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ABSTRACT

Drought decreases the growth and productivity in cotton. Heat shock proteins accumulate in plants under water stress
to protect the biochemical and physiological processes at the molecular level. In this study, plants of T, segregating
generation of transgenic cotton, containing small heat shock protein gene (GHSP26) was compared with wild type
plants for biochemical, physiological and molecular responses under different periods of drought stress. Transgenic
plants accumulated 30% higher proline content than the wild type. Lipid peroxidation activity was reduced in transgenic
plants which showed that the drought tolerance efficiency has been improved. Leaf relative water content was 69%
and 45% in transgenic and wild-type plants, respectively at 10-day drought stress. Similarly, transgenic plants showed
better performance for photosynthesis, stomatal conductance, transpiration and osmotic potential as compared to wild
type. Real-time quantitative PCR of GHSP26 and some other drought responsive genes such as Gh-POD, Gh-RuBisCO,
Gh-LHCP PSII, Gh-PIP, Gh-TPS and Gh-LEA have supported the higher expression and proved drought tolerance in
transgenic plants. The overexpression of GHSP26 in transgenic plants improved the biochemical such as proline content
and lipid peroxidation activity and physiological parameters like photosynthesis, osmotic potential and water related
attributes. Hence, this study may be extended for selection of homozygous lines and breeding to improve the drought
tolerance activity in plants.

Keywords: Gene expression; Gossypium hirsutum; Physiological analysis; Genetically modified cotton; Water stress;
Biochemical analysis
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OZET

Kuraklik, pamuk bitkisinin gelisimini ve verimini azaltmaktadir. Su stresi kosullarinda biyokimyasal ve fizyolojik
prosesleri molekiiler diizeyde korumak igin bitkide 1s1 sok proteinleri birikmektedir. Bu c¢aligmada, kiiglik 1s1 sok
proteinleri (GHSP26) igeren transgenik pamuk bitkisinin T, neslinin farkli kuraklik stresi altinda biyokimyasal, fizyolojik
ve molekiiler diizeyde tepkileri yabani-tip bitki ile karsilastirilmistir. Transgenik bitkiler yabani-tip bitkilere gore
% 30 daha fazla prolin biriktirmiglerdir. Kuraklik tolerasyon etkinliginin arttigin1 gosteren lipid peroksidasyon aktivitesi
transgenik bitkilerde azalmistir. Kurakligin onuncu giiniinde, transgenik ve yabani-tip bitkilerde oransal yaprak su
icerigi sirasiyla % 69 ve % 45 olmustur. Benzer sekilde yabani-tip bitkilerle karsilastirildiginda, transgenik bitkiler
fotosentez, stoma iletkenligi, transpirasyon ve ozmotik potansiyel agisindan daha iyi performance gostermistir. GHSP26
ve Gh-POD, Gh-RuBisCO, Gh-LHCP PSII, Gh-PIP, Gh-TPS ve Gh-LEA gibi kimi kurakliga tepki genlerinin gergek
zaman PCR sonuglar yiiksek diizeyde gen ekspresyonu oldugunu ve transgenik bitkilerin kuraklik toleranslarimin iyi
oldugunu gostermistir. Transgenik bitkilerde GHSP26’nimn yiiksek ekspresyonu prolin ve lipid peroksidasyonu gibi
biyokimyasal, fotosentez, ozmotik potansiyel ve su durumuna bagl fizyolojik 6zellikleri iyilestirmistir. Bu yiizden, bu
calisma bitkilerde kuraklik toleransini artirmak tizere 1slah ve homozigot hatlarin se¢iminde kullanilabilecektir.

Anahtar Kelimeler: Gen ekspresyonu; Gossypium hirsutum; Fizyolojik analiz; Genetik modifiye pamuk; Su stresi;

Biyokimyasal analiz

1. Introduction

Drought stress is seen as loss of water from plants
and altering its various structural, physiological,
and biochemical processes. These losses would
result as a reduction in leaf water content (Hadiarto
& Tran 2011), interruption to enzymatic reactions
(Mohamed et al 2015), leaf turgor loss (Yue et al
2012), water transpiration efficiency (Ashraf &
Harris 2004), cessation of photosynthesis (Chaves
et al 2009), nutrient imbalance and a reduction
in plants’ growth and yield. Plants adapt various
ways to maintain cellular activities and integrity
to survive under water scarcity (Mao et al 2010).
Several genes including heat-shock proteins are
involved in cellular protection by re-establishing
normal protein conformation and hence normalize
the cell homeostasis during stress (Al-Whaibi 2011).

Cotton is a major fiber crop, and Gossypium
hirsutum is the most widely grown species around
the world. Gossypium arboreum adjusts well to
arid lands and needs low input for agricultural
practices, therefore, it is considered as a pool of vital
resistant genes that may lead to improving modern
cotton cultivars (Liu et al 2006). Less availability of
irrigation water is one of the major limiting factors for
flower development, fiber production, and lint quality.

© Ankara Universitesi Ziraat Fakiiltesi

Under drought stress, plants generally display many
physiological and biochemical reactions which result
in the observation of certain differentially expressed
genes. Therefore, it is important to understand the
genes, expressed during drought stress to develop the
resistant varieties (Shamim et al 2013).

Conventional breeding has produced better
cotton cultivars (Ashokkumar et al 2014), but the
cotton genome research has made progress to
develop genomic resources and tools for basic and
applied genetics, genomics and breeding such as
EST’s data, DNA markers, QTL’s and genes for
special traits (Zhang et al 2008). Applications of the
biotechnology and genomics approaches have led
the studies related to the introduction of transgenic
plants with the hope that the development of abiotic
stress-tolerant cultivars would be appropriate and
comparatively efficient (Rashid et al 2014; Unliikara
et al 2015). We have previously identified, isolated
and characterized, small Heat Shock Protein gene
(GHSP26) from a local variety of G. arboreum
(Magbool et al 2007), transformed to local variety
of G. hirsutum (Magbool et al 2010) and tested its
potential role in segregating generations (Shamim et
al 2013; Sarwar et al 2014). Thus, objective of the
present research was to elucidate the prospective role
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of GHSP26 in plants of T, segregating generation
under 5 and 10 days drought (d) stress phase.

2. Material and Methods

2.1. Planting material, growth conditions and
application of drought stress

Seeds of T, segregating population of Gossypium
hirsutum previously transformed with GHSP26
gene, which was isolated from the local variety
of G. arboreum (Maqgbool et al 2007; Magbool
et al 2010) and studied T, generation of the same
(Shamim et al 2013) were used. Lint was removed
with concentrated H,SO, and washed with tap
water. Sterilization was done with 0.5% HgCl, and
1% SDS for 10 min followed by washings with
autoclaved water. Seeds were sown in pots (25x30
cm) containing soil, sand and peat moss (1:1:1) and
kept in the greenhouse at 30+2 °C and 250-300 pmol
m? s light intensity. There were three replicates
with five plants in each replicate. Forty-day-old
plants were subjected to drought stress by stopping
irrigation for 5 and 10 d (day stress), as described
by (Yue et al 2012). Physiological, biochemical
and molecular parameters of the transgenic and
wild-type plants were observed under normal and
drought stress condition. Transgenic and wild-type
(WT) plants at 0 d were considered as control. So
the treatments denoted as ODS, 5DS and 10 DS.

2.2. Estimation of proline content and lipid
peroxidation

The proline content in leaf was extracted as described
by (Bates et al 1973). A standard curve with known
concentration of proline was also obtained and
proline content was calculated as pg g' of fresh
leaf tissue. Malondialdehyde (MDA) was analyzed
as described by (Quan et al 2004). The absorbance
of the supernatant was taken at 450, 532 and 600
nm with the spectrophotometer (spectra Max plus:
molecular devices, USA). The MDA content was
calculated using the Equation 1.

C (umol g')=6.45x(0OD,,,-OD,, )-0.56x(OD,)) (1)

Where; C, MDA concentration; OD, optical
density at given wavelength.

2.3. Leaf relative water content (LRWC)

Leaf relative water content (LRWC) was determined
by using the (De Ronde et al 2004) protocol with
little modification. About 1 g of leaf sample was cut
into smaller pieces and determined the fresh weight
(FW). Then samples were immersed in double
distilled H,O for 24 h and turgor weight (TW) was
determined. Samples were then oven dried at 80 °C
for 24 h and the dry weight (DW) was obtained. The
LRWC was calculated using the Equation 2.

Leaf relative water content (LRWC)= [(FW-DW)/
(TW-DW)]x100 2)

Where; FW, fresh weight; DW, dry weight; TW,
turgid weight.

2.4. Gas exchange parameters and osmotic
potential (OP)

Gas exchange attributes, such as stomatal conductance
(C), transpiration (E) and photosynthetic rate (PN)
were calculated using an open system LCA-4 ADC
portable infrared gas analyzer in the mid-day in sun
shine (Analytical Development Company, United
Kingdom) as described by Akram et al (2011). The
Osmotic potential was measured with a Micro-
Osmometer (Fiske Model 210, Fiske Associates) as
mentioned by Mao et al (2010).

2.5. RNA extraction, cDNA synthesis and
quantitative real time RT-PCR

Total RNA was extracted from leaves of transgenic
and WT plants as described by Muoki et al
(2012) with some modifications. Quantity and
quality were analyzed with NanodropND-1000
spectrophotometer. RNA integrity was confirmed
in 1.2% agarose gel and cDNA synthesis was
done by using the kit (Fermentas cat# k1642).
Gene-specific  primers  for GHSP26  were
designed as F-AGGCCTAAACGGTTGGCTAT,
R-CCATCTTTGATGTCCCAAGG by using the
primer-3 software. Expression of some drought
linked genes (Gh-POD, LHCP-PII, RuBisCO,
Gh-TPS, LEA-5, and Gh-PIP) were analyzed in
transgenic and WT plants by quantitative real-
time PCR. Data normalization was done by using
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GAPDH as internal control. SYBER green PCR
master mix (Fermentas: cat#k221) was used for
reaction mix to run the cycle on Real-time PCR ABI
7500 device. The thermal profile was 3 min at 95 °C,
followed by 35 cycles each at 95 °C for 30 sec, 60
°C for 40 sec and 72 °C for 30 sec. The Assay was
performed in triplicate and relative gene expression
analysis was done by REST 2009 V2.0.13 software
provided by QIAGEN.

2.6. Statistical analysis

Experimental data are the means of at least three
independent replicates, and results were determined
using analysis of variance (ANOVA) Statistix
software. Variation among treatment means were
compared using least significant difference (LSD)
(P<0.05).

3. Results and Discussion

3.1. Proline content and lipid peroxidation

In this study, accumulation of proline was 30%
higher in transgenic plants as compared to WT. So
this indicates a positive correlation between the
proline content and expression of the transgene
against drought stress period (Figure 1A). Proline
accumulation in plants in response to osmotic
stress is vital for adaptation (Yue et al 2011).
Proline accumulation helps the plants to minimize
the dehydration damage to the cell membrane.
It accumulates in a larger amount than any other
amino acid in higher plants under drought and salt
stress (Ashraf & Harris 2004). Statistical analysis
showed that there is a significant difference for
proline accumulation in transgenic and wild type
cotton lines (F-test, **P<0.01) (Table 1). Similarly
(Liu et al 2009) reported higher proline content in
transgenic rice plants than the wild types under
drought and salt stress conditions. Therefore, these
reports confirm the positive function of proline in
plants under abiotic stresses.

Drought stress causes oxidative damage which
results in cell membrane degradation which is a
sign of membrane lipid peroxidation. The value of
MDA production without drought stress was 2.0

o Transgenic
Non-transgenic

b

. r

1
2.0 4
1.0 4
0.0 4
b

b

)
3

Relative water contents (%
s BB8588

o -

oDs S5DS 10Ds

Figure 1- Biochemical and physiological indicators
of transgenic and WT plants under drought
stress; A, proline; B, MDA; C, leaf relative water
content; each value represents the mean+SD of
three replicates; values with different letters are
statistically different (LSD, P<0.05)

Sekil 1- Transgenik ve yabani tip (WT) bitkilerin
kuraklik stresi altinda fizyolojik ve biyokimyasal
ozelliklerindeki degisimler; A, prolin; B, MDA,
C, yaprak relative su icerigi; degerler 3 tekerriir
ortalamasi1+SD; farklr harflerle gosterilen ortalamalar
arasi fark énemli (LSD, P<0.05)

and 4.0 umol g' FW in transgenic and WT plants
respectively. Its production was raised to 3.45, and
4.1 pmol g' FW in transgenic plants under 5 and
10 d respectively. However, MDA level was 4.6 and
4.9 umol g' FW in WT plants under same period of
drought (Figure 1B). It also indicates the generation
of ROS, superoxide radicals and hydrogen peroxide
(Ashraf & Harris 2004). It protects the membranes
and macromolecules that result in lowering the ion
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leakage and transpiration losses and increasing
water holding capacity. Statistical analysis showed
that there is a significant difference for MDA
accumulation F-test, **P<0.01 (Table 1). These
results implied that the elevated level of small heat
shock protein in vivo helps in efficient scavenging of
ROS in transgenic plants which may be contributing
to enhanceing the drought tolerance.

3.2. Over expression of GHSP26 improved the leaf
relative water content (LRWC)

Leaf relative water content is directly linked to total
cell size and balance between water availability to
leaves and transpiration rate (Mao et al 2010). The
Value of LRWC without drought stress was 72.9%
and 69.7% for transgenic and WT plants respectively.
Transgenic plants held 69% LRWC while WT held
only 45% at 10 d drought stress (Figure 1C). With
the application of 5 d drought, LRWC decreased
significantly in WT plants (F-test, **P<0.01).
ANOVA and testing of means for significant
differences indicates that the transgenic plants were
less damaged as compared to WT under drought
stress (F-test, ¥*P<0.05) (Table 1). Variation in LRWC
directly influences the cell turgidity, opening, and
closing of stomata and photosynthetic rate. Hadiarto

& Tran (2011) suggested that drought responsive
genes have a positive role to maintain the leaf relative
water content in the rice plants. Verslues & Bray
(2006) discussed the correlation between hormonal
level and the accumulation of osmolytes which in
turn affects the water potential and relative water
content within plants under dehydration stress.

3.3. Photosynthesis, stomatal conductance and
transpiration rate in transgenic plants

Drought stress leads to a substantial reduction in
net photosynthesis, due to stomatal closure, which
restricts the diffusion of CO, into the leaf or non-
stomatal factors, such as inhibition of RuBisCO or
ATP synthesis (Stepien & Johnson 2009). In our
study, photosynthesis rate under irrigated phase was
9.04 pmol m?s™ in transgenic and 5.32 pumol m?s™ in
WT plants. This was reduced to 5.82 and 3.08 pmol
m?sin transgenic plants and was 4.03 and 2.96 pmol
m?s'in WT at 5 and 10 d drought stress, respectively
(Figure 2A). This indicates that overexpressing
GHSP26 is maintaining the photosynthesis activity
efficiently in transgenic plants under drought stress.
ANOVA of the drought and the genotype variables
and their interactions showed significant values F-
test, **P<0.01 (Table 1).

Table 1- Analysis of variance (ANOVA) for physiological and biochemical parameters of transgenic and

wild type plants under drought stress

Cizelge 1- Transgenik ve yabani tip (WT) bitkilerin kuraklik stresi altinda fizyolojik ve biyokimyasal ézelliklerindeki

degisimlere ait varyans analizi sonuglart

Independent variable

Dependent Drought stress Genotype GxD

variable SS MS F SS MS F SS MS F
Proline 5862 2931 2218 2451 2451 1855  541.95 27098  205.0”
MDA 7.18 3.59 478 770 7.70 102.4*  1.06 0.53 7.10™
LRWC 1488.7 74433 103" 1093.1  1093.1  15.12"  1002.8 50142  6.94°
PN 51.57 2578 458~ 15.99 1599  28.40"  9.75 4.87 8.65™
g 10.64 532 79.9% 6.6l 6.61 99.36"  2.52 1.26 19*
E 11.53 5.76 702" 3.87 3.87 47.22"  3.99 1.99 243"
oP 10.35 5.17 51" 0.05 0.05 0.53™ 031 0.15 1.6™
WP 0.47 0.23 2327 044 0.44 43.92%  0.02 0.01 1.3
F /F,, 55975 27987 402" 16272 16272 234" 17286 8643 12.4*

*, significant at P<0.05; **, significant at P<0.05; ns, non-significant; D, drought stress; G, genotype; GxD, interaction; MDA,
malondialdehyde; LRWC, leaf relative water content; E, transpiration; OP, osmotic potential, WP, water potential
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Small heat shock proteins play a critical role in
cellular protection under drought stress and maintain
water use efficiency (Gallé et al 2007). This may be
a result of stomatal closure or degradation of the
photosynthetic apparatus under stress. This study
reports the positive response of the transgene for
stomatal conductance which is enhanced under
drought stress (Figure 2B). Different variables
and their interaction showed significance for
stomatal conductance (Table 1). Transpiration rate
was 3.74 mmol m?s!in transgenic plants without
drought stress and decreased to 2.0 and 1.0 mmol
m?s! as the plants were subjected to 5 and 10 d
of drought, respectively. Likewise in WT plants,
the transpiration rate was 2.5 mmol m?s'at 0 d and

A 12 1 C 45 -
W Transgenic

10 | Non-transgenic

decreased to 0.8 and 0.93 mmol m?s™ at 5 d and 10
d of stress, respectively (Figure 2C). A significant
difference in the transpiration rate was not observed
under 10 d drought stresses. This may be due to
the fact that negative water potential in the root
generates a signal to shoot e.g. abscisic acid which
has been suggested to be the operating mechanism
for transpiration activity (Ashraf & Harris 2004).
ANOVA determined a highly significant difference
among the variables and their interactions F-test,
*¥p<0.01 (Table 1). Transpiration activity may
also be regulated by the waxy layer on the leaf
surface which ultimately helps to monitor the
stomatal aperture for opening and closing under
environmental stresses.
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Figure 2- Physiological measurements of transgenic and WT plants under control and drought stress;
A, photosynthetic rate; B, stomatal conductance; C, transpiration rate; D, osmotic potential; each value
represents the mean+SD of three replicates; values with the different letter are significantly different

according to LSD tests (P<0.05)

Sekil 2- Transgenik ve yabani tip (WT) bitkilerin kuraklik stresi altinda fizyolojik ozelliklerindeki degisimler; A,
fotosentez orani; B, stoma iletkenligi; C, terleme orani; D, ozmotik potansiyel; degerler 3 tekerriir ortalamasi=SD;
farkly harflerle gosterilen ortalamalar arasi fark onemli (LSD, P<0.05)
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The consequence of water stress on the stability of
photosynthetic apparatus determines the chlorophyll
fluorescence ratio (F /F ) which is an indicator of
the photochemical efficiency of Photosystem II
(Efeoglu & Terzioglu 2009; Stepien & Johnson
2009). Photochemical efficiency (F /F_ ratio) of
transgenic and WT plants differ significantly (F-test,
*P<0.05) (Table 1). These results, in correlation with
previous reports, confirmed that the drought stress
induces the reduction in LRWC, photosynthesis,
stomatal conductance and transpiration rate, but in
the present study, these parameters were not reduced
due to the fact that the transgene has positive impact.
Reduction in water flow due to drought may cause
the decline of LRWC that would result in stomatal
closure to maintain water status which regulates the
physiological parameters (Chaves et al 2009).

3.4. Transgenic plants over expressing GHSP26
improved the osmotic and water potential

Osmotic stress generates adverse modifications
in cellular apparatus (Bartels & Sunkar 2005).
The addition of an osmoprotectant to the cellular
machinery is a helpful approach to improving the
plants tolerance to osmotic stress (Yue et al 2012).
The OP was reported as 2.5 and 1.9 (-MPa) in
transgenic and WT plants under O d stress. But as
the plants were subjected to 5 and 10 d stress, the
OP was 3.75 and 1.75 (-MPa) in transgenic and 2.9
and 1.1 (-MPa) in WT plants respectively (Figure
2D). Our results strongly indicate that the improved
OP and WP in transgenic plants may be due to over-
expression of the transgene. This improvement
usually indicates higher water retention capacity
and a lower rate of water loss with higher water use
efficiency (Mao et al 2010). This is in correlation
to the report supported by Flexas & Medrano
(2002) that leaf turgor maintains the osmotic and
water potential under salt and dehydration stress,
which will regulate the carbon dioxide within the
cellular aperture. The photosynthetic activity is then
regulated by the turgor effects, which are correlated
with plant species, an age of plants and duration or
nature of stress.

3.5. Over expression of GHSP26 and drought stress
linked genes in transgenic cotton

The drought-related genes LHCP-PSII, Gh-POD,
Gh-PIP and Gh-RuBisCO showed similar expression
under 0 d in transgenic and WT plants, but their
relative fold expressions were significantly higher
under water deficiency in transgenic as compared to
WT plants (Figure 3A-C and F). The light-harvesting
chlorophyll a/b-binding (LHCB) and Gh-RuBisCO
proteins are solely positioned in the light harvesting
pigmented protein complexes of PSI and PSII
and are involved in the first major step of carbon
fixation of Calvin cycle (de Montaigu et al 2010;
Pruneda-Paz & Kay 2010). Existing studies indicate
that the down-regulation of these genes reduced the
effectiveness of plant tolerance to environmental
stresses resulting in inferior productivity (Xu et
al 2012). Hence, elevated expression shows the
comparative stability and proper regulation of the
chloroplast and other membrane-bound organelles
which directly play vital roles in photosynthesis.
Plants use the antioxidant mechanism as a protective
strategy to overcome the oxidative stress damage by
up-regulation of downstream antioxidant enzymes.

The present study indicates a significant increase
in POD activity in transgenic plants under drought
stress. Some of the previous studies have also
reported similar results in other drought tolerant
crops, like Helianthus annuus L. (Gunes et al
2008) and Brassica campestris L. (Jahangir et al
2009). Expression of LEAS5 and Gh-TPS, showed
interesting results as the expression of these genes
increased during stress, which is an indication of
osmotic tension (Kosmas et al 2006). However,
the expression level of these genes decreased in
transgenic plants under drought stress (Figure
3D-E), which may show that they are sensitive to
water deficient conditions and relatively lower
expression under increasing drought shows
reduction in tolerance against stress. Relative fold
expression of transgene GHSP26 was increased
under drought stress and maximum expression was
observed at 10 d (33 fold expression) (Figure 3G).
Elevated gene expression is a characteristic feature
of small heat shock protein due to its chaperone
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function of small heat shock protein increased to
prevent irreversible aggregation and to re-solubilize
proteins that have already aggregated. Our previous
report also confirmed the integration and expression
of the transgene in transgenic plants (Sarwar et al
2014). Analysis or the parameters presented in this
study proved that the over expression of GHSP26
improved the drought tolerance efficiency of
transgenic plants.

activity under abiotic stress. The relative fold
expression of GHSP26 was increased in transgenic
plants in under different developmental stages
in T, generation under drought stress conditions
(Shamim et al 2013). Waters et al (2008) reported
the high level (100-400 fold) of small heat shock
protein expression under abiotic stress which was
very mild in the unstressed plants in Arabidopsis
thaliana. Under stress conditions, the chaperone
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Figure 3- Quantitative real time RT-PCR expression analyses of transgene and drought linked genes; A,
photosynthesis-II chlorophyll A/B-binding protein (LHCP PS-Il); B, peroxidase (Gh-POD); C, ribulose-1,5-
bisphosphate carboxylase/oxygenase small subunit gene (rubisco); D, late embryogenesis-abundant protein
(Gh-Lea5 D); E, trehalose-6 phosphate (Gh-TPS); F, plasma intrinsic protein (Gh-PIP2); G, heat shock
protein gene GHSP26; means were generated from three independent measurements; line on the bars
indicate standard errors

Sekil 3- Transgen ve kuraklik baglantili genlerin kantitatif RT-PCR ekspresyon analizleri; A, fotosentez-11 klorofil
A/B-bagh protein (LHCP PS-ll); B, peroksidaz (Gh-POD); C, ribuloz-1,5-bisfosfat karboksilaz/oksijenaz kiiciik
altiinite geni (rubisco); D, geg¢ embiryogenesis-yogun protein (Gh-Lea5 D), E, trehaloz-6 fosfat (Gh-TPS); F,
plazma i¢i protein (Gh-PIP2); G, 1s1 soku protein geni GHSP26; degerler ii¢ tekerriir ortalamasi olup ¢ubuklar
tizerindeki ¢izgiler standart hatadir
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4. Conclusions

Theresults of this study support the higher expression
of the heat shock protein gene in transgenic cotton
plants under drought stress. The transgenic plants
maintained an efficient photosynthesis rate, higher
osmotic and water potential, lower ion leakage
and malondialdehyde activity and increased
accumulation of proline content. In this way, the
transgenic plants had the better performance at the
physiological, biochemical and molecular levels.
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ABSTRACT

Melatonin was first isolated from bovine pineal gland more than half a century ago as an important animal hormone and
since then it was proved to be present in almost all forms of life including eukaryotic unicells, prokaryotes, fungi, algae,
animals and plants. In this study, the effects of pre-sowing seed treatment with melatonin on germination and emergence
performance of pepper seeds under chilling conditions were investigated. Seeds were immersed in 0 (distilled water), 1,
5, 10 or 25 uM melatonin solutions for 24 hours after which they were dried for one day and subjected to germination and
emergence tests at optimum (25 °C) and chilling stress (15 °C) conditions. Untreated (dry) seeds were used as a control.
Exogenous melatonin treatment promoted pepper seed germination and emergence under chilling conditions. Treatment of
seeds with melatonin especially in 1 or 5 uM concentrations significantly improved germination and emergence percentage
whereas control seeds and seeds treated with water exhibited the lowest germination and emergence performance. Melatonin
application also reduced the MDA and H,0, contents and elevated SOD and CAT enzyme activities. The improvement in
germination and emergence performance of pepper under chilling stress conditions following melatonin treatment may
therefore be due to reduced lipid peroxidation and elevated activities of antioxidant enzymes.

Keywords: Antioxidant enzymes; Capsicum annuum; Chilling stress; Melatonin; Seed treatment

Melatonin Uygulamalarmin Usiime Stresi Altindaki Biber
Tohumlariin Cimlenme ve Cikis Performans: Uzerine EtKisi
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OZET

Melatonin bir hayvansal hormon olarak ilk olarak sigir beyin iistii bezinden yarim yiizyili agkin bir siire 6nce izole
edilmis ve daha sonra tek hiicreliler, mantarlar, algler, hayvanlar ve bitkiler gibi evrimsel olarak birbirlerinden ¢ok
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farkli organizmalarda varligi kamitlanmistir. Bu c¢alismada disaridan yapilan melatonin uygulamalari ile biberde
(Capsicum annuum L.) ¢gimlenme sirasinda tisiime stresine karsi toleransin arttirilmast hedeflenmistir. Biber tohumlart
24 saat siireyle farkli konsantrasyonlarda (0, 1, 5, 10 ve 25 pM) melatonin ile muamele edilmisler ve daha sonra bir
giin kurutularak optimum (25 °C) ve tsiime stresi (15 °C) kosullarinda ¢imlenme ve ¢ikis testlerine tabi tutulmuslardir.
Ekim 6ncesi tohum muamelesi seklinde yapilan melatonin uygulamalari ile {istime stresi kosullari altinda biberin tohum
¢imlenmesi ve fide ¢ikis performansinin olumlu yonde etkilenebilecegi goriilmistiir. En etkili melatonin konsantrasyonu
olarak belirlenen 1 ve 5 pM melatonin uygulamalar1 sonucunda kontrol uygulamalarina kiyasla ¢imlenme ve ¢ikis
ylizdeleri ile hizlarinin arttigi saptanmustir. Melatonin uygulamalari fidelerde H,O, ve MDA igerigini diisiirmiis, buna
karsilik SOD ve CAT enzim aktivitelerini arttirmistir. Bu arastirma sonuglarina dayanarak, biber tohumlarinin ¢imlenme
ve fide cikis performanslarinin arttirilmasinda antioksidan enzim aktivitelerinin seviyelerindeki artisin neden oldugu

dokulardaki lipitlerin peroksidayonunda ger¢eklesen bozulmanin azalmasi oldugu sdylenebilir.

Anahtar Kelimeler: Antioksidan enzimler; Capsicum annuum; Melatonin; Tohum uygulamast; Usiime stresi

1. Introduction

Pepper is a warm season vegetable that requires
relatively higher soil temperatures for rapid seed
germination and seedling emergence and the
optimum temperature for germination and emergence
is between 25 and 30 °C (Lorenz & Maynard 1988).
Even though pepper is a vegetable that’s been
cultivated via transplants, direct seeding is still
used in some parts of pepper growing areas such as
Kahramanmarag province of Turkey. When direct
seeded in cool soils in the early spring, pepper seed
germination could be very erratic and non-uniform
and seedling emergence may prolong for several
weeks. This erratic and non-uniform seed germination
and seedling emergence often results in non-uniform
seedlings, poor crop stands, and may require crop
replanting. Often, slow stand establishment leads to
reduced yields and delayed harvest (losing early high
market prices) (Watkins & Cantliffe 1983). Thus,
achieving ideal plant stands necessitates rapid and
uniform seedling emergence to evade these problems.

Since the isolation from bovine pineal gland for
the first time in the late 1950s (Lerner et al 1958),
melatonin  (N-acetyl-5-methoxytryptamine) was
identified in evolutionary distant life forms including
bacteria, animals and higher plants (Posmyk & Janas
2009; Tan et al 2012). Although some preliminary
findings had been reported (Van Tassel et al 1993;
Kolar & Machackova 1994), the first evidence that
melatonin was indeed present in plants independently
came from two different group of researchers

© Ankara Universitesi Ziraat Fakiiltesi

(Dubbels et al 1995; Hattori et al 1995). In the
following years, melatonin in varying quantities has
also been detected in different organs of a variety of
fruits, cereals, vegetables, and in medicinal herbs
(Chen et al 2003; Reiter et al 2007a; Paredes et al
2009; Posmyk & Janas 2009; Korkmaz et al 2014).

Even though the physiological functions of
melatonin in plants are still to be definitively
established, some functional roles have already
been proposed (Tan et al 2012). Recent studies have
documented that melatonin is a proven powerful
free radical scavenger and a broad spectrum
antioxidant in plants (Paredes et al 2009; Tan et al
2012), and provides significant protection against
such environmental stresses as cold (Posmyk et
al 2009), salinity (Li et al 2012), water (Zhang et
al 2013) and excess UV light (Afreen et al 2006).
Additionally, melatonin is known to promote
growth of roots (Arnao & Hernandez-Ruiz 2007)
and leaves (Okazaki et al 2010; Wang et al 2013),
and it may also serve as the regulator of circadian
rhythm and photoperiodic reactions (Kolar et al
1999; Kolar & Machackova 2005) in plants. In our
ongoing research, we previously established the
presence of melatonin in different organs of two
pepper cultivars and its variation during various
growth stages (Korkmaz et al 2014). In this research,
our objective was to investigate whether pre-
sowing treatment with melatonin would enhance
pepper seed germination and subsequent seedling
emergence at chilling temperatures.
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2. Material and Methods

2.1. Plant material and treatments

Seeds of ‘Sena’ red pepper (Capsicum annuum L.), all
from the same seed lot, were obtained from Agricultural
Research Institute, Kahramanmaras, Turkey. Seeds
were disinfested in 1% (active ingredient) sodium
hypochlorite for 15 minutes to eliminate seed-borne
microorganisms. Following disinfestation, they were
rinsed under running tap water for one minute and
surface dried by placing them between paper towels
for 30 minutes at room temperature.

Single layer of pepper seeds (5 g), placed in
covered transparent polystyrene boxes (10x10x4
cm) on double layers of filter paper and wetted with
20 mL of 0 (distilled water), 1, 5, 10, and 25 pM
melatonin (Sigma-Aldrich, MO, USA) solutions,
were kept at 20 °C in darkness for 24 hours (Karaca
2013). The seeds then were rinsed for 1 minute
under running water and left to dry on paper towels
for 24 hours under room conditions (20-22 °C and
50-60% relative humidity). Due to light sensitive
nature of melatonin, all experiments were always
carried out under dim light.

2.2. Germination test

Germination test was carried out in darkness in
temperature-controlled incubators held at 15+1 °C
(chilling stress) or 2541 °C (optimum conditions, ISTA
2007). Fifty seeds were placed on two layers of filter
paper moistened with 5 mL of distilled water in covered
10 cm petri dishes. To prevent fungal contamination,
1 mL of 0.5% Captan (Koruma, Turkey) was added
to the water. Treatments were arranged in completely
randomized design with four replications. Untreated
dry seeds were taken as dry control. Radicle protrusion
to 2 mm was scored as germination. Germination
was recorded daily until the numbers stabilized and
germinated seeds were removed from the petri dishes.
From the total number of seeds germinated, final
germination percentage (FGP) and days to 50% of
FGP (G, (Farooq et al 2005), which is an inverse
measure of germination rate, were calculated.

2.3. Emergence test

Pepper seeds were treated with melatonin as
described above and 40 seeds from each treatment

were planted into 1.0 cm depth in 18x9x4 cm (length
x width x height) plastic cups filled with growth
medium consisting of peat and perlite in the ratio
of 4:1. After watering the cups, half of them were
placed in a growth room at 15+1 °C (chilling stress)
while the other half was placed at 25 °C (optimum
conditions) under cool fluorescent lamps providing a
photosynthetic photon flux density of 250 pmol m2s!
for 16 h day!' at the seedling level. Relative humidity
levels varied between 60% and 75% in the growth
rooms. The treatments were replicated four times and
all the cups were arranged in completely randomized
design in the growth chamber. Emergence counts
(hypocotyl arch visible) were made daily until the
percentage of emerging seedlings had stabilized
in all treatments and final emergence percentage
(FEP) and days to 50% of FEP (E,) were calculated.
When the percentage of emergence had stabilized
in all treatments, seedlings were sampled for H,0O,,
malondialdehyde (MDA) and antioxidant enzyme
analysis. The seedlings were cut at the medium
surface and their fresh weights were recorded.

H,O, content was determined according to the
method suggested by Ozden et al (2009). Shoot
(cotyledons and hypocotyls) samples of 0.25 g were
homogenized in 3 mL of 1% (w v*!) trichloroacetic
acid (TCA). The homogenate was centrifuged at
10,000 g and 4 °C for 10 minute. Subsequently, 0.75
mL of the supernatant was mixed with 0.75 mL of
10 mM potassium phosphate buffer (pH 7.0) and
1.5 mL of 1 M KI. H,O, content of the supernatant
was determined by comparing its absorbance at 390
nm to a standard calibration curve. The content of
H,O, was calculated from a standard curve plotted
in the range from 0.1 to 100 pmol mL"'. H,O,
concentration was expressed as pmol g FW.

The MDA concentration was determined
according to the method of Zhang et al (2005) with
some modification. Fresh shoot samples (0.25 g) were
homogenized in 3 mL of 10% TCA and centrifuged
at 10,000 g for 15 minute. The supernatant was
collected and 1 mL was mixed with 1 mL of 0.6%
thiobarbituric acid. The mixture was boiled at 100
°C for 20 min, cooled quickly, and centrifuged at
10,000 g for 10 minute after which its absorbance
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was measured at 532, 600, and 450 nm. The MDA
concentration was calculated by Equation 1.

MDA (umol g' FW)=6.45%(4,, -A,,)-0.56x4,,, (1)

Enzyme extractions were performed as described
in Seckin et al (2010). Fresh leaf samples (0.5 g)
were rapidly extracted in a pre-chilled mortar on
an ice bath with 1.5 mL of ice cold 50 mM sodium
phosphate buffer (pH 7.8) containing 1 mM EDTA-
Na, and 2% (w v') PVPP. Samples were centrifuged
at 14,000 g for 20 min, and supernatants were used
for the determination of protein content and enzyme
activities. Total soluble protein contents of the enzyme
extracts were calculated according to Bradford (1976)
using bovine serum albumin (BSA) as a standard and
the protein concentration was determined from a BSA
standard curve. The specific enzyme activity for all
enzymes was expressed as in unit mg' protein.

600

The activity of superoxide dismutase (SOD,
EC 1.15.1.1) was determined using the slightly
modified method of Xu et al (2008). One hundred
pL of the enzyme extract was added to 2.465 mL
of 100 mM phosphate buffer (pH 7.8), 75 pL of
55 mM methionine, 300 pL of 0.75 mM nitroblue
tetrazolium (NBT) and 60 pL of 0.1 mM riboflavin
in a test tube. The test tubes containing the reaction
solution were placed under 2 fluorescent light tubes
(40 pmol m? s') for 10 min and their absorbance
were measured at 560 nm with a UV/visible
spectrophotometer. Blanks and controls were run
in the same manner but without illumination and
enzyme, respectively. One unit of SOD activity was
defined as the amount of enzyme that would inhibit
50% of NBT photo reduction.

