tim
konularda en diisiik degerler Deveci ¢esidinden elde edilmistir.

Cizelge 3. Bitki agirlig1 6l¢lim sonuglari ve artig oranlari

Bitki agirhg (g)

itl
Cesitler Do D D2
. 392.5 A**od 302.5 Bb* 208.8 Cb**
Deveci
Artis oran1 (%) 136.1 82.2 26.1
Ankara 420.0 A** 337.5 Ba 235.0 Ca
Artis oran1 (%) 169.9 115.4 50.6
Marearita 455.0 A** 313.8 Bb 242.5 Ca
£ Artis orant (%) 2204 118.2 69.0

Biiyiik harfler uygulamalar arasi farkliliklari, kiigiik harfler ise gesitler arasi farkliliklar1 gosterir.
** Ayni siitunda ve ayni satirda farkli harflerle gosterilen ortalamalar arasi fark énemlidir (p<0.01).
6d onemli degil.

Bitki agirhg:

500 m Dikimde Sokiimde

) B
S S
S S
I I

Bitki agirhig (g)
[\)
S
S

0 A
D0|D1|D2 DO|D1|D2 DO|D1 D2
Deveci Ankara Margarita

Sekil 3. Dikimde ve sokiimde bitki agirliklar.
3.4. Kok Agirhklar:

Su stresi uygulamalarinin kok agirligi degerlerine etkisini net olarak belirleyebilmek igin
deneme kurulma asamasinda dikimden Once tiim fidanlarda esit oranda kdk budamasi yapilmistir.
Cesitler kendi arasinda uygulamalar dikkate alinarak degerlendirildiginde, kok agirligi degerleri
tizerinde su kisit1 uygulamalarinin etkisi istatistiksel olarak 6nemli bulunmustur (p<0.01 ve p<0.05). %
50 su kisitinin (D,) Deveci ve Ankara gesitlerinde kdk gelisimini azaltici olumsuz bir etki yapmadigi
belirlenmistir (Cizelge 4). Su stresi uygulanmayan konular ile % 50 su kisiti konular1 bu ¢esitlerde
istatistiksel olarak ayni grupta yer almistir. Margarita ¢esidinde ise % 50 ve % 75 su kisitt konulari (D;
ve D) istatistiksel olarak ayni grupta yer almugtir.

Her bir uygulama kendi arasinda ¢esitler dikkate alinarak degerlendirildiginde ise, her iki su
kisit1 uygulamasinda (D, ve D,) Ankara ¢esidi en yliksek kdk gelisimi gosteren ¢esit olmustur. OHFx333
anaci lizerine asili Deveci ve Ankara ¢esitlerinin erken yaslarda bile orta derecede siddetli su stresi
durumunda (% 50 su kisiti-D, konusu) kok agirliklarini artirma 6zelliklerine sahip olduklar
belirlenmistir. Bu sonug, arazi kosullarinda bu ¢eside ait agaglarin etkili kok bolgelerinde suyun
azalmas1 durumunda kdk gelisimini artirarak daha genis bir alanda suya ulagabilecegini gosterir.
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Cizelge 4. Kok agirligi 6l¢iim sonuglari

. Kok agirhg (g)
Cesitler Do D D>
Deveci 37.5 A*¥*6d 40.0 Aab* 12.5 Bb*
Ankara 45.0 A* 52.5 Aa 22.5Ba
Margarita 52.5 A** 27.5 Bb 17.5 Bab

Biiyiik harfler uygulamalar arasi farkliliklari, kiigiik harfler ise gesitler aras1 farkliliklar1 gosterir.
** Ayni siitunda ve ayni satirda farkli harflerle gosterilen ortalamalar arasi fark énemlidir (p<0.01).
*Ayni siitunda ve ayni satirda farkli harflerle gosterilen ortalamalar arasi fark dnemlidir (p<0.05).
6d onemli degil.

Farkli oranlarda uygulanan su stresi uygulamalar1 ¢esitlere gore degisen oranlarda olsa da bitki
ve kok agirligint etkilemistir. Kurak kosullarin olustugu ilk doénemlerde, bitki daha fazla suya
ulasabilmek icin kok gelisimini tetikler (Oztiirk, 2015). Bu durum Deveci ve Ankara cesitlerinde
belirlenmis, % 50 su kisitinda bu gesitlere ait kokler suyu bulmak amaciyla kontrol konusuna gore daha
fazla gelisim gostermislerdir. Buna karsin, kurak kosullarin bitkide hasara yol acabilecek kadar siddetli
olmasi durumunda kok gelisimi yavaslar veya durur (Farooq ve ark., 2009; Kamiloglu ve ark., 2014,
Oztiirk, 2015).) Su stresi vejetatif gelisim iizerinde de olumsuz etkiye sahiptir, hiicre biiyiimesi ve
boliinmesi lizerinde olumsuz etki olusturarak vejetatif gelismeyi (bitki boyu, kok gelisimi vb.) engeller
(Robinson ve Barrit, 1990; Kaynas ve ark., 1997; Eris ve ark., 1998; Ozyurt, 2011).

3.5. Siirgiin Uzunlugu ve Cap1

Su stresi uygulamalarinin siirgiin uzunluguna etkisi istatistiksel olarak 6nemli bulunmus (p<0.01
ve p<0.05), siirglin uzunlugu su stresi uygulamalarindan olumsuz etkilenmistir, kisit miktar1 arttik¢a
siirgiin gelisimi azalmigtir (Cizelge 5). Siirgiin uzunlugu degerlerine gore gesitler kendi igerisinde
uygulamalar dikkate alinarak degerlendirildiginde Margarita ¢esidinde % 50 ve % 25 su kisitinin ayni
etkiye sahip oldugu goriilmiistiir.

Her bir uygulama kendi arasinda cesitler dikkate alinarak degerlendirildiginde, su stresi
uygulanmayan konulardan (Do) her ii¢ ¢esit i¢in birbirine yakin siirgiin gelisimi degerleri elde edilmistir.
Do ve D; konularinda gesitler arasinda istatistiksel olarak farklilik bulunmadigir % 75 su kisitinin
uygulandig1 konuda ise (D,) Deveci ve Ankara ¢esitlerine ait siirglin uzunlugu degerlerinin ayn1 grupta
yer aldig1 gérilmiistiir.

Su stresi uygulamalarinin bagladigi tarihten itibaren 3 farkli tarihte (4 Temmuz, 3Agustos ve 11
Eyliil) siirgiin uzunluklar1 6l¢iilmiis, donem siiresince yapilan dlglimler ve artis oranlar1 Sekil 4’te
verilmistir. Buna gore en yiiksek artis orani su stresi uygulanmayan konularda % 59.9 ile Ankara
cesidinden elde edilmistir. Tiim konularda en yiiksek siirgiin uzunlugu degerleri Ankara ¢esidinden elde
edilmistir. Su kisit1 miktar1 arttik¢a siirglin gelisimi azalmistir. En disiik artis oranlari D, konusunda
Deveci ve Margarita ¢esitlerinde belirlenmistir (sirasiyla % 4,8 ve % 4.5). Donem boyunca yapilan
Olgtimler incelendiginde D, konusunda adi gegen ¢esitlerde siirgiin gelisiminin daha duragan oldugu
goriilmiigtiir. Stirglin uzunlugu degerleri, su stresi uygulanmaya basladiktan 30 giin sonra (4 Agustos)
daha etkili olmus, D ve D, konularindaki agaglarda siirgiin gelisimi yavaslamistir. Bu sonug, yetisme
ortaminda elverisli su miktarinin azalmasiyla da ilgilidir (Kiigiikyumuk ve ark., 2015b).

Cizelge 5. Denemeden elde edilen siirgiin uzunlugu degerleri

Siirgiin uzunlugu (cm)

Cegsitler Do D, D,
Deveci 41.9 A**od 34.0 ABod 27.2 Bb*
Ankara 41.4 A* 32.4 AB 28.9 Bb

Margarita 44.8 A** 34.8B 32.7 Ba

Biiyiik harfler uygulamalar arasi farkliliklari, kiigiik harfler ise gesitler aras1 farkliliklar1 gosterir.
** Ayni siitunda ve ayni satirda farkli harflerle gosterilen ortalamalar arasi fark énemlidir (p<0.01).
*Ayni siitunda ve ayni satirda farkli harflerle gosterilen ortalamalar arasi fark 6nemlidir (p<0.05).
6d onemli degil.
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Sekil 4. Siirgiin uzunlugunun dénemsel degisimi ve artis oranlari (kutucuklarda gosterilen).

Su stresi uygulamalarmin siirgiin ¢apr gelisimine etkisi sirgiin uzunluguna benzer olmus,
istatistiksel olarak énemli bulunmustur (p<0.01 ve p<0.05). Cesitlere kendi igerisinde uygulamalarin
etkisi dikkate alindiginda, her bir farkli su stres diizeyinin istatistiksel olarak etkisine gore farkl
gruplarda yer aldigi belirlenmistir. Bu sonug, etkili kok bolgesinde toprak nemi seviyesinde azalma
oldugu durumlarda, su eksikliginin siirgiin ¢ap1 tizerinde etkili oldugunu gosterir. Her bir uygulama igin
cesitler degerlendirildiginde, Margarita ¢esidinin su stresi uygulamalarinda en yiiksek degerleri verdigi
belirlenmistir.

Siirgiin ¢ap1 artis oranlari su stresi olmayan konularda birbirine yakin degerler gostermistir. %
50 su kisit1 uygulanan konularda siirgiin ¢api su stresi uygulamalarindan 30 giin sonra daha duragan bir
gelisme gostermistir. Tiim ¢esitler i¢in D, stres uygulamasinda yer alan agaglara ait siirgiin ¢ap1 degerleri
azalma gostermistir. Bu deger Deveci ve Ankara gesitlerinde en fazla olmustur (sirasiyla % -9.6 ve % -
9.3). Sharma ve Sharma (2008) ve Bolat ve ark. (2014) armutta su stresinin siirgiin ¢apinda azalmaya
neden oldugunu bildirmislerdir.

Cizelge 6. Denemeden elde edilen siirgiin ¢ap1 degerleri

Siirgiin cap1 (mm)

Cesitler Do D D,
Deveci 6.54 A**od 4.73 Bb* 3.97 Cb**
Ankara 6.84 A** 5.35 Bab 4.34 Cb

Margarita 7.04 A** 5.93 Ba 4.84 Ca

Biiyiik harfler uygulamalar arasi farkliliklari, kiigiik harfler ise gesitler aras1 farkliliklar1 gosterir.
** Ayni siitunda ve ayni satirda farkli harflerle gosterilen ortalamalar arasi fark énemlidir (p<0.01).
*Ayni siitunda ve ayni satirda farkli harflerle gosterilen ortalamalar arasi fark dnemlidir (p<0.05).
6d onemli degil.

Sivritepe ve ark. (2008), Correa-Tedesco ve ark. (2010) ve Bolat ve ark. (2014) su stresi
uygulamalarinin meyve agaglarinda siirgiin gelisimini azalttigini bildirmistir.

Bitkinin yetisme donemi boyunca, etkili kok bolgesi olarak adlandirilan bolgede bitki tarafindan
almabilen elverigli nem miktarmin azaldigi durumlarda koklerin su alimi azalir. Su stresi sonunda bitki
hiicrelerinde hiicre su potansiyelinin azalmasi, turgor basincinin azalmasi vb. birtakim olaylar meydana
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gelir. Bu olaylarin sonucu olarak bitkilerde biiyiime hiz1 yavaslar ve vejetatif gelisim olumsuz etkilenir
(Kocagaligkan 2005).

Armutun da i¢inde bulundugu 1liman iklim meyve tiirleri dikim yilindan itibaren yogun vejetatif
gelisim gosterirler. Bu nedenle bu ¢alismada vejetatif gelisim parametreleri dikkate alinmistir. Etkili
kok bolgesinde toprak neminin azalmasiyla birlikte bitki gelisimlerinde azalmalar gézlenmistir. Farkli
oranlarda yapilan su stresi uygulamalar1 sadece bir parametreyi degil geng meyve agaglarinin tiim
vejetatif gelisiminde etkili olmustur. Buradan ¢ikacak sonug; su stresi tek bir organi ya da parametreyi
degil, agacin tamamini etkilemistir. Yani suyun bitkiye girdigi kdklerden itibaren suyun ulastigi en ug
noktasina kadar su stresi etkili olmustur.
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7 71 %418 118 -9.6 74 %386 186 -9.3
g
2 6 6
g
=
= 5
E‘J 5
g
4 4
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Sekil 5. Siirgilin ¢apiin donemsel degisimi ve artis oranlar1 (kutucuklarda gosterilen).

Bu tip ¢alismalarda amag; su stresinin etkilerini belirlemek, ana¢ ve ¢esitler arasinda en az
etkilenen kombinasyonu tespit etmek, bunlari armut yetistiriciligi yapilan bdlgelerde 6zelikle yeni dikim
yapilan alanlarda su kaynaklarinin durumuyla iliskilendirmek ve nihai olarak ireticilere tavsiye
etmektir. Bunlara ek olarak meyve agaclariin sadece vejetatif degil tiriin verdigi donemlerin yani ileriki
donemleri igin de bu tip ¢aligmalarin yapilmas: muhakkak dnem tagimaktadir.

4. Sonug¢

Armut yetistiriciligine olan talebin artmasi nedeniyle farkli gelisim 6zelliklerine sahip anaglarin
yani sira yeni gesitler de iireticiler tarafindan kullanilmaya baglanilmigtir. Meyve yetistiriciliginde anag-
su iligkilerinin iyi irdelenmesi, hali hazirda elverisli su kaynaklar1 bakimindan sinirli bir miktara sahip
olan {ilkemiz tarimsal iiretimi i¢in biiylik 6nem tagimaktadir. Armut yetistiriciligi yapilan bolgelerde
kullanilan anacin yaninda ¢esitlerin 6zelliklerinin de yani gesit/ana¢ kombinasyonunun suya karsi
tepkilerinin bilinmesi su kaynaklart kullaniminin planlanmast ve verimli kullanilmasi agisindan
onemlidir. OHFx333 anac1 lizerine asili Deveci, Ankara ve Margarita gesitlerinin bitki su tiiketimi ve
vejetatif gelisimi {izerine su stresinin etkilerinin incelendigi bu ¢alismada; ana¢ ayni1 olsa dahi ¢esitlerin
su stresine karsi gosterdikleri tepkilerin farkli oldugu belirlenmistir. Su stresi uygulamalarinin
yogunluguna bagli olarak denemede 6lgiilen tiim parametreler olumsuz etkilenmislerdir. Vejetatif 6lglim
sonuglarma gére OHFx333 anacina asili Margarita ¢esidinin su stresinden en az etkilenen ¢esit oldugu
belirlenmistir. Su stresine karsi gostermis olduklar1 dayaniklilik bakimindan OHFx333 anaci iizerine
asili armut gesitlerinin siralamasi Margarita, Ankara, Deveci seklinde olmustur. Calisma sonucuna gore
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su kisit1 olan bolgelerde sozii edilen ¢esitlerden OHFx333 anaci {izerine asili Margarita ¢esidi armut
tireticilerine tavsiye edilebilir.

Bu c¢alismadan elde edilen sonuglar armut agaglarmin ilk gelisim yillarina ait oldugundan,
benzer ¢aligmalarin ekonomik verim ¢agindaki ayni ¢esit/ana¢ kombinasyonlarinda da tekrarlanmasi
yerinde olacaktir.
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Abstract: Seed storability of 22 selected soybean mutant lines from
Argomulyo population irradiated by gamma ray were assessed by rapid
aging tool, APC-IPB 77-1MM. Seed viability and vigor parameter observed
due to genetic factors. The 90% ethanol was applied for 20, 40, 60 and 80
min as accelerated aging test. M100-96-53-6 was estimated that has good
storability with less seed deterioration rate expressed by slow slope of
germination percentage, germination speed and electrical resistance value
after 20-80 min of chemical accelerated aging. Electrical resistance (ER)
test could be as alternative and a substitute of electrical conductance (EC)
test as alternative of vigor test. The high heritability and moderate to high
genetic advance were noted on all parameters except moisture content.
Germination percentage and germination speed could be reviewed for early
stage selection to improve traits at the next generation based on R-square
value of regresion and genetic parameters obtained.

Hizlandirilmis Yaslandirma Yapilan Argomulyo Soybean (Glycine max (L.) Merr.)
Mutant Hatlarina Ait Tohumlarin Depolanabirligi ve Genetik Parametrelerinin

Belirlenmesi™*

Makale Bilgileri

Gelis: 08.04.2021

Kabul: 25.08.2021

Online Yayimnlanma: 15.09.2021
DOI: 10.29133/yyutbd.911571

Anahtar Kelimeler
Etanol,

Genetik,

Baklagil,

Canlilik,

Vigor (Giig)

Ozet: Gama 151m ile 1smlanmis olan Argomulyo popiilasyonundan
secilen 22 soya fasulyesi mutant hatlarinin tohum depolanabilirligi, APC-
IPB 77-1MM olarak bilinen hizl1 yaglandirma aleti ile degerlendirilmistir.
Hizlandirilmis yaglandirma testinde 20, 40, 60 ve 80 dakika icinde
uygulanarak % 90 etanol kullanilmistir. M100-96-53-6 'nin 20-80 dakika
kimyasal hizlandirilmis yaslandirma yapildiktan sonra tohumun
cimlenme orani, ¢cimlenme hizi ve elektriksel direng degerinde yavaslama
egilimi gosterilerek daha az tohum bozulma oranmin yan sira iyi
depolanabilirlige sahip oldugu tahmin edilmistir. Vigor (gii¢) testi i¢in
elektrik iletkenligi (EC) testi yerine bir alternatif olarak elektrik direnci
(ER) testi kullanilabilmektedir. Nem icerigi hari¢ tiim parametrelerde
bitkilerin kalitim derecesi yiiksek ve genetik ilerleme orta ila yiiksek
oldugu kaydedilmistir. Regresyonun elde edilen R-kare degeri ve genetik
parametreler degeri bakimindan sonraki nesilde 6zellikleri iyilestirme
amactyla segime (seleksiyona) ilk asama i¢in tohumun ¢imlenme orani ve
cimlenme hiz1 gézden gegirilebilmektedir.

** This article extracted from B.Sc. thesis of Siti MAESAROH.
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1. Introduction

Soybean, as source of functional food, containing about 37% of vegetable protein is one of the
important legume crops in Indonesia with 0.539 million tons in 2017 (Ministry of Agriculture, 2018). It
can be used as raw material due to about 25% of its oil content (Pereira et al., 2011). The supply of
soybean in Indonesia is only about 30% of national demand per annum due to low productivity with 1-
1.5 ton/ha productivity. National production is reducing day after day with every increase in the national
(BPS, 2015).

High production and productivity to achieve soybean self-sufficiency must be supported by
supplying superior varieties with high quality seeds. Mutation breeding providing a source of genetic
variation by developing and increasing genetic variability through mutation induction is necessary for
improving crop yield and quality (Shu et al., 2011).

Deterioration of soybean seed is faster than cereals crop seed due to high protein and fat contents
(Lisjak et al., 2009). Sofalian et al. (2015) noticed that polymorphism of storage protein on seed of
soybean genotypes could be used as for selection. Soybean seed viability among cultivars showed
gradual decreasing with increasing storage periods up to six months (El-Abady et al., 2012). Mbofung
et al. (2013) noted that soybean seed viability expressed by germination percentage was affected by
environmental factors during storage.

The Accelerated Aging (AA) test that established an injurious environmental condition (high
temperature and relative humidity) for a specific period is applied in the chamber to evaluate the
storability of seed lots (Gupta, 1993). The effectivity and good accuracy of accelerated aging with high
temperature and RH for minimum 24 hours had been noted to predict relative storability and field
emergence of soybean (TeKrony and Egli, 1997; Torres et al., 2004; Shivasharanappa et al., 2017).
Demir and Mavi (2007) also noted the utilization of accelerated aging on melon seed lots for predicting
seedling emergence.

MPC IPB 77-1, a rapid aging machine that had been introduced by Sadjad et al. (1982) is used
to estimate seed storability by chemical aging of 95% ethanol. It has been developed to MPC IPB 77-1
M which provide shorter time of chemical accelerated aging test (Sadjad, 1991). The modified rapid
aging tool of APC IPB 77-1MM from MPC IPB 77-1 M can be used to accelerate the deterioration of
seeds with chemical or physical accelerated aging (Suhartanto, 1994). It has 60% smaller size chamber
than previous model which can avoid vapor leakage lead to direct contact of seeds with vapor. The APC
IPB 77-1 MM has been designed by placing the seeds in a non-stationary state and allowing for gradually
seed devigoration.

Electrical conductivity (EC) test is one of tool to determine seed vigor loss (Gupta, 1993). The
using conductivity meter for testing vigour seed is sometimes limited in the university’s seed laboratory
due to its availability. Electrical conductivity of solution can be obtained by measuring its resistance
which has positive correlation with resistivity value. Electrical resistivity is described as reciprocal of
conductivity (Heaney, 2003 and 2014). The use of ohmmeter as a resistance measurement tool is quite
easy, practical and cheap.

The research aims are to estimate seed storability of soybean mutant lines with chemical
accelerated aging by utilizing APC IPB 77-1MM, check effectivity of electrical resistance measuring
for vigor test and determine genetic parameters value for supporting selection.

2. Material and Methods

The soybean line seeds of M7 population harvested at the same time were dried at 105+3 °C for
24 h to determine seed moisture content in the beginning and after accelerated aging treatment (ISTA,
2007). The selected lines of M7 population were used in respect to M7 population which is generally
used as advanced yield potential trial due to their stability and uniformity to get promising new variety.

The seeds moisturized between paper towel for 12 h were used for chemical accelerated aging
with 95% ethanol vapor using Rapid Aging Tool (APC IPB 77-1MM) during different levels of
treatment durations (20, 40, 60 and 80 min). Each of twenty-five treated seeds were placed between
moist paper towel. The seeds rolled paper towel were germinated in growth cabinet at 24+1 °C under
dark conditions for 5 days.
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Figure 2. Rapid aging tool of APC IPB 77-1MM.
2.1. Measurement

Germination percentage (GP)

Germination percentage one of standard germination test is simple to measure seed viability.
Evaluation of normal seedlings (2 mm radicle) was observed on the fifth day of standard germination
test. The degree of complete germinated seed over germination period was expressed as percentage
following Bewley and Black (1994):

GP (%) = = x 100% (1)
With GP (%) = germination percentage, n = the number of normal germinated seeds at “i” day, N= the
total number of incubated seeds per test.

Germination speed (GS)

Speed of germination, a direct measure of seed vigor can be expressed by germination index on
one hundred seeds (from partial germination counts with percentages instead of counts) was calculated
using Equation 2 (Gupta, 1993).
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number of normal seedling number of normal seedling

Gl =

2)

days to first count T days to final count

Electrical resistance
The resistivity can be found by measuring resistance and physical dimension of material.
Conductivity value can be calculated by inversing resistivity value (Heaney, 2003 and 2014).

_Rwh

p=" 3)

with p is resistivity, R is resistance and w (width), h (heigth) and 1 (Iength) are physical dimension

0 =- )
p
with o is conducitivity.

Measurement of the electrical resistance (R) value of seeds used an electrical resistance meter
(Ohmmeter). Twenty-five (25) seeds were soaked for 24 h in 100 ml of distilled water. After 24 h the
seeds were stirred to ensure mixing and electrical resistance value was measured.

2.2. Statistical analysis

The experiment was designed in a Nested Plot Design with 22 soybean lines and two control
varieties (Argomulyo as wildtype and Tanggamus as acid-tolerant variety) nested within five period of
accelerated aging in 0, 20, 40, 60 and 80 min were distributed in to 3 replications. The percentage data
were transformed by Arcsine transformation (Steel and Torrie, 1980) before the analysis of variance
using computer statistical software “SAS’’ and difference among the means were made using t-Dunnet.
Pearson Correlation coefficient and regression among germination parameters were analyzed using
computer statistical software “MINITAB 14,

Table 1. ANOVA models and estimate of variance components

Source of variation Degrees of freedom  Mean squares E(MS)
Duration d-1 M5 0ot 2.0% 14+ gro’,
Rep (Duration) d(r-1) M4 o’et g6 1l
Genotype g-1 M3 0% + 1.0%ra+1.d 0%
Genotype*Duration (g-1)(d-1) M2 0% + 1.0%gxd
Error d(g-1)(d-1) Ml o’

Note: d (duration), g (genotype), r (replication) E (expected) (Annicchiarico, 2002).

Estimation of variance componetns were calculated by using formula (Syukur et al., 2012):

Phenotypic variance (c%)) =067y +0%gre/d+ 0% /rd (5)
Genotypic variance (6°) =(M3-M2)/rd (6)
Interaction variance (6%g+c) =(M2-Ml1)/r (7
Environmental variance (o) =Ml

With r (replication), d (duration), and M1-M3 (mean square).
Heritability (h?) was calculated using formula described by Tinker (2008) and categorized by
Stansfield (1991):

h’s= 6%/ 6% ®)
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h%s  :Broad sense heritability
o’y :Genetic variance
o’ : Phenotypic variance.

Phenotypic Coefficient of Variation (PCV) and Genotypic Coefficient of Variation (GCV) were
determined by a formula suggested by Singh and Chaudhary (1985) as:

PCV (%) = (No?, / X) x 100 % )

GCV (%) = (Vo?s/ X) x 100 % (10)
with X (sample mean of character).

Genetic advance (GA) and percentage of means (GAM) was computed according to Johnson et
al. (1955) and Singh and Chaudhary (1985):

GA =K x Vo?, x h%, (11)
GAM (%)= (GA / X) x 100% (12)
Where, K =2.06 with assumption of 5% selection intensity for the respective trait.

3. Results and Discussion

3.1. Moisture Content

The initial moisture content among soybean mutant lines were uniform with values 8-9%. These
moisture content values are recommended for storing of soybean seeds that have high protein content.
The uniformity of seed water content is important to get standardization and to obtain greater reliability.
The results confirm that high humidity level on seeds could be influenced by accelerated aging that leads
to lowering or reduction seed quality (Marcos Filho, 2015). The uniform seed moisture contents of 29-
34% were noted after moisturizing and decreased between 28-31% after accelerated aging of each
duration in contrast to Toledo et al. (2011) who reported uniformity of seed moisture content in each
exposure duration and their increasing after time passed. Imaniar (2012) notified that decreasing
moisture content after chemically accelerated aging is caused by replacement of water by ethanol which
is easy-accessable in binding water molecules and lead entering ethanol into seeds. While the increasing
moisture content after physical accelerated aging is caused by entering water vapor into seeds.

3.2. Seed Viability and Vigor

There was a significant (p <0.05) different effect between the interaction of accelerated aging
duration and genetics on seed germination of soybean mutant lines (Table 2). Performance of manually
harvested soybean mutant lines seeds have high initial seed viability. They showed more than 80% of
germination percentage in the beginning (0 min) without application of increased accelerated aging.
However, germination percentage decreased by increasing the duration of chemical accelerated aging
on soybean mutant lines in agreement with Imaniar (2012). Mohammadi et al. (2011) noted decreasing
germination percentage, germination rate and the normal seedling percentage that indicate seed
deterioration of soybean.

The different responses among soybean lines during accelerated aging period in agreement with
Mustika et al. (2014) who noted difference of decrease rate of germination on Anjasmoro and Wilis
varieties treated by physical accelerated aging. M100-96-53-6 line had a significantly higher
germination percentage of 80% than Argomulyo on 60 min and 80 min of a duration of chemical
accelerated aging. Germination percentage of M100-29A-42-15 line was noted significantly higher than
Argomulyo and germination percentage of M200-20-52-3 line was noted significantly less than
Argomulyo and Tanggamus on 60 min of accelerated aging duration. They indicated high seed
longevity of M100-96-53-6 line and low seed longevity of M200-20-52-3 line due to seed viability after
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accelerated aging. It can be predicted that M100-96-53-6 line and M200-20-52-3 line have good and
bad storability respectively. These differences expressed by germination percentage on soybean mutant

lines might be related to genetic, structural characteristics and chemical composition, as confirmed by
Sheidaei et al. (2014).

Table 2. Effect of accelerated aging duration and soybean mutant lines on germination percentage

Mutant lines Duration of accelerated aging (min)
0 20 40 60 80
Percentage (%)
M50-97-8-12 933 90.0 87.3 80.7 48.0
M50-78-9-13 94.7 95.3 89.3 62.7 34.7%
M50-45-9-12 88.0 83.3 86.7 80.0 56.7
M100-96-53-7 96.7 92.0 83.3 82.0 60.0
M100-96-53-6 92.7 90.0 92.0 91.3* 87.3*"
M100-46-44-6 89.3 84.0 77.3 71.3 56.7
M100-29A-42-15 95.3 89.3 92.0 92.7* 72.7
M100-29A-42-14 94.0 91.3 81.3 61.3 32.0°
M100-29A-42-10 88.7 86.0 88.7 80.0 70.0
M150-69-47-2 88.7 85.3 75.3 72.7 36.7"
M150-40-65-5 86.7 83.3 72.7 44.7 19.3%
M150-29-44-10 95.3 87.3 81.3 81.3 63.3
M150-24-48-2 92.0 86.0 80.7 58.7 18.0"
M200-93-49-13 94.0 91.3 84.0 84.7 65.3
M200-79A-50-5 88.7 84.7 84.7 77.3 62.7
M200-64-51-2 89.3 86.0 86.0 62.7 453
M200-62-54-4 94.7 91.3 72.0 66.0 34.0"
M200-39-69-6 82.0 67.3 64.7 453 24.7%
M200-20-52-3 96.0 88.7 71.3 17.3 % 10.0"
M200-20-52-11 98.0 96.0 86.0 85.3 65.3
M200-13-47-5 87.3 84.7 72.7 47.3 22.0"
M200-6B-58-7 85.3 84.0 76.7 66.0 36.0"
Argomulyo 85.3 72.0 74.0 55.3 34.7
Tanggamus 94.0 90.7 87.3 78.0 85.3

Means followed by the a letter within a column differ significantly of Argomulyo and t letter within a column differ significantly of Tanggamus
at 5% level with Dunnet-test, (-) = less than, (+) = higher.