Catalase (CAT, EC 1.11.1.6) activity was
determined by the method of Cakmak & Horst
(1991), which measures the initial rate of
disappearance of H,O, at 240 nm. The reaction
mixture contained 70 pL crude enzyme extract,
930 pL 50 mM Na-phosphate buffer (pH 7.0) with
0.1 mM EDTA and 3% H,0,. The decrease in the
absorption was followed for 3 minute and 1 pmol
H,O, mL"' min" was defined as 1 unit of CAT.

Peroxidase (POX, EC 1.11.1.7) activity was
measured according to the method described by

Herzog & Fahimi (1973). The reaction mixture
contained 75 puL crude enzyme extract and 925 uL
3,3-diaminobenzidine-tetra hydrochloride dihydrate
solution containing 0.1% (w v'') gelatine and 150
mM Na-phosphate-citrate buffer (pH 4.4) and 0.6%
H,0,. The increase in the absorbance at 465 nm was
followed for 3 min and one unit of POX activity was
defined as pmol H,0, decomposed mL"" min™'.

2.4. Statistical analysis

Data from all experiments were subjected to
analysis of variance and mean separation was
performed by Fisher’s least significant difference
(LSD) test if F test was significant at P= 0.05.
Germination and emergence percentage data were
arcsine transformed before statistical analysis.
Experiments were repeated twice and since there
was no significant difference between the results of
two experiments, data from both experiments were
pooled and the mean values are presented (n= 8).

3. Results

3.1. Seed germination

Pre-sowing seed treatment with melatonin
significantly improved pepper seed germination
under chilling stress conditions compared to dry
seeds and seeds treated with 0 uM melatonin which
had FGP of 45% and 61%, respectively (Figure 1A).

Even though all melatonin treatments had similar
effect on FGP of pepper seeds, 25 uM treatment
resulted in the highest FGP (93%). Under optimum
conditions, however, melatonin had little or no
effect on germination percentage of pepper seeds.
Additionally, application of melatonin improved
the germination rate of pepper seeds under chilling
stress compared to dry seeds (G, = 20.3 days) and
0 uM melatonin treatment (G, = 17.0 days); and
the highest germination rate was obtained from
seeds treated with 1 uM melatonin (G = 15.6 days)
(Figure 1B). Moreover, application of 1 pM and
5 uM melatonin were also effective in improving
germination rate compared to the both control
treatments under optimum conditions.
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Figure 1- Effect of pre-sowing seed treatment
with melatonin on pepper seed final germination
percentage (FGP, A) and germination rate (G,
B), under optimum (25 °C) and chilling (15 °C)
conditions. Vertical bars represent mean+SE (n= 8)
Sekil 1- Ekim oOncesi tohuma yapilan melatonin
uygulamalarinin optimum (25 °C) ve tigtime stresi (15 °C)
kosullarinda biber tohumlarimin ¢cimlenme yiizdesi (FGP,
A) ve ¢imlenme hizi (G, B) iizerine etkileri. Dikey barlar
ortalamazxstandart hatay! temsil eder (n=8)

3.2. Seedling emergence

Seed application of melatonin in various
concentrations enhanced the FEP of pepper seedlings
under chilling conditions (Figure 2A). Treating the
seeds with 1 uM (95%) and 5 uM (88%) melatonin
increased the emergence percentage significantly
under stress conditions compared to dry seeds
(70%) and seeds treated with 0 uM (77%), while
the FEP of 10 uM and 25 uM melatonin treatments
were not statistically different than that of 0 pM
melatonin treatment. Under optimum conditions,
however, melatonin application prior to sowing did
not have any major effect on seedling emergence
performance and all treatments exhibited 93% or
higher FEP. Moreover, all melatonin treatments
enhanced the emergence rate of pepper seedlings
compared to seedlings obtained from dry seeds under
chilling conditions, while there was no difference in
term of emergence rates of melatonin treatments

25 ( 15 °f LSDy 5= 6.56
100 2.
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40
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0 : : :
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Dry Seeds 0uM 10 pM 25 uM
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Figure 2- Effect of pre-sowing seed treatment with
melatonin on pepper seedling final emergence
percentage (FEP, A) and emergence rate (E,,
B) under optimum (25 °C) and chilling (15 °C)
conditions. Vertical bars represent mean+SE (n= 8)
Sekil 2- Ekim dncesi tohuma yapilan melatonin
uygulamalarinin optimum (25 °C) ve iisiime stresi (15
°C) kosullarinda biber fidelerinin ¢ikig yiizdesi (FEP,
A) ve ¢ikis hizi (E_, B) iizerine etkileri. Dikey barlar

50
ortalama=xstandart hatay temsil eder (n=8)

in comparison with 0 pM treatment (Figure 2B).
Additionally, no differences in emergence rates
were observed between the melatonin treatments
and control treatments under optimum conditions.

Imbibing of pepper seeds before sowing in 1
UM melatonin significantly affected seedling shoot
fresh weight under optimum conditions while 5
uM melatonin treatment increased shoot fresh
weight under chilling stress conditions compared
to dry seeds (Figure 3). On the other hand, the
fresh weight of seedlings obtained from 0 puM
melatonin treatment was similar to those of the rest
of melatonin treatments.

Even though all melatonin applications as pre-
sowing seed treatment affected the H O, content
of seedlings under chilling stress conditions, 1 pM
melatonin application was the only treatment to
significantly reduce H,O, content under chilling
stress conditions compared to both control
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Figure 3- Effect of pre-sowing seed treatment
with melatonin on pepper seedling shoot fresh
weight under optimum (25 °C) and chilling (15 °C)
conditions. Vertical bars represent mean+SE (n= 8)
Sekil 3- Ekim Jncesi tohuma yapilan melatonin
uygulamalarimin optimum (25 °C) ve tigiime stresi (15
°C) kosullarinda biber fidelerinin taze agirligi iizerine
etkileri. Dikey barlar ortalamaxstandart hatayr temsil
eder (n=238)

treatments (Figure 4A). Moreover, though not
statistically significant, melatonin pre-treatments
also considerably lowered the MDA content of
seedlings subjected to chilling stress, and of the
melatonin concentrations tested, pre-treatment of
the seeds with 5 uM reduced the MDA content of
the seedlings the most (Figure 4B). Additionally,
there were no significant differences among the
treatments in terms of H,O, and MDA contents
under optimum conditions.

Moreover, pre-sowing seed treatment with
increasing concentrations of melatonin significantly
increased SOD enzyme activity under chilling stress
conditions (Figure 5A). Seedlings obtained from
1 uM, 10 uM and 25 pM melatonin treatments
exhibited higher SOD enzyme activity than the
seedlings of 5 uM melatonin pre-treatment which
had similar enzyme activity as those of dry seed
and 0 pM melatonin treatments. Similarly, pre-
treatment of seeds with 5 and 25 uM melatonin also
significantly increased the CAT enzyme activity
in seedlings compared to two control treatments
under chilling stress conditions (Figure 5B). In the
plants raised under optimum conditions, however,
melatonin application as seed treatment did not alter
the activities of SOD and CAT enzymes except that
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o
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o
Q

2
T

Dry Seeds 0 uM 1 pM 5uM 10 uM 25 uM
LSDy 5= 0.11 B

MDA (umol g'! FW)

Dry Seeds 0 uM 1 pM 5uM
Pre-sowing melatonin seed treatments

10 pM

25 M

Figure 4- Effect of pre-sowing seed treatment
with melatonin on H,O, content (A) and MDA
concentration (B) of pepper seedlings under
optimum (25 °C) and chilling (15 °C) conditions.
Vertical bars represent mean+SE (n= 8)

Sekil 4- Ekim Oncesi tohuma yapilan melatonin
uygulamalarimin optimum (25 °C) ve iisiime stresi
(15 °C) kosullarinda biber fidelerinin H,O, (4) ve
MDA (B) igerikleri iizerine etkileri. Dikey barlar
ortalamazstandart hatay temsil eder (n=8)

seedlings obtained from 1 uM melatonin treatment
exhibited significantly higher SOD enzyme activity
than both control treatments. Additionally, even
though chilling stress enhanced the POX enzyme
activity of pepper seedlings compared to optimum
conditions, there were no significant differences
among treatments in terms of POX enzyme activity
of seedlings raised under both conditions (Figure 5C).

4. Discussion

Chilling stress is one of the most important
abiotic stresses hindering seed germination and
seedling emergence of crops that are native to
tropics or subtropics. In this research, we found
that germination performance of pepper seeds
was found to be adversely affected by chilling
stress and chilling-induced impairment of pepper
seed germination has already been reported
previously by a number of studies (Sachs et al 1980;

172

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

23 (2017) 167-176



Melatonin Uygulamalarinin Usime Stresi Altindaki Biber Tohumlarinin Cimlenme ve Cikis Performansi Uzerine Etkisi, Korkmaz et al

120

m25°C mi5°C LSD 5= 9.87 A
100
g 801
B 60
2
A 40
[}
@ 20
0 -
Dry Seeds 0 uM 1 uM 5uM 10 uM 25 uM
0.2
o LSDy o= 0.07 B
E 0.15
50 - T T
S 0.1
=
= 0.05
o
04
Dry Seeds 0 uM 1M 5uM 10 pM 25 uM
0.5
LSDy o= 0.14 c
§ T
9
o
2
=
o
9

Dry Seeds 0 uM 1 uM 5uM 10 uM
Pre-sowing melatonin seed treatments

25 uM

Figure 5- Effect of pre-sowing seed treatment with
melatonin on SOD (A), CAT (B), and POX (C)
enzyme activity of pepper seedlings under optimum
(25 °C) and chilling (15 °C) conditions. Vertical bars
represent mean+SE (n= 8)

Sekil 5- Ekim dncesi tohuma yapilan melatonin
uygulamalarinin optimum (25 °C) ve iigiime stresi (15
°C) kosullarinda biber fidelerinin SOD (4), CAT (B)
ve POX (C) enzim aktiviteleri tizerine etkileri. Dikey
barlar ortalamazxstandart hatay: temsil eder (n=8)

Korkmaz & Korkmaz 2009). Recently, Posmyk et
al (2009) found that pre-treatment of seeds with
melatonin during priming significantly enhanced
the germination of cucumber seeds during chilling
stress. Similarly, Tiryaki & Keles (2012) reported
that melatonin application markedly reversed the
inhibitory effects of light and high temperature in
Phacelia tanacetifolia seed germination. Our results
also showed strong evidence that melatonin has
the ability to relieve the adverse effects of chilling
stress on pepper seed germination. Pre-sowing seed
treatment with melatonin improved significantly

germination (Figure 1A and 1B) and emergence
(Figure 2A and B) performance along with seedling
growth (Figure 3) under chilling stress conditions.

Oxidative stress is considered as the main
detrimental factor in seeds or plants subjected to a
variety of abiotic stresses including chilling stress.
Free radical accumulation and peroxidation of lipids
in cellular membranes results in impaired membrane
function, reduced fluidity, and inactivation of
membrane-bound enzymes and receptors (Bewley et
al 2013). Numerous studies have demonstrated that
tolerance to chilling in various species results from
an clevated antioxidant defense system (Hodges et
al 1997; Kang & Saltveit 2002; Gill & Tuteja 2010).
Damage caused by peroxidation of lipid portions
of biological membranes might be decreased or
avoided by protective mechanisms involving free
radical and peroxide-scavenging enzymes such
as SOD, CAT and POX. SOD is the enzyme that
is involved in dismutation (or partitioning) of the
superoxide (O-)) radical into either ordinary oxygen
(O,) molecule or hydrogen peroxide (H,0,) (Bowler
et al 1992) whereas CAT along with POX catalyzes
the decomposition of hydrogen peroxide to water
and oxygen (Scandalios et al 1997; Dey et al 2007).
Thus, the induction of a protective mechanism to
reduce oxidative damage triggered by stress through
boosting the activities of antioxidative enzymes
could be characteristics of elevated levels of
tolerance to abiotic stress conditions (Gill & Tuteja
2010).

Since the discovery of melatonin in plants,
extensive research has been carried out to identify its
physiological roles in plants. It has been postulated
that melatonin may serve as a photoperiodic and
circadian rhythm regulator as well as a universal
antioxidant because of its wide distribution in
fungi, algae, bacteria, animals and plants (Paredes
et al 2009; Tan et al 2012). Melatonin and its wide
variety of metabolites are known as endogenous
free radical scavengers and potent broad-spectrum
antioxidants, and may directly scavenge H,O,,
maintaining intracellular H,O, concentrations at
constant levels (Tan et al 1993; Tan et al 2000;
Reiter et al 2007b). We observed considerable
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reduction of H,O, concentration (Figure 4A) and
MDA accumulation (Figure 4B) by melatonin
application, which may have resulted from direct
free radical scavenging by melatonin and enhanced
antioxidant enzyme activities. Similarly, Posmyk
et al (2009) reported that seed application of
melatonin in cucumber seeds germinated under
chilling conditions provided significant protection
of membrane structures against peroxidation
and MDA accumulation. Our results also clearly
indicate that melatonin is involved in boosting the
activities of the antioxidant enzymes, signifying
their essential role in providing antioxidative
defense under chilling stress conditions. Melatonin
was involved in free radical scavenging in chilling-
stressed pepper seeds and seedlings since SOD,
CAT and to some degree POX showed significant
rises in activity with the melatonin treatment under
chilling conditions (Figure 5A-C). Confirmatory
findings have also been reported by Zhang et al
(2013) who showed increased levels and activities
of the antioxidant free radical scavenging enzymes,
i.e., SOD, CAT, and POX by melatonin application
in cucumber seeds germinated under drought stress
conditions.

In summary, the result of the present study
revealed that seed application of 1 uM or 5 uM
melatonin significantly improved pepper seed
germination and seedling emergence at chilling
temperatures compared to seeds not treated with
melatonin. Seed treatment with melatonin may be an
effective way to shorten the time of emergence and
improve the stand establishment in pepper during
early spring sowings. The fact that melatonin, a
broad spectrum antioxidant, could be used to
prevent crop losses due to chilling temperatures
may have a significant practical application. It is
also possible to deduce from the results of current
study that melatonin application enhanced the
germination and emergence performance of pepper
seeds by protecting the membranes against free
radical destruction through enhancing antioxidant
enzyme activities and by stabilizing the membranes
during chilling stress.
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ABSTRACT

Fire blight caused by pathogenic bacterium Erwinia amylovora, is the serious disease of pear. Since there is no effective
chemical management to this disease except antibiotic-type compounds, it is very important to improve new fire blight
resistant cultivars. In this research, it was aimed to select and develop fire blight resistant pear types and to determine
fire blight susceptibility levels of pear hybrids, obtained from different projects. Hybrid plants were inoculated by shoot
injections twice each year. Evaluations were made through necrotic shoot rate and susceptibility levels of hybrids were
determined. During the experiments, 7036 hybrid pear seedlings inoculated, and 12.28% of them were found as “very
low susceptibility” (A), 3.62% as “low susceptibility” (B) classes.

Keywords: Artificial inoculation; Erwinia amylovora; Hybrid; Pear

Farkli Armut Melezleme Kombinasyonlarinda Ates Yanikhig1 Hastahig:
(Erwinia amylovora) Reaksiyonunun Degerlendirilmesi
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OZET

Erwinia amylovora bakterisinin neden oldugu ates yaniklig1 hastaligi, armudun 6nemli hastaliklarindan biridir. Hastaliga
kars1, antibiyotikler disinda etkili bir kimyasal miicadele bulunmamasi nedeni ile ates yanikligina dayanikli yeni
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cesitlerin gelistirilmesi ¢ok Onemlidir. Bu arastirmada, ates yanikligina dayanikli armut tiplerinin segilmesi ve
gelistirilmesinin hedeflenmesinin yanisira farkli projelerden farkli melezleme kombinasyonlariyla elde edilen melezlerin
ates yanikligina hassasiyet seviyelerinin belirlenmesi amaglanmistir. Melez bitkiler siirgiin enjeksiyonu yoluyla her yil
iki kez inokule edilmislerdir. Nekroz olusturan siirgiin oranina gore degerlendirmeler gerceklestirilmis ve hassasiyet

smiflart belirlenmistir. Denemeler boyunca, inokule edilen toplam 7036 melez bitkiden, % 12.28

% 3.62si ise “az duyarli” (B) smufta yer almislardir.

2 ¢
1

¢ok az duyarli” (A),

Anahtar Kelimeler: Suni inokulasyon; Erwinia amylovora; Melez; Armut

1. Introduction

Pear is one of the most important pome fruits in the
World and included in family Rosaceae, and genus
Pyrus. Most of the cultivated high quality varieties
are belong to Pyrus communis species. Fire blight
disease caused by Erwinia amylovora is the most
destructive bacterial disease of pear (Van Der Zwet
& Beer 1995). The disease occurs extensively in
several regions of the World where pear and species
belong to Rosaceae family is grown. Fire blight
disease brings out significant damages at nurseries
and affects trade seriously. Pyrus communis species
namely European pear is highly susceptible to fire
blight. On the other hand, other major species as
P ussuriensis, P. pyrifolia, and P. serotina are
resistant to the disease (Shoemaker & Teskey 1959).

E. amylovora affects all upper organs as flowers,
shoots, branches of host plants and kills whole plant.
Disease development is connected to environment,
host and pathogen interaction, and intensity and
damage changes through year (Van Der Zwet &
Beer 1995).

Cultural practices, different chemical and
biological management methods can be used as
integrated management against fire blight, though
there is no certain management technique (Aysan
et al 1999). Using resistant cultivars, rootstocks
and interstocks can be thought as the best way of
controlling fire blight disease (Layne & Quamme
1975; Bergamaschi et al 2000).

Related to resistance to fire blight of E.
amylovora, disease reaction of pear cultivars and
cultigens was investigated in different countries
(Layne & Quamme 1975; Hasler & Kellerhals

© Ankara Universitesi Ziraat Fakiiltesi

1997; Saygili et al 1999; Honty et al 2006; Sestras et
al 2008; Ellis 2010; Yoder & Biggs 2010). To obtain
resistant cultivars and rootstocks, hybridization
breeding is widely used because of polygenic
inheritance of fire blight disease (Bell et al 2005).
Besides, new resistant varieties were improved by
selection (Saygilt et al 1999), hybridization (Ryugo
1982; Durel et al 2004; Hevesi et al 2004; Hunter
& Layne 2004; Bergamaschi et al 2006), and
molecular level studies as gene transfers (Reynoird
et al 1999 a, b; Chevreau et al 2000; Aldwinckle et
al 2003; Brown 2003). Susceptibility of the hybrids,
obtained from inter- and intra-specific crosses, to
E. amylovora is determined by artificial inoculations
(Layne & Quamme 1975).

Turkey is one of the origins of pear plant.
Most of the superior quality pear cultivars grown
in Turkey are known as susceptible to fire blight.
In Turkey, hybridization projects have been
performed to obtain fire blight resistant and high
quality cultivars (Evrenosoglu et al 2011; Oztiirk
et al 2011). In this study, different crosses [resistant
X resistant; resistant x susceptible; susceptible
x resistant; susceptible x susceptible (as the fire
blight resistance character known as recessive and
poligenic (Layne & Quamme 1975))] have been
made between susceptible and resistant cultivars and
cultigens to obtain fire blight resistant hybrids. The
susceptibility levels of hybrids were determined by
artificial inoculations and “very low susceptibility”
(A) and “low susceptibility” (B) F, hybrids were
planted in Eskisehir province of Turkey.
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2. Material and Methods

2.1. F, hybrid plants

In this study, totally 10751 F, pear hybrids were
used as material. For this purpose, different crosses
(resistant x resistant; resistant X susceptible;
susceptible x resistant; susceptible x susceptible)
(Rosati et al 2002) have been made through research
projects supported by TUBITAK (project numbers
TOVAG 1060719 and 1100938). As maternal
parents, susceptible ‘Akca’, ‘Santa Maria’ and
‘Williams’, moderate susceptible ‘Mustafa Bey’,
and resistant ‘Magness’ and ‘Kieffer’ cultivars
were used, and as pollinators, different resistant
or susceptible cultivars and cultigens (‘Akga’,
‘Ankara’, ‘Bursa’, ‘Conference’, ‘Gliz’, ‘Kaiser
Alexandre’, ‘Kieffer’, ‘Limon’, ‘Moonglow’, ‘Santa
Maria’, ‘Tas’, ‘Williams’) were used (Momol et al
1992; Van Der Zwet & Beer 1995; Unal et al 1998;
Aysan et al 1999; Citir & Mirik 1999; Oden 1999;
Bell et al 2005; Honty et al 2006).

2.2. Pathogenic bacteria

Highly virulent six E. amylovora strains, that were
chosen according to their pathogenicity levels
among 75 E. amylovora strains, isolated by Aysan et
al (2004), Saygili et al (2004), and Y1lmaz & Aysan
(2009) from different locations in Turkey (Adana,
Amasya, Bursa, Eskisehir, Karaman and Konya),
were used in the study.

2.3. Artificial inoculation

Inoculation of the pathogen was carried out twice
each year, in May and August, between 2009

and 2011, on the same material. Equal amount
of bacterial suspension was injected to the top of
the shoots of each hybrid. As control, saplings of
susceptible parents were inoculated by E. amylovora
using the same procedure. After inoculation with
pathogenic bacteria, plants were screened for eight
weeks in greenhouse at 80-90% humidity and 27 °C
(Quamme et al 1976) and routinely fertilized and
irrigated.

2.4. Evaluation

Disease development was examined through eight
weeks and at the end of this period, necrotic parts
of inoculated shoots were measured in proportion
to the whole shoot length. Susceptibility level of
the shoots was calculated as ‘Variety Susceptibility
Value’ using the Equation 1 (Thompson et al 1962).

Length of necrotic shoot (cm) <100 (1)

Variety susceptibility value =
4 P Y Total shoot length (cm)

Susceptibility values were calculated according
to the table performed by Thibault et al (1987) and
susceptibility characters and classes of hybrids were
detected by scoring “A”-“E” susceptibility levels
(Table 1).

3. Results and Discussion

Distribution of hybrids to susceptibility classes in
general evaluation of all combinations at the end
of two different inoculation periods each year is as
follows; 12.28% of inoculated hydrids were found
as “very low susceptibility” (class “A”), 3.62%
were “low susceptibility” (class “B”), 5.56% were
“moderate susceptibility” (class “C”), 11.34% were

Table 1- Evaluation of susceptibility of pear tree against E. amylovora through artificial inoculation

(Thibault et al 1987)

Cizelge 1- Suni inokulasyon sonucu armut agacimin E. amylovora’ya karst hassasiyetinin degerlendirilmesi

(Thibault et al 1987)
Z‘Zﬁ’y susceptibility 0-10% 11-20% 21-40% 41-60% 61-100%
Susceptibility class A B C D E
o Very low Low Moderate High Very high
Susceptibility character susceptibility susceptibility susceptibility susceptibility  susceptibility
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“high susceptibility” (class “D”), and 67.20% were
“very high susceptibility” (class “E”). 32.65% of
totaly inoculated 10751 hybrids were died after
inoculations (Table 2 and 3).

Totaly 304 inoculated hybrids of susceptible
‘Akga’ combinations were distributed to
susceptibility classes (14.47% were in class “A”,
2.96% were in class “B”, 2.30% were in class “C”,
4.93% were in class “D”, 75.33% were in class
“E”). 15.79% of hybrids were killed by Erwinia
amylovora. ‘Akga’ x ‘Kieffer’ (18.75%) and
‘Ake¢a’ open pollination (21.39%) had the highest
amount of class “A” hybrids among all ‘Akga’
combinations. On the other hand, in proportion
of 62.50-94.12% class “E” hybrids were obtained
from all ‘Akg¢a’ combinations. The highest died
hybrid rate was found in the combination of
‘Ake¢a’x ‘Conference’ (40.38%) and ‘Ake¢a’x ‘Tag’
(41.67%) (Table 2).

As for evaluation of all combinations of resistant
‘Kieffer’ parent, 5.30% of totally inoculated 604
hybrid plants were “very low susceptibility”
character, 2.15% were “low susceptibility”
character, 5.63% were “moderate susceptibility”
character, 13.25% were “high susceptibility” and
73.68% were “very high susceptibility” character.
Only 3.81% of hybrids were died after inoculations.
Although maternal parent is resistant to Erwinia
amylovora, hybrid number belong to class “A”
(very low susceptibility) was quite low (4.01-
7.39%) (Table 2).

On the combinations of the resistant parent
‘Magness’, there were much more hybrids on
“very low susceptibility” character (Class “A”),
when compared to susceptible parents. ‘Magness’ x
‘Kieffer’ (48.62%) combination was remarkable in
terms of high rates of class “A” hybrids, compared
to other combinations. It is stated that, ‘Magness’
x ‘Kaiser Alexandre’ combination had the same
remarkable conclusion on high rates of class
“A” hybrids (54.10%), same as this combination
(Evrenosoglu et al 2014). The reason of this high
resistance rates can be explained as high fire blight
resistance of ‘Magness’ maternal parent (Spotts &

Mielke 1999; McGraw 2006), besides, high fire
blight resistance of pollinator varieties (Momol et al
1992; Honty et al 2006). Magness cultivar is thought
to be used as pollinator for several combinations,
but as this cultivar is pollen sterile, it could not be
used as pollinator for any combination. The lowest
hybrid rates on class “A” were determined on
‘Magness’ x ‘Santa Maria’ and ‘Magness’ x ‘Akga’
combinations with rates of 13.33% and 17.86%,
respectively. Distribution of the hybrids to classes
for Magness combinations as follows; 29.22% of
inoculated 1509 ‘Magness’ hybrids were placed in
class “A”, 7.95% were in class “B”, 14.45% were
in class “C”, 21.87% were in class ”D” and only
26.51% were in class “E” (Table 2).

When it comes to the distribution of 73 hybrid
plants of moderate susceptible ‘Mustafa Bey’
combinations, 39.73% of them were took place in
class “A”, on the other hand, 41.10% of them were
in class “E”. Class “A” hybrid rate of *Mustafa
Bey’ x ‘Moonglow’ combination (56.10%) was
higher than other combinations. No hybrid loss has
been detected in all ‘Mustafa Bey’ combinations
(Table 2).

As it was seen in Table 3, totally 1113 hybrid
plants of ‘Santa Maria’ combinations were
distributed to susceptibility classes as, 3.59% of
hybrids were belong to “very low susceptibility”
character (A), 1.35% were belong to “low
susceptibility” character (B), 2.34% were belong to
“moderate susceptibility” character (C), 7.46% were
belong to “high susceptibility” character (D), and
85.27% were belong to “very high susceptibility”
character (E). ‘Santa Maria’ open pollination
(7.36%) and ‘Santa Maria’ x ‘Kieffer’ combination
(6.83%) had the highest class “A” hybrids in ‘Santa
Maria’ combinations. On the other hand, any class
“A” hybrids have not obtained from ‘Santa Maria’
x ‘Giliz’ combination (Table 3). It was found that,
‘Santa Maria’ x ‘Moonglow’ combination had the
highest class “A” hybrids (14.85%), compared to
other ‘Santa Maria’ combinations (Evrenosoglu et
al 2014).
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Table 2- Distribution of hybrid plants to susceptibility classes

Cizelge 2- Melez bitkilerin hassasiyet siniflarina dagilimi

Total Distribution of hybrid plants to susceptibility classes Died
Combinations hybrid A B C D E hybrids
number No % No No % No % No % No %
“Akca’
x ‘Conference’ 52 3 577 - 0.00 3 577 - 0.00 46 88.46 21 40.38
x ‘Kaiser Alexandre’ 20 1 500 2 10.00 - 0.00 1 5.00 16 80.00 5 25.00
x ‘Kieffer’ 16 3 1875 2 1250 - 0.00 1 625 10 6250 1 6.25
x ‘Santa Maria’ 14 - 0.00 - 0.00 - 0.00 1 714 13 9286 - 0.00
X ‘Tag’ 12 - 0.00 - 0.00 - 0.00 3 25.00 9 7500 5 41.67
x ‘Williams’ 17 - 0.00 1 588 0.00 - 0.00 16 94.12 3 17.65
Open Pollination 173 37 2139 4 231 4 231 9 520 119 6879 13 7.5l
‘Ak¢a’ TOTAL 304 44 1447 9 296 7 230 15 493 229 7533 48 15.79
‘Kieffer’
x ‘Santa Maria’ 374 15 4.01 5 134 11 294 54 1444 289 7727 14 3.74
Open Pollination 230 17 739 8 348 23 10.00 26 11.30 156 67.83 9 391
‘Kieffer’ TOTAL 604 32 530 13 215 34 563 80 1325 445 7368 23 381
‘Magness’
x ‘Akga’ 280 50 17.86 13 464 30 1071 75 26.79 112 40.00 39 13.93
x ‘Ankara’ 407 125 30.71 23 565 55 13.51 131 32.19 73 1794 12 2095
x ‘Guz’ 27 9 33.00 1 370 3 1111 4 1481 10 37.03 - 0.00
x ‘Kieffer’ 327 159 48.62 44 13.46 48 14.68 37 11.31 39 1193 7 214
x ‘Limon’ 27 10 37.04 - 0.00 - 0.00 2 741 15 5556 1 3.70
x ‘Santa Maria’ 105 14 13.33 8 7.62 12 1143 6 571 65 6190 2 190
x ‘Tag’ 265 55 2075 29 1094 59 2226 64 24.15 58 21.89 23  8.68
Open Pollination 71 19 2676 2 2.82 11 1549 11 1549 28 3944 4 563
‘Magness’ TOTAL 1509 441 29.22 120 795 218 14.45 330 21.87 400 26.51 88 5.83
‘Mustafa Bey’
x ‘Guz’ 8 2 25.00 - 0.00 - 0.00 - 0.00 6 7500 - 0.00
x ‘Moonglow’ 41 23 5610 2 488 2 4388 3 732 11 2683 - 0.00
x ‘Williams’ 24 4 16.67 - 0.00 3 12,50 4 16.67 13 5417 - 0.00
‘Mustafa Bey’ TOTAL 73 29 3973 2 274 5 6.85 7 9.59 30 41.10 - 0.00

No, hybrid number; %, rate of hybrids to total hybrid number

Distribution rates of “A”, “B”, “C”, “D”, and
“E” classes of 3433 hybrid plants in ‘Williams’
combinations were 8.09%, 2.80%, 2.94%, 8.24%,
and 77.92%, respectively. ‘Williams’ x ‘Moonglow’
combination (22.57%) had the highest rate of
“very low susceptibility” class “A” hybrids among
all “Williams’ combinations. But, only 0.88% of
hybrids of ‘Williams’ x ‘Tag’ combination was
included in class “A” (Table 3).

4. Conclusions

In the current study, totaly 4739 hybrids of
inoculated 7036 hybrids survived and distributed
to different susceptibility classes. Totally, 32.65%
of all inoculated hybrids were killed by fire blight
disease (Table 3). Distribution of hybrid plants,
obtained from ‘Magness’ parent, to susceptibility
classes was quite different than the other parents
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Table 3- Distribution of hybrid plants to susceptibility classes

Cizelge 3- Melez bitkilerin hassasiyet siniflarina dagilimi
Total Distribution of hybrid plants to susceptibility classes Died
Combinations hybrid A B C D E hybrids
number No % No % No % No % No % No %

‘Santa Maria’
x ‘Bursa’ 70 4 571 4 571 - 000 11 15.71 51 72.86 36 5143
x ‘Giiz’ 64 - 0.00 2 3.13 1 1.56 3 4.69 58 90.63 27 42.19
x ‘Kieffer’ 161 11 6.83 3 1.86 9 559 15 931 123 76.40 97 60.25
x ‘Tag’ 453 6 132 2 044 11 243 44 971 390 86.09 360 79.47
x ‘Williams’ 134 2 149 - 0.00 1 0.75 3 224 128 95.52 14 10.45
Open Pollination 231 17  17.36 4 1.73 4 1.73 3.03 199 86.15 56 24.24

‘Santa Maria’ TOTAL 1113 40 359 15 135 26 234 83 746 949 8527 590 53.01
‘Williams’
x ‘Akga’ 176 9 5.1 4 227 1 0.57 7 398 155 88.07 4 227
X ‘Ankara’ 1127 61 541 16 142 19 1.69 47 4.17 984 8731 577 51.20
X ‘Bursa’ 44 1 227 1 227 - 0.00 4.55 40 90.91 18 40.91
x ‘Gliz’ 42 1 238 1 238 1 238 3 7.14 36 85.71 3 7.14
x ‘Kaiser Alexandre’ 417 35 839 31 743 33 791 65 1559 253 60.67 174 41.73
x ‘Kieffer’ 242 21 8.68 3 1.24 5 2.07 29 1198 184 76.03 70 28.93
x ‘Moonglow’ 514 116 22.57 28 545 24 467 64 1245 282 5486 260 50.58
X ‘Santa Maria’ 184 19 10.33 4 2.17 7 3.80 21 1141 133 7228 110 59.78
X ‘Tas’ 454 4 0.88 3 0.66 3 066 31 6.83 413 9097 279 6145
Open Pollination 233 11 472 5 215 8 343 14 6.01 195 83.69 53 22.75

‘Williams’ TOTAL 3433 278 8.09 96 2.80 101 294 283 824 2675 77.92 1548 45.09

GENERAL TOTAL 7036 864 1228 255 3.62 391 5.56 798 11.34 4728 67.20 2297 32.65

No, hybrid number; %, rate of hybrids to total hybrid number

such as ‘Santa Maria’, ‘Williams’ and ‘Akca’.
Hybrid rates in “A”, “B”, “C”, and “D” classes were
much higher, but hybrid rate in class “E” was lower
in ‘Magness’ combinations, when compared to
other parents. Another parent that had significantly
high rate of class “A” hybrids was ‘Mustafa Bey’
(39.73%) (Table 2). Furthermore, died hybrid rate
after inoculations was 53.01% and 45.09% in ‘Santa
Maria’ and ‘Williams’ parents respectively, and this
rate was only 5.83% for ‘Magness’ combinations
(Table 2 and 3). Other parents that had low rates
of died hybrids were ‘Mustafa Bey’ (0.00%) and
‘Kieffer’ (3.81%) (Table 2). On the combinations of
the resistant parent ‘Magness’, much more hybrids
on “very low susceptibility” character were detected
(Class “A”). Additionally, high rates of class “A”

hybrids were obtained from ‘Magness’ x ‘Kieffer’
combinations (approximately 50%) (Table 2).
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ABSTRACT

The main objective of this research was to enhance the fatigue performance of the brackets found in the three point hitch
system used in garden series tractors. This was achieved by using experimental tests and finite element analysis. The
manufactured brackets were validated with fatigue rig tests, namely a lifting capacity test, a push-pull test and a lifting-
lowering test. The lifting capacity test of three point hitch mechanism was established according to ISO 730-1 standards.
In addition to the lift capacity test, problems were also experienced with the cylinder clamping brackets during the push-
pull tests. The bracket brakeage occurred during the 11,218 test cycle. According to the test results and finite element
analysis, the brackets were strengthened at critical damage points. The thickness of the bracket connection surface was
increased from 12 mm to 19 mm and the bracket material was changed from GG25 to GG35. The enhanced brackets
passed the tests without any breakage.

Keywords: Hydraulic lift; Three point hitch mechanism; Push-pull tests; Lifting-lowering tests; Fatigue analysis; Stress
analysis

Bahce Tipi Traktorlerin U¢ Nokta Aski Sistemi Braketlerinin Yorulma
Omiirlerinin Tyilestirilmesi
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OZET

Bu arastirmanin temel amaci bahge tipi traktorlerde kullanilan hidrolik kaldiricili i¢ nokta aski sistemi baglanti
braketlerinin yorulma performanslarini iyilestirmektir. Bu amaca deneysel ve sonlu elemanlar analizi yardimiyla
ulagilmigtir. Uretilmis olan braketlere kaldirma kapasitesi testi, ¢ek birak testi ve indir kaldir yorulma testleri
uygulanmigtir. Kaldirma kapasitesi testleri ISO 730-1 standartlarma gore gergeklestirilmistir. Kaldirma kapasitesi
testlerine ek olarak uygulanan ¢ek birak testlerinde silindir baglanti braketlerinde problemler gozlenmistir. Denemelerin
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11218. ¢evriminde braketlerde kirtlmalar goriilmistiir. Test sonuglart ve sonlu elemanlar analizlerine gore braketlerin
kritik hasar bolgeleri giiclendirilmistir. Braket baglanti yiizeyinin kalinligi 12 mm’den 19 mm’ye cikartilmistir ve
GG25 olan braket malzemesi GG35 olarak degistirilmistir. Tyilestirilen braketler, deneysel testleri kirilma olmadan

tamamlamstir.

Anahtar Kelimeler: Hidrolik kaldirici; Ug nokta aski sistemi; Cek birak testi; indir kaldir testi; Yorulma analizi; Gerilme

analizi

1. Introduction

The attachments of three point hitch (TPH) systems
are mainly implemented in hydraulic lift design
(Kegecioglu & Giilsoylu 2005). The design of an
adjustable three point hitch system (TPH) affects
the force imposed on lift and tractor equipment
(Al-Jalil et al 2001). Previous studies on TPH
mechanisms were mainly focused on the transition
of tillage forces between tillage implements and
tractors, a factor which is extremely important for
both operational efficiency and energy management
(Alimardani et al 2008; Askari et al 2011).

Otmianowski (1983) expressed that all agricultural
machines working on farms are exposed to dynamic
loads during tillage especially at bed-like farmlands.
Sule et al (2007) studied three-point lift system
oscillations during the drafting and implementation
of transport, resulting in partial parts failure of the lift
system such as the stabilizer bracket. The dynamic
behavior of a tractor lift system was modelled by
many researchers (Laceklis-Bertmanis & Kronbergs
2010; Laceklis-Bertmanis et al 2013). In these works,
the Working Model software for a tractor three
point hitch-system with small amplitude oscillation
simulations was used. Kolator & Biatobrzewski (2011)
developed a 2D model for working tractors which
was implemented on various types of soil. Portes et
al (2013) developed a model which transformed the
load on the three-point linkage to the tractor driving
wheels. Computer aided engineering analysis led to
significant cooperation between design and testing
departments. Agricultural machines are subjected to
various loads according to different parameters, such
as soil conditions and operation types throughout their
working life. In order to asses fatigue life, strain data
from maximum stressed locations must be obtained

© Ankara Universitesi Ziraat Fakiiltesi

or estimated (Chisholm & Harral 1989). Koike &
Tanaka (1976) measured the strains at tractor’s rear
axle housing, to calculate fatigue strength under
random load conditions. Mattetti et al (2012) collected
strain data from an 80 kW tractor and used field
data for accelerated life tests. Paraforos et al (2013)
investigated the fatigue properties of tractor chassis
and axle housing under random vibration conditions
based on dynamic road loads.

Khan et al (2007) expressed that measurement
studies increased as different types of transducers
were developed and implemented on test
samples. Goodwin et al (1993) developed a tri-
axial dynamometer for measuring the forces and
moments along orthogonal axis. Data acquisition
and varying strain-gauge systems were also used by
many researchers to evaluate the effects of on the
three-point hitch mechanism (Al-Janobi 2000).

A prediction of fatigue failure is important
for determining effective design parameters for
final production. The best-known fatigue analysis
procedures are stress-life, strain-life and crack
propagation methods (Socie & Marquis 2000). The
stress-life method is generally accepted in the case
of high-cycle fatigue problems. Using this method,
the stress amplitude can be evaluated with an S-N or
Wohler curve (Radaj 1995). The stress life approach
assumes all stresses occur below the elastic limit at
all times. Strain life approach is applicable to low
cycle fatigue problems.

In this study, the fatigue life of the tractor lift bracket
was studied using experimental tests. The push-pull and
lifting-lowering tests were additional tests to the standard
lifting capacity test. The lifting capacity test results were
compared with theoretical calculations based on ISO-
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730-1 standards (ISO 1994). The parameters of push-
pull and lifting-lowering tests, the leading sources of
stress on the brackets, were calculated from the static
equilibrium of mechanism. Then, strain life-based
fatigue life predictions (Coffin-Manson approach) were
calculated using finite element analysis. In experimental
studies, broken brackets in the critical equipment were
observed using push-pull tests and lifting-lowering tests.
Critical damage points of the brackets were determined
by cyclic loading. The brackets were then redesigned,
dependent on the results.

2. Material and Methods

2.1. Design criteria of hydraulic lift

For this research, the brackets of the hydraulic lift
cylinder in garden series tractors were investigated.
Pistons were attached directly to the external
lifting arms, as can be seen in Figure 1. Hydraulic
lifts with external cylinders were preferred for
high lifting capacity, easy assembly and servicing
capabilities. The hydraulic lifts for the three point
hitch mechanisms were designed according to ISO
730-1 standards. The technical properties of the
hydraulic lift are given in Table 1. The three point
hitch system and hydraulic lift mechanism can be
seen in Figure 2.

Upper lift arm 5?

Lower lift arm

Cvlinder

Figure 1- Externally cylindered hydraulic lifts
Sekil 1- Distan silindirli hidrolik kaldirict

Table 1- Three point hitch system and hydraulic lift
properties
Cizelge 1- U¢ nokta aski sistemi ve hidrolik kaldirict
ozellikleri

Property Value
TPH category 2
Lifting capacity (kg) 3200
System safety pressure (bar) 195
Flow rate (L min™) 30
Cylinder diameter (mm) 60
Upper lift arm (A) 280
Side suspension arm length (B) 650
Lower lift arm seam (C) 405
Lower lift arm length (D) 900
Top link (E) 750
Equipment height (F) 610

Equipment from the center of gravity (G) 610

y

Figure 2- Three point hitch system and hydraulic
lift mechanism

Sekil 2- U¢ nokta aski sistemi ve hidrolik kaldirici
mekanizmasi

2.2. Lifting capacity test

The theoretical lifting capacity was calculated after
the first design sketches. Lifting capacity for the final
design was tested in line with ISO 730 static capacity
test procedure. Lifting capacity was tested with a
hydraulic lift test setup that can be seen in Figure 3.
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The hydraulic lift cylinders were pressurized with
an externally integrated pump and the rods were
raised. The pressure was controlled by a manometer
installed between the hydraulic lift and pump. The
lifting rods were connected via suitable apparatus
to the load cell. Lifting capacity was measured with
an Esit TB S-Type 5000 kg capacity load cell with
an accuracy class of C3, in accordance with OIML
R60. Hydraulic pressure of 190 Bar was applied to
the cylinders. Per-second data from the load cell and

gt s
- pe”m arm
5
<
g
g
&/
5
o
e 2
Lower i g | 5

I Manemeter

Ep

Data acquisition
syslem

-G, /? Load cell Hydraulic power unit

Kﬂk

- : -

Figure 3- Lifting capacity test setup
Sekil 3- Kaldirma kapasitesi test diizenegi

sensors was collected during the experiments by a
National Instruments PCle-6363 data acquisition
system and a LabVIEW-based data logger program.
The results were compared with theoretical lifting
capacity calculations.

During the cycle, effective loads for the TPH
system were also established using static equilibrium
calculations of the mechanism, which can be seen
below. Loads placed on the TPH mechanism were
calculated using the Equation 1-3, with the angles
given in Figure 4.

E; = Prygp-A (1)

The equilibrium of AB rod and ED rod are
expressed as follows.

IMy =0, F Cos(6,)lap — Fpe Cos (62) g =0 (2)
IMp =0, FyCos(8,)lgp — Fye Cos(B3) Icp =0 (3)

O/ A
Byl
Fs &
&
03
D
/Fbc
1
E C
J | o

Figure 4- Three point hitch mechanism

Sekil 4- U¢ nokta aski sistemi mekanizmast

The parameters used in the calculations are
given at Table 2. These parameters were determined
from the experiments. The angles of the TPH rods
were varied according to external rod angle (6,).
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The lengths used in calculations are taken as
lAP = 157.88 mm, lAB = 275 mim, lCD = 405 mm,

Table 2- Variables of TPH mechanism used in
equilibrium calculations

Cizelge 2- Hesaplamalarinda  kullanilan TPH
mekanizmasi degiskenleri

Hydraulic cylinder
data 0, 0, 0, 0, 0,

-30 33.09 459 36.34 20.44
-20 20.10 35.19 29.59 14.40
-10 9.04 2485 2282 797

1.23 14.82 16.14 1.33
10.84 5.06 9.55 541
19.93 4.44 345 12.11
30 28.58 13.68 237 18.69
40 35.89 22.64 7.68 25.04
50 4494 31.28 1238 31.07

160 mm diameter

150 bar pressure 20

2.3. Push-pull test

Hydraulic lift test apparatus was used for the push-
pull test. The external bars of a hydraulic lift TPH
mechanism were lifted up to maximum angle of
47° and fixed at that position. Pressure transducers
were placed between the hydraulic pipe and the
hydraulic lift for measuring pressure variations. The
lower lifting arms of the TPH system were equipped
with hydraulic lift apparatus at a 610 mm distance.
A 1000 kg impulsive load was applied at the tip of
TPH mechanism. The load was calculated using load
cells at the tip of the piston, as seen in Figure 5. In
these experiments, 40,000 cycles were found to be
the optimum cycle count-where a bracket completed
40,000 cycles without any breakage, and passed load
capacity tests and lifting-lowering tests. The push-
pull test periods of 40,000 cycles were completed in
approximately 55 hours (one cycle takes 5 seconds).

2.4. Lifting-lowering test

This was carried out in order to study the hydraulic
lift system functions and to test the strength of the
equipment, as seen in Figure 6. The test was also
used for validation of the push-pull test at the final
design stage of the brackets.

Figure 5- Push-pull test setup
Sekil 5- Cek birak test diizenegi

Manometer

Load basket

Weights

1200 kg

Figure 6- Lifting-lowering test setup
Sekil 6- Indir kaldur test diizenegi
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A steel load basket connected to the three-point
hitch system was used for the lifting-lowering tests.
The load basket at the tip of TPH system was raised
and lowered to the highest and lowest lifting points
respectively. The gravity center of the basket was
positioned 610 mm in height from lower arms.
The basket was filled with 1200 kg of cast iron
weights. One cycle was completed, with the lifting
and lowering of the load basket taking 4 seconds.
The position of the lower arms was determined
by digital output proxy sensors. This process was
repeated until a cycle count of 40,000 was achieved.

2.5. Finite element analysis of bracket

Finite element analysis was performed using ANSY'S
general finite element modeling software for study
the stress and fatigue performance of brackets.
The final design was achieved according to this
analysis. The critical damage points of the brackets
were determined under cyclic loading. Model mesh
density was determined by convergence study of the
bracket, as seen in Figure 7. The lifting-lowering
test load procedure was used to convergence study.
The finite element approximation of stress analysis
was obtained for a number of 50,000 elements. The
boundary conditions and applied mesh at the finite
element model are given in Figure 8. Calculated

Table 3- Strain life parameters of bracket materials

loads at Equation 1-3 were applied to lower rod
joints and cylinder rod joints, respectively and then
the connections of the brackets were fixed.

At first, stage stress analyses of the brackets were
performed. Nonlinear analysis with a multi-linear
isotropic hardening material model was applied to
the static stress analyses. Then strain life, based on
the Coffin-Manson approach, was used to predict
the fatigue life of the brackets. The stress of the
critical breakage planes was evaluated according to
the maximum principle stresses of the finite element
analysis. The maximum principle stress results were
used for the calculation of fatigue life because of the
unyielding nature of GG materials.

Strain life-based, fatigue life-approximation was
preferred because of the low cycle fatigue damages
found in the experiments. In Table 3, the strain
life parameters of the bracket materials GG25 and
GG35 are given (ASM 1996).

The strain life was calculated using the Equation 4.

Ae g
- = QN+ Ef (2N,)® Q)

The results of the finite element analysis are
given in the related test sections.

Cizelge 3- Braket malzemelerinin gerilme omiir parametreleri

Material oy, — oy (MPa) E (GPa) of(MPa) b & c
GG25 215-260 90 353 -0.115 0.037  -0.582
GG35 345-438 134 696 -0.114 0.016  -0.383
470 Cylinrical Rod J. Forces
§420 / Fixed Ends
2 370 - .. *
& o -
£ 320
£
g 270
=
220 Lower Rod J. Forces
0 10000 20000 30000 40000 50000 60000 70000 al o)
Element number i i

Figure 7- Convergence study of bracket finite
element model

Sekil 7- Braket sonlu elemanlar modelinin yakinsama
calismasi

Figure 8- a, mesh detail at finite element model; b,
boundary conditions

Sekil 8- a, sonlu elemanlar modeli mesh detayt,; b, sinir
kosullar
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3. Results and Discussion

3.1. Lifting capacity test Results and bracket
reaction forces for additional tests

The experimental results of the lifting capacity were
compared with the static equilibrium calculations
(Figure 9). According to the results of the Chi-Square
test, there is no significant difference between the

theoretical calculations and experimental test results
(P=10.056>0.05).

3000 - -®- - Experimental —@— Teoric
2
z
g
&
o 2000
1500
-40 -30 -20 -10 0 10 20 30 40 50 60
External rod angle (°)
Figure 9- Comparison of experimental and

theoretical calculation result of the lifting capacity

Sekil 9- Kaldirma kapasitesinin deneysel ve teorik
hesaplama sonuglarimin karsilastirilmast

The TPH system cycle time was obtained from
experimental tests. Cyclic loads applied to the TPH
mechanism brackets, relative to the test loads, were
calculated from equilibrium equations at Equation
1-3 as seen in Figure 10-12. It can be seen here
that the theoretical maximum reaction force results
of the lifting-lowering tests, obtained for the 0°
external rod angle, were applicable at lower rod and
cylinder rod joints. Reaction forces of the bracket
joints on the push-pull test varied, according to
the load placed at the tip of the TPH mechanism.
Reaction forces acting on cylinder rod joints were
found to be higher than on lower rod joints because
of hydraulic cylinder reactions. In push-pull tests,
an impulsive load factor of 1.3 was determined from
test data and fatigue life calculations.

3.2. Additional test results

During the experimental push-pull tests, the
breakage points of the brackets designed are shown
in Figure 13. Breakage occurred after 11,218 cycles.

Reaction forces (N)

-40

External rod angle (°)

-10000

Figure 10- Reaction forces acting on brackets lower
rod joint (LRJ) at the lifting-lowering test

Sekil 10- Indir kaldir testinde, braket alt rod
baglantilarinda olusan reaksiyon kuvvetleri

120000
——Fx --o--Fy
B e
— *- Rahls -e
% 80000
P
(53
2
£ 60000
=
2
g 40000
o)
~
20000
-40 -20 0 20 40 60
External rod angle (°)

Figure 11- Reaction forces acting on brackets
cylinder rod joint (CRJ) at the lifting-lowering tests

Sekil 11- Indir kaldir testlerindeki braket silindir rod
baglantilarinda olusan reaksiyon kuvvetleri

120000
—o—Fx(LRJ) —e—Fy (LRJ)

100000 Fx (C.RJ.) —@—Fy(CRJ)
80000

60000

40000

Reaction forces (N)

20000

0
0.5 1.0 15 20 25 3.0 3.5 4.0

Time (s)

Figure 12- Reaction forces acting on brackets joints
at the push-pull test

Sekil 12- Cek birak testindeki braket baglantilarinda
olusan reaksiyon kuvvetleri
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When the final design of the brackets was tested, it
completed a full 40,000 cycles test period. During
the lifting-lowering tests of the original bracket
design, breakage occurred after 12,500 cycles. In
comparison, the final bracket design completed a
full 50,000 cycles test period without breakage. The
difference between the two tests was the effect of
impulsive load at the tip of the TPH mechanism.
It was therefore assessed that push-pull tests give
additional information about TPH mechanisms

under impulsive load conditions.

Figure 13- Brackets breakage points at the push-
pull tests

Sekil 13- Cek birak testinde braketlerde olusan kirilma
noktalari

3.3. Finite element results

The analysis results of the failure zone, estimated
by the finite element analysis, was compatible with
the experimental results seen in fatigue life results,
as seen in Figure 14-15. According to the test and
analysis results, the breakage planes and maximum
stress regions were determined, and the thickness of
the connection surface of the brackets was increased
from 12 mm to 19 mm. This modification increased

5/0261e8 Max
4367768
369568

15 Max
10

03098
2362568
1634168
102578
357267
327
-0.1952¢ Min

0.87623Min
)

(a) (b)|

Figure 14- Finite element analysis results of first design
brackets at push-pull tests; a, the maximum stresses
at the bracket; b, the results of the safety factor

Sekil 14- Ilk tasarim braketlerin cek-burak testi icin
sonlu elemanlar analizi sonuclary, a, braketlerdeki
maksimum gerilmeler; b, emniyet faktérii sonuglart

the weight of the bracket from 4,540 to 4,800 g. The
breakage section of the bracket was redesigned, as
seen in Figure 16, and the material of the brackets
was changed from GG25 to GG35. As a result of the
new design, the stress placed on the fracture plane
was reduced from 503 MPa to 371 MPa for the push-
pull tests, as seen in Figure 17. It can be seen that the
maximum stress variation across the thickness was
reduced by the new design of the brackets.

The analysis results of redesigned brackets at the
lifting-lowering test are given in Figure 18. It can
be seen here that maximum stresses were only 274
MPa and were reduced along the cross section at
brackets. These results correlated with the push-pull
tests. Similar maximum stress regions were found

138

120 Max
2323768
530957
175477
2,9155e6
677475
1,5742e5
36560

5001

1975.2 Min

Figure 15- Brackets fatigue life results at finite
element analysis

Sekil 15- Sonlu elemanlar analizindeki braket yorulma
omrii sonuglart

Figure 16- Bracket enhancements according to
push-pull test results; a, first designed bracket; b,
final design enhanced bracket

Sekil 16- Cek-birak test sonuglarina gore braket
iyilestirmeleri; a, ilk tasarlanan braket; b, iyilestirilmis
son tasarlanan braket
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Figure 17- Finite element analysis results of optimized
brackets at push-pull tests; a, the maximum stresses at
the bracket; b, the results of the fatigue life

Sekil 17- Optimize edilen braketlerin ¢ek-birak testi
icin sonlu elemanlar analizi sonuglari,; a, braketlerdeki
maksimum gerilmeler; b, yorulma omiir sonuglar
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Figure 18- Finite element analysis results of optimized
brackets at lifting-lowering tests; a, the maximum
stresses at the bracket; b, the results of the fatigue life

Sekil 18- Optimize edilen braketlerin indir-kaldwr testi
icin sonlu elemanlar analizi sonuclari, a, braketlerdeki
maksimum gerilmeler; b, yorulma omiir sonu¢lar

for both tests. However, stress values obtained from
the lifting-lowering tests were lower than those
from the push-pull tests where the impulsive load
effect on the TPH tip was a factor.

TPH mechanisms are generally tested according
to Iso Standart Static Test methods. Some studies
are focused on calculations and failure analysis
of oscillations or dynamic loads acting on TPH
mechanisms during drafting and implementations
Otmianowski (1983), Sule et al (2007). There is
not any test procedure is developed according to
these dynamic loads. In our study newly developed
tests on TPH mechanisms under impulsive dynamic
loads are presented implemented to standard tests.

4. Conclusions

In the analysis, the boundary conditions were
determined from system operating conditions.

The maximum stress regions were examined
comprehensively.

Improved safety factor results at the critical
points were achieved by the material, shape and
thickness modifications of the brackets. For this
paper, three experimental test methods and finite
element modeling were used in order to establish
a methodology that could assess fatigue life in
agricultural machine parts, namely the push-pull
test, the lifting-lowering test and the lifting capacity
test. In these experiments, it was seen that the push-
pull test in particular was a very effective tool in
determining the fatigue life of three point hitch
system components. The results show that if any part
of the TPH mechanism could complete 40,000 cycles
of the push-pull test, it was also capable of passing the
other tests. Therefore it was concluded that push-pull
test data was implemented the standard tests for TPH
mechanisms in order to assess impulsive loading.
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Abbreviations and Symbols

TPH Three point hitch

OIML R60 International organization of legal
metrology recommendations 60

F Hydraulic force

p;mp Hydraulic pressure

A Piston cross section

F, Lifting load

L Lo L, Ly Length of rod parts

0,0,0,0,0, TPH mechanism rod angles

F.F . F Reaction forces

8; g Fatigue ductility coefficient

e Yield strength

ay Ultimate

0': Fatigue strength coefficient

N, Cycles to failure

b Fatigue strength exponent

¢ Fatigue ductility exponent
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OZET

Bu ¢alismada, baltali ve diskli gdmiicii ayaga sahip tek dane ekim makinalarinin, sirta misir ekim performanslarinin
belirlenmesi ve aralarindaki farkliliklarin ortaya konmasi amaglanmistir. Makina ekim performanslarinin belirlenmesi
amaciyla hem laboratuvar hem de tarla denemeleri gergeklestirilmistir. Laboratuvarda yapilan yapigkan bant
denemeleriyle makinalarin sira tizeri tohum dagilim diizgiinliikleri belirlenmistir. Tarla denemelerinde ise makinalarin
sira iizeri bitki dagilim diizgiinliigd, tarla ¢ikis derecesi, ekim derinligi diizgiinliigii, ekim makinasi tarla (tahrik) tekerlegi
negatif patinaj orani (kayma) ve traktor tahrik tekerlegi patinaj orani degerleri saptanmistir. Denemeler sonucunda, sira
tizeri tohum dagilim diizgiinliigii agisindan laboratuvar sartlarinda tiim makinalar genellikle “iyi” kalitede ekim yaparken,
tarla sartlarinda sirta ekimde kalitenin bir miktar azaldigi, ancak diskli gdmiicii ayaga sahip ekim makinalarinin balta
tipi gémiicii ayaga sahip ekim makinalarina gére misir tohumlarini ¢ok daha yiiksek kalitede ekebildigi belirlenmistir.
Firma bazinda diskli tip makinalarin baltali tip makinalara oranla hem daha yiiksek tarla ¢ikist hem de daha diizgiin
ekim derinligi sagladig1 saptanmistir. Ekim makinasi tarla tekerleginde meydana gelen negatif patinaj (kayma) degerleri
baltali tip makinalarda % 0.93-5.34, diskli makinalarda ise % 9.14-10.24 degerlerinde bulunmustur. Traktor arka
tekerleginde meydana gelen patinaj degerleri ise baltali ve diskli makinalarda sirasiyla % 1.38-3.83 ve % 5.39-9.50
olarak belirlenmistir. Tiim bulgular dogrultusunda sirta ekimde diskli tip gdmiicii ayaga sahip ekim makinalarinin
kullanilmasinin uygun olacagi saptanmustir.

Anahtar Kelimeler: Misir; Sirta ekim; Dagilim diizgtinliigti; Ekim kalitesi
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ABSTRACT

The objective of this study was to determine ridge planting performance of the precision seeders equipped with shoe and
disc type coulters and to reveal differences between seeders. To meet this target both laboratory and field experiments
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were conducted. Seed spacing distribution uniformity of the machines were determined using sticky belt tests at the
laboratory. The values of plant spacing distribution uniformity, ratio of plant emergence, seeding depth uniformity,
negative driven wheel slips of the seeders and driven wheel slips of the tractors were determined by the tests carried out
on field conditions. Based on the experimental results, it was determined that, all seeders performances in terms of seed
spacing distribution uniformity were found in “good” quality under laboratory conditions, while seeding quality in ridge
planting on the field was determined lower than laboratory conditions for all seeders. But seeders equipped with disc
type coulters were determined more effective than seeders equipped with shoe type coulters in high quality corn seeding
under field conditions. It was found that seeders equipped with disc type coulters provided both higher plant emergences
and more uniform seed depths in firm terms. The values of negative driven wheel slips of the seeders were determined
as 0.93-5.34% and 9.14-10.24% for shoe type and disc type seeders, respectively. The values of driven wheel slips of the
tractors were ranged from 1.38% to 3.83% and from 5.39% to 9.50% for shoe type and disc type seeders, respectively.
Based on the all findings it was determined that seeders equipped with disc type coulters should be used in ridge planting.

Keywords: Corn; Ridge planting; Seed distribution uniformity; Planting quality

1. Giris

Toprak, su ve ¢evre korumanin yaninda dnemli bir
girdi maliyeti tasarrufu saglayan koruyucu toprak
igleme, azaltilmig toprak isleme ve dogrudan ekime
olan ilgi diinyada oldugu gibi iilkemizde de artis
egilimindedir. Koruyucu toprak islemede ekim;
dogrudan ekim, sirta ekim ve malgli ekim olmak
tizere {i¢ farkli sekilde uygulanabilmekte olup, asirt
yagish alanlarda topragin erozyonla kaybedilmesini
onlemek amaciyla mal¢h ekim, yagisin az oldugu
alanlarda ise toprak neminin korunmasi amaciyla
dogrudan ekim uygulamalar1 tercih edilmektedir.

Sirta ekim, sulama yapilan alanlarda mevcut
suyun en etkili bir sekilde kullanilabilmesi igin
uygulandigi gibi diizensiz yagis alan alanlarda
drenaj amagli da uygulanmaktadir. Sirta ekim
sistemi bir¢ok avantaj saglamakta ve bu avantajlar
nedeniyle de son yillarda daha ¢ok uygulamaktadir.
Sulama suyu yonetiminde kolaylik ve tasarruf
saglamasi, yagmur sonrast sirt istiiniin daha
hizli kurumas: ve bitki koklerinin daha saglikli
gelismesi  nedeniyle bitki kok hastaliklarinin
kontrol altina alinabilmesi, siine ile miicadelede yer
aletlerinin kullanimina olanak saglamasi, yagisin
fazla ve diizensiz oldugu alanlarda su kesmesini
engellenmesi, sirtlar arasindaki hava sirkiilasyonu
nedeniyle bitkilerin hava ve giinesten yararlanma
derecesinin artmasi sonucunda giiglii bitki gdvdesi
olusumu saglamasi, traktor tekerleginin kariklardan
gecmesinedeniyle bitkilere zarar vermeden ilaglama,

© Ankara Universitesi Ziraat Fakiiltesi

giibreleme, c¢apalama gibi bakim iglemlerinin
diize ekime gore daha rahat yapilabilmesi, toprak
sicakliginin korunmasi nedeniyle ekimde erkencilik
saglanmasi sirta ekim sisteminin avantajlarindan
bazilaridir. Bu sistemin en fazla uygulandigi
iriinlerin basinda bugday gelmekle birlikte pamuk,
misir, soya ayg¢icegi gibi ¢apa bitkilerinin yaninda
nohut, kolza gibi bitkilerin de ekiminde basariyla
uygulanabilecegi tespit edilmistir. Ozellikle pamuk
bugday ekim ndbetinde pamuk sonrasi sirtlar
bozulmadan daimi sirtlara zamaninda yapilan ekim
ile birlikte girdilerin azaltilmasinin miimkiin oldugu
belirtilmektedir (Aykanat 2009).

Tarimsal iiretimde iiretimin artirilmasinda ve
rasyonellestirilmesinde gerek tohum tiiketimini
azaltmanin, gerekse ideal agroteknik kosullar
saglamanm ilk adimi “Optimum Ekim Islemi”dir.
Teknolojinin ilerlemesiyle yeni nesil ekim
makinalari tasarlanmakta, teleskobik olarak daralan
veya katlanan dniteler kullanilmakta, c¢apa
bitkileri i¢in sira arast 65-80 cm arasinda
ayarlanabilmekte, pnomatik tek dane ekici diizen
ve farkli tohumlara uygun ekici plakalarla sira
lizeri tohum mesafesi secilebilmekte, otomatik
markdrle ¢alisma rahatlamakta, gilibre diizeneginin
eklenmesiyle ideal ekim ve ideal giibreleme tek
geciste gerceklestirebilmektedir. Farkli tohumlarin
ekiminde aynimakinaninkullanilmasimekanizasyon
planlamasi ve maliyet bakimindan ¢ok Onemli
avantajlar saglamaktadir (Ulusoy et al 2011). Ancak
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bu avantajlarin yaninda makinalardan maksimum
yararlanma ve uygun makina sec¢imi i¢in, gesitli
sartlarda yiriitiilen denemelerle makina performans
degerlerinin de saptanmasi gerekmektedir. Tek dane
ekim makinalariin performans degerlendirmelerine
iligkin laboratuvar ve tarla sartlarinda arastirmacilar
tarafindan yiiriitilen birgok caligma bulunmasina
karsilik, sirta ekimde makina performansina yonelik
calismalar sinirli sayidadir. Sirta ekime iliskin gerek
diinyada gerekse iilkemizde yiiriitiilen ¢aligmalarda,
c¢ogunlukla bu sistemin diger toprak isleme ve
ekim sistemleriyle (diize ekim, normal siraya ekim,
mal¢hi ekim vb) karsilagtirilarak, agirlikli olarak
iiriin verimi, toprak yapisi ve su korunumu iizerine
etkileri arastirilmistir. Tisdall & Hodgson (1990)
tarafindan yiiriitilen c¢aligmada, ince tekstiirlii
topraklarda normal siraya ekim ve sirta ekim
yontemlerinin sebze ve tarla bitkileri iizerine etkileri
arastirillmig, arastirma sonucunda bitki koklerinin
iyi havalanma nedeniyle sirta ekimde normal siraya
ckime gore bitki gelisiminin daha iyi oldugu ve
verim artisinin saglandigi belirtilmistir. Cekic &
Savaslh (2003), bugdayda sirta ekim yénteminin I¢
Anadolu Bolgesi kosullarinda uygulanabilirligini
saptamak amaciyla geleneksel ekim ile iki farkli
sirta ekim yontemini (sirta 2 siralt ekim ve sirta 3
sirali ekim) karsilastirmis ve uygulanan yontemler
arasinda verim bakimindan istatistiki olarak dnemli
bir fark olmadigini saptamislardir. Li et al (2007),
Cin’de, trtin verimin diisiik oldugu, kurak bir
bolgede yiiriittiikleri ¢aligmalarinda, sirta yonca
(Medicago sativa L.) ekimi gergeklestirerek sirta
ekimin verim Ttzerine etkilerini arastirmislardir.
Farkli genisliklerdeki (30, 45 ve 60 cm) sirtlart
ayrica plastik ortii ile kapatarak hem ortiilii hem de
ortiisliz olarak sirtlardaki nem diizeyini diize ekim
ile karsilastirmiglardir. Arastirma sonucunda sirt
tipi ve genisliginin ortalama yonca verimi iizerine
onemli etkisi oldugu belirlenmistir. Caligmada
ortiiyle kapli sirtlarin (5114 kg ha'') ortiisiiz sirtlara
(2534 kg ha'), ortiisiiz sirtlarin ise diize ekime
(1925 kg ha') gore daha yiiksek verim sagladigi
saptanmistir. Arastirmada ayrica sirt genisliginin
artistyla verimin azaldigi belirlenmistir. Glirsoy et
al (2012) t¢ farkli gesit durum bugdayi kullanarak
yiriittiikleri ¢alismalarinda sirta ekim ile geleneksel

ekim arasindaki farkliliklari, siine zararlis1 ve iiriin
verimi agisindan incelemisler, siine yogunlugu ve
verim iizerinde ekim yonteminin 6nemli etkisinin
olmadigini, farkliligin bugday c¢esidine bagl
oldugunu saptamislardir. Zhang et al (2007) kishk
bugdayda sirta {i¢ sirali ekim, malgli kariga {i¢ sirali
ekimve geleneksel diize ekim sistemlerini kullanarak
su tliketimi ve T{riin verimini arastirmiglardir.
Caligma sonucunda en yiiksek su tiikketiminin 404.4
mm ile diize ekimde gergeklestigi, sirta ekimde
tiketimin 354.5 mm, mal¢h ekimde ise 323.6 mm
oldugu saptanmistir. Calismada en yiiksek bugday
verimi sirta ekimde (7995.32 kg ha') elde edilirken,
mal¢h ekimde ve diize ekimde sirasiyla 7005.9 kg
ha' ve 7602.3 kg ha! verim degerlerine ulagilmistir.

Bu ¢aligmalarin disinda genellikle agronomistler
tarafindan ylriitiilen patates, misir, pamuk, yulaf
gibi bitkiler kullanilarak farkli toprak isleme ve
ekim yontemlerinin toprak nemi, iirlin verimi, su
kullanim etkinligi ve toprak partikiil yapisinin
degisimine etkilerinin arastirildigi pek cok tarla
calismasina (Bakht et al 2006; Boulal et al 2012;
Siizer & Demir 2012; Song et al 2013; Qin et
al 2014) ulasilabilirken, makinali sirta ekime
iliskin tarla ¢aligmalart sinirli sayidadir. Altuntas
& Dede (2009), silajlik misirda geleneksel,
sirta ve dogrudan ekimin, toprak yapist ve bitki
¢ikigina etkisini aragtirmislardir. Calismada her {i¢
ekim yonteminde de vakumlu tip tek dane ekim
makinasint kullanilmig, ¢aligma sonucunda toprak
nem icerigi, hacim agirligi, penetrasyon direnci,
bitki ¢ikis derecesi degerlerinin, sirta ekimde diize
gore daha yiiksek oldugu ve bitki ¢ikis siiresinin
azaldig1 saptanmistir. Pikul et al (2001)’in misir
ve soya rotasyonunda uyguladiklart sirta ekim ve
geleneksel ekim sistemlerini iceren ¢alismalarinda,
ti¢ farkli giibre degerinde {iirlin performanst ve
toprak durumu incelenmistir. Her iki sistemde de
vakumlu tip tek dane ekim makinasi kullanilmistir.
11 yillik aragtirma sonucunda, misirda ortalama
iriin verimi geleneksel ekimde 6500 kg ha’!, sirta
ekimde 6267 kg ha' olarak elde edilirken, soyada
onemli bir farklilik saptanmamistir. Calismada 15
cm’lik toprak katmaninda pH degeri toprak isleme
sistemi farkliligindan etkilenmezken, toprak hacim
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agirliginin sirtlarda diize gore daha yiiksek oldugu
belirlenmistir.

Tarla ¢alismalarinda denemelerin arastirmacilar
tarafindan kiiglik deneme parsellerinde yiiritilmis
olmasi ya da ekimin ayni makinayla yapilmis
olmasi diger parametrelere bagli olarak {iriin verimi,
toprak yapist ve su tutma kapasitesi hakkinda
degerli bilgiler elde edilmesini saglamistir. Ancak
genis alanlarda yapilan bitkisel tiretimde kilit iglem
olan ekimin, bitki ¢ikisi ve hasadi da dogrudan
etkileyecegi diisiiniildiigiinde, 6zellikle uygulanacak
ekim yontemine goére ekim makinast se¢iminin
Onemi daha belirgin olarak ortaya ¢ikmaktadir.

Yukaridaki bilgiler 1s18inda planlanan ve
ylriitilen bu c¢alismada, geleneksel ekimde
yaygin olarak kullanilan baltali tip gomiicii ayaga
sahip tek dane ekim makinalart ve dogrudan
ekimde yaygin olarak kullanilan diskli tip tek
dane ekim makinalarmin sirta misir ekiminde
kullanilabilirliginin ~ belirlenmesi ve makinalar
arasindaki performans farkliliklarinin  ortaya
konmasi amaglanmistir. Ayrica ¢iftgiler tarafindan
denenen ve oOnerilen sirta ekimde diskli makina
kullaniminin uygunlugunun bilimsel nitelikte ortaya
konmasi da amaglanmuistir.

2. Materyal ve Yontem

Ulkemizde ve diinyada ekim makinalarinda
meydana gelen teknolojik gelismelerle misir
ekimi, tek dane ekim makinalariyla geleneksel
ya da dogrudan ekim sistemleri kullanilarak
yapilabilmektedir. Geleneksel ekimde g¢ogunlukla
balta tip gomiicli ayaga sahip ekim makinalari
kullanilirken, dogrudan ekimde ise diskli tip ekim
makinalar1 tercih edilmektedir. Ayni imalat¢1 firma
tarafindan {iretilen baltali ve diskli gomiicii ayaga
sahip, vakumlu tip tek dane ekim makinalarinda,
calisma prensibi agisindan, diisey tohum diskli ekici
diizen ayn1 6zellikleri tagirken, toprakla temas eden,
diger bir ifadeyle tohumu topraga yerlestiren tohum
yonlendirme sistemi ve gémiicii ayaklar birbirinden
farklililk  gostermektedir. Balta ayakli ekim
makinalarinda tohum vakum etkisinden kurtulup
dogrudan goémiicii ayagin actigi ¢iziye birakilirken,

diskli tip ekim makinalarinda ekim plakasindan
birakilan tohum, tohum borusundan gegtikten sonra
ciziye birakilmaktadir (Sekil 1). Denemelerde farkli
firmalara ait iki adet yerli iiretim, bir adet ithal olmak
iizere {i¢ adet balta tipi gdmiicli ayaga sahip ekim
makinastileyine bu firmalaraait diskli gomiiciiayaga
sahip ti¢ farkli ekim makinast kullanilmigtir (Sekil
2). Makinalara iligkin bazi teknik 6zellikler Cizelge
1’de verilmistir. Tiim makinalarda ekici Uniteler
hareketini ekim makinas1 tahrik tekerleginden
almakta ve merkezi transmisyon sistemi yardimiyla
farkli sira tizeri aralik degerleri elde edilmektedir.
Denemeler sirasinda tiim makinalarda 6ngoriilen
disli kademeleri segilerek sira {izeri anma ekim
araligl (Z) degeri 14 cm’ye ayarlanmisti. Hem
laboratuvar hem de tarla denemelerinde bin dane
agirligi 275 g olan KWS-Kermess ¢esidi hibrit misir
tohumu ve tohuma uygun 26 delikli, 4.5 mm delik
caplt ekici plakalar kullanilmistir. Laboratuvarda
yapigkan bant diizeneginde ii¢ tekerriirlii olarak
yapilan denemelerde, 1.0, 1.5 ve 2.0 m s™' ilerleme
hizlarinda ve 70 mbar sabit vakum basinci degerinde
calisilmis, makina performanslart sira tizeri tohum
dagilim diizglinligi olarak belirlenmistir. Tek dane
ekim makinalar1 performans gostergeleri olan kabul
edilebilir tohum araligi (0.5 Z-1.5 Z), ikizlenme
(<0.5 Z) ve bosluk (>1.5 Z) oranmi degerleri,
bilgisayar destekli lazerli otomatik mesafe 6l¢iim
sistemi (Onal & Onal 2009) yardimiyla Cizelge
2’deki plana (Onal 2011) gore belirlenmis ve
Cizelge 3’¢ (Anonim 1999) gore yorumlanmastir.