A significant (p < 0.05) different effect was noted between the interaction of accelerated aging
duration and genetic on germination speed of soybean mutant lines (Table 3). The decline in seed vigor
expressed by germination speed values was noted on all soybean mutant lines. The increasing duration
of accelerated aging caused reduction of germination speed in agreement with Mohammadi et al. (2011)
and Rastegar et al. (2011). Summarily, accelerated aging decreased both germination percentage and
germination speed of soybean similar to Imaniar (2012) who noted the loss of germination percentage
and germination speed of Anjasmoro soybean variety seeds due to chemical and physical accelerated
aging.

Generally, non-significant germination speed values of soybean mutant lines were higher than
Argomulyo and lower than Tanggamus in each duration of accelerated aging. M100-96-53-6 line had a
higher significant germination speed value than Argomulyo and closed to Tanggamus that indicated its
ability to germinate faster and higher. According to germination speed value, M100-96-53-6 line has
been estimated that is more vigorous and has good storability than other lines.

There were significant electrical resistance values among soybean mutant lines which are less
than Argomulyo and Tanggamus in each duration of accelerated aging (Table 4). A few soybean mutant
lines had a higher electrical resistance value than Argomulyo at 20 min of accelerated aging duration.
The increasing duration of accelerated aging decreased the electrical resistances value of all soybean
mutant lines. Decreasing electrical resistances values might be caused by membrane damage or loss of
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membrane integrity led to electrolyte leakage. The increasing ionic concentration of seed soaking
solution contributed to higher conductivity. It means that decreasing electrical resistances followed by
decreasing electrical resistivity led to increasing electrical conductivity on solution as confirmed by
Heaney (2003 and 2014).

Table 3. Effect of accelerated aging duration and soybean mutant lines on germination speed

Mutant lines Duration of accelerated aging (min)

0 20 40 60 80
M50-97-8-12 42 34 29 24 14%
M50-78-9-13 44 35 29 20 11"
M50-45-9-12 45 31 30 26 19
M100-96-53-7 42 33 28 28 20
M100-96-53-6 45 32 31 30 29*"
M100-46-44-6 36 31 25 24 17
M100-29A-42-15 44 34 31 30 23
M100-29A-42-14 44 35 28 19 12¢
M100-29A-42-10 44 32 31 24 24
M150-69-47-2 34 35 26 23 15%
M150-40-65-5 34 31 26 17 6"
M150-29-44-10 43 30 28 25 21
M150-24-48-2 42 32 26 18 7"
M200-93-49-13 40 34 25 28 23
M200-79A-50-5 40 29 27 25 20
M200-64-51-2 41 30 29 21 17
M200-62-54-4 50 35 25 20 9"
M200-39-69-6 36 23" 21" 14 8"
M200-20-52-3 44 31 24 4+ 3¢
M200-20-52-11 46 33 30 28 21
M200-13-47-5 42 30 25 15 9"
M200-6B-58-7 39 27 26 22 12"
Argomulyo 38 27 24 17 13
Tanggamus 44 41 34 27 30

Means followed by the a letter within a column differ significantly of Argomulyo and t letter within a column differ significantly of Tanggamus
at 5% level, (-) = less than, (+) = higher.

The unexpected data on untreated soybeans seeds which are showing values lower than 20 min
treatment seeds might be caused by seed genetic as genetic variability and purity, size and weight
(physical) uniformity and purity and less environmental factor. Although used seeds of M7 were selected
from same seed lot, mentioned reasons might influenced on measuring electrical resistance between
untreated seeds and 20 min treatment seeds. Each lot has its own characteristics led to seeds which have
a common genotype might vary in their vigor depending on the maternal environment and their harvest
and handling (Finch-Savage and Bassel, 2016). Each seed of seed lot which are produced and handled
at the same time might have varying in vigor due to its own characteristic (Kuswanto, 2007). These
unexpected data have been also suggested due to soaking time inaccuracy. The soaking time on untreated
seeds might be slightly over 24 hours led to increasing the amount of electrolyte leakage impacted to
low electrical resistance value. Hartati (2019) reported that the increasing soaking time on sesame seeds
caused the increasing electrical conductivity.

3.3. Effectivity of utilization electrical resistance
A significant and strong positive correlation was noted between electrical resistance and other
parameters (Table 5). It indicated that value of evaluated parameters increased with increasing electrical

resistance value. It is indicated that resistivity value correlated positively with resistance value on same
measured solution of soybean. It is also estimated that a solution which has high resistivity will has low
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conductivity in agreement with Heaney (2003 and 2014). Oktaviani (2012) verified that conductivity
value had a negative correlation with germination percentage and germination speed on black soybean.

Table 4. Effect of accelerated aging duration and soybean mutant lines on electrical resistance

Mutant lines Duration of accelerated aging (min)
0 20 40 60 80
Ohm (Q)

M50-97-8-12 21.33% 25.50* 17.33% 16.17 12.33%
M50-78-9-13 21.00" 22.67" 17.33% 15.17" 11.33%
M50-45-9-12 20.00" 24.67 18.33 14.83" 12.50"
M100-96-53-7 21.33% 24.00" 16.00" 15.50" 12.42%
M100-96-53-6 2233 23.17% 17.00" 17.00 15.00
M100-46-44-6 20.67" 22.00" 15.67" 15.83 12.83
M100-29A-42-15 22.33 23.67" 17.67" 16.50 13.83
M100-29A-42-14 19.83" 24.67 13.17* 13.83% 11.00"
M100-29A-42-10 21.00" 26.00* 18.67 15.67" 14.17
M150-69-47-2 20.33" 21.67" 17.00" 15.83 11.00"
M150-40-65-5 21.00" 2433 17.00" 13.67" 10.50"
M150-29-44-10 20.33" 23.33% 16.83" 15.83 12.50"
M150-24-48-2 21.67" 24.50 16.00" 15.00" 9.67"
M200-93-49-13 20.00" 2533 16.67" 16.00 13.00
M200-79A-50-5 20.67" 23.67" 15.83" 15.50" 12.83
M200-64-51-2 18.83% 2433 19.00 14.83" 11.33%
M200-62-54-4 21.33% 26.00* 16.67" 14.50" 9.83"
M200-39-69-6 21.50" 22.67" 15.67" 13.67" 11.33%
M200-20-52-3 20.00" 24.00" 17.17" 13.17" 8.83%
M200-20-52-11 20.00" 24.17% 17.00" 15.17" 12.00"
M200-13-47-5 19.83% 21.50" 17.17" 13.17" 8.75%
M200-6B-58-7 20.83" 19.67" 17.83" 14.83" 11.67"
Argomulyo 23.33 20.33 17.17 15.67 13.17
Tanggamus 26.67 29.33 22.67 18.67 16.17

Means followed by the a letter within a column differ significantly of Argomulyo and t letter within a column differ significant of Tanggamus
at 5% level, (-) = less than, (+) = higher.

Table 5. Correlation between electrical resistance value and other parameters

Parameters Germination percentage Germination speed Moisture content
Electrical 0.634 0.729 -0.231
resistance 0.001** 0.000** 0.279"

Note: ** significant at 1% level.
3.4. Regression analysis

Increasing duration of accelerated aging was inverse of reduction seed viability and seed vigor
showed by negative regression coefficient on soybean mutant lines. In this condition, a high R-squared
value showed a higher loss of viability and vigor. The M100-96-53-6 line had good seed viability and
vigor as an indicator of good seed storability due to low R-squared value compared to other soybean
mutant lines (Figure 3-5). On the contrary, high R-squared values were noted on M200-20-52-3 line that
indicated bad seed storability.
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3.5. Variance components and genetic parameters

Variance components of germination parameters showed Table 6 and were calculated by using
formulas in Table 1. According to Stansfield (1991), the high heritability (> 0.5) was noted on
germination percentage, germination speed and electrical resistance, while moisture content was
categorized to moderate heritability (0.2-0.5) (Table 6). This high heritability implied that the heredity
regressed < 30% toward the mean of previous generation and characters were mostly influenced by the
genotype. Kalpande et al. (2015) also noted the high heritability estimate on germination seed, electrical
conductivity and vigor index of sorghum landraces.

The high to low GA of this study were noted on germination percentage, germination speed,
electrical resistance value and moisture content respectively. High genetic advance as percentage of
mean (GAM) on germination percentage and germination speed (> 20%), moderate on electrical
resistance value (10-20%) and low on moisture content (<10%) were noted in accordance with Johnson
et al. (1955). Additive genes action was suggested on germination percentage and germination speed
expressed by high heritability with moderate to high values of GA in agreement with Naik et al. (2016)
and Joshi et al. (2018) who noted additive gene and non-additive gene effects on soybean yield traits.
Whereas non-additive gene action was indicated on the moisture content expressed by moderate
heritability with low genetic advance. Kalpande et al. (2015) also suggested the high heritability with
low genetic advance showed a non-additive effect that was most influenced by environmental than
genotype on germination percentage and vigor seed of sorghum landraces. It had been notified
effectivity and reliability of using a combination of heritability with genetic advance over mean (GAM)
to predict the progress of selection. The combination of the high heritability and moderate to high genetic
advance provide variation sources and improvement of the traits in the selection process (Jain et al.,
2018). In this study, germination speed, germination percentage and electrical resistance value could be
considered as criteria in sequence for selecting soybean mutant lines in consequence of the appearance
of a character that is influenced by genetic and less environmental factor.

Table 6. Variance components and genetic parameters on seed viability and vigor of soybean mutants

lines

Parameters Mean G2 % Glare 6% h% GCV PCV GA GAM
Germination 75.00 169.58 7699 4590 9747 079 11.70 13.16 16.06 21.42
Percentage (GP)

Germination speed (GS) 27.81 2943 11.13 399 1389 0.80 12.00 1340 6.15 22.12
Moisture content (MC)  29.99 3.15 0.13 0.11 0.36 0.35 1.18 2.00 043 1.45
Electrical resistance 17.86 2.49 1.30 0.58 1.58 0.82 6.39 7.05 213 11.93

ote: 6% (environmental variance), 6°; (genotypic variance), 6 g (interaction of genotypic and environmental variance), 6%, (phenotypic

N 2 . | vari 2, (genotypi . 2 . f genotypi d . | vari 2 (phenotypi
variance), h’; (broad sense heritability), GCV (genotypic coefficient of variance), PCV (phenotypic coefficient of variance), GA
(genetic advance), GAM (GA as percentage of means).

According to Deshmukh et al. (1986) classification, medium PCV and GCV of germination
percentage and germination speed (10-20%) and low PCV and GCV on remaining parameters (< 10%)
with smaller differences were observed in this study. The higher PCV than GCV with small differences
between PCV and GCV indicated that these parameters are less influenced by the environment in
phenotypic expression in agreement with Kalpande et al. (2015) and Ali et al. (2016). The parameters
had medium PCV and GCV with smaller differences that might be effective for selection. Similarly,
Tuhina-Khatun et al. (2015), Ali et al. (2016) and Kuswantoro et al. (2018) mentioned the effectivity of
selection due to the high or medium of PCV and GCV with narrow differences.

4. Conclusion

Diversity in seed storability of soybean mutant lines was influenced by most of the genetic and
some degree of environmental factors. M50-45-9-12, M100-29A-42-10, M100-29A-42-15, M100-96-
53-6, M100-96-53-7, M200-93-49-13 and M200-20-52-11 lines had been estimated good seed
storability and M200-13-47-5 and M200-20-52-3 lines had poor estimated seed storability compared to
Argomulyo as wild type based on germination percentage, germination speed and electrical resistance
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value. M100-96-53-6 and M200-20-52-3 lines deteriorated to the slowest and fastest as expressed on
the slope graph. Beside using electrical conductivity value, electrical resistance value could be used as
an alternative method to evaluate seed vigor test. It is also recommended to compare electrical
conductivity value and electrical resistance to confirm the validity.

Germination percentage, germination speed and electrical resistance could be considered to
select lines having good quality seeds with estimated storability values as a step of plant breeding
purposes. To evaluate seed performances, selected good lines of accelerated aging might be compared
to natural dry storage following field emergence test.
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Abstract: Anthracnose caused by Colletotrichum truncatum (Schwein.) Andrus
and W.D. Moore, is an economically important disease of most tropical crops. In
recent years, it has been reported that it is also pathogenic on tomatoes. In this
study, the infected fruits were obtained from Antalya province in 2019. Isolates
were purified by taking single spore. Conidia were measured as 22.5-32.5 x 3.75
pm. DNA isolation was carried out using the CTAB method. After the PCR
amplification, the PCR product was run on agarose gel, visualized with a UV
transilluminator, and sequenced. Phylogenetic analysis was conducted in MEGA
7. Based on morphological and phylogenetic analysis, the CT isolate was identified
as C. truncatum. Pathogenicity tests were carried out using tomato leaves and
cherry tomatoes. The inoculated leaves and tomatoes were incubated on a moist
filter paper in climate chambers under 27 °C temperature and 12:12 h light-dark
conditions. Acervuli were observed on infected tissues on the 7" day of inoculation.
Haplotype, the number of haplotypes, and nucleotide diversity were analyzed by
DnaSP 6.0 software. 8 haplotypes were determined according to the ITS sequence
of 46 C. truncatum isolates from different countries. The median-joining network
analysis of haplotypes was drawn using the NETWORK 10 program. It was
determined that the CT isolate reported with this study from Turkey and the other
reference isolates reported on tomatoes were in the H1 which is the most common
haplotype.
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Haplotip Analizi

Makale Bilgileri

Gelis: 09.04.2021
Kabul: 13.08.2021
Online Yayimnlanma: 15.09.2021
DOI: 10.29133/yyutbd.912293

Anahtar Kelimeler

Colletotrichum,
Haplotip,
Filogenetik analiz,
Network analizi,
Domates.