Tarla denemelerinde, ekim Oncesi yoreye
0zgii gelencksel yontemlerle toprak islenmis, sirt
tapan1 kullanilarak, taban genisligi 45+5 cm ve sirt
yiiksekligi 1743 cm olan sirtlar olusturularak tohum
yatagi hazirlanmistir (Sekil 3). Ekim denemeleri
her makina ile; 14 cm sira iizeri anma ekim araligi,
70 cm sira araligl, 5 cm ekim derinligi, 70 mbar
vakum basinct ve 6 km h' (1.67 m s') ilerleme
hizi degerlerinde gercgeklestirilmistir. Denemelerde
6 siralt makinalar TD 110 D, 4 sirali makinalar ise
TD 65-56 D traktorlerine baglanmistir. Adana-
Karatag Mevkii’nde yiiriitiilen denemelerde 6 sirali
makinalarla 4.2°ser da, 4 sirali makinalarla ise 2.8’er
da olmak iizere toplam 19.6 da alanda sirta misir ekimi

198

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

23 (2017) 195-207



Comparing of Ridge Planting Performance of Precision Planters Equipped with Shoe and Disc Coulters, Yazgi et al

Balta ayakl Disk ayakli

Sekil 1- a, balta tip ve b, diskli tip gomiicii ayaga sahip tek dane ekim makinalari iiniteleri ve caliyma
prensibi (Gaspardo 2007a; Gaspardo 2007b)

Figure 1- Operational principle of planters equipped with a, shoe type and b, disc type coulters (Gaspardo 2007a;
Gaspardo 2007b)

Ayak Firmalar
tipi A (yerli) B (yerli) C (ithal)

Balta ayakli (BA)

Disk ayakli (DA)

DA-1 DA-2 DA-3

Sekil 2- Denemelerde kullanilan tek dane ekim makinalari

Figure 2- The precision seeders used in the experiments

gerceklestirilmisti.  Ekim  denemeleri sonucunda  tarla ¢ikis derecesi, ekim derinligi diizgiinligii, ekim
makinalarin tarla performanslari, swra {izeri bitki  makinasi tahrik tekerlegi kayma orani ve traktor arka
¢ikisindaki dagilim diizgiinliigii olarak incelenmis,  tekerlek patinaj degerleri belirlenmistir.

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences 23 (2017) 195-207 199



Baltali ve Diskli GomUci Ayaga Sahip Tek Dane Ekim Makinalarinin Sirta Ekim Performanslarinin Karsilastirilmasi, Yazgi et al

Cizelge 1- Makinalara iliskin baz1 teknik 6zellikler

Table 1- Some technical properties of the machines

BA-1 BA-2 BA-3 DA-1 DA-2 DA-3
Traktore baglama diizeni Asma tip Asma tip Asma tip Asma tip Asma tip Asma tip
Unite say1s1 4 4 4 6 6 4
Gomiicii ayak tipi Balta Balta Balta Cift diskli Cift diskli Cift diskli
Agirlik 880 kg 1050 kg 780 kg 1400 kg 1280 kg 890 kg
Ekici diizen Delikli plaka Delikli plaka  Delikli plaka Delikli plaka Delikli plaka Delikli plaka
Plaka delik sayis1 26 adet 26 adet 26 adet 26 adet 26 adet 26 adet
Delik ¢ap1 4.5 mm 4.5 mm 4.5 mm 4.5 mm 4.5 mm 4.5 mm
Tohumun elfm P lglfgdan 10 cm 10 cm 10 cm 45 cm 45 cm 45 cm
birakilma yiiksekligi
Tohum deposu hacmi 30 dm® 50 dm? 32 dm? 35 dm? 50 dm? 32 dm?
Kullanilan traktdr TD 65-56 D TD65-56D TD65-56D TD 110D TD 110D TD 65-56 D

Cizelge 2- Sira iizeri tohum dagihm diizgiinliigii degerlendirme plam

Table 2- Evaluation table for the seed spacing distribution

Stra iizeri tohum aralig Tanim

<052 Ikizlenme

(0.5-1.5)z Kabul edilebilir tohum araligi (KETA)
>1.57Z Bosluk

Sekil 3- Sirtlarin olusturulmasi, misir ekimi ve bitki ¢ikisi

Figure 3- Ridge formation, corn planting and plant emergence

deneme
bitki
dagilim diizgiinligii ve tarla c¢ikis derecesinin

tesadiif bloklar1
diizenine gore yiriitilmiistir.

Tarla denemeleri
Sira lzeri

saptanmas! amactyla arastirmanin yapildigi deneme
tarlasinda 3 blok olusturulmus, ekilen tohumlarin
filizlenmesinin ardindan her bloktan rastgele secilen
alanlarda 3 tekerriirlii olarak 10 m uzunlugundaki
cizilerde ¢imlenen bitkiler sayilmis ve bu ¢izilerdeki
bitki araliklart 6l¢iilmiistiir. Bitki Slglimleri ekim
isleminden 14 giin sonra yapilmistir.

Swra iizeri Dbitki dagilim  dizglnligiiniin
degerlendirilmesi tek dane ekim kriterleri uyarinca
Cizelge 4°deki plana (Onal 2011) gore belirlenmis
ve Cizelge 3’e (Anonim 1999) gore yorumlanmustir.
Tarla ¢ikis derecesinin (TCD) saptanmasinda ise
Esitlik 1 kullanilmigtir.

TCD=[(N -N,)/N ]x100 )

Burada; N, belirli sira uzunlugunda tiim bitki
araliklarinin toplam sayis;; N, 0.5 Z’den kiiclik
araliklarin toplam sayisi; N, teorik toplam bitki

sayisidir (Anonim 1999).
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Cizelge 3- Kabul edilebilir sira iizeri tohum/bitki araliklari, ikizlenme ve bosluk oranlari degerlendirme

plani

Table 3- Evaluation of the quality of feed index for seed/plant, multiple index and miss index

Kabul edilebilir -

. Ikizlenme oram Toplam bosluk . .
tohum/bitki araliklart orant (i0, %) orant (BO, %) Degerlendirme
(KETA/KEBA, %) e T
>98.6 <0.7 <0.7 Cok iyi
>90.4-<98.6 >0.7-<4.8 >0.7-<4.8 Iyi
>82.3-90.4 >4.8-<7.7 >4.8-<10 Orta
<82.3 >7.7 >10 Yetersiz

Laboratuvardenemelerindeneldeedilensiratizeri
tohum dagilim diizglinliigii, tarla denemelerinden
elde edilen tarla cikis derecesi ve sira lizeri bitki
dagilim diizglinligii degerleri agisindan makinalar
arasindaki farkliliklar, varyans analizi yapilarak
istatistiksel olarak degerlendirilmistir.

Cizelge 4- Sira iizeri bitki dagihm diizgiinliigii
degerlendirme plam

Table 4- Evaluation table for the plant spacing
distribution

Stra iizeri bitki araligi  Tanim

<0.5Z/TCD ikizlenme

(0.5-1.5)Z / TCD g(al]gl];]:)dlleblhr bitki aralig:
>1.572/TCD Bosluk

Ekim derinligindeki diizgiinliigiin belirlenmesinde,
bitki ¢ikisindan sonra parsellerin farkl: yerlerinden
sokiilen 10’ar adet fidenin kok derinlikleri 6l¢iilmiis
ve ekim derinligindeki degisim varyasyon katsayisi
ile degerlendirilmistir. Ekim derinligi dagiliminda
varyasyon katsayisinin % 20 degerinden yiiksek
olmamasi referans esik olarak kabul edilmistir
(Onal 2011). Ekim sirasinda ekim makinalarinin
tahrik (tarla) tekerlegindeki kayma oranini (negatif
patinaj) saptamak amaciyla, ekim makinasi tarla
tekerleginin 10 turunda gidilen mesafe 6l¢iilmiis
ve tarla tekerleginin patinajsiz durumda teorik
olarak gitmesi gereken mesafeye oranlanarak
kayma degeri belirlenmistir. Iyi bir ekim isleminde
makina tahrik tekerleginde meydana gelecek
negatif patinaj/kayma miktart en ¢ok % 10

degerinde olmalidir (Onal 2011). Denemelerde
traktor arka tekerleginde meydana gelen patinaji
belirlemek amaciyla, 50 m mesafedeki tekerlek
devri Olgiilerek, tekerlegin bu mesafede atmasi
gereken teorik devir sayist ile oranlanmasiyla
patinaj degeri hesaplanmistir.

3. Bulgular ve Tartisma

3.1. Laboratuvar denemelerine iliskin sonuglar

Yapiskan bant deneme diizeni kullanilarak 1.0,
1.5, 2.0 m s ilerleme hizlarinda, 14 cm sira lizeri
tohum araliginda, 70 mbar vakum basicinda tiim
makinalarla misir ekim denemeleri gergeklestirilmis
ve laboratuvar denemelerinden elde edilen, kabul
edilebilir tohum arahigi (KETA), ikizlenme ve
bosluk oranlarmma iliskin sonuglar Cizelge 5°te
¢ tekerririin  ortalamasi olarak verilmistir.
Denemelerde makina tekleme diizenleri, delikte
sadece bir tohumun tutulmasini saglayacak sekilde
ayarlanarak, ikizleme ve/veya boslugun tamamen
deneysel olarak meydana gelmesi saglanmustir.
Cizelge 5’ten goriildiigii gibi laboratuvar sartlarinda
tim makinalarla genellikle “iyi” kalitede ekim
yapmak miimkiin olmaktadir. [lerleme hizinin
artisiyla KETA degerlerinde bir miktar azalma
goriilse de bu degerler yeterli kalitede ekim
yapildiginin gostergesi olan sinir degerinin (% 82.3)
bir hayli {izerinde kalmaktadir. Tiim makinalarda 1
m s ilerleme hizinda KETA maksimum degerlerini
alirken, ilerleme hizi 2 m s"ye ¢iktiginda
ozellikle bosluk oraninda biiyiik artiglar meydana
gelmektedir. Firma bazinda, ayni ekici plaka ve
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transmisyon Ozelliklerine sahip, sadece gomiicii
ayak ozellikleri farkli baltali ve diskli makinalarda
ayni ilerleme hizi degerlerinde elde edilen KETA
degerleri incelendiginde firmalar arasi farkliliklar
saptanmistir. Ornegin, A firmasina ait BA-1 ve
DA-1 makinalarma iliskin sonuglar incelendiginde
tim hizlarda DA-1’in performansimnin BA-1’den
daha yiiksek oldugu ve 2.0 m s ilerleme hizinda
BA-1’in performansindaki azalmanin DA-1’e gore
daha fazla oldugu saptanmistir. Ayrica DA-1’in, 1.0
ve 1.5 m s ilerleme hizlarinda herhangi bir bogluk
ya da ikizlenme yapmaksizin tiim tohumlari 14 cm
stra iizeri aralikta maksimum performansla (% 100)
ekebilecek yetenekte oldugu belirlenmistir (Cizelge
5). B firmasinin baltali (BA-2) ve diskli (DA-2)
makinalarinm 1.0 ve 1.5 m s ilerleme hizlarindaki
performanslart incelendiginde, ayni1 hiz degerinde,
makinalar arasindaki farkin istatistiksel agidan

onemli olmadig1 saptanmistir. Ancak, hiz 2.0 m s’
degerindeyken DA-2’nin performansinin BA-2’ye
oranla oldukea diisiik oldugu belirlenmistir (Cizelge
5). % 95 6nem seviyesinde yapilan istatistik analiz
sonuglart da 2.0 m s ilerleme hizinda makinalar
arasindaki farkin 6nemli oldugunu dogrulamaktadir
(Cizelge 5). C firmasinda ise, diger makinalarin
aksine, ayn1 hiz degerinde, baltal1 ve diskli makinalar
arasinda makina performansi agisindan istatistiksel
olarak 6nemli herhangi bir farklilik gériilmemistir.

Yazgt (2013) tarafindan pamuk ve misir
tohumlar1  kullanilarak  yapilan  laboratuvar
calismasinda, yiliksek ekim iiniteli diskli gdmiicii
ayaga sahip tek dane ekim makinasi performansinin,
ozellikle tohum yolu ve geometrisi nedeniyle,
alcak ekim {niteli balta tip gdmiicii ayaga sahip
makinalara gore daha diisiik oldugu saptanmistir.
Sirta ekime yonelik laboratuvar sonuglarini da

Cizelge 5- Yapiskan bant denemelerinden elde edilen sira iizeri tohum dagihim diizgiinliigii degerleri

Table 5- Seed distribution uniformity values obtained from sticky belt experiments

Kabul edilebilir tohum Ikizlenme Toplam bosluk
Ekim makinasi Ilerleme hizi araliklar: orani orani orani Degerlendirme
(KETA, %)* (10, %) (BO, %)

1.0 98.27° 0.85 0.88 Iyi
BA-1 1.5 96.8448 1.16 2.00 Iyi

2.0 88.88M 0.95 10.17 Orta

1.0 98.29 0.88 0.83 fyi
BA-2 1.5 98.298 0.86 0.85 Iyi

2.0 97.41' 0 2.59 Iyi

1.0 98.20° 0 1.80 Iyi
BA-3 1.5 96.858 0 3.15 fyi

2.0 92.90" 0 7.10 Iyi

1.0 100° 0 0 Cok iyi
DA-1 1.5 1004 0 0 Cok iyi

2.0 96.36' 1.75 1.89 fyi

1.0 97.81° 0.72 1.46 Iyi
DA-2 1.5 97.468 0.85 1.69 Iyi

2.0 88.21M 0 11.79 Orta

1.0 98.32° 0 1.68 Iyi
DA-3 1.5 96.608 0 3.40 Iyi

2.0 92.66" 0 7.34 Iyi

*, KETA degerlerinin yaninda ayni harf ya da rakamla gosterilen ortalamalar % 95 énem diizeyindeki LSD testine gore birbirinden
fakli degildir; kiigiik harfler, 1.0 m s ilerleme hizi; bityiik harfler, 1.5 m s ilerleme hizi; L, I1, 111, 2.0 m s ilerleme hiz1 igin farkliliklart

ifade etmektedir
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iceren bu calismadan elde edilen bulgular ise,
performansin firmaya gore farklilik gosterebildigini
ve makina konstriikksiyonunun iyilestirilmesiyle
baltali ve diskli makinalar arasindaki farkliligin
azaltilabilecegini gostermektedir. Ancak gozden
kagirilmamasi gereken onemli bir nokta da her iki
caligmada ele alinan tohum ¢esidi, sira lizeri aralik
ve vakum basinci gibi parametrelerin birbirinden
farkli olmasidir. Bu parametreler ekim kalitesi
iizerinde dnemli role sahiptir.

3.2. Tarla denemelerine iligkin sonu¢lar

Adana-Karatas Mevkii’nde, 14 c¢cm sira iizeri tohum
araliginda, 6 km h' (1.67 m s') ilerleme hizinda,
3 farkli firmaya ait 3 balta ayakli, 3 disk ayakli
olmak iizere toplam 6 adet tek dane ekim makinasi
kullanilarak gerceklestirilen tarla denemelerinde,
tiim makinalar i¢in tarla ¢ikis derecesi, sira tizeri bitki
dagilim diizglinliigli, ekim derinligi diizglinligii,
ekim makinasi tarla tekerlegi negatif patinaj (kayma)
ve traktor arka tekerlegi patinaj degerleri saptanmis,
deneme sonuglar1 Cizelge 6-10°da verilmistir.

3.2.1. Tarla ¢ikis derecesine iliskin sonuglar

Esitlik 1 uyarinca tim makinalar i¢in hesaplanan
tarla ¢ikis derecesine iligkin sonuglar Cizelge 6°da
verilmistir. Elde edilen sonuglar dogrultusunda ayni
firmaya ait diskli ekim makinalariin baltali ekim
makinalaria goére daha yiiksek tarla ¢ikigina sahip
oldugu, ancak ayni firmaya ait makinalar arasindaki
bu farkin, % 95 6nem diizeyinde istatistiksel olarak
anlamli olmadig1 belirlenmistir.

Cizelge 6- Makinalara iliskin TCD ve CV degerleri

Table 6- Values of plant emergence and CV for the
planters

Ekim Tarla ¢ikis derecesi  Varyasyon katsayist
makinast  (TCD, %)* (CV, %)

BA-1 85.7£5.68 6.62

BA-2 72.2¢421.4 29.62

BA-3 79.3%+8.10 10.21

DA-1 86.1:£5.72 6.54

DA-2 73.8°¢2.54 3.44

DA-3 80.6"+3.37 4.18

*, TCD degerlerinin yaninda ayni harfle gosterilen ortalamalar %
95 6nem diizeyindeki LSD testine gore birbirinden fakli degildir

En yiiksek tarla ¢ikisi A firmasina ait makinalar
(BA-1, DA-1) kullanilarak gergeklesirken, C ve B
firmalarina ait makinalar (BA-2, BA-3, DA-2 ve
DA-3) A firmasinin makinalarmi takip etmektedir.
Makinalar arasindaki fark istatistiksel olarak dnemli
olup, Cizelge 6’da belirtilmistir.

Ayrica diskli ekim makinalarinda tarla ¢ikis
derecesi  degerleri  arasindaki  varyasyonun,
baltalilara gdre daha diisiik oldugu saptanmistir.
TCD’deki en yiiksek varyasyon % 29.62
degeriyle BA-2 ile elde edilmis olup bu makinayla
gercgeklestirilecek ekimde bitki ¢ikisinin =% 72
olacag dikkate alinmalidur.

Altuntas & Dede (2009) tarafindan da saptandigi
gibi sirta ekimde diize ekime gore daha yiiksek bitki
¢ikist saglanmaktadir. Yiiksek bitki ¢ikigi saglayan
bir ekim makinasi ile yapilacak sirta ekimde ise bitki
¢ikist acisindan daha biiyiik avantajlar saglanmast
kag¢inilmazdir.

3.2.2. Swra iizeri bitki dagilim diizgiinliigiine iligkin
sonuglar

Ikisi yerli biri yabanci ii¢ farkli firmaya ait baltali
ve diskli gdmiicii ayaga sahip 6 farkli pnomatik tek
dane ekim makinasiyla gergeklestirilen denemeler
sonucunda elde edilen makinalara iliskin sira iizeri
bitki dagilim diizginliigli degerlendirmesinde
kabul edilebilir bitki araligi (KEBA), ikizlenme
ve bosluk orant degerleri Cizelge 7°de verilmistir.
Kullanilan tiim ekim makinalarinin laboratuvar
denemelerinde sira iizeri tohum dagilim diizglinliigii
degerleri birbirine yakin ve genellikle “iyi” kalitede
saptanmuistir.

Ancak laboratuvarda elde edilen bu bulgulara
ragmen, Adana-Karatas kosullarinda misir ekiminde,
sira Uzeri bitki dagilim dizgiinligii acisindan
sadece A firmasina ait BA-1 ve DA-1 makinalar
ile “orta” kalitede sirta ekim yapilabilecegi
saptanmigtir. BA-1 ve DA-1’in “orta” kalitedeki
performans degerlendirmesinde DA-1’in BA-1’e
gore ustiinligic (KEBA= % 88.5) Cizelge 7’den
acikca gorlilmektedir. Bu bulgunun istatistiksel
olarak anlamli oldugu yapilan varyans analiziyle de
dogrulanmustir.
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Cizelge 7- Makinalara iliskin sira iizeri bitki dagihm diizgiinliigii degerleri

Table 7- Values of seed distribution uniformity for the planters

Kabul edilebilir bitki Tkizlenme Toplam

Ekim makinast  araliklari oram orant bosluk orani  Degerlendirme
(KEBA, %)* o, %) (BO, %)

BA-1 82.9° 9.5 7.6 Orta

BA-2 66.8¢ 25.9 7.3 Yetersiz

BA-3 74.3¢ 18.6 7.1 Yetersiz

DA-1 88.5¢ 3.6 7.9 Orta

DA-2 80.2° 11.6 8.2 Yetersiz

DA-3 80.2° 11.9 7.9 Yetersiz

*, KEBA degerlerinin yaninda ayni harfle gosterilen ortalamalar % 95 6nem diizeyindeki LSD testine gore birbirinden fakli degildir

BA-1 ile elde edilen % 82.9 degerindeki
performans “orta” kalite degerlendirmesinin
sinir degerine olduk¢a yakindir. Tiim makinalar
firma bazinda incelendiginde, ayni firmanin diskli
makinalartyla yapilan sirta misir ekiminde baltali
makinalara oranla daha yiiksek performans elde
edildigi ve aradaki farkin istatistiksel olarak anlamli
oldugu saptanmustir (Cizelge 7). B ve C firmalarinin
baltali tip makinalartyla (BA-2, BA-3) sirta
ekimdeki yetersizligi diskli tip makinalarinda (DA-
2, DA-3) daha az ortaya c¢ikmakta olup, DA-2 ve
DA-3 makinalariyla ¢calismadan elde edilen % 80.2
degeri, kalite siniflandirmasinin minimum degerine
yakin olarak bulunmustur (Cizelge 7). B ve C
firmalarina ait diskli gomiicli ayaga sahip DA-2 ve
DA-3 makinalarinda yapilacak kii¢iik konstriiksiyon
degisiklikleri ile ekici diizenlerin bolge sartlarina
adaptasyonunun miimkiin olabilecegi ve sirta
ekimde bu makinalarin da kullanilabilecegi
diisiiniilmektedir. Laboratuvar sartlarinda tim
makinalarda ikizlenmeden ¢ok bosluk degerleri
elde edilmigken, tarla sartlarinda DA-1 harig
diger tim makinalarda ikizlenmenin ortaya ¢iktig
saptanmigtir. Bu c¢aligmadan goriildiigi iizere,
laboratuvar sartlarinda yapilan makina denemeleri
tarla kosullari i¢in sadece bir referans niteliginde
olup, tarla sartlarinda toprak 6zelliklerinin yaninda,
ekicitinite ve 6zellikle de toprakla temas eden isleyici
organlarin  konstriikksiyonunun ekim basarisina
dogrudan etkili oldugu goz ardi edilmemelidir.

Ayni firmaya ait baltali ve diskli makinalarda
kullanilan ekici diizen, vakum sistemi, transmisyon

sistemi vb. sistemleri ayni, sadece gomiicii ayak
konstriikksiyonu  farklt  oldugundan c¢aligmada
makina performans farkliliklarinin goémiicii ayak
farkliligindan ileri geldigi saptanmustir.

Ancak farkli makinalarda;
vakum saglama, transmisyon, ekici {linite, hareket
iletim, tohum iletim diizenleri ve gomiicli ayak
konstriiksiyonlar1 birbirinden farklidir. Ornegin;
caligmada her makina 70 mbar vakum basincina
ayarlanmistir. Ancak farkli firmalara ait makinalarda
saglama birbirinden farkli
oldugundan vakum basinci degeri farkli devirlerde
elde edilmistir.

Tiim makinalarla ¢aligmada 26 delikli ekim plakast
kullamilmasma ragmen, makinalarin transmisyon ve
hareket iletim diizenindeki farkliliklar nedeniyle ekim
plakalar farkli devirlerde donmektedir. Vakum diizeni
ve ekici initelerdeki bu gibi farkliliklar tohumun
plakada tutulma kalitesine de etki etmektedir.

firmalara  ait

vakum diizenleri

Diskli tip makinalarda 6zellikle farkli tohum
iletim borusu dizayni ile uzun tohum yolu ve
dolayisiyla degisen tohum hareketi nedeniyle
de farkliliklar ortaya cikmaktadir. Tohuma iyi
yonlendirme saglayan tohum iletim borusuna sahip
makinalarda performansin daha yiiksek oldugu
saptanmigtir. Ayrica plaka ylizey piirizliligi ve
malzemesi de tohumun ekici plakadan birakilma ve
topraga diizgiin iletilmesinde etkin faktorler olarak
ortaya ¢ikmaktadir.
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“Optimum ekim islemi” icin toprak islemeden
ekime, tohum g¢esidinden vakum basincina kadar
farkli ¢aligma sartlarina iliskin tiim parametreler
tarla oncesi gozden gecirilmeli ve dogru degerler
secilmelidir.

3.2.3. Ekim derinligi diizgiinliigiine iliskin sonuglar

Makinalara iligkin ekim derinligi diizglinligii ve
dagilimin varyasyon katsayisi degerleri Cizelge 8’de
verildigi gibidir. Cizelgeden goriildiigii gibi ekim
derinligi degerlerinin baltali tip ekim makinalarinda
5.1-5.6 cm, diskli makinalarda ise 5.8-6.7 cm
degerleri arasinda degistigi saptanmistir. Dagilim
diizgiinliigiinii ifade eden varyasyon Kkatsayisi
degerleri tim makinalar igin % 20 referans degerinin
altinda olup, baltali tip ekim makinalarinda elde
edilen varyasyonun diskli makinalara oranla daha
yliksek oldugu belirlenmistir.

Cizelge 8- Makinalara
diizgiinliigii degerleri

iliskin ekim derinligi

Table 8- Values of planting depth for the planters

Ortalama ekim

Ekim . Varyasyon katsayist
makinasi ?:;’;l)nhgl (CV, %)

BA-1 5.3+0.90 17.32

BA-2 5.6+0.62 11.19

BA-3 5.1+0.71 13.85

DA-1 6.1+0.51 8.40

DA-2 6.7+0.59 8.92

DA-3 5.8+0.50 8.69

3.2.4. Ekim makinalarinin tahrik tekerlegindeki
negatif patinaj (kayma) degerlerine iliskin sonu¢lar

Ekim makinalarinda transmisyon sistemi, miller
ve ekici diizenlerin tahrik edilmesinde makinalarin
tarla tekerleginden yararlanildigindan tekerlekte bir
miktar zorlanma olmakta ve negatif patinaj (kayma)
meydana gelmektedir. Denemeler sirasinda ekim
makinasi tarla tekelerleginde meydana gelen patinaj
degerleri Cizelge 9’da verilmistir. Cizelgeden
goriildigii gibi sirta misir ekiminde kullanilan tiim
makinalar igin sirta ekimde tarla tekerlegindeki
kayma oran1 % 10 referans degerinin altindadir.

Cizelge 9- Makinalarin tarla tekerlegindeki negatif
patinaj (kayma) oranlari

Table 9- Negative wheel slipping of the planters

Ekim makinast Patinaj (%)

BA-1 -4.72
BA-2 -5.34
BA-3 -0.93
DA-1 -9.14
DA-2 -9.65
DA-3 -10.24

Diskli tip ekim makinalarinda meydana gelen
negatif patinaj (kayma) degerleri, baltali tip ekim
makinalarina oranla daha yiiksek olmasina karsilik,
ekim performanst diskli tip makinalarda baltali
tip makinalara gore daha yiiksek degerlerde elde
edilmistir. Bu sonu¢ negatif patinajin (kayma)
ekim performansi iizerinde 6nemli bir etkisinin
olmadiginin gostergesidir.

Diskli ekim makinalarinda tohumu topraga
yonlendirmede kullanilan tohum iletim borular
sahip olduklar1 kavisli geometri nedeniyle
birbiri ardina gelen tohumlarin belli bir yoriinge
(kizak etkisi) izlemesine yardimci olmakta ve
diizensizlikler giderilmektedir. Ayrica borunun
cikis agzina gelen tohum disklerin arasindan
hemen topraga birakilmaktadir. Bu nedenle kayma
ve tohum diigme yiiksekligi daha fazla olmasina
ragmen, diskli ekim makinalarinda sira iizeri bitki
dagilim diizgiinliigii baltali ekim makinalarina gore
daha iyidir.

3.2.5. Traktor arka tekerlegindeki patinaj
degerlerine iliskin sonuglar

Tim tek dane ekim makinalar1 traktore li¢ nokta
aski diizeni yardimiyla baglandigindan traktor arka
tekerleginde zorlanma nedeniyle patinaj meydana
gelebilmektedir. Denemeler sirasinda traktor arka
tekelerleginde meydana gelen patinaj degerleri
Cizelge 10’da verilmistir. Cizelgeden gorildigi
gibi tiim makinalar igin traktor arka tekerlegindeki
patinaj orant % 10 referans degerinin altinda
olup, baltali tip ekim makinalar1 diskli tip ekim
makinalarina oranla daha disiik patinaja neden
olmaktadir. Baltali tip ekim makinalarinin 4 sirals,
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DA-3 harig diskli tip diger tiim ekim makinalarinin
6 sirali olmasi da elde edilen patinaj degerlerini
farkli kilmaktadir. Ancak 4 sirali ve diskli DA-3 ile 4
sirali ve baltali BA-3 makinalari karsilagtirildiginda
yine diskli ekim makinalarinin daha yiiksek
patinaja neden oldugu saptanmustir. Diskli tip ekim
makinalariyla ¢aligmada traktor tekerlegi daha ¢ok
patinaj yapma egiliminde olmasina ragmen, baltali
tip ekim makinalartyla ¢alismada daha diisiik ekim
performanst degerleri elde edildiginden patinajin
ekim performans: tizerindeki etkisinin Onemsiz
oldugu belirlenmistir.

Cizelge 10- Traktor arka tekerlegindeki patinaj
oranlari

Table 10- Slipping of rear wheel of the tractors

Ekim makinast Traktor 1;} ijaj
BA-1 TD65-56D  3.83
BA-2 TD 65-56 D 1.80
BA-3 TD65-56D  1.38
DA-1 TD 110 D 9.50
DA-2 TD 110 D 7.49
DA-3 TD 65-56D  5.39

4. Sonuclar

Farkli hizlardaki laboratuvar denemelerinde tim
makinalar ile “cok i1yi”, “iyi” ya da “orta” kalitede
ekim yapilabilmesine karsilik tarla denemelerinde
bazi makinalar ekim kalitesi agisindan “yetersiz”
kalmigti. Aymi firmaya ait baltali ve diskli
makinalarda kullanilan ekici diizen, vakum sistemi,
transmisyon sistemi vb. sistemler ayn1 olup, sadece
gomiicli ayak konstriiksiyonu farkli oldugundan
makina performans farkliliklarinin 6zellikle gomiicii

ayaktan ileri geldigi saptanmustir.

Ayrica sirta ekimde baltali tip gomiicii ayaklar
topraga yeteri kadar tutunamamakta ve sirt yapisinin
bozulmasina neden olmaktadir. Bu da hem sira iizeri
tohum dagilim diizglinliigiiniic bozmakta, hem de
sirta ekimin avantajlarindan yararlanilabilmesini
olumsuz yonde etkilemektedir.

Calisgma sonunda elde edilen tiim bulgular
dogrultusunda sirta misir ekiminde balta tip gdmiicii

ayaga sahip ekim makinalar1 yerine, diskli tip
ekim makinalarinin kullanilmasinin uygun olacagt
saptanmuigtir.

Kisaltmalar ve Semboller

BA Balta ayakl

CV Varyasyon katsayisi, %

DA Disk ayakli

KEBA  Kabul edilebilir bitki aralig1, %

KETA  Kabul edilebilir tohum araligi, %

N, 0.5 Z’den kiigiik araliklarin toplam sayis1

N, Teorik toplam bitki sayis1

N Belirli sira uzunlugunda tiim bitki
X araliklarmin toplam sayisi

TCD Tarla ¢ikis derecesi, %

Z Anma ekim arali1, cm
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ABSTRACT

Mutations are the most important phenomenon in the living organisms including plant species due to creating variation.
Variation in crop plants can be increased by induced mutations. The present study deals with inheritance of an induced
mutation with rose-flowered in the cultivated chickpea (Cicer arietinum L.). A mutant having rose-shaped flowers
without male and female organs in the cultivated chickpea was isolated in M, and harvested as a single plant with its
sisters (sibs). In M,, inheritance of the rose-flowered mutant was studied in the segregated rows because hybridization
between the mutant and parent or the other genotype of the cultivated chickpea was not possible. Results indicated
that the rose-flowered mutation was controlled by a single recessive gene (rs). This study is an alternative approach on
inheritance studies if hybridization is impossible due to sterility.

Keywords: Cicer arietinum; Mutagenesis; Rose-flowered mutant
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OZET

Mutasyonlar, bitki tiirlerini de igeren canli organizmalarda varyasyon yaratmak i¢in en onemli varyasyon kaynagidirlar.
Bitkilerde varyasyon yapay mutasyonlarla artirilabilmektedir. Bu ¢alisma kiiltiirii yapilan nohutta (Cicer arietinum
L.) giil-¢igekli yapay mutasyonun kalitimiyla ilgilidir. Erkek ve disi organlart olmayan giil-gigekli nohut mutantt M,
generasyonunda belirlenmis ve kardesleriyle birlikte tek bitki hasadi yapilmistir. Giil-¢igekli mutantin kalitimi, mutant
ve ebeveyn ya da diger genotiplerle déllenmenin olanaksiz oldugu M, generasyonunda agilan siralarda caligilmstir.
Sonuglar giil-¢igeklilik dzelliginin resesif bir genle (rs) idare edildigini gostermektedir. Bu ¢alisma kisirliktan dolay:
dollenmenin miimkiin olmadigi durumlar i¢in alternatif bir yaklasimdir.

Anahtar Kelimeler: Cicer arietinum; Mutagenesis; Giil-¢icekli mutant
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1. Introduction

Cicer L. consists of 49 taxa including 9 annuals with
the cultivated chickpea (Cicer arietinum L.) and 40
perennials (van der Maesen et al 2007; Donmez
2011; Ozturk et al 2011; 2013; Smykal et al 2015).
Among the 49 taxa, Cicer arietinum L. is solely
species under cultivation. It is diploid with 2n=2x=
16 chromosomes (van der Maesen 1972) and its
genome size ~738-Mb with 28,269 genes (Varshney
et al 2013). Its solitary flowers are borne in an
axillary raceme (Cubero 1987) despite being from 2
to 9 flowers on the same node (Gaur & Gour 2002;
Yasar et al 2014). Flowers in the cultivated chickpea
are completely bisexual and self-pollinated owing
to its cleistogamic (closed) flowers shape (Cubero
1987), while there was low level of outcrossing
(Toker et al 2006).

Flowers of the cultivated chickpea are different
colors viz., white, pink or purple and blue in color
(Kumar et al 2000; Yasar et al 2014). Flowers have
papilionaceous corolla and five petals, which are
generally polypetalous i.e., occurring of standard
(vexillium), wings, and keel. The vexillum is
obovate shaped, 8-11 mm long, and 7-10 mm wide.
The wings are obovate with short pedicels, 6-9 mm
long and about 4 mm wide with an auriculate base.
The keel is thomboid, 6-8 mm long, with a pedicel
2-3 mm long. Androecium forms from 10 stamens
in diadelphous (9+1) condition. The anthers burst
longitudinally, and the adult pollens are orange
colored. Gynoecium consists of the stigma, style
and ovary. The ovary is ovate with a pubescent
surface, 2-3 mm long and 1-15 mm wide. It contains
1-4 ovules. The style is linear shaped, upturned, and
glabrous except at the bottom with 3-4 mm long.
The stigma is globose and capitate (van der Maesen
1972; Cubero 1987; Singh & Diwakar 1995).
Despite of being cleistogamous flowers, some
different induced mutants with open flowers were
reported (Pundir & Reddy 1998; Srinivasan & Gaur
2012; Yildirim et al 2013). There are two different
flower shapes as (i) cleistogamous flowers and (ii)
open flowers in the cultivated chickpea when the
available literature has been searched (ISI 2015).
This type of flowers was created by spontaneous

(Pundir & Reddy 1998; Srinivasan & Gaur 2012) or
induced (Yildirim et al 2013) mutations. Mutations
are referred to as the most important phenomenon
in the living organisms including plant species due
to creating variation (van Harten 1998). Mutation
breeding is considered as the most efficient
powerful method to create variation compared to
those hybridizations, and also it takes shorter time
to the release of the mutant cultivars than those
of hybridizations (Salimath et al 2007). Both of
qualitative and quantitative traits, previously the
known alleles or unknown alleles and linkage among
genes can be altered by mutation breeding (van
Harten 1998; Tomlekova 2010). Genetic variability
in the cultivated chickpeas has been narrowed by
using pure line selection or hybridization followed
by the pedigree method, the bulk method, the single
seed descent, or modification of these methods for
a longer period (Salimath et al 2007). To create
genetic variability in chickpea, the most efficient
way is mutagenesis (Salimath et al 2007; Toker &
Uzun 2010; Wani et al 2014). Considerable traits in
chickpeas have been induced by Toker (2014) by
mutagenesis. One of them was rose-flowered mutant
chickpea (Toker 2014). Therefore, the present study
deals with inheritance of the rose-flowered mutation
in the cultivated chickpea.

2. Material and Methods

2.1. Selection of rose-flowered mutant

The rose-flowered mutant in the present study was
identified in M, generation of irradiated seeds of
the cultivated chickpea (Cicer arietinum L.) cv.
Sierra (Toker et al 2010; Toker 2014). Irradiation
was applied on seeds with 12% moisture as 200,
300 and 400 Gy of gamma rays with rate was
1.66 kGy' from a “°Co source in Turkish Atomic
Energy Agency (TAEK), Ankara, Turkey (Toker et
al 2005). Approximately 500 seeds each treatment
level were used and irradiated seeds were stored at
4 °C up to sowing date. M, plants were harvested
as a single plant and then each M, plant was grown
as single plant progeny in M,. M, plants were
screened for all kind of morphological mutations
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and morphologically different plants from Sierra
were isolated as putative mutants. The putative
mutants and their sister plants (sibs) were grown
as single plant progeny in M,. In M,, the mutants
were confirmed for whether they were true mutant
or not. Number of mutants in the segregating rows
was recorded for chi-square test.

2.2. Growing of rose-flowered mutant

The row-to-row and plant-to-plant spacing was 50
cm and 10 cm, respectively. The fertilizers with N,
P and K were applied at a rate of 20 kg per ha prior
to sowing. The all generations were advanced at
Antalya location (30° 38” E, 36° 53’ N, 32 m from
sea level) from 2005 to 2008 crop seasons. Weeds
were controlled pulling by hand during seedling
period. Plants were grown without additional
irrigation under rainfed conditions.

2.3. Goodness of fit 3 to 1

The rose-flowered mutant plants were counted in
segregating rows of M, and results confirmed in
M, generation. Chi-square (x’) test was performed
for goodness of fit of 3:1 ratio according to the
Equation 1 (Steel & Torrie 1980).

x'=Z(O-E)/E (1

Where; O and E, observed and expected values,
respectively.

3. Results and Discussion

3.1. Morphological characteristics of rose-flowered
mutant

Flowers of the rose-flowered mutant look like
flowers of the genus Rosa L., whereas flowers of the
parent cv. Sierra are cleistogamic papilionaceous.
The mutant had many petals from 27 to 35 petals
(Figure 1), while Sierra had five petals namely one
standard, two wings and two keels (Figure 1). It was
isolated from 200 Gy treatment.

Similarly, flowers of Sierra consisted of a stigma
but flowers of the mutant contained ovary and
style without stigma. Moreover, the female organ
(gynoecium) was absent in rose-flowered mutant,

Figure 1- Rose-flowered mutant with open flower,
27-35 petals and without stigma and stamens (left)
and normal cleistogamous flower of Sierra (right)

Sekil 1- Sierrada disi ve erkek organlari bulunmayan
27-35 tag yaprakl giil-¢icekli mutant (sol) ve normal
kleistogamik ¢icek (sag)

while Sierra had 10 (9 fused+1 free) female organs.
Flower structure of the rose-flowered mutant is
quite different compared to flowers of Sierra since
flowers of the mutant is open while flowers of Sierra
is normal cleistogamous viz., closed (Table 1).

Table 1- Characteristics of rose-flowered mutant
and its parent

Cizelge 1- Giil-gigekli mutant ve ebeveynlerin
karakteristikleri

Characteristics Parent (Sierra) Rose-flowered

mutant
Flower color White White
Cleistogamous

Flower shape (closed) Open

No. of petals 5 27-35

Stamens 9+1 Nil (0)

Stigma Yes Absent

Open-flowered mutants in the cultivated
chickpea (Cicer arietinum L.) and its progenitor
(C. reticulatum Ladiz.) were reported prior to our
study (Pundir & Reddy 1998; Srinivasan & Gaur
2012; Yildirim et al 2013). Previously reported open
flower mutants were given as ICC 16341, 1CC 16129
and OFM-3 by Srinivasan & Gaur (2012). Like
flower shape, flower color mutations were reported
in the cultivated chickpea (Gaur & Gour 2001;
Atta et al 2003) and C. reticulatum Ladiz. (Toker
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2009). In M, 15 plants, sister of rose-flowered
mutants, were harvested as single plant. These 15
single plants were grown as single plant progeny in
M,. Of 15 rows, 9 rows in M3 were segregated as
rose-flowered mutant and normal plants. A total of
89 plants in 9 segregated rows were counted as 69
normal and 20 rose-flowered in M.

3.2. Inheritance and genetics of the rose-flowered
mutant

Chi-square test indicated that both of segregation in
M, generation fit in well to the expected ratio of 3:1,
indicating that the rose-flowered characteristic was
governed by a single recessive gene (Table 2).

Table 2- Inheritance of rose-flowered trait

Cizelge 2- Giil-gigekliligin kalitimi

Results in the present study were in agreement
with findings of previous reports (Pundir & Reddy
1998; Srinivasan & Gaur 2012) since open-flower
trait was controlled by a single recessive gene. The
gene symbol ‘rs’ was designed for the induced
rose-flowered characteristic. Results indicated that
genotypic formula of the rose-flowered mutant
and Sierra were assumed as ‘rsrs’ and ‘RsRs’,
respectively. The new approaches could be used
for all traits in mutants of crop plants. Srinivasan
& Gaur (2012) pointed out that the genes
controlling open-flower trait in ICC 16341, ICC
16129 and OFM-3 were ‘ofl-1’, ‘ofl-2’ and ‘ofl-3’,
respectively. These genes were non-allelic genes
(Srinivasan & Gaur 2012).

M3
Observed Expected
Parents - v P
No. of fertile plants (F):
) F:S*
No. of sterile mutants (S)
Sierra 69:20 3:1 0.31  0.90-0.75
* F is the induced fertile sib and S is the induced sterile mutant
In conclusion, a quite unique mutant and a new References

gene controlling rose-flowered trait viz., ‘rs’ in
the cultivated chickpea cv. Sierra was created with
gamma rays in the present study. The present study
is an alternative approach on inheritance studies if
hybridization is impossible due to sterility.
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ABSTRACT

Lentil is one of the most important grain legumes, which plays a significant role in human nutrition and animal feed
through the world. In developing countries, the prohibitively high cost of meat has rendered, lentil, with its high seed
protein and essential amino acid content, important source of dietary protein. In this research, 181 lentil advanced
lines (F, generation) of Karacadag x Silvan and Karacadag x Cagil 2004 crosses were evaluated for grain yield, yield
components and seed mineral concentrations in two diverse environments in Turkey. Considerable diversity was
observed with regard to yield components and seed mineral concentrations in the advanced lentil lines. The greatest
phenotypic diversity was observed in the biological yield, number of pods and weight of pods per plant, the number
of seeds and weight of seeds per plant, and seed Ca, Zn and Fe concentrations. Grain yield per plant was significantly
positively correlated with the biological yield per plant, number of pods per plant, weight of pods per plant, and number
of seeds per plant. Plant grain yield and yield components were strongly positively correlated with seed potassium (K),
calcium (Ca), magnesium (Mg) and zinc (Zn) concentrations but was negatively correlated with Fe concentration. In
conclusion, promising lentil advanced lines for the grain yield, yield components and mineral concentrations could be
evaluated for developing new lentil varieties and spesific breeding purposes.
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OZET

Mercimek, insan ve hayvan beslenmesi yoniinden yemeklik dane baklagiller grubunun en 6nemli iiyelerinden birisidir.
Gelismekte olan iilkelerde et fiyatinin yiiksek olmasi; yiiksek protein icerigi ve amino asit kompozisyonu ile mercimegi
protein kaynagi olarak on plana ¢ikarmaktadir. Bu arastirmada, Karacadag x Silvan ve Karacadag x Cagil 2004 mercimek
melez kombinasyonlarina iliskin ileri kademedeki (F,) 181 adet mecimek hatti iki farkli lokasyonda yetistirilerek, dane
verimi, verim komponentleri ve danede mineral madde konsantrasyonu yoniinden incelenmistir. Verim komponentleri
ve mineral madde konsantrasyonu yoniinden ileri kademedeki mercimek hatlari arasinda 6nemli diizeyde varyasyonlar
saptanmistir. Biyolojik verim, bitkide bakla sayisi, bitkide bakla agirligi, bitkide tohum sayisi, bitki dane verimi,
tohumda kalsiyum (Ca), ¢inko (Zn) ve demir (Fe) konsantrasyonu yoniinden dnemli varyasyonlar tespit edilmistir. Bitki
dane verimi ile biyolojik verim, bitkide bakla sayisi, bitkide bakla agirlig1 ve bitkide dane sayis1 arasinda 6nemli pozitif
iligkiler belirlenmistir. Dane verimi ve verim komponentlerinin danede potasyum (K), kalsiyum (Ca), magnezyum (Mg)
ve ¢inko (Zn) konsantrasyonlari ile pozitif, demir (Fe) konsantrasyonu ile negatif iliskili oldugu saptanmistir. Sonug
olarak, incelenen kirmizi mercimek ileri melez hatlari igerisinde dane verimi, verim komponentleri ve mineral madde
konsantrasyonu yoniinden timitvar olanlarin, gelecekte cesit aday1 olabilecegi ve 1slah ¢alismalarinda spesifik amaglar

icin kullanilabilecegi tespit edilmistir.

Anahtar Kelimeler: Mercimek; Melezleme; Mineral igerigi; Verim komponentleri; Cesitlilik

1. Introduction

Lentil (Lens culinaris Medik) is a diploid (2n=
2x= 14), self-pollinated (autogamous) and annual
species of grain legume and is considered to be
one of the most ancient crops, as researchers have
traced it back to 7,000-8,000 BC (Cubero 1981;
Lev-Yadun et al 2000). Building and improving
an effective lentil breeding program, requires
utilizing lentil genetic resources effectively and
efficiently in order to develop valuable genotypic
and phenotypic variations in promising new
varieties (Gepts 2006; Singh et al 2014). In light of
this, this research developed a utilization program
comprised of lentil landraces of considerable plant
trait diversity (Toklu et al 2009a, b) and, in the F,
generation, assessed advanced lines of two cross
combinations. Lentil is a major source of protein,
minerals and vitamins in human diet (Khan 1987;
Igbal et al 2006; Karakdy et al 2012). In addition,
its mineral- and carbohydrate-rich straw provides
valuable animal fodder (Muchlbauer et al 2006).
Pulses play an important role in the nutrition
of low-income people in many developing
countries, as they are high in protein, minerals,
vitamins, calories, dictary fiber and carboydrate
(Solanki et al 1999; Igbal et al 2006; Upadhyaya

© Ankara Universitesi Ziraat Fakiiltesi

et al 2011; Blair 2013). Several reports have
shown that two-thirds of the world’s population
faces deficiencies of essential minerals and
vitamins (WHO 1999; Welch & Graham 2004;
White & Broadley 2009). It has been reported
that approximately 170 million pre-school-aged
children in developing countries are not getting
enough protein (Igbal et al 2006). Fe, Zn, Cu,
Ca, Mg, I and Se are the most commonly lacking
minerals in the human diet (White & Broadley
2009). Several researchers have reported that
mineral malnutrition affects more than half of
the world’s population particularly in developing
countries (Mayer et al 2008), and this problem
could be solved through increased consumption of
mineral-rich foods enhanced using biofortification
(White & Broadley 2005; 2009; Shahzad et al
2014). In this context, biofortification is defined
as the enrichment of the edible portion of plants
containing micronutrients through agronomic
intervention or plant breeding (Welch & Graham
2004; White & Broadley 2005). Limited research
has been done on grain quality, as research on
lentil has thus far primarily focused on grain yield
and yield related traits. The utilization of plant
genetic resources is one of the most effective
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ways to increase grain yield and quality in lentil.
Identifying genotypes that produce high mineral
concentrations and promising plant traits and using
these genetic resources in breeding programs are
the keys to successful crop improvement (White
& Broadley 2005; Roy et al 2013). Therefore, this
study was undertaken with a focus on mineral
concentrations and promising plant traits, and
to identify superior advanced lines for future
breeding purposes including biofortification,
grain yield and yield components.

2. Material and Methods

2.1. Growth conditions and research materials

This research was conducted in two diverse
environments: the Kozan Vocational School of
Cukurova University, located in Kozan, Adana,
Turkey, and the Sivas Vocational School of
Cumhuriyet University located in Sivas, Turkey.
The two locations have diverse soil and climatic
conditions (Table 1); the soil at the Sivas location is
silty clay with a pH of 7.28, 0.33 mmhos cm' salt,
and 344, 560, 3.99, 0.42, 4.68 and 1.23 mg kg' K,
Mg, Fe, Zn, Mn and Cu, respectively. The Kozan
location is clay with a pH of 7.50, 0.20 mmhos cm'!
salt, and 252, 490, 4.30, 0.70, 8.90 and 0.70 mg
kg! K, Mg, Fe, Zn, Mn and Cu, respectively. The
research material consisted of RILs (recombinant
inbred lines) derived from Karacadag x Silvan
cross with single seed descent (127 RILs in the
F, generation) and Karacadag x Cagil 2004 cross
(54 RILs in the F, generation) red lentil landraces
and four check varieties (Sakar, Firat 87, Kirmizi
51 and Kafkas). The experiments were arranged in
an Augmented Block Design at both locations; the
seeds of the parental genotypes, RILs and check
varieties were sown by hand in 1-m-long rows with
20-cm row spacing and a 5-cm plant diameter. Seeds
were sown in December 20, 2013 and harvested in
June 5, 2014 at the Kozan location under rainfed
conditions and, sown in April 25, 2014 at the Sivas
location under irrigated conditions and harvested in
August 15,2014.

Table 1- Geographical, soil and climatic

specifications of the experimental sites
Cizelge 1- Denemelerin yiiriitiildiigii loksyonlarin
cografi, toprak ve iklim yapisina iligkin bazi veriler

. Kozan/
Features Sivas Adana
Meteorological features™ (April-August) (November-May)
Total rainfall (mm) 119.5 620.8
Mean temperature (°C) 18.1 14.3
Mean humidity (%) 52.2 58.9
Altitude (m) 1250 110
Soil features**
Soil texture Silty-clay Clay
pH 7.28 7.50
Salt (mmhos cm™) 0.33 0.20
CaCo, (%) 19.6 27
K (mg kg') 344 252
Mg (mg kg') 560 490
Fe (mg kg™") 3.99 430
Zn (mg kg) 0.42 0.70
Mn (mg kg™) 4.68 8.90
Cu (mg kg™) 1.23 0.70

* meteorological data provided by Turkish State Meteorological
Service; **, soil features provided by Cumhuriyet University and
Cukurova University soil analysis laboratories

2.2. Determination of agromorphological traits

The traits of days to 50% flowering (DF) (days from
sowing to appearance of 50% flowers), biological
yield (recorded mean above-ground weight of each
plant as g per plant), plant height (cm), the number
of branches per plant, the number of pods per plant,
the weight of pods per plant, the number of seeds per
plant, and the 1000 seed weight and the weight of
seeds per plant were identified from five randomly
selected plants in each row.

2.3. Seed mineral concentration analysis

For the mineral nutrient analysis, 0.3 g seed samples
of each of the lentil genotypes were ground and then
decomposed in a microwave digester using 2 mL of
35% H,0, and 5 mL of 65% HNO, (Alcock 1987).
Following the digestion, K, Ca, Mg, Zn, Fe, Cu and
Mn were analyzed by using an inductively coupled
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plasma optical emission spectrometer (ICP-OES;
Varian-Vista Pro). Reference leaf samples from
the National Institute of Standards and Technology
(Gaithersburg, MD, USA) were used to check the
related elemental measurements.

Simple statistics, including the mean, range
(minimum and maximum) and the coefficient of
variation, were computed using the mean values
for each plant characteristic using Microsoft Office
Excel. The correlation coefficients were calculated
by using JMP statistical software (SAS 2007).

3. Results and Discussion

Large phenotypic variation was detected in the
advanced lentil lines for the agromorphological
plant characteristics and seed mineral concentrations
in both environments when compared to the check
varieties (Table 2 and 3). For the lentil advanced
lines, days to 50% flowering ranged from 106 to
110 days with a mean of 107.6 days at Kozan and
ranged from 54 to 66 days with a mean of 57.6
days at Sivas. A greater number of days to 50%
flowering was observed in Kozan in comparison to
Sivas, depending on the growing period. Plants were
grown during winter period in Kozan and during
spring in Sivas. Spring sowings resulted in almost
100% earliness both of the cross combinations and
the observed mean for flowering days. Biological
yield in Kozan ranged from 0.77 to 7.66 g per plant,
with a recorded mean of 3.61 g per plant. This trait
ranged from 3.45 to 66.2 g per plant with a mean
of 21.9 g per plant in Sivas (Table 2). Considerable
variation in biological yield has been reported in
prior studies (Ayub et al 2004; Bicer & Sakar 2008;
Toklu et al 2009b). Biological yield is an important
plant characteristic used in breeding programs for
selection; therefore, these advanced lentil lines have
the potential to increase biological yield utilized in
breeding programs. Mean plant height was greater
in Kozan when compared to Sivas for in cross
combinations. This result showed that plant height
is a trait highly affected by environmental conditions
such as climate, soil type, altitude. Large diversity in
phenotypic characters over locatios may be explained
due to differences in environmental conditions (soil

characteristics, agro-climatic features and rust
diseases) and, spring and autumn sowings. Several
researchers have reported greater diversity in plant
height among lentil genotypes and exotic germplasm
collections (Toklu et al 2009b; Mondal et al 2013).
The mean number of branches per plant observed was
4.50 and 2.41 for advanced lentil lines (Table 2) and
2.80 and 1.98 for check varieties at Kozan and Sivas
respectively. Bicer & Sakar (2008) reported that the
number of branches per plant ranged from 1.4 to 2.8
among the different lentil genotypes, and Mondal et
al (2013) reported significant variation in the number
of branches per plant in lentil between mutant
accessions and mother varieties. The number of pods
per plant is directly connected to grain yield in lentil
and varied from 12 to 74.3 with a mean of 37.5 at
Kozan and 10.8 to 113.6 with a mean of 50.6 at Sivas
for the advanced lentil lines. Greater diversity for this
trait was observed among advanced lentil lines when
compared to the check varieties (Table 2).

Several researchers also described high
morphological diversity for the number of pods per
plant (Toklu et al 2009b; Roy et al 2013; Mekonnen
et al 2014). Due to great diversity in the yield
components of these cross combinations could be
evaluated for breeding and selection purposes. The
weight of pods per plant exhibited a similar trend,
as the number of pods per plant is due to the close
relationship between two traits. A wide range of
variability was detected for the weight of pods per
plant in the advanced lentil lines at both locations.
Most research shows that the weight of pods per
plant is strongly correlated with grain yield (Sarwar
et al 2010; 2013; Vanda et al 2013; Sharma et al
2014). Given this, the greater weight of pods per
plant produced by these two cross combinations
proves promising. The number of seeds also plays
an important role in grain yield; therefore, this trait
is crucial in improving high-yielding new varieties.
The number of seeds per plant ranged from 1.33 to
34.6 with a mean of 9.45 and 3.60 to 87.4 with a
mean of 36.5 at Kozan and Sivas, respectively. This
is an indication of higher genotypic and phenotypic
diversity for this trait; consequently, these advanced
lines could be evaluated for number of seeds per
plant to improve high-yielding new varieties and
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Table 2- Mean, range and coefficient of variation (CV) for grain yield and yield components of the advanced

lentil lines in two diverse locations

Cizelge 2- Ileri kademedeki mercimek hatlari ve kontrol ¢esitlerinde dane verimi ve verim komponentlerine iliskin
iki farklr lokasyonda saptanan ortalama, degisim sinirlar: ve varyasyon katsayilart

Advanced lentil lines

Check varieties

Plant ch teristi L 1l
ant characteristie ocation Mean+SD Range CV (%) Mean+SD Range
Kozan 107.6£1.00  106.0-110.0 _ 0.97 * *
; .

Days to 50% flowering Sivas 576£2.71  54.0-66.0  7.71 63.0£4.55  57.0-67.0
Biological yicld (g per plany <97 361£131  0.77-7.66 364 3.40£141  1.74-4.93
gicalyield{g perp Sivas 2194127  3.45-662 582 228382 17.2-25.9
Plant height (cm) Kozan 3814455  27.4-504 119 30.854.19  36.4-458
& Sivas 2534353 14.0-394 140 36.042.96  33.4-39.6
Number of branches oer olant <9740 450:1.46  180-11.6 325 280£023  2.60-3.00
4 perp Sivas 2412044  1.00-400 182 1.98+0.39  1.60-2.50
Number of nods per ofant Kozan 3754123 12.0-743 329 1555295  12.4-19.4
UmbEr of pods per pia Sivas 50.6422.6  10.8-113.6  44.6 723+15.1  582-93.6
Weight of pods per plant (@) K97 036:026  0.05-144  72.8 0.15£0.09  0.06-0.26
clgitotpods perplant (&) qivas 9.15£5.61  1.40-258 613 848425  2.45-11.55
Number of seeds mer slant Kozan 0454673 133346 712 373£139  2.00-5.20
perp Sivas 36.5420.6  3.60-87.4  56.4 41.0£16.7  16.8-53.5

. Kozan 3124824  120-517 264 193+104  10.0-34.2

1000-seed weight (g) Sivas 3144660 125440  21.0 2774280  23.6-29.8
Weight of seeds per plant (¢) K% 024+020  0.04-1.14 859 0.07£0.04  0.02-0.10
& PErPIantie)  givas 3.074088  0.40-546 285 2594155  0.39-3.93

*, data could not obtained; SD, standard deviation; CV, coefficient of variation

in breeding programs. Similarly, Bicer & Sakar
(2008), Toklu et al (2009b) and Mekonnen et al
(2014) reported a high morphological diversity
for the number of seeds per plant. The 1000-seed
weight ranged from 12 to 51.7 g with a mean of 31.2
g at Kozan and 12.5 to 44 g with a mean of 31.4 g at
Sivas. A higher phenotypic diversity was observed
in the advanced lentil lines in comparison to the
check varieties. Considerable 1000-seed weight
variations were reported between newly developed
lentil genotypes (Solanki et al 1999; Tyagi & Khan

2011). The weight of seeds per plant ranged from
0.04 to 1.14 g with a mean of 0.24 g at Kozan and
0.40 to 5.46 with a mean of 3.07 g at Sivas. A higher
phenotypic diversity was observed for the advanced
lentil lines when compared to the check varieties.
Plant grain yield, along with grain quality, is one
of the main objectives for plant breeders. Several
researchers reported large variations in grain yield
per plant for lentil genotypes (Solanki et al 1999;
Sarwar et al 2010; Tyagi & Khan 2011; Vanda et
al 2013; Mekonnen et al 2014; Sharma et al 2014).
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These advanced lentil lines used in this study have
the potential to increase yield in lentil.

A wide range of variability of seed K, Ca, Mg,
Zn, Fe, Cu and Mn concentrations was found within
the advanced lentil lines and check varieties (Table
3). Several researchers have reported that people
need to consume at least 20 minerals and vitamins
for balanced nutrition. Fe, Zn, Cu, Ca, Mg, I and
Se are the most commonly lacking minerals in
the human diet (White & Broadley 2009). In our
research, the advanced red lentil lines investigated
were found to have valuable phenotypic diversity
for K, Ca, Mg, Zn, Fe, Cu, and Mn concentrations.
Khan et al (1987) revealed valuable diversity for Ca,
P, Fe, Zn, Mn, Cu, Ni and phytate contents among
the improved lentil lines. Solanki et al (1999)
reported considerable variation among the lentil

genotypes for Ca, K, Fe and tannin contents, and
Karakdy et al (2012) reported impressive variation
in the micro- and macroelement concentrations in
39 lentil landraces. Breeding has proved to be the
most affective method seed biofortification (White
& Broadley 2005; 2009), with this in mind, crosses
used in this study could provide plant breeders with
a promising source of mineral rich seeds. Fe and Zn
deficiencies are two of humanity’s main nutritional
problems. Biofortified crops are therefore gaining
importance for human nutrition worldwide. In
our research, Fe concentration ranged from 29.8
to 185.7 mg kg!' with a mean of 56.1 mg kg at
Kozan and 19.9 to 142.5 mg kg' with a mean of
45.7 mg kg at Sivas (Table 3). Great diversity in Fe
concentration was observed in the advanced lentil
lines when compared to the check varieties. Because

Table 3- Mean, range and coefficient of variation (CV) for seed mineral concentrations of lentil advanced

lines and check varieties in two diverse locations

Cizelge 3- Ileri kademedeki mercimek hatlar ve kontrol cegitlerinde dane mineral madde icerigine iliskin iki
farkly lokasyonda saptanan ortalama, degisim simirlart ve varyasyon katsayisi

Advanced lentil lines

Check varieties

» . Locati
lant characteristic ocation MeaniSD Range v (%) MeaniSD Range
K (tme 100 &) Kozan 75942926 560.9-1121.1 122 947.9+379  903.9-991 4
grve Sivas 907.24912  667.7-1134.9  10.1 966.4+83.1  889.1-1061.5
Ca (e 100 &) Kozan 424117 126939 275 48.0+3.99 43.8-53.4
gnve Sivas 615+21.7  25.1-1724 352 56.143.41 51.6-59.8
Me (m 100 &) Kozan 1259+17.7  100.6-213.1  14.0 165.652.45  163.5-169.2
glmg 1008 Sivas 146.8+9.67  1222-1967  6.59 1419117 130.5-155.8
Zn (me ke Kozan 452809  30.6:967  17.9 41.8+2.32 39.7-44.7
EXE Sivas 504118 237872 233 62.247.22 53.6-70.9
Kozan 5614153  29.8-185.7  27.4 413+1.90 38.7-42.8
Fe (mg kg') .

Sivas 457138 19.9-1425 302 49.2+4.45 42.8-53.1

O (g k) Kozan 11.7£1.77 8.5-17.5 15.1 12.0+1.88 10.1-14.6
£xe Sivas 11.942.40 552231 20.1 13.9+1.46 12.6-16.0

M (me ke') Kozan 19.143.05 128272  16.0 17.241.58 15.0-18.7
£xe Sivas 16.543.41 824362  20.6 15.940.94 14.5-16.7

SD, standard deviation; CV, coefficient of variation
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of the higher phenotypic diversity for seed Fe
concentration, these crosses could be evaluated for
biofortificaion of newly developed lentil varieties.
Seed Zn concentration ranged from 30.6 to 96.7 mg
kg! with a mean of 45.2 mg kg at Kozan and 23.7
to 87.2 mg kg with a mean of 50.4 mg kg™! at Sivas.
The valuable phenotypic diversity of both Fe and
Zn concentraion in advanced lentil lines indicate the
potential of these crosses to be used in seed mineral
concentration studies.

The correlation coefficients between the
yield components and mineral concentrations of
advanced lentil lines are presented in Table 4. Days
to 50% flowering was positively correlated with
plant height, number of branches per plant, Fe and
Mn concentrations but was negatively correlated
with biological yield, number of pods per plant,
weight of pods per plant, number of seeds per plant,
weight of seeds per plant, and K, Ca, Mg, and Zn
concentrations. Biological yield showed a positive
and significant correlation with the number of pods
per plant, weight of pods per plant, number of
seeds per plant, 1000-seed weight, weight of seeds
per plant, and K, Ca, Mg and Zn concentrations
but were negatively correlated with plant height
and number of branches per plant, Fe and Mn
concentrations. Plant height showed a significant
positive association with the number of branches
per plant and Mn concentration and a significant
negative association with the number of pods per
plant, weight of pods per plant, number of seeds
per plant, weight of seeds per plant, and K, Ca, Mg
and Zn concentrations. The number of branches per
plant showed a significant negative correlation with
the weight of pods per plant, number of seeds per
plant, weight of seeds per plant, and K, Ca and Mg
concentrations in seeds. The number of pods per
plant showed a positive significant correlation with
the weight of pods per plant, number of seeds per
plant, weight of seeds per plant, 1000-seed weight,
Ca, Mg and Zn concentrations. The weight of pods
per plant showed a positive significant correlation
with the number of seeds per plant, 1000-seed
weight, weight of seeds per plant, and K, Ca, Mg and
Zn concentrations in seeds. The number of seeds per

plant was positively correlated with the 1000-seed
weight, weight of seeds per plant and K, Ca, Mg and
Zn concentrations. 1000-seed weight was negatively
correlated with seed K and Mg concentrations but
was positively correlated with weight of seeds per
plant. The weight of seeds per plant was positively
correlated with K, Ca, Mg and Zn concentrations
while negatively correlated with Fe and Mn
concentrations. Seed K concentration was positively
correlated with Ca, Mg, Zn and Cu concentration
but was negatively correlated with Fe concentration.
Seed Ca concentration showed a positive significant
correlation with Mg and Zn concentrations but
was negatively with Fe concentration. Seed Mg
concentration was positively correlated with seed
Zn and Cu concentration but were negatively
correlated with seed Fe and Mn concentrations.
Seed Zn concentration was positively correlated to
seed Fe, Cu and Mn concetrations. Fe concentration
showed positive significant association with Cu and
Mn concentrations. Cu concentration was positively
correlated to seed Mn concentration. Sarwar et al
(2010) reported that seed yield showed a positive
phenotypic correlation with the grain filling period,
plant height, branches per plant, pods per plant and
harvest idex, and improvement within this type
of lentil population is possible by selecting plants
with a relatively long grain filling period, increased
number of pods and high harvest index. The results
of our research showed a positive significant
correlation between plant grain yield and biological
yield, number of pods per plant, weight of pods per
plant and number of seeds per plant. These findings
are in accordance with the findings of Sarwar et
al (2010), Kayan & Olgun (2012), Sarwar et al
(2013), and Sharma et al (2014), who reported that
the biological yield, number of pods, seeds per
plant and harvest index are the yield components
that most improve grain yield in lentil. The strong,
significant negative correlation between plant grain
yield and days to flowering indicate the importance
of the grain filling period in lentil. Abo-Hegazy et al
(2012) also revealed a negative correlation between
plant grain yield and days to 50% flowering. In the
last decade, mineral malnutrition is considered to be
among the most serious global challenges relevance
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to human nutrition and health (Grusak 2002; Welch
& Graham 2004; White & Broadley 2005; 2009).
Plant breeding efforts including the utilization
of genetic resources and additional agricultural
approaches reported among the most effective
factors to overcome this problem (Graham et al
2007; Mayer et al 2008). In our study, we observed
great variations among the lentil advanced lines
for researched mineral elements. Our results are in
accordance with above explanations and promising
lentil lines could be used to improve new lentil
varieties and spesific breeding purposes.

4. Conclusions

In conclusion, utilizing genetic resources in
breeding and crop improvement is one of the most
valuable ways to increase agricultural production in
lentil and to improve food security for the world’s
population. In our study, we found considerable
variations among the researched plant traits both
agromorphological and nutrient-related traits
in lentil advanced lines. This valuable variation
could be used to develop new lentil varieties and
different breeding purposes. Another issue is the
importance of agromorphological and molecular
characterization of lentil genetic resources for
important plant characteristics. The two crosses
used in this study were selected in accordance
with the results of previous agromorphological
and molecular caharacterization studies (Toklu et
al 2009a, b), and parental genotypes were chosen.
These results also showed that the improvement
of biofortified lentil lines is possible using genetic
resources.
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ABSTRACT

The research was conducted on emitter testing bench established in Irrigation laboratory, Suleyman Demirel University,
Isparta, Turkey. In the study, discharge equations (q= kH*), standard temperature discharge index (TDI, standard
temperature is 20 °C) and uniformity parameters such as coefficient of manufacturing variation (CV), standard uniformity
(Us), Christiansen uniformity (Cu) and emission uniformity (CUE) of in-line emitters with different discharges (D: 2.4 L
h'and D,: 4.0 L h"), types (T;: Pressure compensating, T : Non-pressure compensating) and distances (A : 20 cm, A: 33
cmand A;: 50 cm) under different water temperatures (20, 30, 40 and 50 °C) were determined. Effects of different pressures
(from 80 to 200 kPa) on discharge of the emitters were also investigated. Discharges of non-pressure compensating emitters
were increased by increasing pressure (1=~ 0.99). Although discharge was stable under high or recommended pressure in
pressure compensating emitters, there was an increasing trend in emitter discharge under low pressure like non-pressure
compensating emitters. Linear regressions were obtained between discharge and water temperature in non-pressure
compensating and pressure compensating emitters (r=~ 0.99). Emitter discharge increased due to water temperature increase
approximately 5 and 3% in non-pressure compensating and pressure compensating emitters, respectively. TDI values
of non-pressure compensating emitters increased between 0.04 and 0.06 with increasing water temperature. In pressure
compensating emitters, TDI values decreased 0.02 in D A T, emitter, did not change in D A T, emitter, and increased
between 0.01 and 0.02 in other four emitters with increasing water temperature. Cv, Us, Cu and CUE values of the emitters
under different water temperatures ranged between 0.023-0.044, 95.6-97.7%, 96.6-98.1% and 89.3-96.0%, respectively.
Significant differences were obtained for each of these parameters in different water temperatures, emitter types and emitter
distances. Generally, uniformity parameters improved in high water temperatures and the highest values of uniformity
parameters were obtained from A, emitter distance in the tested emitters (P<0.01).

Keywords: Discharge; Emitter; Pressure; Uniformity; Water temperature
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OZET

Bu arastirma Isparta Siileyman Demirel Universitesi Sulama laboratuarinda kurulan damlatic1 test diizeneginde
yiiriitiilmiistiir. Calismada, farkli su sicakliklar1 (20, 30, 40 ve 50 °C) altinda, farkli damlatici debilerine (D,: 2.4 L b,
D,: 4.0 L h"), damlatici tiplerine (T,: Basing diizenleyicili, T,: Basing diizenleyicisiz) ve damlatici araliklarma (A :
20 cm, A,: 33 cm, A,: 50 cm) sahip 12 farkli i¢ten gegik damlaticimin debi esitlikleri (= kH*), standart sicaklik debi
indeksleri (TDI, standart sicaklik 20 °C olarak alinmistir) ve yapim fakliligi katsayist (Cv), standart es su dagilimi
(Us), Christiansen es su dagilim katsayisi (Cu) ve damlatict es su dagilimi (CUE) gibi es su dagilim parametreleri
belirlenmistir. Ayrica, farkli isletme basinglarinin (80-200 kPa) damlatici debilerine olan etkileri incelenmistir. Basing
diizenleyicisiz damlatici debileri artan igletme basinci ile artmustir (r= 0.99). Basing diizenleyicili damlatici debileri
ise yiiksek veya Onerilen basinglarda sabit kalirken, diisiik basinglarda basing diizenleyicisizlerde oldugu gibi artis
gostermistir. Hem basing diizenleyicisiz hem de basing diizenleyicili damlaticilarda debi ve su sicakligi arasinda dogrusal
iliski elde edilmistir (r= 0.99). Su sicakliginin artmasiyla debilerdeki artis basing diizenleyicisiz damlaticilarda yaklasik
% 5, basing diizenleyicili damlaticilarda ise yaklasik % 3 olarak belirlenmistir. Basing diizenleyicisiz damlaticilarin
TDI degerleri sicaklik artistyla 0.04 ile 0.06 arasinda artmistir. Basing diizenleyicili damlaticilarda ise TDI degerleri
sicaklik artigtyla, D A T, ’de 0.02 azalmig, D A T ’de degismemis, ancak diger dort damlaticida 0.01 ile 0.02 arasinda
artig gostermistir. Farkli sicakliklar altinda elde edilen Cv, Us, Cu ve CUE degerleri sirastyla 0.023-0.044, % 95.6-97.7,
% 96.6-98.1 ve % 89.3-96.0 arasinda degismistir. Bu parametrelerin farkli su sicakliklari, damlatici tipleri ve damlatici
araliklar1 arasinda istatistiksel olarak 6nemli farklar bulunmustur. Test edilen damlaticilarda genel olarak, es su dagilim
parametreleri yiiksek su sicakliklarinda yiikselirken, en yiiksek degerler A, damlatici araliginda elde edilmistir (P<0.01).