Oz: C. truncatum'un (Schwein.) Andrus and W.D. Moore neden oldugu antraknoz
cogu tropikal {irlinlin ekonomik olarak &nemli bir hastaligidir. Son yillarda
domateste de patojen oldugu rapor edilmistir. Bu ¢alismada, enfekteli meyveler
2019 yilinda Antalya ilinden elde edilmistir. {zolatlar tek spor alinarak saflagtirildi.
Konidiler 22.5-32.5 x 3.75 pm olarak 6l¢iilmiistiir. DNA izolasyonu CTAB metodu
kullanilarak gerceklestirildi. PCR amplifikasyonundan sonra, PCR iiriinleri agaroz
jelde kosturuldu, UV cihazi ile goriintiilendi ve sekanslandi. Filogenetik analiz
MEGA 7'de yapilmistir. Morfolojik ve filogenetik analizlere dayanarak CT izolati
C. truncatum olarak tanimlanmigtir. Patojenite testleri domates yapraklart ve geri
domatesleri kullanilarak gergeklestirildi. Inokule edilen yapraklar ve domatesler,
27 °C sicaklik ve 12:12 saat aydinlik-karanlik kosullar1 altindaki iklim odasinda
nemli bir filtre kagidi {izerinde inkiibe edilmistir. Inokiilasyonun 7. giiniinde
enfekteli dokularda acervuli gézlenmistir. Haplotip, haplotip sayisi ve niikleotid
cesitliligi DnaSP 6.0 yazilimi ile analiz edilmistir. Farkli iilkelerden 46 C.
truncatum izolatinin ITS sekansina gore 8 haplotip belirlenmistir. Haplotiplerin
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medyan birlestirme ag1 analizi NETWORK 10 programi kullanilarak ¢izilmistir.
Tiirkiye'den bu g¢aligma ile rapor edilen CT izolatinin ve domateste rapor edilen
diger referans izolatlarin en yaygin haplotip olan H1'de oldugu belirlenmistir.

1. Introduction

Tomato is used both as fresh and as a raw material for various industrial products. Turkey is
among the most important countries in tomato production and exports (FAO, 2020). In 2020, most of
the total tomato production of 13 204.015 tons was obtained from Antalya, Bursa, and Manisa provinces,
respectively 2 570.910, 1 335.430, and 1 123.684 tons. The province, with the highest greenhouse
tomato production, is Antalya with 2 465.402 tons (TUIK, 2021).

There are many fungal pathogens that cause yield and quality losses by root, stem, flower, and
fruit infections on tomatoes. Colletotrichum species can cause significant economic losses by affecting
fruit production especially under field conditions, as well as causing significant damage in warehouses
(Zivkovi¢ et al., 2010). Although the most common species on the tomato fruit is C. coccodes; C.
truncatum, C. gloeosporioides, C. acutatum, C. dematium, C. fioriniae, and C. nymphaeae also cause
fruit infections (Blancard, 2012; Vichova et al., 2012; Diao et al., 2014; Saini et al., 2017; Chechi et al.,
2019). Other than fruit, they can cause serious infections on leaves, stems, and roots (Isaac, 1992; He et
al., 2016; Belov et al., 2017). Root infections usually occur, when the inoculum level is too high or
plants are stressed especially due to infection by other pathogens such as Pyrenochaeta lycopersici
(Anonymous, 2017).

It has been stated that C. fioriniae and C. gleosporioides are also an entomopathogenic fungus,
and in these species may be biovars that have acquired the ability to infect both insects and plants
(Marcelino et al., 2008; 2009). These fungi, which can be found endophytically in the plant, can be used
as a biological control agent in the control of insects (Marcelino et al., 2009). It has been reported that
the C. truncatum is found endophytically in the plant (Ranathunge and Sandani, 2016). There is no
literature on the presence of entomopathogenic biovars in the species.

Anthracnose caused by C. truncatum (Schwein) Andrus and W.D. Moore, is an economically
important disease of most tropical crops (Cannon et al., 2012). This pathogen is the main pathogen
especially in countries where chili pepper is grown (Rao et al., 2018). It has been reported as a pathogen
in alfalfa in Turkey (Eken and Demirci, 2000). There are studies showing that there are races of the
pathogen on lentils (Tullu et al., 2006). It is one of the important seed-borne diseases of soybean and
chili pepper (Begum et al., 2007; Naveen et al., 2021). In recent years, it has been reported that it is also
pathogenic on tomatoes (Diao et al., 2014; Saini et al., 2017; Villafana et al., 2018; Almaraz Sanchez et
al., 2019). It also causes necrotic spots on the leaves (He et al., 2016) although it causes more fruit
infections.

It is seed-borne (Naveen et al., 2021) and can also be found endophytically in non-host species
(Ranathunge and Sandani, 2016). As a plant pathogenic fungus, it mostly infects dicotyledonous plants
but has also been detected on Cyperus rotundus from monocotyledonous plants (Damm et al., 2009). It
has also been reported to cause eye infections in humans (Shivaprakash et al., 2011).

C. truncatum has not been reported previously on tomatoes in Turkey. Currently, there are no
tomato cultivars resistant to C. truncatum. In order to develop resistant cultivars, it is important to
determine the pathogenic and genetic variation in the population. In this study, it is aimed to identify
this pathogen, to perform pathogenicity tests and haplotype analysis.

2. Materials and methods
2.1. Isolation and morphological identification of pathogen

The infected fruits were obtained from Antalya province in 2019. Infected plant tissues were
taken, surface-sterilized in 1% NaOCI for 1 min, dried between sterile blotting papers, and transferred
to PDA medium. After the fungal sporulation was observed, conidia were spread onto the PDA medium
by means of a sterile needle. Isolates were purified by transferring a single spore into PDA medium with
sterile needles under a binocular microscope (Leica M165 C). Single spore isolates were maintained in
agar slants at +4°C for further studies.
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The measurements of 30 conidia obtained from an 8-days culture grown on PDA were
performed with a 40X magnification using a Leica DM1000 light microscope. Morphological
identification of the fungus was performed according to Damm et al., 2009.

2.2. Molecular identification

The acervuli and mycelia of the pathogen from the 12-days culture grown on PDA medium were
scraped with a sterile scalpel and placed in a sterilized mortar. Fungal tissues were crushed by pouring
liquid nitrogen into the mortar. DNA isolation was carried out using the CTAB method according to
Lefort et al. (1998). The density and purity of DNA were measured by NanoDrop 1000
Spectrophotometer (Thermo Fisher Scientific).

In the PCR reaction, 10 uM ITS4 and ITSS primers (White et al. 1990), 50-100 ng DNA, 12.5
pl Thermo Dream Taq green mix was used, and the total volume was completed to 25 pl with PCR
grade water. PCR amplification was performed using Thermocycler (Bio-Rad Thermal Cycler PTC-
200). PCR conditions were 3 min at 95 °C, 35 cycles 30 s at 95 °C, annealing 30 s at 60 °C, elongation
60 s at 72 °C, and final elongation 10 min at 72 °C. PCR products were run on 1.5% agarose gel in 1X
TBE buffer at 120 V current for 45 minutes and were visualized with a UV transilluminator. PCR
product was purified and sequenced by BM Labs located in Ankara, Turkey. The sequence was
subjected to BLAST analyze at NCBI gene bank and the accession number was taken.

2.3. Pathogenicity tests

Pathogenicity tests were performed on moist filter paper with 3 replicates of Purdue 135 tomato
variety obtained from the Gene Bank of the Czech Republic
(https://grinczech.vurv.cz/gringlobal/search.aspx) and 5 replicates of cherry tomatoes. The leaves and
tomatoes to be used in the tests were first washed with water and then surface disinfection was carried
out with 70% alcohol. Spore suspension at a density of 1.2 x 10° conidia/ml was prepared using a
hemocytometer from 9 days old fungus culture. 20 pul of this suspension was injected into leaves and
tomatoes. 20 pl of water was injected into the leaves and tomatoes used as control. The inoculated leaves
and tomatoes were incubated on a moist filter paper in climate chambers under 27 °C temperature and
12:12 h light-dark conditions (Torres-Calzada et al., 2018). The pathogen was re-isolated from infected
tissues.

2.4. Phylogenetic and network analysis

The sequences of the isolates to be used in phylogenetic and network analysis were obtained
from the NCBI gene bank. Passalora fulva was used as an out-group. Sequences were aligned in the
MEGA7 program using ClustalW. The phylogenetic tree was inferred by using the Maximum
Likelihood method and Kimura 2-parameter model (Kimura 2+G) with bootstrap analysis 1500
replications (Kimura, 1980). Phylogenetic analysis was conducted in MEGA 7 (Kumar et al., 2018).

Haplotype, the number of haplotypes, and nucleotide diversity were calculated by DnaSP 6.0
software. The median-joining network analysis of haplotypes was drawn using NETWORK 10 program.

3. Results and Discussion
3.1. Morphologic identification
Conidia were hyaline, curved inward at the ends without septa. It was measured as 22.5-32.5 x

3.75 um (x =26.9-3.75 um, n = 30). Brown setae were 2-5 septa. Culture, acervuli, conidia and setae of
the pathogen on PDA medium are given in Figure 1.
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Figure 1. Setae (a), conidia (b), culture (c) and acervuli (d), of the fungus on the PDA medium.
3.2. Pathogenicity tests

In the pathogenicity tests were carried out on moist filter paper using tomato leaves and cherry
tomatoes. Acervuli were observed on infected tissues on the 7™ day of inoculation. Slightly inwardly
curved conidia and setae of the pathogen were observed in the preparations made by taking the plant
tissue (Figure 3). No symptoms were observed on the control fruits and leaves (Figures 2 and 3). CT
isolate was evaluated as a pathogen.

--

Figure 2. Controls and tomatoes inoculated with C. Truncatum.

Figure 3. Control (a), symptom of C. truncatum on leaf on the moist filter paper (b) and acervuli on the
infected leaf (c-d).
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3.3. Phylogenetic and network analysis

The accession number (MW453147) of the CT isolate was taken from the NCBI gene bank. The
CT isolate showed similarity with the C. truncatum isolates in the NCBI gene bank. In addition, in the
phylogenetic analysis performed with other Colletotrichum species, the pathogen was clustered together
with the C. truncatum isolate (Figure 4). Information about the Colletotrichum species used in the study
are given in Table 1.

98Ye | Colletotric hum jasminigenum WIMS3411025  |Truncatum

Colletotrichum fusiforme TC20

Colletotrichum coccodes CBS 369.75 ]Sster species com plex with the acutatum
o Colletotrichum dematium CBS:125.25 |Dematium
85% 959

Colletotrichum nymphaeae CBS:515.78

94k
a7%, |~ Colletotric hum fioriniae CBS 128517 Acutatum

S%Colletotrichum acutatum CBS 112006

Colletotrichum gloeosporioides ICMP: 17821 “|Gloeosporoides

KF876173.3 Passalora fulva JL13061902

0.05

Figure 4. The evolutionary history was inferred by using the Maximum Likelihood method and Kimura
2-parameter model (G). Evolutionary analysis was conducted in MEGA 7; bootstrap values
higher than 50% are shown on branches.

Table 1. Isolates used in molecular characterization studies

Species complexes  Colletotrichum species Isolates Accession
numbers
Truncatum Colletotrichum truncatum CT MW453147
Colletotrichum truncatum CBS 151.35 GU227862
Colletotrichum curcumae IMI:288937 GU227893.1
Colletotrichum fusiforme TC20 MT318539.1
Colletotrichum jasminigenum WIMS3411025 KC172075.1
Dematium Colletotrichum dematium CBS:125.25 GU227819
Sister species Colletotrichum coccodes CBS 369.75 HM171679

complex with the
acutatum species

complex

Gloeosporioides Colletotrichum gloeosporioides ICMP:17821 JX010152

Acutatum Colletotrichum_fioriniae CBS 128517 JQ948292
Colletotrichum_nymphaeae CBS:515.78 JQ948197
Colletotrichum acutatum CBS 112996 JQO005776

In the previous phylogenetic analysis studies (Cannon et al., 2012; Jayawardena et al., 2016),
the species complexes including the Colletotrichum species are given in Table 1. In phylogenetic
analysis, it is seen that C. jasminigenum is the molecularly closest species to the C. truncatum (Figure
4). This species is only reported on the Jasminium sambac in Vietnam. Its conidia are similar to the
slightly inward curved conidia of the C. truncatum. It does not form setae in PDA medium (Wikee et
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al., 2011). In this study, it was observed that CT isolate formed setae in PDA medium. It was found to
be compatible with C. truncatum in terms of the shapes and sizes of conidia and setae (Damm et al.,
2009). Based on morphological and phylogenetic analysis, the CT isolate was identified as C. truncatum.
All of the C. truncatum isolates reported on tomatoes were found to be in the H1 haplotype group in the
network analysis. The accession numbers of the isolates used in the analysis are given in Table 2. 65%
of the isolates were in the H1 haplotype. After H1, the second most common haplotype was determined
to be H2. This haplotype includes isolates from Nepal, Brazil, the USA, India, Denmark (Figure 5, Table
2). H3 Bangladesh, H4 and H5 Mexico, H6, H7, and H8 haplotypes contain unique isolates reported
from Brazil. No relationship could be determined between the geographic distribution of the isolates
and haplotypes.

8 haplotypes were determined in the median-joining network analysis performed according to
the ITS sequence of 46 C. truncatum isolates from different countries (Figure 5). Haplotype diversity
was Hd: 0.5440. Nucleotide diversity was Pi: 0,00136. It was determined that Fu and Li’s D (FLD: -
2,90185) and Fu and Li’s F (FLF: -2,78932) test results were statistically significant (P < 0.05).

Hag

HE®
,. LG

e

e

Figure 5. Network analysis of the C. truncatum. Each country is represented by a different colour; the
size of the circle and circle slices indicates the number of isolates in the haplotype; Turkey (=
),USA (=), Brazil (m), China (&), Trinidad and Tobago (=), India (=), Laos (H®), Indonesia
(mm), Pakistan (), Mexico (), Denmark (E3), Burkina Faso (E), Thailand (=), Martinique
(mm), Israel (mm), Sudan ( ), Nepal (), Bangladesh ( ).

Currently, 14 species complexes of Colletotrichum fungi are recognized (da Silva et al., 2020).
The closest species complexes to the truncatum species complex are gloeosporioides and boninense
(Cannon et al., 2012). Boninense species complex, which contains a large number of Colletotrichum
species, which can be identified only by ITS region, is accepted as the sister species complex of the
truncatum species complex (Cannon et al., 2012). The conidium morphology of the C. truncatum species
is quite different from the gloeosporioides and boninense species complexes to which it is
phylogenetically close (Damm et al., 2012).

The haplotypes found at the terminal in network analysis are new haplotypes that have recently
been formed. Older haplotypes are found more inland in network analysis (Posada and Crandall, 2001).
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Younger haplotypes show more limited geographic association, while older haplotypes show a wider
geographic distribution (Carbone and Kohn, 2004). Accordingly, it can be said that terminal haplotypes
are younger than the H1 haplotype. In network analysis, it is seen that the H3 haplotype originates from
the H2 haplotype. In terms of geographical location, it can be said that the H3 haplotype originates from
Nepal and India, which are included in the H2 haplotype (Katoch et al., 2016).