Anahtar Kelimeler: Debi; Damlatici; Basing; Es su dagilimi; Su sicakligt

1. Introduction

Nowadays, global warming and rapid population
growth have negative impact on water sources
and increase water requirement for both urban
and industrial areas in the world and Turkey. For
this reason, irrigation water must be used more
efficiently, especially, in countries like Turkey
where approximately 73% of the total water
consumption is used for agricultural irrigation. One
of the most important reasons for excessive water
use in agriculture is the using of surface irrigation
systems with low efficiency (Yildirim 2012). Drip
irrigation has an important potential with high
irrigation efficiency, low energy consumption
and water loss. Effective use of drip irrigation
systems is depending on correct design of the
system. Emitter is the most important elements of
the system for efficient operation. High efficiency
in drip irrigation systems depends on uniformity
of emitter discharge. The most of the designs
focus on pressure-emitter discharge relationships
of the emitters because of variations in operating
pressure in field condition due to land slope and

© Ankara Universitesi Ziraat Fakiiltesi

head losses in pipes for the uniformity. However,
emitter discharge and uniformity of drip irrigation
systems are also influenced by other factors such as
manufacturing variability, lateral diameter, emitter
distance, clogging and water temperature changes
(Ozekici & Sneed 1995; Rodriguez-Sinobas et al
1999; Clark et al 2005; Dutta 2008). While emitter
clogging can be controlled by proper water filtration
and system maintenance, manufacturing variability
and temperature are often uncontrolled and variable
parameters that can influence the discharge of
individual emitters and the distribution uniformity
of drip irrigation systems. Some water physical
properties such as viscosity, density and emitter
flow passage could be affected by temperature
changes. Therefore, temperature changes cause
changes in both friction loss and discharge (Peng
et al 1986; Rodriguez-Sinobas et al 1999). In the
field condition, drip irrigation laterals and emitters
used in surface or near surface in the field may
have full or partial exposure to the sun in warm and
hot climates. Some researchers reported that drip
lateral temperatures and soil temperatures during
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the day ranged from 26 to 42 °C and from 24 to
66 °C, respectively (Parchomchuk 1976; Nakayama
& Bucks 1985; Abu-Gharbieh 1997). Under these
conditions, buried drip irrigation laterals can act as a
heat exchanger and absorb heat from the soil, thereby
increasing the temperature of the water, resulting in
a changed emitter discharge. Parchomchuk (1976)
indicated that emitter discharge rates could increase
about 53% when water temperature increased from
20 to 60 °C in microtube and spiral path emitters.
Dogan & Kirnak (2010) concluded that when water
temperature increased from 20 to 50 °C, flow rate
changes due to irrigation water temperature increase
varied from -7.5 to 16.1% and from -7.4 to 20.9%
at pressure compensating emitters and non-pressure
compensating emitters, respectively. Senyigit
et al (2012) also claimed that the non-pressure
compensating in-line emitter discharge increased
with increasing temperature. The objective of this
study was to evaluate the effects of different water
temperatures and pressures on emitter discharge
and the effects of different water temperatures
on standard temperature discharge index and
uniformity parameters.

2. Material and Methods

The study was conducted on emitter testing bench
established in Irrigation Laboratory, Siileyman
Demirel University, Isparta, Turkey in 2013 (Figure

1). Laterals were placed in the emitter testing bench
without inclination. Graduated cylinders (1000 mL)
with divisions every 10 mL located under each of
the emitters were used to determine the emitter
discharge. The pressure values were measured by
manometers installed to the emitter testing bench
and supply water was provided by a 216 L reservoir
that had a small pump having 3.4 m? h'! discharge
at 4.2 bar to pressurize the water. The water in the
reservoir was heated by two resistances each of
which has a capacity of 1500 Watts and the water
temperature was tracked both by temperature
sensor screen and by measurements from emitter
output with a digital thermometer accurate to =1 °C.
Variation of temperature determined was less than
1 °C in each test. In the study, 12 different in-line
emitters which are commonly used and produced by
different manufacturers were used. Some physical
properties of the emitters were shown in Table 1.
In order to determine the effects of different water
temperatures and pressures on discharge equations
and the effects of different water temperatures
on standard temperature discharge index (TDI),
coefficient of manufacturing variation (CV),
standard uniformity (Us), Christiansen uniformity
(Cu) and emission uniformity (CUE) of different
emitters, water temperatures of 20, 30, 40 and 50 °C
and pressure values of 80, 90, 100, 110, 120, 130,
140, 150,160, 170, 180, 190 and 200 kPa were used.

,_» Drip lateral

System
control board

1.80 m

Collection cup
{>

Drain pipe

A v
) B — P

2.80 m

Figure 1- Emitter testing bench
Sekil 1- Damalatici test diizenegi
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Table 1- Some physical properties of the tested emitters

Cizelge 1- Damlaticilarin kimi fiziksel ozellikleri

Manufacturer recommended Lateral Emitter Emitter

Emitters emitter discharge diameter distance number
(Lh) (mm) (cm)

DAT, 24 16 20 24
D AT, 24 16 33 16
DAT, 2.4 16 50 10
DAT, 24 16 20 24
DAT, 2.4 16 33 16
DAT, 2.4 16 50 10
DA T, 4 16 20 24
D,AT, 4 16 33 16
DA.T, 4 16 50 10
DA T, 4 16 20 24
DAT, 4 16 33 16
DA.T, 4 16 50 10

Each test was conducted by measuring the
discharge of the emitters in testing bench under a
constant temperature and different pressures. Before
emitter discharge measurements, the system was
operated for about 5 minutes to stabilize pressure.
Emitter discharges were measured for 300 seconds,
then collected water from each emitter was measured as
volumetric and those values were converted to L h'. For
the next test, the temperature was changed from sensor
screen and waited least 30-40 minutes to equilibrate the
temperature. After reaching to the desired temperature,
the same measurements were repeated (Rodriguez-
Sinobas et al 1999; Clark et al 2005).

Coefficients (k) and exponents (x) of emitter
discharge and correlation coefficients were
determined using regression test procedures (ASABE
2003) by emitter discharge equation (Equation 1).

qg=kH" ©))
Where; ¢, emitter discharge (L h™'); H, pressure
(kPa); k, emitter coefficient; x, emitter exponent.

Standard temperature discharge index (TDI),
standard variation (S), coefficient of manufacturing
variation (CV), standard uniformity (Us), Christiansen

uniformity (Cu) and emission uniformity (CUE) were
calculated using Equation 2-7 (Christiansen 1942;
Wu & Gitlin 1979; Bralts & Edwards 1986; ASABE
2003).

0
DI = ("’0) ?)
(qty)
n ) 1/2
S = l:z i:l(qi — Qmean) :I (3)
n—1
S
V=" )
qol‘l
U, =100(1-CV ) (5)
Cu=100(1 - 2o (6)
Qmean
CUE = 100{1 _ M} min_ %)
‘\/; qln@an

Where; gt’, emitter discharge at the test water
temperature (L h); ¢/, , emitter discharge at the 20
°C(Lh™); S, standard variation; ¢, emitter discharge
(L h"); g, average emitter discharge (L h'); n,
total number of emitters; Ag , absolute deviation
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of the average (L h'); ¢, , minimum discharge
obtained from minimum pressure (L h').

The effect of various pressures and water
temperatures on uniformity parameters of emitters
with different discharges, types and distances were
analyzed by a factorial design analysis of variance and
Tukey’s test were used to determine the differences.

3. Results and Discussion

3.1. Discharge-pressure relationship

Discharges, emitter coefficients and exponents in
discharge equation (q= kH*) and R’ values according
to regression analyses from tested non-pressure
compensating and pressure compensating emitters
at different temperatures and pressures, were given
in Table 2. Regression analyses of discharge and
pressure relationships of all emitters were generally
significant at 0.001 level. It was observed that the
discharges of all non-pressure compensating emitters
increased by increasing pressure (1=~ 0.99). The x
values of the non-pressure compensating emitters
were found to be close to 0.5 which showed that the
flow was fully turbulent. Contrary to non-pressure

compensating emitters, although discharge was stable
under high or recommended pressure in pressure
compensating emitters, there was an increasing trend
in emitter discharge under low pressure like non-
pressure compensating emitters. The x values were
obtained near 0 as expected, this showed that the
manufacturers emitters data to be compatible with
the pressure compensating properties. This finding is
confirmed by the findings of other previous studies
(Rodriguez-Sinobas et al 1999; Clark et al 2005;
Dogan & Kirnak 2010; Senyigit et al 2012). In
addition, although discharge-pressure curves of the
pressure compensating emitters remained constant
at high or recommended pressures except D A T,
increased in the low pressure as non-pressure
compensating emitters. This finding is in agreement
with the findings of Dutta (2008).

3.2. Water temperature-emitter discharge and
standard temperature discharge index relationships

Linear regressions were obtained between emitter
discharge and water temperature in non-pressure
compensating and pressure compensating emitters
(r= 0.99). Average emitter discharges strongly
increased with increasing water temperature at non-

Table 2- Emitter coefficients, exponents and R’ values of non-pressure compensating and pressure
compensating emitters at different water temperatures

Cizelge 2- Baswng diizenleyicili ve basing diizenleyicisiz damlaticilarin damlatici, katsayilart ve R degerleri

20°C 30°C 40°C 50°C

Emitters X k R’ X k R X k R’ X k R’

DAT. 052 021 0.996*** 052 0.21 0.998*** 0.52 022 0.998*** 0.50 024 0.997***
DAT, 051 022 0996*** 050 024 0.992%** 049 024 0995*** 046 029 0.998***
D AT, 052 024 0.993*** (050 0.26 0.998*** (052 0.24 0.998*** (051 026 0.998***
D,AT, 052 035 0.992% 051 038 0.998*** 0.52 037 0.998*** 0.51 040 0.998***
D,AT, 050 044 0998*** 0.50 045 0.996*** 051 044 0.996*** 047 0.53 0.999%**
D,AT, 052 045 0.998*** 0.52 045 0.999*** 049 0.52 0.999*** 048 0.54 0.998%**
DAT, 002 266 0575*** 0.01 227 0.185" 0.03  2.04 0.504*** 0.05 1.85 0.860***
DAT, 0.08 1.64 0.740*** 0.10 1.47 0.932*% 0.10 148 0.925%%* 0.13 131 0.952%**
DAT, 022 082 0.992*** 024 0.76 0.998*** 022 081 0.990*** 0.25 0.73 0.982%**
D,AT, 0.09 258 0.756*** 0.12 223 0.805*** 0.15 197 0.914*** 0.13 2.19 0.857***
D,AT, 0.13 2.02 0.954*% 0.14 193 0.939** 0.15 1.79 0981*** 0.16 1.75 0.990%**
D,AT, 0.10 237 0866*** 0.13 2.13 0.887*** 0.14 1.99 0.944*** (.13 2.12  0.934%**

2”3 B

*, significant at 0.05 level; ***, significant at 0.001 level
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pressure compensating emitters and slightly increased
with increasing water temperature at pressure
compensating emitters. The rate of emitter discharge
increase due to increased water temperature (from
20 to 50 °C) was approximately 5 and 3% at non-
pressure compensating and pressure compensating
emitters, respectively (Figure 2). Similarly, Dogan
& Kirnak (2010) claimed that water temperature
generally tend to increase discharge of non-pressure
compensating and pressure compensating emitters.
Some other researchers also explained the relationship
between water temperature and discharge with linear
regression similar to our study (Parchomchuk 1976;
Dogan & Kirnak 2010).

Standard temperature discharge index (TDI)
values were obtained with emitter discharge
measured at different water temperatures and then
regression analyses were performed (Figure 3). TDI
values except D A T, showed linear relationships
among different water temperatures, this result is also
in agreement with previous findings (Zur & Tal 1981;

3.00 4 DTy 5,50
= q=0.0047T + 2.700 =
= 2.90 PN o @30
& £ 530
5 2.80 2
3 Z 520
2 A
2.70 T T T T : 510
0 10 20 30 40 50
Water temperature, °C
_ 250 | Ty 402
3 =0.0007T +2.414 .
! a=0. :
% R?=0,992%* g 398
E’ 2.45 g
=
Z S 3.94
a a
2.40 + T T T T ) 3.90

0 10 20 30 40 50

Water temperature, °C

Dogan & Kirnak 2010). TDI values of non-pressure
compensating emitters increased between 0.04 and
0.06 with increasing water temperature. In pressure
compensating emitters, TDI values decreased in
DA T, emitter as 0.02 and constant in D AT,
emitter, but increased between 0.01 and 0.02 in other
four emitters with increasing water temperature. The
results are consistent with some previous findings by
Rodriguez-Sinobas et al (1999) and Dogan & Kirnak
(2010). As a result, water temperature is an important
factor to affect changing of TDI values depending on
the emitter type. Clark et al (2005) reported similar
results which indicated that highly undesirable
discharge distributions in drip irrigation systems
could be provided with emitter exposed to sunlight or
very warm water conditions.

CV values were obtained as lower than 0.05 for
all emitters and varied from 0.023-0.044 and 0.031-
0.043 at non-pressure compensating and pressure
compensating emitters, respectively (Table 3). While
the lowest CV values in non-pressure compensating

D,Tr
q=0.0081T + 4.957
R*=0.996%*

10 20 30 40 50

Water temperature, °C

DT

q=0.0023T + 3.859
R*=0.941*%

10 20 30 40 50

‘Water temperature, °C

Figure 2- Water temperature-discharge relationships of the non-pressure compensating and pressure

compensating emitters with different discharges

Sekil 2- Farkli debilere sahip basing diizenleyicili ve basing diizenleyicisiz damlaticilarda su sicakligi-debi iliskisi
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Figure 3- Water temperature-standard temperature discharge index (TDI) relationships of the emitters

Sekil 3- Damlaticilarin su sicakligi-standart sicaklik debi indeks iliskileri
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emitters with D, were obtained at 40 and 50 °C water
temperatures, CV values were not affected from
changes in water temperature for other emitters
(P<0.01). However, CV value of non-pressure
compensating emitter was lower than pressure
compensating emitter’s at 50 °C in both D, and D,.
Our results except decreased CV values in high water
temperatures in non-pressure compensating emitters
with D, are similar with Clark et al (2005) and Dogan
& Kirnak (2010) who indicated that there was no
relationship between CV and water temperature. In
addition, the lowest CV values between the means

of emitter distances in various water temperatures
were obtained from A, for emitters with both D, and
D, (P<0.01). Mean Us values of all emitters were
obtained higher than 96% which was described as
“excellent” class according to ASAE (2002). The
Us values changed between 95.6 and 97.4% at
non-pressure compensating emitters, while those
values changed between 95.7 and 96.9% at pressure
compensating emitters (Table 3). The effects of water
temperatures on Us were found to be similar to those
found for CV since Us is the function of CV.

Table 3- Cv and Us values of the emitters with different discharges, types and distances under different

water temperatures

Cizelge 3- Farkl debi, tip ve araliklara sahip damlaticilarin farkli su sicakliklarinda Cv ve Us degerleri

(64
Emitters 57 £ Water tempe;{;zture “C) = Mean
T, 0.036 ABa  0.038 Bb 0.033 Aa 0.034 Aa 0.036
D, T, 0.035 Ab 0.035 Aa 0.035 Aa 0.037 Ab 0.035
Mean 0.036 0.037 0.034 0.036
D T, 0.033 Aa 0.032 Aa 0.032 Aa 0.030 Aa 0.032
2 T, 0.035 Aa 0.035 Aa 0.033 Aa 0.036 Ab 0.035
Mean 0.034 0.034 0.033 0.034
A 0.037 0.037 0.033 0.036 0.036 b
D, A 0.029 0.029 0.029 0.028 0.029 a
A, 0.041 0.044 0.041 0.043 0.042 ¢
Mean 0.036 0.037 0.034 0.036
A 0.038 0.038 0.035 0.038 0.037b
D, A, 0.027 0.027 0.028 0.027 0.027 a
A, 0.037 0.036 0.033 0.035 0.035b
Mean 0.034 0.034 0.032 0.034
Us
Emitters 57 7 Water tempe:;zture “C) = Mean
D T, 96.4 Aba* 96.2 Bb 96.7 Aa 96.6 Aa 96.4
wo T, 96.5 Aa 96.5 Aa 96.6 Aa 96.3 Ab 96.5
Mean 96.4 96.3 96.6 96.4
D T, 96.7 Aa 96.8 Aa 96.8 Aa 97.0 Aa 96.8
2 T, 96.5 Aa 96.5 Aa 96.7 Aa 96.4 Ab 96.5
Mean 96.6 96.6 96.8 96.6
A, 96.3 96.3 96.7 96.4 96.4b
D, A, 97.1 97.1 97.1 97.2 97.1a
A, 95.9 95.6 95.9 95.7 958 ¢
Mean 96.4 96.3 96.6 96.4
A 96.2 96.2 96.5 96.2 96.3 b
D, A, 97.3 97.3 97.2 97.3 973 a
Al 96.3 96.4 96.7 96.5 96.5b
Mean 96.6 96.6 96.8 96.6

* capital Latin letters show differences between the columns, small Latin letters show differences between the rows
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Generally, Cu values ranged from 97.0 to 97.5%
in all emitters under different water temperatures
(Table 4). While Cu values did not provide the
condition as Cu> 98% suggested by Perold (1977),
Cu> 95% condition recommended by Wu & Gitlin
(1979) was provided in almost all emitters. While
there was no statistical difference between Cu values
at different water temperatures in both non-pressure
compensating and pressure compensating emitters,
Cu value of non-pressure compensating emitter
was higher than pressure compensating emitter’s
at only 50 °C water temperature for both D, and
D, (P<0.01). Furthermore, the highest Cu values

between the means of emitter distances at various
water temperatures were obtained in A, for the
emitters with both D, and D, (P<0.01). CUE values
classified as “good- excellent” class according to
ASAE (2002) stayed between 87 and 94% (Table 4).
However, CUE values were “excellent” class in A,
emitter distance of both non-pressure compensating
and pressure compensating emitters. The highest
CUE values at non-pressure compensating emitters
with D, were obtained from 40 and 50 °C water
temperatures (P<0.01), while those values were
not affected by water temperature at pressure
compensating emitters. In addition, means CUE

Table 4- Cu and CUE values of the emitters with different discharges, types and distances under different

water temperature

Cizelge 4- Farkl debi, tip ve araliklara sahip damlaticiliarin Cu ve CUE degerleri

Cu
Emitters 55 < Water tempe;gture “°C) =5 Mean
D T, 97.2 Aa* 97.1 Aa 97.4 Aa 97.4 Aa 97.3
1 T, 97.3 Aa 97.2 Aa 97.2 Aa 97.0 Ab 97.2
Mean 97.2 97.2 97.3 97.2
D T, 97.4 Aa 97.4 Aa 97.5 Aa 97.7 Aa 97.5
2 T, 97.5 Aa 97.4 Aa 97.5 Aa 97.3 Ab 97.4
Mean 97.5 97.4 97.5 97.5
A 97.1 97.1 97.5 97.2 97.2b
D, A, 97.7 97.8 97.7 97.8 97.7 a
A, 96.8 96.6 96.7 96.6 96.7 ¢
Mean 97.2 97.2 97.3 97.2
A 97.0 97.0 97.2 97.1 97.1c¢
D, A, 97.9 97.7 97.8 98.0 97.9 a
Al 97.3 97.4 97.5 97.4 97.4b
Mean 97.5 97.4 97.5 97.5
CUE
Emitters 57 <7 Water tempe;gture °C) = Mean
D T, 92.1Bb 91.2Cb 93.5Ab 92.8ABa 92.4
1 T, 93.3Ba 93.3Ba 94.2Aa 93.3Ba 93.5
Mean 92.7 92.3 93.9 93.1
D T, 93.6 95.3 93.8 94.1 93.7a
2 T, 92.6 92.9 93.3 92.4 92.8b
Mean 93.1 93.2 93.5 93.3
A 91.5 91.5 93.2 92.4 92.2b
D, A, 94 .4 94.3 94.7 95.0 94.6a
A, 92.1 91.0 93.4 92.2 92.2b
Mean 92.7 92.3 93.9 93.1
A 91.3 91.0 91.7 91.8 91.5¢
D, A, 95.5 95.5 95.1 94.9 95.3a
A, 92.5 93.1 93.9 93.0 93.1b
Mean 93.1 93.2 93.5 93.3

*, capital Latin letters show differences between the columns, small Latin letters show differences between the rows
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value of non-pressure compensating emitters
(93.7%) was higher than pressure compensating
emitter’s (92.8%) in D, according to CUE values
under different water temperatures (P<0.01).

4. Conclusions

In the present study, the effects of different water
temperatures and pressures on emitter discharges
and the effects of different water temperatures
on standard temperature discharge index and
uniformity parameters were tested using 12
different in-line emitters with different discharges,
types and distances. Study results showed that
emitter discharges of non-pressure compensating
emitters were increased linearly by increasing
pressure. Although discharge-pressure curves were
a constant under high or recommended pressure in
compensating emitters, the curves rose like non-
pressure compensating emitters under low operating
pressure.

Mean emitter discharges of all emitters in the
experiment were increased with water temperature
and linear relationships were observed between
discharge and water temperature. In addition, TDI
values except D A T, showed linear relationships
among different water temperatures. It can be
concluded that water temperature had an important
effect on changing of TDI values depending on the
emitter type.

Significant differences were obtained between
the values of uniformity parameters of emitters
with different discharges, types and distances
under different water temperatures (P<0.01). While
uniformity parameters generally improved in high
water temperature (40 and 50 °C) in non-pressure
compensating emitters, the data indicated that no
significant effect of water temperature on uniformity
parameters in pressure compensating emitters. In
addition, the highest uniformity parameters values
were obtained from A, emitter distance in the
tested emitters. However, in general, there was no
significant difference between the non-pressure
compensating and pressure compensating emitters
with regard to uniformity parameters except Cu.

While the most of manufacturers provide x
and k coefficients values of the emitter discharge
equation at standard temperature (20 °C), the effects
of different temperature on emitter discharge were
not considered. According to our results, providing
the response data of different water temperatures on
emitter discharges by manufacturers to designers
will be useful strategy to organize more accurate
project and efficient drip irrigation system. In
addition, drip irrigation system users should also
measure water temperature and make associated
correction during operation in the field for high
performance.
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ABSTRACT

In the present study, we examined forage yield and quality features of annual ryegrass (Lolium multiflorum Lam.) lines
developed by using half-sib family selection breeding method. The study was conducted in a randomized complete block
design with three replications between 2009 and 2011 years in Samsun, Turkey. Based on the average of the results of
two years, significant differences were found for all parameters. In the studied lines and varieties, dry matter yields were
found between 6.66 and 9.37 t ha’!, crude protein contents 11.46-13.81%, crude protein yields 0.80-1.18 t ha’', acid
detergent fiber 31.41-34.75%, neutral detergent fiber 48.77-52.80%, total digestible nutrient contents 56.49-60.80%,
total digestible nutrient yields 376.35-556.42 t ha'! and relative feed values 109.33-122.83. Annual ryegrass lines 4, 5, 6,
10 and 11 were selected for further regional yield assessments due to their superior yield and quality attributes.

Keywords: Annual ryegrass; Dry matter yield; Crude protein; Total digestible nutrient; Relative feed value
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OZET

Bu ¢alismada yar1 kardes aile seleksiyonu islah yontemiyle gelistirilen tek yillik ¢im hatlarinin yem verim ve kalite
ozelikleri arastirilmistir. Arastirma tesadif bloklart deneme deseninde ti¢ tekerriirlii olarak 2009-2011 yillari arasinda
Samsun/Tiirkiye’de yiiriitiilmiistiir. iki y1llik ortalama sonuglara gére incelenen tiim parametrelerde énemli farkliliklar
bulunmustur. Incelenen hat ve gesitlerde kuru madde verimleri 6.66-9.37 t ha!, ham protein oranlar1 % 11.46-13.81,
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ham protein verimleri 0.80-1.18 t ha™!, asit deterjan lif oranlar1 % 31.41-34.75, nétral deterjan lif oranlart % 48.77-52.80,
toplam sindirilebilir besin oranlar1 % 56.49-60.80, toplam sindirilebilir besin verimleri 376.35-556.42 t ha'! ve nispi yem
degerleri 109.33-122.83 arasinda belirlenmistir. Ustiin verim ve kalite 6zellikleri nedeniyle 4, 5, 6, 10 ve 11 numarah

yillik ¢im hatlar1 bolge verim denmeler icin segilmislerdir.

Anahtar Kelimeler: Tek yillik ¢im; Kuru madde verimi; Ham protein; Toplam sindirilebilir besin; Nispi yem degeri

1. Introduction

Annual ryegrass (Lolium multiflorum Lam.) has been
one of the most important forage grass species being
cultivated in many parts of the world (Pivorien¢ &
Pasakinskiené 2007; Lopes et al 2009) due to its
high productivity and forage quality (Simi¢ et al
2009). Annual ryegrasses can contain high levels of
digestible nutrients for many ruminants to increase
their genetic capacity for production. Rich nutritious
content of annual ryegrass may be conserved for
three or more months before digestibility declines
(Lippke & Elis 1997). Water-soluble carbohydrate
ratio is quite high in the leaves of annual ryegrass
(Sandrin et al 2006) and dry matter digestibility can
reach up to 80% in the early stage of development
(Balasko et al 1995). In later stages of maturation
of annual ryegrass, CP and digestibility decrease
while ADF and NDF rates increase (Callow et al
2000; Aganga et al 2004). It is highly adaptable to
different environmental and soil conditions (Evers
et al 1997), and tolerant to intense and frequent
grazing (Lemus 2009). Annual ryegrass can be used
for grazing and sources of herbage or silage due to
easy establishing and long production period with
high productivity (Aganga et al 2004).

Forage production in Turkey is insufficient to
meet the need of high-quality roughage, and the
forage gap is compensated by using low-quality
forage such as cereal straws (Koc et al 2012). To
solve this problem, it is necessary to employ new
varieties of forage crops, especially annual species,
and to increase the production of forage. In the
world, many annual ryegrass varieties have been
improved for the production of high yield and
quality; however, only two varieties (Efe 82 and
Rambo) have been registered in Turkey.

© Ankara Universitesi Ziraat Fakiiltesi

The objectives of this study were to investigate
yield and quality characteristics of annual ryegrass
lines and to determine the new candidate varieties
for registration.

2. Material and Methods

Annual ryegrass (Lolium multiflorum Lam.) seeds
were collected from natural grassland vegetation in
the Black Sea coastal area of Turkey. Seeds were
sown in 2002 for the half'sib family selection breeding
process in city of Samsun in located the same coastal
area. Annual ryegrass plants were observed and
selected in terms of features such as flowering status,
and leaf and stem characteristics for two years. At the
end of this process, a total of fourteen quintet groups
were created by using the half sib family selection
breeding method in 2004. These groups were isolated
in order to prevent cross-pollination for four years.
When enough seeds were obtained, the yield trial was
established with a total of 19 accessions, fourteen
annual ryegrass lines and five standard cultivars (St-
1; Caramba, St-2; Trinova, St-3; Teenna, St-4; Bellem
and St-5; Orxy) in 2009.

Field studies were conducted during two growing
seasons (2009-2010 and 2010-2011) in Samsun,
Turkey (41° 13’ N, 36° 30’ E). The soil of the study
area was neutral (pH 6.8), clay loam, medium in
phosphorus (92 mg kg'), rich in potassium (384
mg kg!), with 1.99% organic matter content. The
monthly total precipitation and average temperature
for growing season (November through September)
were 810 mm and 12.7 °C in 2009-2010, 870 mm
and 11.4 °C in 2010-2011. Long-term average total
precipitation and temperature of this period were
601 mm and 11.5 °C, respectively.

The study was carried out in a randomized
complete block design with three replications. The
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amount of seed was 20 kg ha™'. Each plot consisted
of six rows, 4 m in length. The row spacing was
20 cm. The annual ryegrass lines and cultivars
were sown by hand in November. The plots were
harvested three times (on May 27, June 26, and
September 3 in 2010, and on May 26, June 22,
and September 5 in 2011) to determine dry matter
yield at the 50% flowering stage. After drying for
48 hours at 70 °C, the weighed samples were passed
through a 1 mm sieve and crude protein content was
measured by the Kjeldahl method (AOAC 1990).
Acid detergent fiber (ADF) and neutral detergent
fiber (NDF) concentrations were determined
by using the standard laboratory procedures of
Ankom Technology (ANKOM 2005). The total
digestible nutrient (TDN) content and the relative
feed value (RFV) were calculated according to the
methods of Moore & Undersander (2002). The total

digestible nutrient yield (TDNY) was calculated
by multiplying dry matter yield (DMY) with the
TDN value. All data were subjected to analysis of
variance using SAS (SAS 1998) and differences
between means were compared using Duncan’s test
at the 0.05 probability level (Steel & Torrie 1997).

3. Results and Discussion

3.1. Dry matter yield, crude protein content and yield

Annual ryegrass lines differed (P<0.01) consistently
in dry matter yield (Table 1). Dry matter yield
(DMY) varied from 5.36 to 9.18 t ha' in 2010
and from 5.58 to 10.52 t ha! in 2011. The average
value of dry matter yield (8.25 t ha') in 2011 was
higher than in 2010 (7.12 t ha'!). This was due to the
fact that the total precipitation in 2011 was higher

Table 1- Dry mater yields, crude protein contents and crude protein yields of annual ryegrass lines

Cizelge 1- Tek yillik ¢cim hatlarimin kuru madde verimleri, ham protein oranlari ve ham protein verimleri

Lines DMY (t ha) CP (%) CPY (t ha')

2010 2011 Mean 2010 2011 Mean 2010 2011 Mean
1 6.40 c-f* 8.32b-e  7.36 cde 14.36 12.43  13.40ab 091a-e 1.03b-e 0.97 bed
2 5.93 ef 825cde 7.09de 13.88 1342  13.65a 0.82cde 1.10a-d  0.96 bed
3 536f 838b-c 6.87de 12.16 11.55 11.86bc 0.64¢ 096b-f 0.80d
4 8.24 ab 10.50 a 9.37a 13.52 11.94 12.73 abc 1.11 ab 1.25 ab 1.18 a
5 6.74b-f  9.60 ab 8.17 bc 12.13 13.49 128l abc 0.83b-e 1.29a 1.06 ab
6 799 abc  10.52a 9.25a 11.68 11.23 1146 ¢ 0.93a-d 1.18abc 1.05ab
7 6.25def 9.39a-d 7.82bcd 11.56 1146 11.51¢ 0.72 de 1.07a-d  0.89 bed
8 6.27 def 9.51abc  7.89 bed 12.21 10.89 11.55¢ 0.76cde  1.03b-e  0.89 bed
9 7.64a-d 8.64b-e 8.14bc 12.13 11.59  11.86bc  0.92a-d 1.00b-f 0.96 bed
10 9.18a 836b-e 8.77 ab 12.50 1124 11.87bc 1.14a 0.94c-h  1.04 abc
11 7.95abc  8.68bcd 8.32bc 12.26 13.03 12.65abc 097a-d 1.13a-d 1.05abc
12 6.01 ef 736efg  6.69¢ 13.64 11.84  12.74abc 0.81cde 0.87d-h 0.84d
13 6.89b-f 7.00 fg 6.95 de 13.62 11.30  1246abc 094a-d 0.79e-h 0.86dc
14 7.86a-d 5.58h 6.72 ¢ 12.02 1323  12.63abc 095a-d 0.74gh 0.84d
St-1 6.94b-f 6.38gh 6.66 ¢ 13.52 11.07 12.29abc 093a-d 0.70h 0.82d
St-2 7.67a-d 698 fg 7.33 cde 12.04 11.15  11.60 ¢ 091a-e 0.77fgh 0.84d
St-3 8.23 ab 635gh  7.29cde 12.02 11.09 11.56¢ 098a-d 0.71gh 0.85d
St-4 7.27bcd  8.08 de 7.67 cde 14.18 1343 1381a 1.03abc 1.08a-d 1.05ab
St-5 6.49 cef 8.81bcd 7.65cde 11.65 1243  11.77bc  0.75cde 1.04a-e  0.90 bed
Mean 7.12 B 825A 7.68 1269A 11.96 B 12.33 0.90 B 098 A 0.94

CV (%) 11.77 8.31 9.96 10.20 9.65 9.95 15.85 13.50 14.63

* means followed by the same letter in a column are not significantly different according to the Duncan test at the P<0.05 level; +,
overall means followed by the same capital letter are not significantly different at the P<0.05 level
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than in 2010. The increase in the total amount of
precipitation had a positive effect on DMY. Based
on the average of two years, DMY varied from 6.66
to 9.37 t ha!, and high values were determined for
line 4 (9.37 t ha!), line 6 (9.25 t ha'), and line 10
(8.77 t ha"). Higher values of DMY were obtained
from line 10, 4, St-3, 6, 11, 14, St-2 and 9 than the
other lines in 2010. In the second year of the study,
line 6, 4, 5, 8 and 7 provided higher values of DMY
than the others. Although Line 10 and 4 were in the
same statistical groups in the first year of the study,
these lines were categorized in different groups
in the second year of the study. So, the effects of
years on lines were different in both years and year
x line interaction was found statistically significant
(P<0.01).

Marais & Goodenough (2000) obtained 12.6
t ha! DMY from annual ryegrass. Redfearn et al
(2005) reported that DMY in annual ryegrass was
7.8-11.9 t ha'!. Butler et al (2007) found that DMY
of annual ryegrass was 4.55-10.51 t ha'l. The dry
matter yield obtained in this study was lower than
values reported by Marais & Goodenough (2000).
These discrepancies likely resulted from differences
in ecological conditions and genotypes. Dry matter
yields obtained in the current study were within the
range of values reported by Redfearn et al (2005)
and Butler et al (2007), although the ecological
conditions and cultivars or lines examined were
different. According to our results, there were
significant differences between annual ryegrass
cultivars and lines. Our findings were different from
Redfearn et al (2002) in this regard because they
argued that there were no differences between dry
matter yields of annual ryegrass varieties.

There were no statistically significant differences
among the crude protein contents in both years of the
study, and the year x line interaction was statistically
insignificant (Table 1). Crude protein (CP) content
varied from 11.56 to 14.36% in 2010 and from
10.89 to 13.49% in 2011. The average CP content
in the first year of the study, which was determined
as 12.69%, was higher than the average CP content
in the second year (11.96%) of the study (P<0.01).
A statistically significant difference (P<0.01) was

found between two-year average CP ratios of lines
and standard cultivars. According to the two-year
averages, higher values of CP content were obtained
from lines St-4, 2, 1, 5, 12, 4, 11, 14, 13, and St-1
(12.29-13.81%) than the others. CP contents ranging
from 13.4 to 17.4% have been reported by others
(Meissner 1996; Johnston & Bowman 1998; Ferret
et al 1999; Tran et al 2009). Siirmen et al (2013)
expressed that the quality of forage might be altered
due to differences in temperature and precipitation.

Effects of year, line, and year x line interactions
on crude protein yield (CPY) were significant (Table
1). Crude protein yields for lines were 0.64-1.14 t
ha'!, 0.70-1.29 t ha! and 0.80-1.18 t ha'in 2010,
2011 and as the average, respectively. The average
value of CPY (0.98 tha) in 2011 was higher than in
2010 (0.90 t ha'). In 2011, the increase in dry matter
yield due to greater rainfall had a positive effect on
crude protein yield, being related to CP content
and DMY (Albayrak & Giiler 2005). Based on the
averaged values over two years, higher values of
CPY were obtained from lines 4, 5, St-4, 6, 11, and
10 (1.04-1.18 t ha!) than the others. The lines in the
same statistical groups in the first year of the study
(e.g. lines 4 and 10) were categorized in different
groups in the second year of the study, as the effects
of years on lines were statistically different in both
years indicating significant year x line interaction
(P<0.01).

3.2. Acid detergent fiber and neutral detergent fiber
contents

Lower ADF values were obtained from lines 12, 4,
7,3,10, 1, St-5,13, St-1 and 9 (30.62-32.72%) in the
first year (P<0.05), although there were no statistical
differences among the annual ryegrass lines (30.95-
36.63%) in the second year (Table 2). There was a
statistically significant difference between the two-
year averages of ADF ratios (P<0.05). The average
ADF value (32.61%) in 2010 was lower than the
average ADF value (34.59%) in 2011 (P<0.01).
According to the two-year average, lower ADF
contents were determined for line 1, St-5, 4, 3, 2,
12, 5, 10, 7, and 8 than the other lines.

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

23 (2017) 234-241 237



Determination of Forage Yield and Quality Characteristics of Annual Ryegrass (Lolium multiflorum Lam.) Lines, Yavuz et al

Table 2- Acid detergent fiber and neutral detergent fiber contents of annual ryegrass lines

Cizelge 2- Tek yullik ¢im hatlarinin asit deterjan lif ve notral deterjan lif icerikleri

Lines ADF (%) NDF (%)

2010 2011 Mean 2010 2011 Mean
1 31.87a-¢* 3095 3l4lc  4932be 4822 48.77d
2 33.08a-d 3299  33.04abc 49.90bed 53.66 51.78 ab
3 31.58b-e 3328  3243bc  49.72bed  54.14 51.93 ab
4 31.17de 3354  3236bc  5022bc  52.81 51.52 abc
5 33.75ab 3271 33.23abc 51.67ab  51.88 51.77 ab
6 3326a-d 3570  34.48ab  5296a  52.65 52.80a
7 3144cde 3514  3329abc 49.46b-e  51.88 50.67 a-d
8 33.12a-d 3395  33.54abc 49.47b-e 51.64 50.56 a-d
9 3272a-e 3494  3383ab 47.46de  52.94 50.20 bed
10 31.69b-c 3483  3326abc 46.96e  52.07 49.52 bed
11 34.00 a 3456  3428ab  5025bc  52.40 51.33 abe
12 30.62 ¢ 3578  3320abc 49.24b-e  51.65 50.45 a-d
13 32.03a-e 3521  33.62ab  48.63cde 49.80 49.22 cd
14 33.00a-d 3649  3475a  4936b-e 51.03 50.20 bed
St-1 32.06a-e  36.63  3435ab 4893 cde 49.33 49.13 od
St-2 3337a-d 3472 34.04ab  50.05bed 51.79 50.92 a-d
St-3 33.68abc 3535  34.51ab  51.02abc  51.50 51.26 abc
St-4 3346abc 3554  34.50ab  51.12abc  49.01 50.07 bed
St-5 31.87a-e 3095 3l4lc  4931b-e 4822 48.77d
Mean  32.61B*  3459A 33.60 49.82B  S1.53A  50.67
CV (%) 3.49 5.75 4.83 272 3.97 3.42

* means followed by the same letter in a column are not significantly different according to the Duncan test at the P<0.05 level; +,
overall means followed by the same capital letter are not significantly different at the P<0.05 level

The differences among NDF values of accessions
in the first year and averaged values of NDF over
two years were statistically significant (P<0.01),
but effects of this factor on the NDF content in the
second year was not statistically significant. (Table
2). Low NDF contents in 2010 were achieved
in lines 10, 9, 13, St-1, 12, St-5, 1, 14, 7 and 8§,
while NDF contents in 2011 ranged from 48.22 to
54.14%. According to the averaged values over two
years, lines 1, St-5, St-1, 13, 10, St-4, 9, 14, 12, §,
7 and St-2 had low NDF content. The year x line
interaction was statistically significant (P<0.05).
Line 10 placed in the group of low NDF values in
2010, although no significant differences existed
between lines in 2011, this line showed a high NDF
content in the second year.

It was reported that ADF contents of annual
ryegrass ranged from 30.3 to 39.9% and NDF from
43.1 to0 60.6% (Meissner 1996; Johnston & Bowman
1998; Ferret et al 1999; Tran et al 2009). The ADF
and NDF contents of annual ryegrasses in present
study were similar to results other studies.

3.3. Total digestible nutrient content, total
digestible nutrient yield, and relative feed value

Effects of the lines on the TDN content in 2010 and in
the combined analysis of two years were statistically
significant while TDN content values of the lines in
2011 were not statistically significant different from
each other (Table 3). The total digestible nutrient
contents for lines were determined between 57.45
and 61.81% in 2010. In the first year of the study,
lines 12,4, 7,3, 10, 1, 13, St-2 and 9 were in the same
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statistical group with higher TDN values in the first
year of the study. The total digestible nutrient values
in the second year varied between 54.06 and 61.40%.
The average value of the first year (59.25%) was
significantly higher (P<0.01) than that of the second
year (556.69%). Based on the average of two years,
higher TDN contents were determined for line 1, 4,
3,2,12, 5,10, 7, and 8 than the other lines. The TDN
refers to the nutrients available for livestock and is
related to the ADF concentration of the forage. In
our study, significant differences were found among
annual ryegrass cultivars and lines in digestibility.
However, Redfearn et al (2002) reported that there
were not any significant differences in digestibility

of annual ryegrass varieties. Our results differed
from findings of Redfearn et al (2002) in this aspect.

The differences among the total digestible
nutrient yield (TDNY) values of the lines and
cultivars were statistically significant (P<0.01)
(Table 3). The total digestible nutrient yields varied
from 324.54 to 554.49 t ha! in 2010 and from
312.49 to 609.74t ha' in 2011. Average TDNY
(468.49 t ha') in the second year of the study was
higher than average TDNY (421.67 t ha') in the
first year (P<0.01). According to the averaged
values over two years, TDNY varied from 376.35
to 556.42 t ha' (P<0.01) and the higher TDNY
values were obtained from lines 4, 6, and 10 than
the others. The first statistical group consisted of 4,

Table 3- Total digestible nutrient content, total digestible nutrient yield, and relative feed value of annual

ryegrass lines

Cizelge 3- Tek yillik ¢im hatlarimin toplam sindirilebilir besin oranlari, toplam sindirilebilir besin verimleri ve

nispi yem degerleri

Lines TDN (%) TDNY (t ha'!) REV (%)

2010 2011  Mean 2010 2011 Mean 2010 2011  Mean
1 60.20 a-e* 61.40 60.80a  384.81cde 509.49bcd 447.15c-h 120.67bed 125.00 122.83a
2 58.65b-e 58.75 58.70abc 347.32¢  48585b-e 416.59d-1 118.00c-g 109.67 113.83 be
3 60.59a-d 5839 59.49ab 324.54¢  489.36b-e 406.95c-1 120.33b-e 10833 11433 be
4 6l.11ab  58.05 59.58ab 503.10ab 609.74a  556.42a  119.67b-f 110.67 115.17bc
5 57.77de  59.12  58.45abc 391.23cde 567.50ab 479.37bcd 113.00h  114.00  113.50 be
6 5841b-e 5526 56.84bc 466.55a-d 581.29ab 523.92ab 110.67h  108.00 109.33 ¢
7 60.76 abc  55.99  5837abc 379.88cde 525.96a-d 452.92c-h 121.33a-d 11033 11583 b
8 58.60b-e 57.51 58.06abc 366.93de 547.30abc 457.12c-g 11833 c-g 112.67 115.50 be
9 59.11a-e 5625 57.68bc 451.77bcd 486.77b-e 469.27b-f 124.67ab 108.67 116.67b
10 60.44a-d 5639 58.42abc 55449a  471.45c¢f 512.97abc 127.33a 11067 119.00 ab
11 5745¢ 5673 57.09bc 456.83bcd 491.73b-e 47428 b-e 115.67d-h 110.00  112.83 be
12 61.81a 5517 58.49abc 371.45de 405.67e-h 388.56ghi 123.00abc 110.00 116.50b
13 59.99a-¢ 5589 57.94bc 41436b-e 393.40f1 403.88 f1 122.33abc 115.00 118.67 ab
14 57.92cde 5622 57.07bc  455.86bed 312491  384.18h1  11433e-h 113.67  114.00 be
St-1  58.74b-e 5425 5649c¢  406.96b-e 34575l 376351  119.00b-g 11033  114.67 be
St-2  59.96a-e 54.06 57.01bc 459.22bcd 377.49 ghi 41835d-1 12133 a-d 114.00 117.67 ab
St-3  5827b-e 56.53 57.40bc  479.24abc 359.93 ghi 419.59d-1  117.00 c-g 111.33  114.17 be
St-4  57.87cde 5572  56.79bc  419.93b-e 450.73d-g 43533d-1 11433 eh 111.00  112.67 be
St-5  58.16cde 5546  56.81bc  377.26de  489.50b-e 433.38d-1  114.00 fgh 125.00  115.00 be
Mean 59.25A° 56.69B 57.97 421.67B  468.49A  445.08 118.68A 112.07B 115.38
CV(%) 2.48 453 361 12.11 10.57 11.30 2.71 5.04 3.98

* means followed by the same letter in a column are not significantly different according to the Duncan test at the P<0.05 level; +,
overall means followed by the same capital letter are not significantly different at the P<0.05 level
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6, 10 and St-3 lines in the first year, while 4, 5, 6, 7,
and 8 lines occurred in the first group in the second
year. The effects of years on lines were different in
both years and therefore, year x line interaction was
statistically significant (P<0.01).

In 2010, the differences among the RFV values
(127.33-110.67%) were statistically significant and
higher values of RFV were obtained from lines
10, 9, 12, 13, 7, and St-2 than the others (Table
3). In the second year of the study, the differences
among the RFV values were insignificant and they
ranged from 108.00 to 125.00%. The average RFV
value of the first year (118.68%) was significantly
higher than that of the second year (112.07%)
(P<0.01). According to the results of the combined
analysis of two years data, higher average values of
RFV were obtained from lines 1, 10, 13 and St-2
compared to the others. The effects of the years on
lines caused a statistically significant year x line
interaction (P<0.01). As a matter of fact, in 2010,
the differences of RFV values among the lines were
statistically significant. However, there was no
statistical difference recorded in 2011.

RFV values of forages are classified by Kapper
(2004) as prime (higher than 151%), premium (150-
125%), good (124-103%), fair (102-87%), poor (86-
75%), and rejected (less than 75%). Based on the
average of the two years, the annual ryegrass lines
had relative feed values ranging from 109.33 to
122.83 and they can be categorized as good quality
(Table 3).

4. Conclusions

In this study, fourteen annual ryegrass lines were
compared with five standard varieties for yield and
quality characteristics. Present results indicated
that some of the lines had similar or superior yield
and quality characteristics than standard varieties.
Therefore, lines 4, 5, 6, 10, and 11 were selected for
further regional yield assessments due to their high dry
matter yield, crude protein yield, digestible nutrient
content, and digestible nutrient yield capacities.
Some of these candidate lines may be registered as
cultivars for Black Sea region in the near future.

References

Aganga A A, Omphile U J, Thema T & Wilson L Z
(2004). Chemical composition of ryegrass (Lolium
multiflorum) at different stages of growth and ryegrass
silages with additives. Journal of Biological Sciences
4(5): 645-649

Albayrak S & Giiler M (2005). Nitrogen effects on yield
and forage quality of perennial ryegrass (Lolium
perenne L.). Turkish Journal of Field Crops 10(1):
16-22

ANKOM (2005). The Ankom 200 Fiber Analyzer
Procedures for ADF and NDF Analyses (Method 5
and 6). Retrieved in December, 15, 2012 from http://
www.ankom.com/default.aspx

AOAC (1990). Association of Official Analytical
Chemists, Official Methods of Analysis. 15" ed.
Arlington, VA

Balasko J A, Evers G W & Duell R W (1995). Bluegrasses,
Ryegrasses and Bentgrasses In: Barnes R F, Miller D
A & Nelson CJ (Eds), Forages Vol.1: An Introduction
to Grassland Agriculture, Towa State University
Press, Ames, lowa, USA, pp. 357-371

Butler T J, Muir J P & Provin T L (2007). Phosphorus
fertilization of annual ryegrass and comparison of soil
phosphorus extractants. Journal of Plant Nutrition
30(1): 9-20

Callow M N, Michell P, Baker J E & Hough G M (2000).
The effect of defoliation practice in Western Australia
on tiller development of annual ryegrass (Lolium
rigidum) and Italian ryegrass (Lolium multiflorum)
and its association with forage quality. Grass and
Forage Science 55(3): 232-241

Evers G W, Smith G R & Hoveland C S (1997). Ecology
and production of annual ryegrass. In: F M Rouquette
& L R Nelson (Eds), Ecology, Production, and
Management of Lolium for Forage in the USA,
(ecologyproducti), CSSA Special Publication 24, pp.
23-29

Ferret A, Plaixats J, Caja G, Gasa J & Prio P (1999). Using
markers to estimate apparent dry matter digestibility,
faecal output and dry matter intake in dairy ewes fed
Italian ryegrass hay or alfalfa hay. Small Ruminant
Research 33(2): 145-152

Johnston J & Bowman M (1998). Annual ryegrass for
stored feed and pasture. Agdex 125, Ontario Ministry
of Agriculture, Food, Toronto, ON

Kapper D R (2004). Appendix A: Applied Nutrition. In:
Reed S M, Bayly W M & Sellon D C (Eds), Equine

240

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

23 (2017) 234-241



Tek Yillik Cim (Lolium multiflorum Lam.) Hatlarinin Verim ve Kalite Ozelliklerinin Belirlenmesi, Yavuz et al

Internal Medicine (Second Edition), Saint Louis, pp.
1543-1605

Koc A, Tan M & Erkovan H I (2012). An overview of
fodder resources and animal production in Turkey.
In: Options Mediterranean, Serie A/102, New
approaches for grassland research in a context of
climate and socio-economic changes, 3-6 October,
Samsun, Turkey, pp. 15-22

Lemus R (2009). Utilization of annual Ryegrass. Forage
News, Mississippi State University Extension Service,
pp. 1-4

Lippke H & Ellis W C (1997). Forage quality of annual
ryegrass. In: F M Rouquette & L R Nelson (Eds),
Ecology, Production, and Management of Lolium for
Forage in the US4, (ecologyproducti), CSSA Special
Publication 24, pp. 71-78

Lopes V, Reis A, Barata A & Nunes E (2009).
Morphological characterization of Portuguese Italian
ryegrass landraces. Journal of Central European
Agriculture 10(1): 89-99

Marais J P & Goodenough D C W (2000). Nutritive value
and dry matter yield of annual ryegrass 121c. South
Afrrican Journal of Animal Science 30(1): 74-75

Meissner H H (1996). A comparison of Italian ryegrass
(Lolium moltiflorum Lam.) cultivars Exalta and
Midmar with respect to their nutritive value for sheep.
South African Journal of Animal Science 26(2): 37-41

Moore J E & Undersander D J (2002). Relative forage
quality: An alternative to relative feed value and
quality index. In: Proceedings 13" Annual Florida
Ruminant Nutrition Symposium, 10-11 January,
Florida, pp. 16-29

Pivoriené O & Pasakinskiené I (2007). Genetic differences
between annual and perennial ryegrass revealed by

ISSR markers and their sequence characteristics.
Zemdirbyste-Agriculture 94: 97-204

Redfearn D, Venuto B C, Pitman W, Alison M W & Ward J
D (2002). Cultivar and environment effects on annual
ryegrass forage yield, yield distribution, and nutritive
value. Crop Science 42(6): 2049-2054

Redfearn D D, Venuto B C, Pitman W D, Blouin D C &
Alison M W (2005). Multilocation annual ryegrass
cultivar performance over a twelve-year period. Crop
Science 45(6): 2388-2393

Sandrin C Z, Domingos M & Figueiredo-Ribeiro D C L
(2006). Partitioning of water soluble carbohydrates
in vegetative tissues of Lolium multiflorum Lam.
ssp. italicum cv. Lema. Brazilian Journal of Plant
Physiology 18(2): 299-305

SAS (1998). SAS/STAT users’ guide 7.0. SAS Institute
Inc, Cary, NC, USA

Simi¢ A, Vuckovi¢ S, Maletic R, Sokolovic D &
Djordjevi¢ N (2009). The impact of seeding rate and
inter-row spacing on Italian ryegrass for seed in the

first harvest year. Turkish Journal of Agriculture and
Forestry 33(5): 425-433

Steel R G D & Torrie J H (1997). Principles and
procedures of statistics: A biometrical approach (3
ed). McGraw-Hill Co, New York

Stirmen M, Yavuz T & Albayrak S (2013). Yield and
forage quality of red clover (Zrifolium pratense L.)
varieties in Black Sea Coastal Area of Turkey. Journal
of the Institute of Science and Technology 3(2): 87-92

Tran H, Algado P S & Lecomte F P (2009). Species,
climate and fertilizer effects on grass fibre and protein

in tropical environments. The Journal of Agricultural
Science 147: 555-568

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

23 (2017) 234-241 241



JOURNAL OF AGRICULTURAL SCIENCES 23 (2017) 242-252

TARIM BILIMLERI DERGISI —

Tarim Bilimleri Dergisi Journal of Agricultural Sciences

Tar. Bil. Der.
Dergi web sayfasi: Journal homepage:
www.agri.ankara.edu.tr/dergi www.agri.ankara.edu.tr/journal

Yaygin Fig-Tahil Karisimlarinda Ot Verimi, Baz1 Kalite Ozellikleri ve
Rekabetin Belirlenmesi

Ozlem ONAL ASCI?, Omer EGRITASP
“Ordu Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Béliimii, Ordu, TURKIYE

b Tarim ve Kirsal Kalkinmayr Destekleme Kurumu, Erzurum Il Koordinatorliigii, Yakutiye, Erzurum

ESER BILGISI

Aragtirma Makalesi

Sorumlu Yazar: Ozlem ONAL ASCI, E-posta: onalozlem@hotmail.com, Tel: +90 (452) 226 52 00
Gelis Tarihi: 25 Aralik 2014, Diizeltmelerin Gelisi: 17 Ekim 2015, Kabul: 07 Aralik 2015

OZET

Yaygin fig (Vicia sativa L.) yalin ekildiginde, bitkiler ¢igeklenmeden sonra yatmaktadir. Bu yiizden genellikle tahillarla
birlikte ekilir. Karigimda kullanilan tiirler ve ekim orani, tiirler arasindaki rekabetten dolayr karigimin ot verimini
etkilemektedir. Arastirma, yaygin fig ile tritikale ve yulaf karisimlarinin ot verimi, kalite ve tiirler arasindaki rekabeti
belirlemek amaciyla 2 y1l siireyle Dogu Karadeniz Bolgesi kosullarinda (Ordu) yiiriitiilmistiir. Tiirler arasindaki rekabeti
belirlemek igin agresivite, rekabet oran1 ve LER degeri kullanilmistir. Tiirler yalin olarak ve 3 farkli yaygin fig-tahil
karigimi (sirastyla 75:25, 50:50 ve 25:75) olarak sonbaharda ekilmistir. Hasat, figde alt baklalarin dolum déneminde
yapilmistir. Bu dénemde tritikale ¢igeklenme yulaf ise siit olum doneminde olmustur. Arastirma sonucunda karisimlarin
kuru ot, ham protein ve sindirilebilir kuru madde verimleri her iki y1lda da yalin ekimlerden iistiin bulunmugtur. Bununla
birlikte karigimlarin verimleri yillara gore degiskenlik gdstermis, ancak 50:50 tritikale-fig karigimi diger karigimlara
gore daha stabil bir verim saglamistir. Agresivite ve rekabet orani degerleri, sonbahar ve kis yagish gectiginde tahillarin
yaygin fige gore daha rekabetgi oldugunu gostermistir. Tim yaygin fig-tahil karisimlari, yalin ekimlerden tstiin (LER>
1) olmus, fakat 50:50 yaygin fig-tritikale veya yulaf karisimlariin (LER= 1.4) en yiiksek yarar1 sagladig: belirlenmistir.
Bu nedenle 50:50 yaygin fig-tritikale veya yulaf karisimlari benzer bélgeler igin tavsiye edilebilir bulunmustur.

Anahtar Kelimeler: Rekabet; Kuru ot; Karigim; Yulaf; Tritikale; Fig
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ABSTRACT

Common vetch (Vicia sativa L.) plant is lodged after flowering when planted alone, thus, it is generally sown with
cereals. Species used in mixture and seeding ratio in the mixture affect hay yield due to competition between crops.
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A two year field study was conducted to determine the effects of mixture common vetch with oat and triticale on hay
yield, quality and competition between the species in Eastern Black Sea Region (Ordu). Aggressivity, competitive ratio
and LER were used to assess competition between mixture component. Species was sown monocrops and in common
vetch-cereal mixture in three seeding ratios (75:25, 50:50, 25:75, respectively). The plots were harvested vetch was
at the lowest pod filling stage, at that time triticale was at flowering and oat was at milk-dough stage. The results of
the study showed that hay, crude protein and digestible dry matter yield of mixtures were higher than monocrops.
Additionally, yield of mixtures changed with year, but, 50:50 triticale: vetch had more stable yield. Furthermore, A and
CR values indicated cereals were more competitive than common vetch when it was rainy in fall and winter. All common
vetch- cereal intercrops have yield advantage (LER> 1), but, sowing 50:50 mixtures of common vetch: triticale or oat
(LER= 1.4) were found to be the most profitable. 50:50 mixtures of common vetch: triticale or oat should be suggested
in similar regions.

Keywords: Competition; Hay; Intercrop; Oat; Triticale; Vetch

1. Giris

Birgok yem bitkisi tiirliniin rahatlikla yetistirilebilecegi
iilkemizde, ekim nobeti planlamalarimin yapilmamasi,
¢gift¢ilerimizin yem bitkileri tariminda modern
teknikleri bilmemeleri ve isletmelerin genellikle
kiigiik ve parcali olmasi vb. faktdrlerden dolayi,
tarla tarmmi igerisinde ¢ok yillik yem bitkileri
tiirlerine ¢ok fazla yer verilememekte, ¢ift¢ilerimiz
daha ¢ok tek yillik yem bitkilerini tercih etmektedir.
Ulkemizde yaklagtk 500000 ha alanda fig
yetistirilmektedir (TUIK 2014). Figler protein,
mineral maddeler ve vitaminler bakimindan
olduk¢a zengin oldugundan, yogun hayvanciligin
kaba yem gereksiniminin karsilanmasinda 6nemli
bir yere sahiptir (Kugvuran et al 2011). Figler i¢inde
de yaygin fig 6n plana ¢ikmaktadir. Yaygin fig serin
mevsim yem bitkisi ve tek yillik olmast nedeniyle,
ozellikle sahil bolgelerimizde kislik ara iiriin olarak
yetistirilmektedir. Boylece ¢ift¢i ana iirlin deseninde
degisiklik yapmadan, {iretime yem bitkilerini dahil
edebilmektedir.

Yaygimn fig yetistiriciliginde ¢igceklenmeden
sonraki donemde govdenin yatmasi Onemli bir
problemdir. Bu sebepten figler genellikle tahillarla
karigik olarak ekilmektedir. Karisik ekimde ¢evresel
kaynaklar daha etkili kullanilabilmekte ve yalin
ekime gore daha tistiin verim elde edilebilmektedir
(Lithourgidis et al 2011a). Ayrica karisimdan elde
edilen yemin protein/karbonhidrat orani daha
dengeli olmaktadir (Tuna & Orak 2007). Ancak

© Ankara Universitesi Ziraat Fakiiltesi

karisik ekimlerde tiir i¢i ve tiirler arasinda su, 151k
ve besin maddesi yoniinden rekabet s6z konusudur.
Bu nedenle karigik ekimden beklenen yararin
saglanabilmesi i¢in uygun bitki tiirleri ve ¢esitlerini
(Lithourgidis etal 2011a) ve en uygun karigim oranini
belirlemek (Erol et al 2009; Atis et al 2012; Dordas
et al 2012; Uzun & Asik 2012) gerekmektedir. Bu
calisma, yaygin fig-tahil karigimlarinin ot verimi ve
bazi kalite 6zelliklerini belirlemek ve karisimda yer
alan tiirler arasindaki rekabeti incelemek amaciyla
yiriitilmiistiir.

2. Materyal ve Yontem

Arastirma, Ordu Universitesi Ziraat Fakiiltesi
Deneme alaninda (40° 58° N, 37° 56" E, 5 m rakim),
2012-2013 ve 2013-2014 yetistirme sezonlarinda
yuriitilmiistir. Deneme yerlerinden 0-30 cm
derinlikten alinan toprak oOrneklerine ait analiz
sonuglari incelendiginde her iki yilda da arastirma
alant topragmin killi-tinli biinyede, potasyumca
zengin (430 ve 930 kg K,O ha'), fosforca fakir
(55.3 ve 20.8 kg P,O, ha') ve kiregsiz oldugu
belirlenmistir. Ayrica 1. yil deneme alani topragi
organik madde bakimindan zengin iken (% 3.88),
2. y1l orta seviyede (% 2.25) bulunmustur. Toprak
reaksiyonu ise sirasiyla; hafif asit (6.7) ve hafif
alkali (7.9) olarak belirlenmistir

Denemenin yiritildigii 2012-2013 yetistirme
sezonunda toplam 643.8 mm, 2013-2014 yetistirme
sezonunda ise toplam 392.2 mm yagis dismistiir. 2.

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

23 (2017) 242-252

243



Yaygin Fi§-Tahil Karisimlarinda Ot Verimi, Bazi Kalite Ozellikleri ve Rekabetin Belirlenmesi, Onal Asci & Egritas

yetistirme sezonunda ozellikle tahillarin kardeslenme
donemleri olan ocak ve subat aylan ilk yila gore
oldukca kurak gecmigtir. Vejetasyon siiresinde
diisen toplam yagis miktari uzun yillar ortalamasiyla
karsilastirildiginda, ilk yilin daha yagish ikinci yilin
ise oldukca kurak gectigi goriilmektedir. Bununla
birlikte her iki donem de uzun yillar ortalamasina
gore daha sicak gegmistir. Aylik ortalama oransal
nem degerlerinin 2012-2013 yetistirme sezonunda
uzun yillar ortalamasma benzerlik gosterdigi,
2013-2014 yetistirme sezonunda ise uzun yillar
ortalamasina gore daha diisiik oldugu gortilmektedir
(Cizelge 1).

Arastirmada  yaygm fig  (Vicia  sativa
L.)’in Albayrak ¢esidi, tritikale (7riticosecale
wittmark)’nin Tatlicak 97 cesidi ve yulaf (4vena
sativa L.)’m Sar1 ¢esidi kullanilmigtir. Denemeler,
tesadiif bloklar1 deneme desenine gore 3 tekrarlamali
olarak kurulmus ve parsellerde 4 m boyunda, 20 cm
sira araliginda, 8 sira yer almistir. Denemede yalin
yaygin fig, tritikale ve yulaf parsellerinin yaninda,
yaygm fig-tahil karnisimlart  (sirasiyla  75:25,
50:50, 25:75) ekilmistir. Bu durumda denemede
toplam 9 islem yer almistir. Ekim ilk yil sonbahar
yagislarindan dolayr 22 Kasim 2012, 2. yil ise 1
Kasim 2013 tarihinde elle yapilmistir. Yalin ekimde,
yaygm fig 200 tohum m? (Yiicel et al 2006), yulaf
500 tohum m? (Kahraman et al 2012) ve tritikale
ise 500 tohum m? (Mut et al 2006) canli tohum
olacak sekilde ekilmistir. Karisgimlarda kullanilacak

Cizelge 1- Ordu iline ait baz1 iklim faktorleri

Table 1- Some climatic properties in Ordu

tohumluk miktarr, yalin ekimde kullanilacak
tohumluk miktari ile karisim orani dikkate alinarak
hesaplanmistir. Karigik ekimde tohumlar ayni siraya
ekilmistir. Her iki yilda da ekimden 6nce 45 kg N
ha'! olacak sekilde azotlu giibreleme yapilmigtir
(Aydin & Tosun 1993; Tan & Serin 1995). Fosforlu
giibreleme ise ilk y1l 60 kg P,O, ha' 2. y1l 100 kg
P,O, ha' olacak sekilde yapilmisti. Deneme
alaninda goriilen yabanci otlar her iki yilda da
capalanarak yok edilmistir. Her iki yi1lda da sulama
yapilmamistir. Parsellerin yanlarindan birer sira ve
baslarindan 50 cm kenar tesiri birakildiktan sonra,
figlerde alt baklalarin doldugu donemde 1. y1l 17
Mayzs, 2. yil ise 10 Mayis’ta ot hasadi yapilmistir.
Hasat zamaninda tritikalenin ¢igeklenme, yulafin
ise siit olum doneminde oldugu belirlenmistir.
Her parselde bicilen yesil ot, fig ve tahil olmak
lizere tiirlere ayrilarak tartilmis ve her bir tiir i¢in
bulunan sonu¢ dekara g¢evrilerek yesil ot verimleri
belirlenmistir. Ardindan bilesenlerine ayrilan yesil
ottan her tiir i¢in 0.5 kg yesil ot alinmis ve 6rnekler
70°C’de sabit agirliga ulagincaya kadar kurutularak
orneklerin kuru ot oranlar1 belirlenmistir. Her bitki
tiiriinde belirlenen yesil ot verimi ile kuru ot orant
carpilarak tiirlerin kuru ot verimi hesaplanmigtir.
Belirlenen kuru ot verimlerinin toplanmasiyla
dekara kuru ot verimi bulunmustur. Her parselden
ayr1 ayri alman fig ve tahil 6rneklerinin ADF, NDF
ve ham protein orant Foss Nir Sytems Model 6500
Win ISI II v 1.5 cihazinda IC-0904FE kalibrasyon

Ortalama sicaklik (°C) Toplam yagis (mm) Ortalama oransal nem (%)

Aylar* 2012- 2013- 2012- 2013- 2012- 2013-
2013 2014 vro 2013 2014 uro 2013 2014 uro
Kasim 15.4 12.1 11.8 201.3 47.0 123.7 74.2 62.0 71.1
Aralik 10.7 6.4 8.8 138.8 175.1 113.6 68.4 59.1 68.2
Ocak 9.4 9.5 6.7 112.6 20.2 98.9 63.7 65.7 68.3
Subat 10.2 9.1 6.7 523 14.5 82.0 68.8 63.5 69.8
Mart 11.1 11.4 8.0 90.0 81.1 79.7 65.4 67.3 73.9
Nisan 13.0 12.7 11.4 21.9 20.4 69.2 72.4 69.8 76.2
May1s 17.9 16.0 15.7 26.9 33.9 53.9 73.1 75.1 77.1
Ort./Top. 12.5 11.0 9.8 643.8 392.2 621 69.4 66.0 72.0

*_ veriler Ordu Meteoroloji Istasyon Miidiirliigii’nden alinmustir; UYO, uzun yillar ortalamast
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programi kullanilarak belirlenmis ve karisimlarda
tartili oranlar1 hesaplanmistir. Her bir parsel igin
belirlenen ham protein orani ile kuru ot verimlerinin
¢arpimi sonucu ham protein verimi elde edilmistir.
Ot drneklerinde belirlenen ADF oranlari tizerinden
sindirilebilir kuru madde miktart (%) Esitlik 1 ile
hesaplanmig (Horrocks & Vallentine 1999), elde
edilendegerile kuru ot verimi ¢arpilarak sindirilebilir
kuru madde verimi (SKMV) belirlenmistir.

Sindirilebilir kuru madde miktar1 (SKM, %)= 88.9 -
(0.779 x % ADF) (1

Bununla birlikte bitkiler arasindaki rekabeti
belirlemek amactyla asagida belirtilen 6zellikler de
incelenmistir.

Karigik ekimde birim alandan elde edilen
verimin, bitkiler yalin yetistirildiginde de
almabilmesi icin gerekli alan miktarmi gosteren
Alan Egdegerlik Oran1 (LER) degeri Esitlik 2, 3 ve
4’e gore hesaplanmistir (Kizilsimsek & Erol 2000).

LER=(LERf+LER{) )
_ Yfe

LERf =7 3)
Ytv

LERt =~ 4

Burada; Yf ve Yz, sirastyla yaygin fig ve tahilin
yalin ekim verimleri; Yfc ve Ytv ise sirasiyla,
karigimlarda yaygin fig ve tahil verimlerini ifade
etmektedir.

Hesaplama sonucunda elde edilen LER degeri
<1 oldugunda karigik ekimin gereksiz, LER= 1
oldugunda karisimin saf ekimden farksiz, LER>
1 ise karisik ekimin yalin ekimden istiin oldugu
anlasilmaktadir (Boz 2006).

Karigimlarda  tiirler  arasindaki  rekabeti
belirlemek tizere kullanilan agresivite (A) Esitlik 5
ve 6’ya ve rekabet oran1 (RO) degerleri Esitlik 7 ve
8’e gore hesaplanmistir.

=)~ () g
= () (2 0

Burada; Z, karisimda tahilin ekim orani; Z,
ise karigimda yaygin figin karisim oranmi ifade
etmektedir.

Eger A= 0 ise, her iki tiiriin esit rekabet giicline
sahip oldugu, A pozitif ise tahilin baskin tiir oldugu
ve A negative ise tahilin baskilanan tiir oldugu
varsayilmistir (Dhima et al 2007; Lithourgidis et al
2011b).

_ (LER:) (Zsi
RO, = (LERf) (Z“-) ™
_ LER f ﬁ
ROy = (LERt) (zﬁ> ®)
Aragtirmada incelenen tiim ozellikler icin

elde edilen verilere Kolmogorov-Simirnov testi
uygulanarak verilerin normal dagilis gosterdigi
belirlenmistir. Ayrica islem varyanslarmin homojenlik
kontrolii ise Levene testi ile yapilmis ve varyanslarin
homojen oldugu belirlenmigtir. Bunun {izerine
verilere tesadiif bloklar1 deneme desenine gore yillar
tizerinden birlestirilerek varyans analizi yapilmis
ve ortalamalar arasindaki farklar Tukey ¢oklu
karsilastirma testi kullanilarak degerlendirilmistir
(Giiltimser et al 2006). Varyans analizi, Minitab 13.0
istatistik paket programinda yapilmustir.

3. Bulgular ve Tartisma

Her iki yilda ekim zamanlar1 ve iklim kogullarinin farklt
olmasi (Cizelge 1), cesitlerin ve karisimlarin gelisme
seyrini ve farkli kosullara tepkilerini degistirdiginden,
yapilan varyans analizi sonucunda; toplam kuru ot
verimi bakimindan yil x islem interaksiyonu istatistiki
olarak (P<0.01) onemli bulunmustur (Cizelge 2).
Ikinci yil tahillarin kardeslenme dénemi olan ocak
subat aylarmin olduk¢a kurak gegmesi (Cizelge 1)
tahillarda kardeslenmeyi olumsuz etkilemistir. Ayrica
tahillarin ~ vernalizasyon ihtiyacin1  karsiladiklar
donemde sicaklik degerlerinin diizensiz olmasi,
tahillarmn strese girmesi ve sapa kalkma déneminde
gecikmelere yol agcmustir. Bununla birlikte ilk yil
deneme arazisi topraginda bulunan organik madde
yiiksek iken (% 3.88) ikinci yilda orta seviyede
(% 2.25) bulunmustur. Organik madde seviyesinin
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yiiksek olmasi tahillarin gelisimini artirirken figlerde
ayni etki gortilmemektedir. Bunun sonucu olarak ilk
yil yiiksek olan organik madde tahil gelisimine ikinci
yila gore daha fazla katkida bulunmus ve tiim bunlarin
etkisi ile her iki yilda tahillarin gelisim oraninda
farklilik  gorilmistir. Bu  farkliliklar  tahillarin
karisimdaki fig bitkisine olan rekabetini de etkilemis
bdylece figin verimi degismis sonugta islemlerden
elde edilen verimler yillara gore degismistir.
Aragtirmada en yiiksek kuru ot verimi 8713.7 kg ha'!
ile 2. y1l 50:50 fig-yulaf karigimindan elde edilirken,
ayni y1l yalin tahil parselleri ve ilk yil yalin fig parseli
harig, diger islemlerin tamamu istatistiki olarak ayni
grupta yer almistir. En diisiik kuru ot verimi ise ile
3627.0 kg ha! ile ilk yil yalin ekilen fig parselinden
elde edilmistir. Her iki y1lda da karigimlarin verimleri
yalin tahillardan yiiksek olmustur. Bununla birlikte
karigimlar igerisinde de 50:50 fig-tritikale karigiminin
kuru ot verimi bakimindan yillar itibariyle daha stabil
oldugu goriilmiis, yalin tritikaleye gore ilk y1l yaklasik
% 26 ikinci y1l ise % 85, yalin fige gore ise sirastyla
iki kat ve % 25 daha fazla kuru ot elde edilmistir
(Cizelge 2). Genellikle ekolojik kaynaklarin etkili
kullanilmasi, simbiyotik olarak baglanan azotun
tahillara transferi nedeniyle karigik ekilen parsellerin
yalin ekimlere gore daha yiiksek kuru ot verimine

sahip oldugu bilinmektedir (Ledgard 1991). Ancak
karisik ekimlerde tiirler aras1 ve tiir i¢i rekabetten veya
allelopatik etkilerden dolayr karisimda kullanilan
tirlere ve karisim oranlarina bagli olarak verim
kayiplari olabildigi bildirilmektedir (Lithourgidis et
al 2011a). Bu nedenle de farkli ekolojilerde farkli
tahil tiir ve karigim oranlarinda yetistirilen yaygin
fig-tahil karigimlarindan farkli kuru ot verimleri
elde edilmistir. Oregin; Yimaz (1997), Hatay
kosullarinda en yiiksek kuru ot verimini 75:25 fig-
yulaf karisimindan, Tuna & Orak (2007), Tekirdag
kosullarinda 25:75 fig-yulaf karisimindan, Erol et
al (2009), Kahramanmarag kosullarinda 55:45 fig-
yulaf karigimindan elde ettiklerini bildirmislerdir.
Lithougidis et al (2006), Yunanistan ekolojik
kosullarinda, yaygm fig-tritikale karisimlarindan,
yaygin fig-yulafkarisimlarina goére % 18 daha az verim
alindigini bildirilmistir. Aragtiricilarin sonuglarindan
farkli olarak bu calismada ayni oranda yulaf ve
tritikale igeren yaygm fig-tahil karigimlarindan
birbirine yakin verimler elde edilmistir.