Table 2. C. truncatum isolates used in network analysis

Haplotype Frequency Accession numbers and country

Hap 1 30 MW453147, Turkey; KC460308, China; GU228254, USA; GU227862,
USA; MG822829, Trinidad and Tobago; MG822828, Trinidad and
Tobago; MG822827, Trinidad and Tobago; JF749808, Trinidad and
Tobago; HQ287583, Trinidad and Tobago; KY399773, India, GU227886,
India; GU227880, India; HM231266, India; GU227889, Laos; GU227891,
Martinique; GU227879, Indonesia; GU227885, Mexico; HM562707, Mexico;
DQ454016, Thailand; DQ454028, Thailand; GU227871, Burkina Faso;
KJ614299, Brazil; KJ614302, Brazil, KJ614311, Brazil; KJ614334, Brazil,
GU227864, Brazil; GU227892, Brazil; GU227868, Israel; GU227874, Sudan;
GU227872, Pakistan

Hap 2 9 GU227863, USA; GU227865, USA; GU227866, USA
GU227867, Denmark; GU227878, India; GU227890, Nepal; KJ614306,
Brazil; KJ614321, Brazil; KJ614328, Brazil

Hap 3 1 GU227882, Bangladesh

Hap 4 1 HM439289, Mexico

Hap 5 1 HM450132, Mexico

Hap 6 1 KJ614293, Brazil

Hap 7 2 KJ614313, Brazil; KJ614314, Brazil
Hap 8 1 KJ614319, Brazil

* Isolates reported on tomato are written in bold.

Negative values in Fu and Li’s F test indicate that the population is expanding. The fact that the
test results are statistically significant indicates that the polymorphism in the population is not random,
it occurs as a result of selection pressure.

The wide host range of the C. turuncatum is indicative of selection pressure on different hosts.
It is thought that genetic diversity analysis of populations with limited hosts from different parts of the
world will provide useful information on the evolutionary behaviour and the formation of effective
management strategies based on host resistance (Katoch et al., 2016).

Phylogenetic analysis performed with C. turuncatum from different countries have shown that
high of gene flow occur between geographically different populations of the pathogen (Katoch et al.,
2016). It has been determined that the pathogen forms perithecium in sexual reproduction (Armstrong
and Banniza, 2006). Gene flow and genetic diversity are higher in fungi that reproduce both sexually
and asexually (Carbone and Kohn, 2004). For these reason, it can be said that the C. furuncatum has a
high evolutionary potential.

In the network analysis of C. truncatum isolates from different hosts and different geographic
regions, based on the ITS region, it has been reported that the H1 is more dominant among 11 haplotypes
(Katoch et al., 2016). In the haplotype analysis performed using GAPDH, HIS3 and ITS regions, it was
determined that C. truncatum has 27 haplotypes. These haplotypes formed three groups. Although there
is a certain grouping in network analysis, no relationship was determined between the geographic
distribution and haplotypes of this pathogen (Rogério et al., 2017). In this study, similar to the study of
Katoch et al. (2016), the C. truncatum isolates reported on tomato were included in H1, the most
dominant haplotype. Mutations in the ITS region have led to the emergence of new haplotypes. Since
the gene flow is a high pathogen, a geographic relationship cannot be determined in network analysis
performed based on single and multiple gene regions.

It has been stated that some wild lentil cultivars can be used in the development of resistant
plants against C. truncatum races on Lentil (Tullu et al., 2006). Similarly, studies are needed to
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determine the wild tomato variety(s) that can be used as a source of resistance against this pathogen on
tomato.

In this study, it was determined that CT isolate infects tomato leaves and fruits. Conducting
more extensive pathogenicity tests using other hosts of the pathogen will enable the determination of
pathogenic variation in Turkey.

In cross inoculation tests with C. truncatum isolates obtained from papaya, pepper and physic
nut, it was determined that the isolates infect the fruits and leaves of all three hosts. Although the most
aggressive isolates were obtained from pepper; isolates, more aggressive on papaya and physic nut
which alternative hosts, were also reported (Torres-Calzada et al., 2018). It has been hypothesized that
the pathogen transitions from its main host pepper to its alternative host. The detection of more
aggressive isolates of the pathogen on the alternative host shows that if the population of these
aggressive isolates increases over time, the pathogen may cause significant economic losses on
alternative hosts and become the main pathogen of these plants.

4. Conclusion

In this study, the CT isolate obtained from greenhouse tomato was identified as C. truncatum
based on morphological and phylogenetic analysis. This isolate caused leaf and fruit infection on tomato.
With this study, C. truncatum is reported for the first time on tomato in Turkey. Phylogenetic analysis
and haplotype analysis were carried out using ITS region. Phylogenetic analysis showed that the closest
species to C. truncatum was to be the C. jasminigenum. In the haplotype analysis a total of 8 haplotypes
were identified. It has been determined that Turkish and other reference isolates reported on tomato were
in the H1 which the most common haplotype. Isolates of the pathogen that may be more aggressive on
alternative hosts have been reported. This pathogen can migrate to alternative hosts in Turkey, and the
dominance of more aggressive isolates in the population may cause significant yield losses.
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Oz: Tarihsel siireci igerisinde tarimsal mekanizasyon, kas giiciiyle baslayip
teknolojinin de yardimiyla gelismis sensdr uygulamalari, dronlar ve otonom
traktore kadar evrilmistir. Temel gida ihtiyacinin saglanmasi, maliyetin
diisliriilmesi, is¢ilik sorunlarinin ortadan kaldirmasi ve birim alandan daha yiiksek
verim elde edilmesi gibi nedenlerden dolay1 tarimsal mekanizasyonun dnemi giin
gectikce artmaktadir. Bu calismanin amaci; Ulkemizdeki tarimsal mekanizasyonun
mevcut durumunu degerlendirmektir. Bu degerlendirmede traktdr sayilari,
bicerdover sayilar1 ve yas gruplari, tarim makinalarinin yillara goére degisimi,
ithalat ve ihracat degerleri ile 6nemli tarimsal mekanizasyon gostergelerinin yillara
gore degisimi incelenmistir. Ulkemizde 1988 yilinda 654 636 adet traktor
bulunurken, 2018 y1lina gelindiginde bu rakam 1 332 139’a ulagmustir. 2000 y1linda
12 578 adet bigerdover bulunurken bu deger 2018 yilinda 17 266 olarak yaklagik
% 37 artmistir. Yillara gore tarimsal mekanizasyonda, meyve hasat makinalari,
pamuk toplama makinasi, motorlu tirpan ve yem dagitici rdmorklarda artig
goriiliirken, hayvanla ¢ekilen hububat ekim makinasi, tarimsal miicadele ugagi,
doven, karasaban ve hayvan pullugu sayilarinda ciddi azalmalar meydana gelmistir.
2001 — 2018 yillar1 arasinda tarimsal mekanizasyon ekipmanlarindaki ithalat ve
ihracat degerleri géz Oniine almdiginda, 2001 yilinda ithalat degeri ihracat
degerinin yaklagik 2 kati iken 2016 yilinda bu deger neredeyse esitlenmis, 2018
yilinda ise ihracat degeri ithalat degerinin yaklasik 1.4 katina ¢ikmistir.
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Abstract: In its historical process, agricultural mechanization has evolved from
muscle power to advanced sensor applications, drones and autonomous tractors
with the help of technology. The importance of agricultural mechanization
increases due to reasons such as providing basic food need, reducing costs,
eliminating labor problems and obtaining higher yields per unit area. The aim of
this study is to evaluate the current situation of agricultural mechanization in
Turkey. In this evaluation, the number of tractors, the number of combine
harvesters and age groups, the change of agricultural machinery by years, import
and export values, and the change of agricultural mechanization indicators by
years were examined. While there were 654 636 tractors in 1988, this figure
reached to 1332 139 in 2018 in Turkey. While there were 12 578 combine
harvesters in 2000, this value increased by approximately 37% in 2018 to 17 266.
Over the years, there has been an increase in agricultural mechanization, fruit
harvesters, cotton harvesters, motor scythes and feed spreading trailers, while
there has been a serious decrease in the number of animal-borne grain planting
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machines, agricultural protection aircraft, threshing sled, primitive plough and
livestock plows. Considering the import and export values of agricultural
mechanization equipment between 2001 and 2018, the import value was
approximately 2 times of the export value in 2001, while this value almost
equalized in 2016, and the export value increased approximately 1.4 times the
import value in 2018.

1. Giris

Mekanizasyon basit bir ifade ile makinalasma, mekanik diizeni saglama anlamlarina
gelmektedir. Tarimsal mekanizasyon ise; isletmeler i¢in gerekli enerji ve kuvvet kaynaklarinin
motorizasyon ve elektrifikasyon ile karsilanmasidir. Daha genis bir ifade ile tarimsal mekanizasyon,
tarimsal alanlarin gelistirilmesi, her tiirlii tarimsal {iretimin yapilmasi ve trlinlerin degerlendirilmesi
amaciyla ileri liretim teknolojilerinin geregi olarak kullanilan her tiirlii enerji kaynagi ve mekanik gii¢
kullanilarak galistirilan ¢ok farkli tipteki tarimsal alet ve makinanin tasarimi, yapimi, gelistirilmesi,
pazarlanmasi, yayimi, egitimi, se¢imi, isletilmesi, kullanimi, tamir-bakimi ve korunmalarina yonelik
tim faaliyetleri kapsayan bir bilim dalidir. Tarimsal mekanizasyon, kas giicii ile baslamis bunu
hayvanlarin giicii takip ederken, basit aletlerden yararlanma ve ardindan makina kullanimi ile devam
etmistir. Agizan ve ark. (2020), yaptiklar1 ¢alismada mekanizasyon kullaniminin, basta verimlilik olmak
tizere birgok alanda belirleyicilikte énemli rol oynadigini belirtmistir. Son dénemde ise; motorlar,
hidrolik ve pnomatik sistemler, traktorler, toprak isleme makinalari, ekim-dikim makinalari, ilaglama
makinalari, giibre dagitma makinalari, hasat makinalar1 yaygin olarak kullanilmakla birlikte artik
tarimsal Uretimin her kolunda otomasyona gegis baslamis, bilgisayarli sistemler, dronlarla iiriin, hastalik
takibi, sulama sistemlerindeki teknolojik yenilikler, tarim makinalarinda geligsmis sensor uygulamalari
goriilmeye baglanmistir (Uulu ve ark., 2018).

Bilindigi gibi diinyada ve {ilkemizde artan gida ihtiyacinin saglanmasinin temel gereklerinden
biri birim alandan niteliksel ve niceliksel olarak verimin artirilmasidir. Tarimsal mekanizasyon
uygulamalari, tarimda verimin artirtlmasinin yani sira iiretim maliyetinin diistiriilmesini ve isgilik
sorununun ortadan kaldirilmasini saglayacaktir. Mekanizasyon; toprak, su, giibre, ilag vb. girdilerin
daha etkin kullanimin1 saglayarak tarimda verimi artiran dnemli bir liretim aracidir (Eveim ve ark., 2005;
Saral ve ark., 2005; Altuntag, 2016). Tarimsal iiretimde kullanilan alet ve makinalarin {iriin verimini
artirmadaki etkisi; kullanilan alet ve makinalarin kapasitesine, bunlar1 tahrik edecek traktoriin is
makinalari ile olan uyumuna, arazi varli§ina, parsel biiyiikliigiine, toprak ve iklim 6zelliklerine, iiriin
desenine, iiretim tekniklerine ve tiim bunlart uygun sekilde isleyebilecek yetismis insan giiciine baglidir
(Y1ildiz ve Erkmen, 2004).

Genel olarak tarimsal mekanizasyonun faydalari;

- Uretimde yeni teknoloji uygulamalarina imkan saglamak, bunlarin etkinlik ve ekonomikligini
artirmak,

- Uretimi doga kosullarina bagimli olmaktan miimkiin oldugunca kurtarmak ve daha nitelikli iiriin
elde etmek,

- Uretim islemlerini en uygun siire icerisinde tamamlayarak, gecikmeden dogan iiriin kaybini
Onlemek,

- Kirsal kesimde teknik bilgi ve beceriyi gelistirerek ¢aligma kosullarini daha rahat, ¢ekici ve
giivenli bir duruma getirmek ve tarim isgilerinin is verimini yiikseltmek,

- Bir yandan tarimsal iiriin artigi, diger yandan tarim araglar1 sanayiindeki gelismeler ile yeni is
alanlarinin a¢ilmasina imkan saglamak,

- Insan ve hayvan giicii ile basarilamayan tarimsal islemleri makina giicii ile basarmak ve yeni
alanlarin tarima agilmasini saglamak, olarak siralanabilir (Evcim ve ark., 2005).

Tarimda makina kullanimi, diger tarim teknolojisi uygulamalarindan farkli olarak, verim artigini
dolayli etkilemekte; kirsal kesimde yeni iiretim yontemlerinin uygulanmasini saglamaktadir. Bu yoniiyle
diger teknolojik uygulamalarin etkinligini ve ekonomikligini artirmanin yani sira ¢alisma kosullarini da
iyilestirmektedir. Boylece, uygun teknolojilerin kullanimina olanak saglayarak belirli biiyiikliige sahip
tiretim alanlarindan daha fazla verimin alinmasina yardimei olmaktadir. Mekanizasyon yiiksek maliyetli
bir tretim girdisidir. Dogru sec¢ilmemesi ve uygulanmamasi durumunda isletme Slgeginde {iretimin
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karliligimi olumsuz etkileyebilmekte, plansiz mekanizasyon sonucu tarim ve sanayi kesimleri arasindaki
denge tarim aleyhine bozulabilmekte ve kirsal kesimdeki issizligin artmasina neden olabilmektedir. Bu
girdinin en ekonomik kullanimi ancak yoresel kosullara uygun planlama modelleri ile miimkiin
olabilecegi icin, tarimsal mekanizasyonun artirilabilmesi ancak tarimsal mekanizasyon planlamasinin
dogru bir sekilde yapilmast ile saglanabilir (Ozgiiven ve ark., 2010).

2. Mevcut Durum

Tarimsal mekanizasyon diizeyinin belirlenmesi, tarimsal iiretimde verimliligin ve karliligin bir
gostergesi olmakta birlikte, belli iilkeler, bolgeler ve hatta isletmeler arasinda tarimda gelismislik
gostergesi olarak degerlendirilmektedir. Bu diizeyin belirlenmesinde traktdr ve traktorle kullanilan alet
ve makinalarin sayisal yogunlugu ile isletme alan biiyiikliikleri temel olmaktadir. Mekanizasyon
diizeyini belirlemede kullanilan en yaygin kriterler 1 000 ha islenen alana diisen traktor sayisi, birim
alan i¢in traktor giicii, traktor basina diisen islenen alan, traktor basma diisen alet-ekipman sayisidir
(Evcim ve ark., 2015; Gokdogan, 2012; Uulu ve ark., 2018).

Ulkemizde yillara gore traktdr sayilar incelendiginde 1988 yilinda toplamda 654 636 adet iken,
1998, 2008 ve 2018 yillarinda sirasiyla 902 513, 1 070 746 ve 1 332 139 adet olmustur (Sekil 1 ve
Cizelge 1). 2018 yili TUIK verilerine gore traktdrlerin % 5.85°1 tek aksli, % 0.01°i paletli ve % 94.14’ii
iki aksli olarak kullanilmaktadir. Her biri kendi icerisinde degerlendirildiginde ise, tek aksl traktorlerde
% 78.0’lik kismin 5 BG’den daha yiiksek seviyelerde oldugu goriilmektedir. iki aksli traktorlerde ise %
39.3’lik payin 35-50 BG, % 40.3’1likk payin 51-70 BG ve %13’lik paymn da 70 BG’den daha biiyiik
giiclii traktorler oldugu izlenmektedir (TUIK, 2021).

1 400 000
1200 000
1 000 000
800 000
600 000
400 000

200 000

1988 1993 1998 2003 2008 2013 2018
Yillar

Sekil 1. Yillara gore toplam traktor sayilarindaki degisim, 1988-2018.

Yapilan bir bagka ¢alismada 2018 yili itibariyle 1 882 077 adet traktér bulundugu,
bunlarin yas ortalamasinin 24 oldugu belirtilmistir. Bu traktorlerin 600 bininin 35, 870 bininin
ise 25 yasin iizerinde oldugu vurgulanmistir. Traktér dmriiniin yillik 500 saatlik kullanim
kosullarinda 20 yil oldugu diisiiniildiiglinde, 2017 yil1 itibariyle traktdr parkinin sadece %
33’{inilin tarimsal faaliyetlerde ekonomik olarak kullanildig1 bildirilmistir. Geriye kalan yas1
bliyiik traktorlerin daha yiiksek yakit tiiketimi ve tamir-bakim masraflarinin yani sira daha
diisiik teknolojiye sahip olduklar1 da g6z Oniinde bulundurulmalidir. Ayni zamanda bu
traktorler is ve zaman kayiplarina neden olmakta, kaza yapma ve can giivenligi agisindan
yiiksek risk tagimaktadirlar. Yenilenen bir traktoriin kullanilmasi ile 80 kg daha az NOx
(azotoksit), 27 kg daha az kurum, 56 kg daha az CO, 82 kg daha az HC yayilimi1 gerceklesecegi,
giiriiltii acisindan da 7 dbA’lik bir azalma olusacag: bildirilmektedir (Ileri, 2019). Ayrica
mekanik 6mriinii doldurmus bir traktoriin yenilerine oranla % 30 oraninda daha fazla yakit
tiikkettigi ve yilda 150 saatlik is kaybina neden oldugu da belirtilmektedir (Evcim, 2008).
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Cizelge 1. Traktor sayisi, 1988-2019 (TUIK, 2021)

Tek akslh Tki akslt Paletli
BG BG (Trrtalln)
Toplam 1-5 5+ 1-10 11-24  25-34 35-50 50+ 51-70 70+

1988 654 636 623 1311 2655 16741 62230 351210 219545 - - 321
1989 672 845 1169 1326 3623 17704 64494 358620 225556 - - 353
1990 692 454 1234 1570 3175 17841 66696 364052 237579 - - 307
1991 704 373 968 2334 3200 20194 66288 366159 244910 - - 320
1992 725933 951 2432 3352 20595 68540 373162 256601 - - 300
1993 746 283 1 047 2714 3321 20539 69239 379835 269253 - - 335
1994 757 505 1033 2946 2770 19499 68945 384160 277850 - - 302
1995 776 863 1022 3445 2841 19960 72535 389023 287616 - - 421
1996 807 303 1075 4620 2960 19838 75116 401360 301935 - - 399
1997 874 995 2370 4501 2631 19967 78240 424128 342709 - - 449
1998 902 513 1 449 5826 3271 20371 78796 434018 358456 - - 326
1999 924 471 1323 6783 3439 20311 78094 437928 376092 - - 501
2000 941 835 2 049 7882 3776 20409 77364 446541 383424 - - 390
2001 948 416 2 048 8727 4243 19955 74533 450452 388098 - - 360
2002 970 083 2994 15689 4149 19962 75359 449139 - 356943 45 668 180
2003 997 620 3098 10896 4104 21155 78621 459383 - 368549 51 668 146
2004 1009 065 3220 11784 3904 21075 77747 458677 - 376108 56 349 201
2005 1022365 2848 13321 3495 20264 77205 460336 - 382448 62237 211
2006 1037383 3094 11743 3480 19716 76340 465926 - 390904 65972 208
2007 1056 128 3852 13156 4352 19260 76514 469201 - 399528 70 029 236
2008 1070 746 409 13675 6027 19635 76670 471817 - 401791 76 817 218
2009 1073538 4403 16422 4853 20494 76507 465237 - 404032 81386 204
2010 1096 683 5235 20176 5344 19997 72411 471531 - 414977 86 813 199
2011 1125001 8212 27283 5578 21244 72668 476010 - 422389 91411 206
2012 1178253 9450 36188 5696 20704 71989 488877 - 438623 106522 204
2013 1213560 10889 42476 5937 20153 71165 493462 - 451292 118000 186
2014 1243300 14383 51492 6247 20906 69223 493914 - 461399 125536 200
2015 1260358 14856 54604 6252 21181 68074 491828 - 468060 135297 206
2016 1273531 15736 57131 6448 21274 66825 489621 - 475665 140699 132
2017 1306736 16589 59061 6432 20527 65866 492343 - 493660 152133 125
2018 1332139 17129 60707 6554 20886 66104 493134 - 505087 162425 113
2019 1354912 17512 62178 6589 20513 65496 495375 - 513035 174105 109

Ulkemizde traktor imalat1 degerlendirildiginde ise, 1992 yilinda 22 011 adet iken 2017 yilinda
72 032 adete ¢iktig1, ancak son iki yilda 6nemli bir diisiis gerceklestigi goriilmektedir (Cizelge 2).
Uretimde Ocak-Eyliil déneminde ise 2017-2019°da % 60.4, 2018-2019da % 49.7°1ik, ayni sekilde trafik
tescilinde de Ocak-Temmuz doneminde 2017-2019°da % 67.9, 2018-2019’da % 58.8 orannda bir
azalma oldugu bildirilmistir. Bununla beraber traktor ihracatimiz 2001 yilinda 3 791 adet iken, 2018
yilinda 19 256 adete ¢ikmistir. Ancak artis hiz1 Ocak-Eyliil donemi degerlendirildiginde, 2017-2019°da
% 24.6, 2018-2019°da bir miktar diiserek % 17.2 seviyesinde gerceklesmistir. 2018 yili rakamlarina
gore traktor ihracatinin degeri 423.6 milyon ABD dolari iken, ithalat 162.4 milyon ABD dolar1 olmustur
(Cizelge 2) (ileri, 2019; TARMAKBIR, 2019). Parkta bulunan traktor sayilarina dair kurumlar arasinda
farkl1 bilgiler mevcuttur. Bunun temel iki nedeni TUIK in trafik tescili devam eden biitiin traktorleri
(tarimda kullanilsin veya kullanilmasin) degerlendirmesi, buna karsilik Tarim ve Orman Bakanligi’nin
tarrmda kullamlan traktdrleri (sahada) sayim yoluyla raporlastirmasidir (TARMAKBIR, 2020).
Ulkemizde meydana gelen ekonomik dalgalanmalar yillara bagli imalat rakamlarindaki degisken oranda
artis ve azalislara sebep olmustur.

Cizelge 2. Traktdr imalati, ihracat ve ithalat degerleri, 1992-2018 (ileri, 2019; TARMAKBIR, 2020)
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Traktor imalati  Traktor ihracati Ihr.acat degeri Traktor ithalati Ithg lat degeri
Yillar det det (milyon ABD (adet) (milyon ABD
(adet) (adet) dolarr) ade dolarr)

1992 22011 - - - -
1993 33 601 - - - -
1994 25 817 - - - -
1995 44 482 - - - -
1996 54 819 - - - -
1997 58 736 - - - -
1998 61 868 - - - -
1999 27 867 - - - -
2000 37938 - - - -
2001 15052 3791 30.62 137 1.88
2002 10 840 4554 38.77 279 6.14
2003 29 761 12 664 156.74 988 11.05
2004 42 511 10376 147.13 4207 115.90
2005 41502 8361 123.94 5977 163.81
2006 44 386 9871 147.90 7 345 210.55
2007 37 623 9376 159.50 4925 148.99
2008 28 751 10 766 221.54 5441 161.92
2009 17 762 9337 178.70 3803 90.80
2010 39134 10 000 195.43 8 896 200.09
2011 62 250 10 719 219.41 14 961 345.23
2012 53982 16 191 324.85 11 699 259.30
2013 56 407 15372 340.68 11 166 244.49
2014 64 342 17 739 434.24 13 634 276.70
2015 66 615 17 533 374.47 20 659 396.61
2016 66915 15767 338.70 21634 390.22
2017 72 032 14 565 320.94 18 107 343.57
2018 47 689 19 256 423.60 8.044 162.39
2019 29.539 23.32 479.87 6.472 81.52

Traktor pazar degerlendirildiginde ise, Tiirkiye’de 30 firma ve 40 markanin oldugu, diinyanin
en biiyiik 4. pazar haline geldigi, yillara gore farkliliklarla beraber 6zellikle kriz donemlerinde ¢ok
diisiik diizeylere diistiigii goriillmektedir. 2017 yil1 i¢in 72 909 adet traktor iken, 2018 yilinda 48 356
olarak gergeklestigi belirtilmistir.

Ulkemizde bigerddverler iklimin uygunlugu nedeniyle miiteahhitlik yoluyla kullanilmaktadir
(Sekil 2). Giineydogu Anadolu Bolgesi’nde hasada baslayan bigerdoverler tiim iilkeyi dolagsmakta, daha
sonra yurt diginda hasada devam etmektedirler. 2000 yilinda 12 578 adet olan bigerddver sayisi, 2018
yilinda 17 266 adede ulasmustir (Cizelge 3, Sekil 3). Ancak yas gruplarina gore yapilan degerlendirmeye
gore bicerdover parkinin % 52.9°u 10, % 29.9’u ise 20 yasin {izerindedir (Sekil 4). Dolayisi ile bu parkin
tamaminin ayni hassasiyette ¢alismadigi, bu bigerdoverlerde kayiplarin ¢ok daha yiiksek oldugu
diistiniilmektedir.

. . TEMMUZ - AGUSTOS (mi:
EYLUL- EKIM (misir)

MAYIS -\HAZiRAN (a:pa—bugr;y)
AKDENIZ

Sekil 2. Ulkemizde bigerddverlerle yapilan hasat. N

Cizelge 3. Bigerdover sayisi ve yas gruplart dagilimi, 2000-2018 (TUIK, 2019)
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Yas grubu
Toplam 0-5 6-10 11- 20 20+
2000 12 578 - - - -
2001 12 053 - - - -
2002 11539 1213 2125 3526 4 675
2003 11721 1352 2214 3545 4610
2004 11519 1430 2298 3489 4302
2005 11811 1659 2 405 3551 4196
2006 12359 2036 2 598 3596 4129
2007 12775 2338 2739 3652 4 046
2008 13084 2558 2 873 3657 3996
2009 13360 2643 2950 3669 4098
2010 13799 2820 3116 3721 4142
2011 14313 3038 3293 3834 4148
2012 14813 3160 3483 3960 4210
2013 15486 3431 3722 3882 4451
2014 15899 3604 3812 3852 4631
2015 15998 3815 3750 3780 4 653
2016 16247 3985 3790 3813 4 659
2017 17199 4167 3907 4062 5063
2018 17266 4207 3924 3969 5166
20 000
18 000
16 000
~ 14000
< 12000
< 10 000
8 000
6 000
4000
2 000
2000 2005 2010 2015

Yillar
Sekil 3. Bigerddver sayisindaki degisim, 2000-2018 (TUIK, 2019).

Sekil 4. 2018 yilinda bigerddverlerin yas gruplar1 (TUIK, 2019).
Bigerdoverlerin mekanik dmrii 3 000 saat olarak kabul edilmektedir ve yillik ¢aligma saatlerinin
300-350 saat oldugu varsayimiyla omiirlerinin 9-10 y1l olacagi kestirilmektedir. Ancak iilkemizde
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bicerdover kullanimi miiteahhitlik sistemi ile yapildigindan bicerdoverler iilkemizi dolagmakta ve ayni
zamanda farkli diriinler i¢in de kullanilmaktadir. Dolayist ile yillik kullanim siiresi 1 200 saate kadar
¢ikmaktadir. Bu sekilde diigiiniildiigiinde mekanik 6dmriiniin 3-4 yil igerisinde dolacagi, bunun sonucu
olarak da bigerdover parkinda bulunan mekanik émriinii tamamlamis araglarin bakim, onarim, yakit ve
is¢ilik giderlerinin yiiksek, ayrica lriin ve kalite kayiplarina da neden olacagi agiktir. Bu kaybm
biiyiikliigiinii insan beslenmesi agisindan ¢ok 6nemli bir kaynak olan bugday iiretimini degerlendirerek
inceledigimizde, 2018 yil1 i¢in 20 milyon ton bugday iiretildigi goriilmektedir. Bu miktar iiriiniin yagh
bicerdoverlerle 10 milyon ton’luk kisminin hasat edildigi varsayildiginda, yaklasik % 8’lik kayba neden
oldugu diistiniiliirse 700 bin ton bugday, dolayisi ile 2018 fiyatlarina gére 800 milyon TL’lik bir zarar
olusacagi belirtilmelidir. Bu kayip degerinin her bir birim artmasi, bu kaybin katlanmasi ile
sonuglanacaktir. Ayni sekilde yakit tiiketimi agisindan yapilan degerlendirmede de 6mriinii doldurmus
ve modern bigerddverlerle yapilan hasat sirasindaki yillik yakat tiiketimi farkinin yaklagik 13 bin ton
oldugu ifade edilmistir (ileri, 2019). Bunun yan1 sira émriinii doldurmus bigerddverlerin kullanilmasi,
yiiksek yakit tiiketimi, birim zamanda daha az hasat, yiiksek ariza sikligi ile hasat doneminde yasanan
zaman kayiplar1 ve diisiik tarla etkinligi, diisiik operatér verimi, asir1 isletme giderleri, ¢evre kirliligi
sonucunda gelir ve kalite kaybina neden olmaktadir.

Tiirkiye’de tarim makinalar1 sektdriinde faaliyet gosteren firma sayist TUIK kayitlarina gore
2017 yilrigin 1 161 imalatc1 firma olarak belirtilmistir. Sektorde ¢alisan sayisi ise 18 747 kisidir. Firma
sayis1 oldukga fazla goriilmesine ragmen, dnemli bir kisminin birkag kisi ¢alistiran torna/kaynak atolyesi
niteliginde olan son derece kiigiik isletmeler oldugu tahmin edilmektedir (Profi, 2019). Tarimsal
tiretimin birgok agamasinda kullanilan ¢ok farkli makinalarin sayilarindaki degisim 2003-2018 yillar
icin Cizelge 4’te verilmistir. Burada toprak isleme, ekim-dikim-giibreleme, bakim, ilaglama, sulama,
hasat, hayvancilik ve igsel tarimda kullanilan makinalarin sayilarindaki degisim incelenebilir.
Goriilecegi gibi en biiylik artig, meyve hasat makinalari, pamuk toplama makinasi, motorlu tirpan ve
yem dagitici romork sayilarinda olmustur. Bunun yani sira, hayvanla ¢ekilen hububat ekim makinasi,
tarimsal miicadele ugagi, doven, karasaban ve hayvan pullugu sayilarinda énemli diizeyde azalma
meydana gelmistir (TUIK, 2019).

Tarim makinalari ihracat ve ithalat degerleri incelendiginde, 2001 yilinda 26.4 milyon ABD
dolart olan ihracatimiz hemen her yil artarak 2018 yilinda 406.4 milyon ABD dolarna yiikselirken,
ithalatimiz ayni yillar igin 42.0 ve 298.2 milyon ABD dolar1 olarak gergeklesmistir (Cizelge 5). 2017
yili i¢in dis ticaretimizde farkli tarim makinalar1 gruplarma gore dagilim yapildiginda, ihracatta en
onemli pay % 32 ile toprak isleme, ekim, giibreleme ve bitki bakim ekipmanlari, % 24.5 ile tohum
ilagclama, budama, yem hazirlama, ormancilik, kiimes ve aricilik makinalarin1 kapsamaktadir (Cizelge
6). Ithalatta ise en biiyiik pay % 54.5 ile hasat-harman, bi¢gme, balya ve smiflandirma ekipmanlarina
aittir. Benzer durum 2018 yili i¢in de ufak miktardaki degisikliklerle beraber aymi sekilde
gergeklesmistir (Cizelge 7). Bununla beraber 2018 yilinda 120 iilkeye ihracatin oldugunu, karsiliginin
ise 830 milyon ABD dolar1 ile ekipman, 150 milyon ABD dolar1 ile traktdr aksam ve pargalarini
kapsadigim belirtmek gerekmektedir. En ¢ok ihracat yapilan iilkeler ise ABD, Italya, Azerbaycan, Irak,
Ozbekistan, Sudan, Bulgaristan, Cezayir, Avustralya ve Sirbistan’dir (ileri, 2019). Diinya toplam traktor
ihracati 2016 yilinda 16.6 milyar ABD dolari, ekipman ihracati ise 34.1 milyar ABD dolar1 olarak
gergeklesmistir. Hem traktdr hem de ekipman ihracatinin ilk sirasinda Almanya (% 19 ve % 17)
gelmekte, Tiirkiye ise 12. (% 2) ve 24. (% 0.8) sirada yer almaktadir. Diinya ithalatinda ise ayn1 yil igin
traktorde 15.5 milyar ABD dolari, ekipmanda 26.2 milyar ABD dolar1 kullanilmistir. Diinya traktor ve
ekipman ithalatinin ilk sirasinda ABD (% 19 ve % 14) gelirken, Tiirkiye % 3 ve % 1 payla 10. ve 31.
siradadir (TAGEM, 2018).
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Tarim alet ve makinalar 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Aniza ekim makinast 2154 2140 2186 637 690 743 814 633 736 860 1046 1209 1257 1292 1320 1422
Ark agma pullugu 54421 56212 58076 58626 60475 61198 61456 63926 64402 66664 66791 66150 66879 68117 68654 69080
Atomizér 103812 100823 100758 103125 103324 103490 105036 112738 113641 114435 116789 115995 116883 120402 121448 123790
Balya makinast 8999 9072 9431 10185 10998 11839 12613 13303 14524 15887 18024 19459 20446 21520 23015 24682
Bicer baglar makinast 5072 4557 4558 4950 5039 6107 6139 6451 6987 7409 8 468 8 882 9210 9305 9478 9492
Bicerdover 11721 11519 11811 12359 12775 13084 13360 13799 14313 14813 15486 15899 15998 16247 17199 17266
Civciv ana makinast 1511 1487 1592 1 695 1 644 1582 1 520 1390 1384 852 853 978 968 1 005 981 971
r%:lili]rll(ai:lbrem dagitma 1717 1671 1916 1950 1938 1967 2223 2282 2508 2519 2915 3628 4090 4382 4795 5246
Damla sulama tesisi 124036 142350 149792 160629 182991 206307 219052 245823 264639 293967 318413 362033 389831 412468 441366 475 141
Derin kuyu pompa 95604 99623 103540 106627 115875 122622 122831 131009 134734 142540 148675 163275 168502 172923 179659 185708
Dipkazan (Subsoiler) 15993 18494 19238 22205 23708 24654 26150 27688 27541 29054 30401 32568 35132 36515 38127 39277
Diskli aniz pullugu (Vanvey) 37960 38223 39210 41745 41725 41964 42280 43642 43251 44220 44387 45405 45002 45365 46540 47036
Diskli tirmik (Diskarolar) 190739 191789 192700 191360 198548 204665 205804 213909 221884 229761 232278 235594 240303 243310 247121 251 439
Diskli traktor pullugu 64076 63149 64965 66801 66491 66933 67838 67954 67452 68332 68773 70701 71829 72448 73139 74054
Disli tirmik 348911 350640 351327 353205 355991 353 128 348587 351866 350406 350968 343906 341050 343954 345533 350126 353 932
Déven 46417 39440 36452 30477 28855 27582 22015 18875 17305 15612 14874 13543 12407 12168 11749 10337
Elektropomp 147909 155474 157873 159603 167050 172022 170459 174294 180399 186503 192378 203614 210045 214407 221016 228524
Findik harman makinast 5603 5749 5851 6035 5315 5409 5276 5309 5362 5474 5621 5616 5687 5 861 5878 5752
Fide dikim makinast 10727 10621 12631 12852 12900 12960 13016 13270 13036 13391 13894 14145 14188 13939 13820 13793
Hayvan pullugu 233708 215322 207033 196278 181974 170797 155196 137526 129153 121320 110903 89155 82732 78344 70471 64827
;';{Yj:slf‘ gekilen cayir bigme 2155 2128 2092 2071 2048 1 830 1701 1564 1561 1535 1521 1 546 1588 1601 1639 1451
Hayvanla cekilen hububat 1619 1515 1234 1197 806 750 582 506 460 346 289 194 159 159 133 69
ekim makinasi

gzy;ai)“;‘:n‘;%;‘;ks:o”e gekilen 141315 141443 141961 144308 146408 146615 141939 138413 137838 135428 133608 132603 135684 136942 139385 139774
Karasaban 125335 110486 103578 91213 84304 77175 68463 58695 51889 49453 45965 40695 37455 34643 31330 27313
Kepee (Tarimda kullanilan) 21441 23433 26363 29798 32314 33403 34750 38867 41163 41620 42470 45727 48559 50304 53996 56860
r‘;g;‘iyneavs‘l giibre dagitma 314660 320609 326599 334461 339461 346471 354973 366781 371771 385149 389918 392908 399451 408737 419388 428 545
Kombikiiriim (Karma tirmik) 20604 22621 22169 22374 24891 24984 24600 25971 26029 24840 24495 23555 23881 24352 24786 26096
r‘;‘;‘zg;‘: hububat ekim 162763 166897 163577 164524 169695 173654 179048 187459 196147 199640 202915 205286 208403 211348 217642 221782
r‘;‘;]‘:g;‘: pancar hasat 3056 3521 3928 4029 3593 3716 3932 4271 4590 4921 5288 5448 5593 5807 6256 6733
r‘;‘;‘z:;‘: patates hasat 515 520 574 591 608 612 630 766 811 839 902 993 924 980 574 804
Krema makinast 253086 246482 239836 240295 234050 230 138 222470 214482 210047 200922 197520 182920 178535 177268 174176 173 871
Kulakli Aniz pullugu 26536 26285 26871 27045 28304 29411 33791 36797 37752 39834 399090 42483 44151 44579 45450 44592
Kulakli traktér pullugu 930943 947416 958228 983275 986291 996013 1002734 1014188 1025892 1041903 1045122 1046048 1050237 1057870 1071553 1079396
Kulugka makinast 978 1008 962 1062 1114 1025 1075 1 000 1147 1 140 1 146 1206 1247 1285 1410 1507
ng‘lfe‘;‘i‘Z:t‘gr‘"den haraketli 229497 239126 241753 245311 255582 259475 264421 278761 291505 305295 312651 322174 329768 338625 350272 358407
Kiiltivator 421455 430074 430981 443776 451214 457711 466727 479972 488802 500 126 503786 508218 515172 520970 532508 540795
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Cizelge 4. Tarim makinalar1 sayilarindaki degisim, 2003-2018 (TUIK, 2019) (devam)

Tarimsal alet ve makinalar 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Merdane 64195 66503 67322 72371 75682 77445 77294 81094 82100 83033 83487 84819 86138 87374 91011 93266
Meyve hasat makinast 122 171 190 265 320 510 647 1535 2522 4119 6565 8117 10556 13243 16220 17831
Mistr daneleme makinast 5766 5715 6262 5621 5447 5433 5343 5350 4388 4336 4352 4268 4195 4170 4175 4164
Masir hasat makinasi 542 506 534 588 677 726 749 863 915 987 1019 1030 1043 1142 1211 1292
Misir silaj makinast 6327 7416 8717 9734 11998 14000 15287 16627 18507 19988 21887 24486 25370 26347 27998 29247
Motopomp (Termik) 197888 198407 196687 197395 198735 197514 193698 193032 193898 194776 194154 191855 192827 192871 192841 192238
Motorlu piilverizatér 72618 72868 72838 73015 71015 72171 72494 73745 75905 78151 80457 84093 85974 8748 90832 95143
Motorlu tirpan 6134 7942 9974 14034 17400 18785 21167 32608 47985 56693 65013 76236 84307 91865 101664 111544
Orak makinast 64434 64489 64549 64972 65977 69430 71415 69411 66768 63092 61954 60645 58271 57234 53972 52172
Ot silaj makinast 1984 2017 2225 2585 2853 3087 3156 3471 3778 3917 4248 4674 4908 5227 5541 5783
Ot tirmig1 63944 64824 68132 68566 70335 101958 98383 99729 101452 103940 106668 110030 113405 115169 115809 119 760
Pamuk toplama makinast 3] 56 128 349 500 520 508 595 730 910 950 1050 1 080 1155 1245 1285
Pancar sokme makinast 9606 10087 10757 10400 10845 12927 13332 13750 14306 14752 15125 15059 15172 15319 15134 15474
Patates dikim makinasi 1183 11875 12217 12761 13183 13632 13698 14006 14413 14970 15152 15421 15769 16087 16717 16993
Patates sokme makinast 15794 15637 15974 16243 16802 16932 16938 18679 19274 20176 19756 20229 20462 20353 21250 21477
Pnomatik ckim makinast 15908 20668 18633 19874 22048 22919 23165 25390 27153 29377 30921 32048 34589 35850 39024 40376
Rototiller 7187 7820 8 666 9097 9584 9807 10297 10760 11080 11640 11942 12870 13443 13978 15092 15737
Rémork (Tarim arabast) 966 596 986313 995523 1011577 1026389 1036613 1041239 1061656 1074764 1098995 1109917 1121371 1126166 1137709 1165873 1184193
rsna;r(‘fr?a;ktarma bosaltma 9218 10021 10474 11687 11520 11366 11995 13347 13955 14175 14009 14348 15328 15621 16431 16789
Santrifiij pompa 92359 92821 96572 97622 98762 104141 104898 109155 110450 108665 108872 111593 111682 113075 114159 115046
(Sggtg;))ver veharman makinast 93963 193930 197017 196346 194847 192440 190856 187978 188153 185327 181320 173555 170836 167581 160121 155600
Sap parcalama makinast 12170 12876 13571 13881 14933 15075 15243 16685 17288 17968 17889 17864 18239 18533 19014 19241

Sap toplamali saman yapma
makinasi

Sedyeli, motorlu piilverizator
tozlayict kombine atomizor

10 084 11902 12 563 12942 12 980 11 966 12513 13 662 14 062 15 062 16 445 17 338 17711 17978 18 542 19 106

16 281 16 212 16 411 15 828 14993 15 084 13 955 14 188 14 020 14 303 14 325 13 811 12 731 12 802 13 832 13997

Selektor (Sabit veya seyyar) 4092 4156 4310 4258 4387 4390 4378 4347 4388  448] 4455 4394 4321 4443 4400 4516
Set yapma makinasi 11582 12303 12957 13434 14146 14095 13967 15032 15734 15892 16004 15796 16131 16639 16650 16912
Sirt piilverizatorii 580927 580547 582618 586685 587821 590590 588556 591373 597460 606366 612626 623190 628059 633598 641819 647 442
ESJ::}(IZE)(TaUmda 171469 176576 180208 184195 187727 191309 194573 198031 200350 206078 208544 208538 209372 210697 213393 216276
Siit sagim makinasi (Seyyar) 109728 121534 130087 150049 164051 177630 187123 208457 225937 254348 268 164 282433 292405 301795 319885 332595
Siit sagim tesisi 5618 5637 5571 5763 5749 6216 6714 7280 7959 7336 8182 9279 9744 10057 12226 12856
Tarimsal miicadele ugagi 57 58 62 60 61 49 33 20 22 10 8 8 8 5 5 5
Tas toplama makinast 330 356 373 410 416 422 471 530 653 806 990 1240 1356 1448 1571 1657
Tinaz makinast 16627 15910 15703 14082 13634 13368 12167 12015 11523 11201 10710 8405 8111 7739 7440 6924
Toprak burgusu 2388 2630 2894 3575 4148 4340 4682 4920 5047 5502 5561 5917 6277 6470 6550 6809
Toprak frezesi (Rotovator) 33413 33771 34895 36601 37604 38937 40739 41685 42649 43972 46716 50100  S1860 53301 54960 56306
Toprak tesviye makinasi 13177 14106 14843 15515 16471 16502 16906 17301 17602 17943 17657 17919 18238 18873 19182 19328
Tozlayict 34671 30924 27729 24773 24522 23694 22996 22800 21543 19509 19307 17827 17855 17749 16762 16268
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Tarimsal alet ve makinalar 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
E:ll‘fglf gekilen cayir bigme 39682 40684 42690 46213 50669 54072 55762 61248 66193 68579 73314 79115 81480 82899 87233 90020
Z]:f‘::i:if:;‘}e“ hububat 89441 90171 94588 101776 101633 106533 111049 117276 119889 128675 131471 134786 136846 140329 142258 144 927
Universal ekim makinas: 66216 63073 62982 63392 62979 62892 61634 61487 62015 61702 61922 61337 61353 61018 61660 61509
(Pancar mibzeri dahil)

Uriin kurutma makinast 303 392 478 525 587 621 629 675 739 826 862 927 974 1 006 1069 1113
Fsz‘izlft‘g;?l:‘:g‘;ma makinast 5972 6100 6396 6772 7163 8059 9295 13215 13601 13763 14371 14577 14785 14928 15119 15276
Yagmurlama tesisi 188258 194055 197908 200780 206014 216130 219868 229691 235104 236078 240253 247520 248039 252215 259838 267022
Yayik 234950 256621 257466 265131 268237 265658 259800 261 161 254791 249449 252104 248815 248720 249297 256123 256902
Yem dagitict romork 354 508 545 463 605 849 1219 1483 1711 1 844 2052 2484 2874 3356 4066 4894
Yem hazirlama makinast 18508 18604 18753 19957 21435 21419 21497 22140 23397 24478 25891 26924 27747 28979 31962 35957
Yerfistig1 harman makinasi 174 156 159 161 210 214 220 249 23] 238 245 265 282 300 323 365
Yerfistig1 hasat makinast 164 179 186 193 206 217 237 282 295 330 295 320 318 373 400 462

Cizelge 5. Ekipman ihracat ve ithalat degerleri, 2001-2018 (ileri, 2019)

Yillar Ekipman ihracat1 degeri Ekipman ithalat1 degeri
(milyon ABD dolar1) (milyon ABD dolar1)
2001 26.44 41.98
2002 22.70 35.18
2003 32.24 47.08
2004 52.27 121.98
2005 71.50 218.14
2006 93.98 278.63
2007 135.72 263.22
2008 178.16 216.84
2009 140.60 144.67
2010 165.59 255.52
2011 204.17 407.62
2012 234.47 408.72
2013 263.93 473.28
2014 299.91 352.22
2015 287.11 312.94
2016 277.47 300.21
2017 333.46 313.93
2018 406.43 298.17
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Cizelge 6. Tiirkiye traktor ve ekipman dis ticareti, 2017 (Ileri, 2019)

Ihracat Traktor Ithalat Traktor
Siniflandirma, tanimlama degeri % haric % degeri % haric %
(bin $) 7 (bin$) ¢
Sulama ekipmanlari 8424.8210 18 501 2.8 55 23 969 3.6 7.6
. . 8424 .41
[laglama ekipmanlari 8724 49 15484 2.4 4.6 8733 1.3 2.8
Diger ' 8424.8290 4196 0.6 1.3 386 0.1 0.1
}S,zi;“a & llaglama Aksam- ¢74 90 11 1] 483 18 34 27558 42 8.8
.. .. 8428.9071
Yiikleyiciler 8428 9079 926 0.1 0.3 6320 1.0 2.0
Toprak isleme, Ekim,
Giibreleme ve Bitki Bakim 8432 106 669 16.3 32.0 19 847 3.0 6.3
Ekipmanlari
Hasat, Harman, Bi¢me, Balya 8433 57921 89 174 171054 260 545
ve Simiflandirma Ekipmanlari
o< . 8434.10
Siit Sagim ekipmanlari 8434.90 21082 32 6.3 4018 0.6 1.3
Diger tarim makinalari
(Tohum Ilaglama, Cit
Budama, Yem Hazirlama, 8436 81 859 12.5 24.5 49 050 7.5 15.6
Ormancilik, Kiimes ve
Aricilik Makinalarr)
Tarimsal romork 8716.20 14 487 2.2 43 48 0.0 0.0
Traktor 8701.90 320497 49.0 344 405 52.3
El traktorii 8701.10 849 0.1 0.3 2942 0.4 0.0
TOPLAM 653 954 658 330
Cizelge 7. Tiirkiye traktor ve ekipman dis ticareti, 2018 (ileri, 2019)
Thracat ) Ithalat }
Siniflandirma, tanimlama degeri % g;?iktg/r degeri % }T;?iktg)/r
(bin §) €% (bin%) £
Sulama ekipmanlari 8424.8210 32522 3.9 8.0 20357 4.4 6.8
. . 8424 .41
[laglama ekipmanlari 8724 49 19 228 2.3 4.7 8012 1.7 2.7
Diger ' 8424.8290 7 200 0.9 1.8 304 0.1 0.1
Sulama & Tlaglama Aksam-¢174 9011 1] 309 1.4 28 17838 3.9 6.0
Parca
.. .. 8428.9071
Yiikleyiciler 3428.9079 1277 0.2 0.3 6 826 1.5 2.3
Toprak isleme, Ekim,
Giibreleme ve Bitki Bakim 8432 121869 14.7 30.0 14 662 32 4.9
Ekipmanlari
Hasat, Harman, Bi¢me, Balya 8433 71438 86 176 195883 425 657
ve Simiflandirma Ekipmanlari
o< . 8434.10
Siit Sagim ekipmanlar 8434.90 27238 33 6.7 5891 1.3 2.0
Diger tarim makinalari
(Tohum flaglama, Cit
Budama, Yem Hazirlama, 8436 103 882 12.5 25.6 25234 5.5 8.5
Ormancilik, Kiimes ve
Aricilik Makinalarr)
Tarimsal romork 8716.20 9023 1.1 2.2 44 0.0 0.0
Traktor 8701.90 423 603 51.0 0.0 162 391 35.3 0.0
El traktorii 8701.10 1443 0.2 0.4 3123 0.7 1.0
TOPLAM 830 032 460 565
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Tarimsal mekanizasyon diizeyi incelenirken; {ilkemizin tarim alanlarindaki degisimin yani sira
bu alana diisen traktor sayisi ve traktor giicii, traktor bagina islenen alan biiyiikligii ve alet-makina sayist
degerlerindeki degisim Cizelge 8’de verilmistir. Goriildiigii gibi tarim alanlarinin giin gectikce azaldig,
bununla beraber traktor basina diisen alanin da diistiigii, 1000 ha alana diisen traktor sayisinin arttigi
aciktir. Ayn1 zamanda islenen alan basina diisen traktor giicii de artmis, 1990 yilinda 1.10 kW/ha iken,
2018 yilinda 2.10 kW/ha’a yiikselmistir. Traktor ortalama giiciiniin ise 2018 yilinda 40.2 kW diizeyine
ulastig1 bildirilmistir (Evcim ve ark., 2010 ve 2015; ileri, Agustos 2019).

Cizelge 8. Tarimsal mekanizasyon gostergelerinin degisimi (Evcim ve ark., 2010 ve 2015; ileri, 2019)

Traktor 1000 ha 1000 .
. . . B.dover
basina islenen . Islenen isletme
N Traktor basina
Tarim diisen alet alana basina alana Ort. bagina diisen
alanm Traktor /makine diisen a3 diisen traktor traktor 3
Yillar . islenen . A hasat
(1000  sayisi (adet) say1st traktor traktor giicti sayl1st .
. alan (ha / P .. edilen alan
ha) (traktor / say1st traktor) giicti (kW) (traktor/ (b.dover/
alet - (traktor/ (kW/ha) 1000 10' 00 ha)
makine) 1000 ha) isletme)
1970 27 338 105 865 - - - 0.10 27.4 - -
1980 28 175 436 369 - - - 0.96 36.3 - -
1990 27 856 692 454 - 28.00 36.00 1.10 39.8 189.00 -
2000 26 379 941 835 - 44.00 22.76 1.85 42.0 377.00 -
2005 26 606 1022 365 4.9 47.00 21.32 1.97 42.0 466.00 0.84
2010 24 395 1096 683 5.0 58.00 17.36 2.48 43.0 606.00 1.11
2015 23934 1260 358 4.7 52.66 18.99 2.37 45.0 573.59 1.33
2018 23 375 1332139 4.6 52.50 19.00 2.10 40.2 633.45 1.54

3. Sonuglar

Tiirkiye’de tarimsal mekanizasyonun basladigi zamandan giiniimiize kadar hem traktér hem de
traktorle calistirilan tarim alet ve ekipmanlari varliginda 6nemli diizeyde gelismeler goriilmustiir. Ancak
buna ragmen; enerji tiiketimi (kWh/ha), yakit tiikketimi (I/ha), zaman gereksinimi (h/ha) ve insan isgiicii
gereksinimini azaltmak (BGh/ha), tarla trafigini azaltarak toprak sikismasini onlemek, optimum
giibreleme, sulama ve ilaglama saglamak ve uzaktan algilama ve kontrol yontemlerinin gelistirilmesi
(GPS, GIS) konularinda teknolojik beklentiler vardir. Bu beklentilerin karsilanmasi i¢in Ar & Ge,
inovasyon, Universite-sanayi is birliginin gelistirilmesi, akilli tarirm makinalarinin geliserek yaygin
kullanim alani bulmalari, malzeme teknolojisinin {iretime yansimasi, meyve ve sebze hasat ve hasat
sonu teknolojilerinin gelismesi, ¢iftgi egitimlerinde yenilik¢i yaklasimlar kullanarak gelisimlerine katk1
saglanmasi gerekmektedir. Tiirkiye’de imalat sanayi hem traktor hem de alet-ekipman bazinda son
yillarda biiyiik gelisme gostermistir. Traktdr imalat sektoriinde 2010-2017 déneminde % 111°1ik, alet-
ekipman imalatinda ise ayni donemde % 103’liikk bir biiylime gergeklesmistir (Evcim ve ark., 2005;
Profi, 2019).

Bununla beraber traktor giiciliniin diisiik olmasi nedeniyle yiiksek iiretim teknolojilerine sahip
makinalarin kullanilamayacagi, sebebinin ise igletme yapilarimin ve biiyiikliiklerinin elverigsiz oldugu
unutulmamalidir. Bunun yani sira yeteri kadar ekipmana sahip olmayan traktérlerle de gereken
etkinlikte calismak miimkiin degildir. Hem traktor sayisinin hem de gii¢ diizeyinin hicbir anlami
kalmamaktadir. Tarimsal mekanizasyon kriterleri agisindan ise, ayni gelismislik diizeyinde oldugu gibi
tilkemiz bolgeleri arasinda da farkliliklar vardir. Genel olarak mekanizasyon diizeyi kuru tarimin
yapildig1 bolge ve illerde, sulu tarim yapilan bolgelere gore daha disiiktir. Aymi sekilde daglik
kesimlerde de diizey diisliktiir, hatta kuvvet kaynagi olarak hala hayvan kullanimi séz konusudur.
Ciftcilerin alim giiclindeki dalgalanma ve diisiisler, tarimsal girdilerin icerisinde en esnek girdi olan
tarim makinalar1 sektoriinii olumsuz yonde etkilemektedir. Tarimsal mekanizasyon {iretim girdilerinin
% 35’ini kapsamasina ragmen, tohum, ilag, giibre ve yakittan daha az Onemli goriilmektedir.
Mekanizasyon araglarinin eski teknolojiye sahip olmalart iiriin verimini diisiirmektedir. Mekanizasyona
gerekli kaynagin aktarilmamasi;

- Birim alandan elde edilen verimin ve {iriin kalitesinin diismesi,

- Tarlaya fazla giibre, ila¢ ve egzoz emisyonu gibi insan, ¢evre ve canlilart etkileyecek olumsuz
ortamin olugmasi,

- Bakim-onarim masraflariin yan1 sira mazot ve yag gibi igletme masraflarini artirmasi,
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- Arnza ve kaza yapma riski olasiliginin artmasi ile sonuglanir (Kogtiirk ve Avcioglu, 2007;

Ozgiiven ve ark., 2010).

10 yas iizerindeki bicerdoverler yapilacak desteklerle yenilenmeli, 20 yasin {izerindekilerin
kullanimina dahi izin verilmemelidir. Ancak bunlarin yenilenmesi igin gesitli tesvik mekanizmalari
devreye sokulmalidir. Bunun yam sira bigerdoverlerin uydu ile takibi gerceklestirilmeli, kayiplarin
onlenmesi konusunda dikkat edilmelidir. Modern {iretim teknolojilerinin kullanimini saglayacak en
o6nemli yollardan biri, ortak makina kullanimi gibi organizasyonlarin artirilmasidir. Ayrica ileri
teknoloji, otomasyon ve yeni tasarimlardan beklentiler; daha kolay kullanilir ve yonetilir olmalari,
islevsel Ozellikleri iyilestirilmeli ve birlestirilmeli, edinme maliyeti getirisiyle karsilanabilmeli ve
ciftcilerin ihtiyaglarma cevap verebilmeleridir (Evcim ve ark., 2010).
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MAKALE GONDERIMI ve TELiF HAKKI DEViR SOZLESMESI
Yazarlar tarafindan Yiiziincii Y1l Universitesi Tarim Bilimleri Dergisine iletilen “Makale Génderimi ve Telif
Haklki Devir Sozlesmesi”, bu calisma basima kabul edildikten sonra yazar(lar)in her tiirlii yayinlama yetkisinin YYU
Tarim Bilimleri Dergisine devredildigini agtk¢a ve yazili olarak ifade etmektedir. Dolayisi ile sozlesme niteligindeki
asagidaki form, dergiye gonderilen her makale i¢in doldurulmali ve tiim yazarlar tarafindan imzalanmalidir.

LY 11 (G0 27 1] 0

olan makale, “Yiiziincii Y1l Universitesi Tarim Bilimleri” dergisinde basilmak izere génderilmistir.

Bu makalenin YYU, Tarim Bilimleri dergisi “Yazim Kurallar”na uygun olarak hazirlandigini onaylariz. Bu
makale orijinal oldugunu, son haliyle basili ve elektronik olarak daha 6nce yayinlanmadigini ve baska bir dergide
yaymlanmak {izere degerlendirme asamasinda olmadigini taahhiit ederiz. Bildigim(iz) kadarryla bu makale herhangi bir
mevcut telif hakki, diger ii¢iincii taraf hak, iftira niteliginde, miistehcen veya baska yasadisi nitelikte herhangi bir
materyal igermez; bu makale bagkalarinin haklarini ihlal etmez.

Makale “Yiiziincii Y1l Universitesi Tarim Bilimleri ” dergisinde basima kabul edildikten sonra, yazar(lar) olarak;
makale ile ilgili tiim haklari, “telif hakki devir” yasalari uyarinca, YYU-Ziraat Fakiltesine devretmeyi kabul
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	Capsicum chinense Türüne Ait Biber Popülasyonunun SSR Molekülerleri ile
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