Ikinci y1l elde edilen otun igerisinde fig oraninin
daha yiiksek olmasi (Cizelge 2) ham protein orant
ve ham protein verimi bakimindan yil x islem
interaksiyonunun istatistiki olarak (P<0.01) énemli

Cizelge 2- Yahn ve farkh karisim oranlarinda ekilmis yaygin fig ve tahillarin kuru ot verimi (kg ha™)

Table 2- Hay yield for monocrops and mixtures of common vetch with cereal in different seeding ratio (kg ha™')

. Ekim Fig Tahil Toplam
Islemler oran: 2012-  2013- 2012- 2013- 2012- 2013- Ort
2013 2014 2013 2014 2013 2014 '
Tritikale 100 - - 61349 45106 6134.9°" 4510.6*¢ 5322.8
Tritikale:fig  75:25 754.0 5962.0  5674.6 1709.8  6428.6%¢  7671.9% 7050.3
Tritikale:fig  50:50 1333.3 70353  6373.0 1308.0 7706.3%  8343.3*  8024.8
Tritikale:fig  25:75 1992.1 55909  5531.7 916.7 7523.8®  6507.6*¢ 7015.7
Fig 100 3627.0 6671.3 - - 3627.0¢ 6671.3%¢ 5149.2
Yulaf:fig 75:25 841.3 56584  6206.3 2492.6 7047.6*¢  8151.0® 7599.3
Yulaf:fig 50:50 1523.8  6909.6  5373.0 1804.1 6896.8=¢  8713.7°  7805.3
Yulaf:fig 2575 1984.1 66157 42222 1191.9  6206.3*¢  7807.6" 7007.0
Yulaf 100 - - 61984 47043 6198.4*¢  4704.3*¢ 54514
Yil **
Islem Hk
Yil x islem *E

* ayni harflerle gosterilen ortalamalar arasinda 0.01 diizeyinde farklilik yoktur; **, P<0.01
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¢tkmasina neden olmustur (Cizelge 3). Baklagiller,
tahillara gore daha fazla ham protein igerirler.
Ayrica tahillarin gelisme devresi ham protein orani
iizerine etkilidir (Tan & Serin 1997). Bu ¢alismada
tiritikale yulafa gore daha erken gelisme doneminde
hasat edilmistir. Bu nedenle her iki yilda da en
diisik ham protein orani yalin yulaf parselinde
(swrastyla % 9.39, % 9.67) belirlenmistir. En ytiksek
ham protein orani ise ikinci y1l yalin figde (% 16.93)
belirlenirken, ayni yil 75:25 fig-tritikale ve 25:75
fig-tritikale parsellerinden elde edilen otun ham
protein orani ile yalin fig otunun ham protein orani
arasinda istatistiki olarak farklilik bulunmamustir.
Bu durum sozii edilen karigimlardan elde edilen
otun igerisinde figin yliksek oranda yer almasidan
kaynaklanmaktadir (Cizelge 2). Karisik ekim
parsellerinde fig oranmin artmasi genellikle ham
protein oranini artirmistir (Cizelge 3). Ayni zamanda
karisik ekim genellikle kuru ot verimini de artmigtir
(Cizelge 2). Bunun sonucu olarak elde edilen ham
protein verimi artmistir (Cizelge 3). Arastirma
sonucunda en yiiksek ham protein verimi (1296.8
kg ha') ikinci yil 50:50 fig-tritikale parselinden
elde edilmesine ragmen, ikinci yil yalin ekilen
tahil parselleri hari¢ diger karigimlarin tamami ile
50:50 fig-tritikale karisimi arasinda istatistiki olarak

farklilik bulunmamistir. En diisiik ham protein
verimi (448.8 kg ha'') ise ayni yil yulaf parselinden
elde edilmistir (Cizelge 3).

Yapilan varyans analizi sonucunda, otun ADF ve
NDF orani bakimindan islemler arasinda istatistiki
olarak oOnemli (sirasiyla; P<0.01 ve P<0.05)
diizeyde farklilik oldugu belirlenmistir. Arastirmada
en yiiksek ADF oran1 % 39.24 ile yalin yulafta, en
diistik oran ise % 34.40 ile yalin figde belirlenmistir
(Cizelge4). Yalintahil otuiletahil-figkarigimlarindan
elde edilen otun ADF degerleri karsilastirildiginda,
otun igerisinde fig oranindaki artisla birlikte ADF
oraninin siirekli azalmadigi belirlenmistir (Cizelge
4). Bu durum muhtemelen tiirler aras1 rekabetten
kaynaklanmaktadir. Nitekim, Lithourgidis et al
(2006) ve Budakl1 Carpict & Celik (2014) de benzer
sekilde karisimda baklagil oraninin artmasina bagl
olarak otun ADF igeriginin her zaman diismedigini
bildirmektedirler. Bununla birlikte kaba yemler
ADF igerigine gore kalite siniflarina ayrilmaktadir.
Arastirmada tiim karisimlardan elde edilen ot, ADF
icerigi bakimindan iyi smifta (ADF % 36-40) yer
almustir.

Cizelge 4’te gorildigi lizere, en diisik NDF
orant yalin fig parsellerinde belirlenirken (% 56.76),
diger islemler arasinda onemli bir farklilik tespit

Cizelge 3- Yalin ve farkh karisim oranlarinda ekilmis yaygin fig ve tahillarin ham protein orani ve verimi

Table 3- Crude protein ratio and yield for monocrops and mixtures of common vetch with cereal in different

seeding ratio

Ham protein orani (%)

Ham protein verimi (kg ha™)

Islemler ff;;"l 2012- 2013-  Ort. 2012- 2013- Oort.
2013 2014 2013 2014
Tritikale 100 11.04¢" 11304 11.71 674.4<F  498.3¢f 586.4
Tritikale:fig ~ 75:25 11.24¢d 15.98?2 13.61  717.6°F 1219.5% 968.6
Tritikale:fig ~ 50:50 10.69¢<d 15.59%  13.14  825.3>F  1206.82 1061.1
Tritikale:fig ~ 25:75 11.82¢d 16.142 13.98  884.93¢ 1051.22¢  968.1
Fig 100 15.30% 16.93? 16.12  555.0¢f 997.5%4d 776.3
Yulaf:fig 75:25 10.41¢d 12.87%  11.64  732.0¢f 1060.9%¢  896.5
Yulaf:fig 50:50 10.90¢4 15.122>  13.01 742.8<F  1184.0% 963.4
Yulaf:fig 25:75 11.85¢ 155322 1369  681.9T  1204.2% 943.1
Yulaf 100 9.39¢ 9.67¢ 9.53  590.99f 448 8f 519.9
Yil *k sk
Islem ok ok
Yil x islem *k *k

* her bir dzellikte ayn1 harflerle gosterilen ortalamalar arasinda 0.01 diizeyinde farklilik yoktur; **, P<0.01
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Cizelge 4- Yalin ve farkh karisim oranlarinda ekilmis yaygin fig ve tahillarin ADF ve NDF oranlari

Table 4- ADF and NDF ratio for monocrops and mixtures of common vetch with cereal in different seeding ratio

_ Ekim ADF (%) NDF (%)

Islemler oran 2012-  2013- Ort. 2012-  2013- Ort.
2013 2014 2013 2014

Tritikale 100 37.79 36.94 37367 61.04 6195 61.49°

Tritikale:fig ~ 75:25 37.63 35.18  36.40bd 61.60 57.56  59.58®

Tritikale:fig ~ 50:50 37.54 36.77  37.15%¢ 62.05 62.74  62.39°

Tritikale:fig ~ 25:75 37.03 35.00  36.01« 62.26 5748  59.87%®

Fig 100 34.10 34.71 34.40¢ 56.28 5724  56.76°

Yulaf:fig 75:25 37.43 38.03  37.73%¢ 60.84 58.68  59.76%

Yulaf:fig 50:50 39.12 38.38  38.74% 62.06 62.16  62.11°

Yulaf:fig 25:75 36.61 3736 36.98%d 6202 60.25  61.13°

Yulaf 100 37.90 40.60  39.242 62.09 62.75  62.42°

Yil ns ns

Islem ok *

Yil x islem ns ns

Z, her bir 6zellikte ayni1 harflerle gosterilen ortalamalar arasinda 0.01 ve 0.05 diizeyinde farklilik yoktur; *, P<0.05; **, P<0.05; ns, not

significant

edilmemistir. Baklagillerde ince hiicre ¢eperine
sahip doku miktar1 bugdaygillerden daha fazladir.
NDF orant hiicre ¢eperi hakkinda bilgi verdiginden,
baklagillerde tahillara gore daha diisiiktiir (Tan
& Mentese 2003). Karigik ekim parsellerinde fig
orani arttikca NDF oranmin diistiigti belirtilmigtir
(Erol et al 2009). Bu caligmada da benzer sekilde
karisimdaki fig orani arttifinda otun NDF orani
azalmis, ancak bu azalig ekim orani ile parelellik
sergilememistir. Bu durum muhtemelen rekabetten
kaynaklanmistir. Bunun yaninda figin ayni1 oranda
karisim olusturdugu tahil tiirleri arasindaki NDF
oranindaki farklilik muhtemelen tahillarin hasat
zamaninda farkli gelisme déneminde olmasindan
kaynaklanmistir.

Yapilan varyans analizi sonucunda, otun
sindirilebilir kuru madde (SKM) oran1 bakimindan
islemler arasinda istatistiki olarak énemli (P<0.01)
diizeyde farklilik oldugu belirlenmis, sindirilebilir
kuru madde verimi (SKMV) bakimindan ise yil
x islem interaksiyonu istatistiki olarak (P<0.01)
onemli bulunmustur. En yiikksek SKM oran1 yalin
figde (% 62.1) belirlenirken, 75:25 tritikale-fig,
25:75 tritikale-fig ve 25:75 yulaf-fig karisimlarindan
elde edilen SKM orant ile yalin fig arasinda istatistiki

olarak fark bulunmamuistir. En diisiikk SKM orani ise
yalin yulafta (% 58.3 ) belirlenmistir (Cizelge 5).

SKM oran1t ADF degerinden hesaplandigindan,
ADF oranmn etkileyen etmenler SKM oranini da
degistirmistir. Islemlerden elde edilen SKM verimi
incelendiginde, her iki yilda da karisimlarin yalin
ekimlerden daha yiiksek sindirilebilir kuru madde
verimi sagladigi belirlenmistir. En yiiksek SKM
verimi ikinci yil 50:50 yulaf-fig karisimindan elde
edilirken bunu ayni yil 50:50 tritikale-fig ve 75:25
yulaf-fig karigimlart takip etmistir (Cizelge 5).
Sozii edilen karigimlarin kuru ot verimleri yiiksek
oldugundan (Cizelge 2), SKM verimleri de yiiksek
olmustur.

Karigik ekim parsellerinin alan esdegerlik
oranlarma bakildiginda tiim karigimlarin yalin
ekimden istiin oldugu goriilmektedir (LER> 1.0)
(Sekil 1). Bu durum, bitkilerin ¢evresel kaynaklardan
yalin ekime gore daha etkin faydalandiklarin
gostermektedir (Albayrak et al 2004). Karisimda
bulunan fig ve tahillarin farkli kdk ve govde
yapisina sahip olmasi, besin ihtiyaclarmin farkl
olmasi, iklim sartlarma tepkilerinin farkli olmasi,
figin tahillara N saglamasi gibi nedenlerle karisik
ekimden elde edilen verim tiirlerin yalin ekimlerine
gore Ustiin olmustur. Karisimlar igerisinde de en
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Cizelge 5- Yalin ve farkh karisim oranlarinda ekilmis yaygin fig ve tahillarin sindirilebilir kuru madde

orani (SKM) ve verimi (SKMV)

Table 5- Dry matter digestibility ratio and yield for monocrops and mixtures of common vetch with cereal in

different seeding ratio

] Ekim SKM (%) SKMYV (kg ha'')
Islemler orant 2012-  2013- Ort. 2012- 2013- Ort.
2013 2014 2013 2014
Tritikale 100 59.5 60.1 59.8bed* 364.4t 269.5% 317.0
Tritikale:fig ~ 75:25 59.6 61.5 60.5%¢ 383.4tb¢ 472.1%® 427.8
Tritikale:fig ~ 50:50 59.7 60.3 60.0P4 460.5% 503.42 482.0
Tritikale:fig ~ 25:75 60.1 61.6  60.9% 452.4% 400.9%¢  426.7
Fig 100 62.3 619  62.1* 226.3¢ 412.7%  319.5
Yulaf:fig 75:25 59.7 59.3 59.5bed 421.7%e 483.5% 452.6
Yulaf:fig 50:50 58.4 59.0  58.7« 401.72%%¢ 513.92 457.8
Yulaf:fig 25:75 60.4 59.8 60.1%4 375.0%¢ 466.3% 420.7
Yulaf 100 59.4 573 58.3¢ 368.4%¢ 269.7% 319.1
Yil ns ns
1$lem ok ok
Yil x islem ns ok

* her bir 6zellikte ayn1 harflerle gdsterilen ortalamalar arasinda 0.01 diizeyinde farklilik yoktur; **, P<0.01; ns, not significant

yliksek avantaj (LER= 1.4) 50:50 fig-tritikale ve
yulaf karisgimlarindan saglanmistir (Sekil 1). Elde
edilen sonuglar Erol et al (2009)’mn bulgulariyla
benzerlik géstermektedir.

- o s o

LER aegeri
2,228
o v m o oo

Islemler

Sekil 1- Farkh islemlerde belirlenen LER degeri
Figure 1- LER values in different treatments

Agresivite  ve  rekabet oram1  degerleri
incelendiginde, tiirlerin rekabet 6zelliginin y1llara gore
onemli (P<0.01) degisim gosterdigi anlasiimaktadir.
[lk y1l tiim karisim oranlarinda tahillar baskin tiir (Ac
pozitif) olmasina ragmen, ikinci y1l yaygin fig baskin
(Av pozitif) olmustur (Cizelge 6). Agresivite 6zelligine

benzer olarak tahillarin rekabet orani (CRc) degeri
ilk y1l yaygin figin rekabet oran1 (CRv) degerinden
yiiksek olurken, ikinci yil tam tersi durum soz
konusu olmustur (Cizelge 7). Bu durum arastirmanin
yiritildigi yillarda gevre sartlarindaki farkliliklarin
fig ve tahil gelisimine olan etkisinin farkli olmasindan
kaynaklanmustir. Daha 6nce yapilmis arastirmalarda
farkli sonuglar elde edilmistir. Ornegin; Atis et al
(2012), bugday:yaygin fig karigimlarinda yaygin figin
baskin tiir oldugunu bildirmesine ragmen, Dordas et al
(2012) ise tahil:baklagil karigimlarinda tahilin baskin
tir oldugunu bildirmistir. Bununla birlikte Ac ve Av
degerleri bakimindan karigimlar arasinda onemli
(P<0.01) farklilik oldugu belirlenmistir (Cizelge 6).
Karigsimlarda tahilin ekim orani azaldikga agresivitesi
artmig, figde ise tam tersi durum belirlenmistir.
Benzer durum rekabet orani degerleri i¢in de
belirlenmistir (Cizelge 7). Tahillar kardeslenme
ozellikleri sayesinde ekim oranindaki azalmay1
tolere edebilmekte ve sik ekime oranla seyrek
ekimde kardesler daha giir gelisebilmektedir. Ayrica
karigimda fig arttikga muhtemelen figden tahila gegen
N miktar1 da artmistir. Tiim bu nedenlerle tahillarda
ekim orani azaldik¢a agresivite artmustir. Ayrica
karigimlarda tritikale yulafa gore daha rekabetgi
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goriinmektedir (Cizelge 7). Bu durum muhtemelen
tiirlerin kardeslenme 6zellikleri, ana sap uzunlugu gibi
farkliliklardan kaynaklanmistir. Tritikale yulafa gore
daha az kardeslenmektedir, bu nedenle muhtemelen
tiir i¢i rekabet daha az olmustur. Ayrica ¢alismada,
tritikale yulafa gore daha uzun boylu oldugundan
(veri verilmemistir) muhtemelen figde daha fazla
151k rekabetine sebep olmustur. Elde edilen sonuglar,
karigimlarda tiirler arasindaki rekabetin karisimlarda
kullanilan tiirlere ve ekim oranlarma bagli olarak
degistigi bildiren Dhima et al (2007) ve Lithourgidis
et al (2011b)’n sonuglari ile uyumludur.

4. Sonuclar

Yaygin fig-tahil karigimlarinin ot verimi, bazi
kalite o6zellikleri ve karigimlarda bitkiler arasindaki
rekabetin belirlenmesi amaciyla iki yil siireyle
yuriitilen bu c¢aligma sonucunda; karisimlarin
kuru ot, ham protein ve sindirilebilir kuru madde
verimlerinin her iki yilda da yalin ekimlerden
istlin oldugu belirlenmistir. Ancak karigimlarin
verimleri yillara gore degiskenlik gostermis, 50:50
fig-tritikale karisimi diger karigimlara gore daha
stabil bir verim saglamistir. Bununla birlikte otun
ADF igerigi bakimindan degerlendirildiginde, tim

Cizelge 6- Farkh karisim oranlarinda ekilmis yaygin fig ve tahillarin agresivite degerleri

Table 6- Aggressivity for mixtures of common vetch with cereal in different seeding ratio

: Ekim Ac Av

Islemler orant 2012- 2013- Ort. 2012- 2013- Ort.
2013 2014 2013 2014

Tritikale:fig ~ 75:25  0.0040 -0.0314 -0.0137 9" -0.0040 0.0314 0.0137%

Tritikale:fig ~ 50:50  0.0144 -0.0152 -0.0004 > -0.0144 0.0152 0.0004 b°

Tritikale:fig ~ 25:75  0.0290 -0.0024 0.0133® -0.0290 0.0024 -0.0133 d

Yulaf:fig 75:25  0.0045 -0.0275 -0.01154 -0.0045 0.0275 0.0115*

Yulaf:fig 50:50  0.0091 -0.0128 -0.0018 ¢ -0.0091 0.0128 0.0018

Yulaf:fig 25:75  0.0196 -0.0031 0.0083%  -0.0196 0.0031 -0.0083 <

Ort. 0.0134%  -0.0154B -0.0134%  0.01544

Yll sksk sk

Islem ok ok

Yil x islem ns ns

* her bir 6zellikte ayn1 harflerle gdsterilen ortalamalar arasinda 0.01 diizeyinde farklilik yoktur; **, P<0.01; ns, not significant

Cizelge 7- Farklh karisim oranlarinda ekilmis yaygin fig ve tahillarin rekabet oram degerleri

Table 7- Competition rate for mixtures of common vetch with cereal in different seeding ratio

Eki CRc CRyv

Islemler or;;”l 2012-  2013- Ort.  2012- 2013-  Ort.
2013 2014 2013 2014

Tritikale:fig 75:25 1.58bdz 0.20d 0.89  0.70 9.19 4.94
Tritikale:fig 50:50 3.05% 0.29¢ 1.67 0.34 4.22 2.28
Tritikale:fig 25:75 5.552 0.83¢ 319 0.21 1.43 0.82
Yulaf:fig 75:25 1.52bed 0.20¢ 0.86  0.69 5.39 3.04
Yulaf:fig 50:50  2.15bd 0.42¢ 1.29 049 4.07 2.28
Yulaf:fig 25:75 3.84% 0.764 230  0.27 1.46 0.87
Ort. 0.458 4.29A
Yil *k ks
Islem Hk ns
Yil x islem * ns

Z, ayni harflerle gosterilen ortalamalar arasinda 0.01 diizeyinde farklilik yoktur; *, P<0.01; **, P<0.05; ns, not significant
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karigimlarin otu iyi sinifta yer almistir. LER degeri
bakimidan ise en {stiin karigimlar 50:50 fig-
tritikale ve 50:50 fig-yulaf olmustur. Bu nedenlerle
benzer ekolojilerde 50:50 fig-tritikale ve 50:50 fig-
yulaf karigimlarinin yetistirilmesi dnerilebilir.
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ABSTRACT

In this study, three cotton genotypes of species Gossypium hirsutum L., Cukurova 1518, PAUM 15 and BA 119 were
investigated for their some physicochemical properties of oils such as free fatty acids, peroxide value, iodine value,
unsaponifiable matter, total carotenoid and tocopherol contents and fatty acids composition in Cukurova region in
Turkey. Seed oil content ranged 17.2-19.6% and PAUM 15 was found to be genotype with the highest oil content. The
range of other physicochemical properties and their values are as follows; free fatty acids 1.7-2.8%, peroxide value 5.3-
6.0 meq O, kg, unsaponifiable matters 2.1-2.3%, iodine value 102-110, total carotenoid content 119-140 mg kg, total
tocopherol content 887-920 mg kg™, linoleic acid 52.00-55.82%, palmitic acid 24.85-25.63%, oleic acid 14.06-17.00%,
stearic acid 3.01-3.13% in the cottonseed oils. PAUM 15 was determined to be more suitable for food consumption as
edible oil due to its highest oil content and quality characteristics than the others genotypes.

Keywords: Cottonseed oil; Fatty acids; Physicochemical properties

Pamuk Yaglarimin Fiziko-Kimyasal Ozellikleri ve Yag Asitleri
Kompozisyonu
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OZET

Bu calismada, Tiirkiye nin Cukurova Bélgesi kosullarinda, Gossypium hirsutum L. tiiriine ait, Cukurova 1518, PAUM
15 ve BA 119 pamuk genotiplerinden elde edilen yaglarin serbest yag asitleri, peroksit sayisi, iyot ayisi, sabunlagsmayan
madde miktar, toplam karotenoid, toplam tokoferol igerikleri gibi bazi fizikokimyasal analizleri ile yag asitleri
kompozisyonu arastirilmistir. Tohumlarda yag igerigi % 17.2-19.6 arasinda degismistir. Elde edilen yaglarda serbest
yag asitleri % 1.7-2.8, peroksit sayilar1 5.3-6.0 meq O, kg, sabunlagmayan maddeler % 2.1-2.3, iyot sayilart 102-110,
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toplam karotenoid igerikleri 119-140 mg kg™, toplam tokoferol igerikleri 887-920 mg kg' aralignda degismistir.
Linoleik asit, palmitik asit, oleik asit ve stearik asit oranlarinin, sirasiyla % 52.0-55.82; % 24.85-25.63, % 14.06-17.0

ve % 3.01-3.13 aralifinda degistigi saptanmistir. PAUM 15 genotipinin en yiiksek yag verimi ve yag kalitesine sahip
olmasindan dolay1 diger genotiplere kiyasla yemeklik yag olarak tiiketime daha uygun olabilecegi belirlenmistir.

Anahtar Kelimeler: Pamuk yagi; Yag asitleri; Fizikokimyasal 6zellikler

1. Intruduction

Cotton is one of the most important commercial
crops of Turkey and is the single largest natural
source of fibre. It plays a dominant role in industrial
economy as the backbone of textile industry. 65% of
country’s textile products are exported, and 80% of
these products consist of cotton weaving (Mert et al
2015). However cottonseeds contain oil significant
amount. Oil content of cottonseeds changes
between 12-25% (Kohel 1998; Mert et al 2004).
Oil is obtained from cottonseeds as by products that
meet an important part of Turkey oil consumption.
Cottonseed oil is the second most common oil
being used today besides sunflower oil. As the most
important vegetable oil source in Turkey, sunflower
is first ranked with 1.38 million tons, followed by
cottonseed with 1.28 million tons, soybean 180,000
ton, peanut 141,000 tons and rapeseed 101,000 tons
(Kolsarici et al 2015).

Cottonseed oil is usually used in vegetable oil
mixtures (Metin et al 2003), cooking and salad
oil, in the preparation of margarine, shortening,
mayonnaise and sauces, also to less extend in
canned fish and smoked meat (Giimiiskesen 1999;
Karaosmanoglu et al 1999; Sekhar & Rao 2011).

Crude cottonseed oil, which has an aroma
resembling peanut and walnut, has a blurry
appearance (Parali 2003). Color of crude cottonseed
oil can vary from brunette yellow to dark red due
to significant amount of color pigment passing
to oil during extraction (O’Brien 1998; Orhevba
& Efomah 2012). In addition triglycerides,
nonglyceride components such as gossypol,
phospholipids, sterols, pigments, tocopherols and
carbohydrates are found in this oil with the amount
of about 2% (O’Brien 1998). Cottonseed oil also has

© Ankara Universitesi Ziraat Fakiiltesi

a rich source of minerals, it includes vitamin B and
oil soluble vitamins such as A, D, E, K (Lukonge
2005; Sawan et al 2006).

The important component of cottonseed oil
is tocopherols, natural antioxidants. However,
amount of tocopherols that present in oil declines
significantly during the refining process. Therefore
crude cottonseed oil when compared to refined
cottonseed oil and soybean oil is rich in terms
of amount of tocopherol and, more resistant to
oxidation (Saxena et al 2011; Sekhar & Rao
2011). Fatty acid composition of cottonseed oil is
the one of important properties (Lukonge 2005;
Ping et al 2009). Cottonseed oil has a 2:1 ratio of
polyunsaturated to saturated fatty acid. Itis described
as naturally hydrogenated because its fatty acid
profile generally consists of 70% unsaturated fatty
acids, including 18% mono-unsaturated (oleic) and
52% poly-unsaturated (linoleic), and 26% saturated
(primarily palmitic and stearic) acids. These
make the oil stable for frying without the need for
additional processing or the formation of trans-fatty
acids (Sekhar & Rao 2011). As with other vegetable
oils quality of cottonseed oil usually comes from
fatty acid composition and unsaponifiable matters
mentioned. Their amount and oil yield varies
depending on genotype, ecological conditions of
region process and storage conditions (Baydar &
Turgut 1999; Reddy & Aruna 2009).

The objective of this study was to determine
crude seed oil yield, fatty acid composition and
typical characteristic properties in the seed oil of
three different cotton genotypes grown in Cukurova
Region.
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2. Material and Methods

This study was conducted at the Cotton Research
and Application Center of Cukurova University,
Adana, in 2006-2007 cotton growing season. The
experiment was set in a randomized complete block
design with three replications. Cukurova 1518,
PAUM 15 and BA 119 cotton genotypes (Gossypium
hirsutum L.) were used as plant materials.

The plants and rows spacing were kept at 20
and 70 cm, respectively. Plots were fertilized with
80 kg ha' N and 80 kg ha" P,0, before planting
using diammonium phosphate (DAP) fertilizer, and
an additional nitrogen (as urea) dose of 80 kg ha’!
was top dressed 50 days after planting. Other inputs
like irrigation and insecticides were applied at
proper time and as when required. All other cultural
practices including weeding were uniformly adopted
in whole experiment throughout the growing period
to minimize the environmental variations.

In order to remove of cottonseed lints completely
delintation process was performed to seeds. Analysis
such as seed index (the weight of 100 seeds in g),
hull (%), kernel (%), seed moisture content (%),
seed oil content (%) in seed and free fatty acid (%),
peroxide value, unsaponifiable matter, iodine value,
total carotenoid and tocopherol contents, fatty acid
profiles in cottonseed oil were carried out. All tests
were performed in triplicate.

In order to determine oil content cottonseeds
were crushed in blender and dried at 103+2 °C
till the constant weight. Crude oils of seeds were
extracted with the soxhlet method for 6 h. Recovered
crude oils were taken to a rotary evoparator at 35
°C (Anderson 2004). Obtained oil samples were
filtered and stored at 4°C in dark glass bottles prior
to analyses.

Determination of free fatty acidity, peroxide
value, unsaponifiable matter and iodine value
were carried out following the analytical methods
described in ITUPAC (1991).

Carotenoid compounds were determined at 470
nm, in cyclohexane using the specific extinction
values by the method of Minguez-Mosquera et al

(1991). The carotenoid contents are expressed as mg
lutein per kg of oil.

Total tocopherols were evaluated by the method
of Wong et al (1988). 200 mg of the oil sample was
weighed accurately into a 10 mL volumetric flask. 5
mL of toluene were added by pipette and the oil was
taken into solution. 3.5 mL of 2.2’-dipyridine and
0.5 mL of FeCl,.6H,0 were added in that order. This
solution is made up to 10 mL with 95% aqueous
ethanol. After kept for 1 min, the absorbance was
measured at 520 nm against a blank solution. The
tocopherol contents were expressed as mg kg!
a-tocopherol.

For the determination of fatty acid composition,
the methyl esters were prepared by vigorous
shaking of a solution of oil in n-heptane (0.1 g in 2
mL) with 2 N methanolic potassium. The analysis
of fatty acid composition was performed by using
a Shimadzu GC apparatus (Model 14 B) equipped
with a hydrogen flame ionization detector (FID) and
a capillary column DB-23 of 60 m length x 0.25
mm i.d. and 0.25 pm of film thickness (Agilent J
& W, US). Helium was used as carrier gas and the
temperatures of injector, oven and detector were
270, 230 and 280 °C, respectively. The results
were expressed as peak area (relative) percent. The
injection volume was 1 uL (I0OC 2001).

Statistical analysis was carried out by using SAS
software and procedures (SAS 2005). Data were
analysed according to PROC GLM procedures.
The means were compared using Duncan’s multiple
comparison tests at 5% significance level.

3. Results and Discussion

The whole seeds compositions of three cotton
genotypes are shown in Table 1. Seed index in cotton
genotypes ranged from 9.6 (Cukurova 1518) to 10.3
(PAUM 15) g. Sharma et al (2009) reported seed
index range of 3.69 to 5.38 g for G.arboreum and
6.01 to 7.71 g for G.hirsutum, whereas Agarwal et
al (2003) observed a range of 4.65-9.41 g in upland
cotton. The values for hull percentage and kernel
ranged from 36-40% and 60-64%, respectively.
Depending on the genotype, species and ecological
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factors, hull contributed about 30-50% to the weight
of cotton seed (Sundaram 1974). These values are
in agreement with those reported by Sharma et al
(2009). Seed oil contents were found 17.2% in BA
119, 17.8% in Cukurova 1518 and 19.6% in PAUM
15. Sharma et al (2009) observed seed oil content
varied from 14.4% to 18.7% in desi cotton entries,
whereas in American cotton, its value ranged from
15.8% to0 20.2%. Gotmare et al (2004) have reported
seed oil content ranging from 17.61% to 19.54%
in six races of G. arboreum. Our results are in
agreement with those obtained by these researchers.
This situation supported by findings of Ikurior &
Fetuga (1987) and Sun et al (1987) which indicate
that genotypes and regional variation affects oil
content of cotton seed.

Free fatty acids (FFA) content (%), peroxide
values (meq O, kg'), iodine number (g),
unsaponification matter (%), total carotenoid (mg
kg™), total tocopherol (mg kg') for cottonseed oils
are shown in Table 2. The FFA content of cotton
seed oil ranged from 1.7% (PAUM 15) to 2.8%

(Cukurova 1518). Free fatty acids (generated as
a result of hydrolysis of triglycerides) are good
indicator of oil quality (Sharma et al 2009). O’Brien
(2001) and Sharma et al (2009) have reported that
FFA content range for crude cottonseed oil was 0.43
to 0.70% and 0.5 to 0.6%, respectively whereas
Orhevba & Efomah (2012) specify this value as
5.7%. These differences might be due to genotype,
region grown, climate, storage in unsuitable
conditions (high moisture content) (O’Brien 1998).

The peroxide value which is used as an indicator
of oxidation of oils was found to be 5.3-6.0 meq kg™
indicating that the oil is fresh. This is because fresh
oils usually have peroxide values below 10 meq kg™
(Orhevba & Efomah 2012).

In cottonseed oils amount of unsaponifiable
matters varied between 2.1-2.3% and it was
determined it did not change according to
genotypes. The iodine value which gives the degree
of unsaturation in vegetable oils was found to be
102, 104, 110 g 100 g for cottonseed oil PAUM
15, Cukurova 1518 and BA 119, respectively.

Table 1- Composition of whole seeds of cotton varieties

Cizelge 1- Pamuk cesitlerinin tohum ézellikleri

Variety Seed index (g) Hull (%) Kernel (%) Seed moisture content (%) Oil (%)
Cukurova 1518 9.6" 36° 64 7.7 17.8
PAUM 15 10.3 38 62 6.7° 19.6*
BA 119 9.8 40° 60° 6.8 17.2°
Mean 9.9 38 62 7.1 182
Range 9.6-10.3 36-40 60-64 6.8-7.7 17.2-19.6
*, in each column values with different letters are statistically different (P<0.05)
Table 2- Physicochemical characteristics of cottonseed oil
Cizelge 2- Pamuk yagimin fizikokimyasal ozellikleri

Variety Free fatty Peroxide value Unsaponifiable lodine  Total carotenoid  Total tocopherol

acid (% oleic) (meq O, kg') matter (%) value (mg kg!) (mg kg!)

Cukurova 1518 2.8 5.7 23 104° 140° 904°
PAUM 15 1.7¢ 53 22 102° 119° 920°
BA119 2.3° 6.0 2.1 110 127° 886°
Mean 22 5.6 22 105.3 128.6 903.3
Range 1.7-2.8 5.3-6.0 2.1-2.3 102-110 119-140 886-920

*in each column values with different letters are statistically different (P<0.05)
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Similar results were obtained by Sharma et al
(2009) and O’Brien (2001) who reported that iodine
value range for cotton seed oil was 98-113 and
101-113, respectively. In other study, cotton seed
oil iodine value was very low (97.4) (Orhevba &
Efomah 2012). Degree of unsaturation of oil varies
depending on genotype obtained oil, climate and
geographical factors and oil processing method. As
degree of unsaturation (number of double bonds)
of oil and iodine value increases, sensitivity to
oxidation that is peroxide value increases (Orhevba
& Efomah 2012). It seems that the lowest iodine
value between cotton genotypes had by PAUM 15
genotype which also has the lowest peroxide value.

It was determined carotenoid contents of
cottonseed oil changed between 119-140 mg kg'.
The oil obtained from Cukurova 1518 was highest
content of carotenoid and BA 119 genotype followed
this. Carotenoid content of oil is related to colour of
oil and oxidative stability (O’Brien 1998).

Total tocopherol content of cotton seed oils
ranged from 886 to 904 mg kg'. While highest
tocopherol content was determined in the oil obtained
from PAUM 15, lowest content of tocopherol was
determined in BA 119. That tocopherol content
varied according to cotton genotypes. Tocopherol
is significant feature because it has antioxidant
structure which prevents oil to oxidation and it has
vitamin E property which increases nutritional value
of oil (Psomiadou & Tsimidou 2002).

The fatty acids composition for cottonsseed oils
are shown in Table 3. The linoleic, palmitic, oleic
and stearic acids were the principal fatty acids for
all genotypes analyzed. The values of miristic,
palmitoleic, linolenic, arachidic did not exceed
1%. It was determined content of oleic acid varied
between 14.06-17.00% in cotton seed oil according
to genotypes. Highest oleic and linoleic acid contents
were found oils obtained from genotypes of BA 119
(17.00%) and PAUM 15 (55.82%), respectively.
Sharma et al (2009) have reported highest oleic
and linoleic acid contents of 24.81% and 52.78%
in cotton genotypes, respectively. Obtained results
support the results of Lukonge (2005) that indicate
there was a negative correlation between oleic
acid and linoleic acid. Specifically, the oxidative
stability of cottonseed oil can be lower than for
other vegetable oils such as olive oil and canola oil
because of its high concentration of linoleic acid
(Dowd et al 2010). Highest palmitic and stearic acid
contents were detected oils in BA 119 (25.63%)
and Cukurova 1518 (3.13%), respectively. The
concentration of palmitic acid (16:0), a saturated
fatty acid, is higher in cottonseed oil (~24%) than
in many other vegetable oils. Higher levels of
saturated fatty acids contribute functionality in food
systems (Dowd et al 2010). BA 119 genotype has
high oleic acid content revealed it is more resistant
to oxidation than other genotypes. The results
obtained are in accordance with O’Brien (1998) and
Baydar & Turgut (1999) who reported that indicate
fatty acid composition of seeds vary according to
genotype and environmental factors.

Table 3- Fatty acids profiles of cottonseed oil of cotton varieties (%)

izelge 3- Pamuk cesitlerine ait tohum yaglarinin yag asiti profilleri (%,
Cizelg, ces yag yag asiti profilleri (%)

Fatty acids Cukurova 1518  PAUM 15 BA 119 Mean Range
Myristic (C14:0) 0.79 0.78 0.80 0.79 0.78-0.80
Palmitic (C16:0) 25.52 24.85 25.63 2533 24.85-25.63
Palmitoleic (C16:1) 0.55 0.54 0.57 0.55 0.54-0.57
Stearic (C18:0) 3.13 3.01 3.12 3.08 3.01-3.13
Oleic (C18:1) 15.11 14.06 17.00 15.39 14.06-17.00
Linoleic (C18:2) 54.01 55.82 52.00 53.94 52.00-55.82
Linolenic (C18:3) 0.14 0.14 0.12 0.13 0.12-0.14
Arachidic (C20:0) 0.29 0.30 0.31 0.30 0.29-0.31
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4. Conclusions

The major findings of the current study are: 1) that
genotype differences in characteristics of cottonseed
oil exist under field conditions, 2) highest oil
content and amount of tocopherol obtained from
‘PAUM-15" while the highest oleic and linoleic
acid content was found in ‘BA119’ and ‘PAUM
15°, respectively, 3) the highest carotenoid content
was found oil obtained from ‘Cukurova 1518, 4)
that the genotype PAUM-15 has larger genetic
potential for cottonseed oil %, linoleic acid content
and total tocopherol among genotypes investigated,
5) due to genotype x environment interactions,
genotypes should be evaluated in more than a single
environment.
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ABSTRACT

Excessive grazing pressure on rangeland vegetation reduces the basal area value of vegetation and also changes the
botanic composition. This study examined the piosphere effects of livestock grazing on rangeland vegetation based on
distance from a natural water source. The piosphere effects were evaluated around Karagol Lake, which is a natural
water-source in Mediterranean region of Turkey. The changes in vegetation were determined within three different sites
where sample plots were located at 0-1000 m, 1000-3000 m and 3000-5000 m away from the lake. The mean values of
basal area in the study area were 10.71%, 14.46%, and 22.16% for three sites, respectively. The average oven-dry hay
yield was 639.0 kg ha'!, 1542.9 kg ha'!, and 2146.3 kg ha’!, respectively. The vegetation similarity indices of the sites
indicated that the botanic composition changed with respect to increasing distance from the lake. The lowest similarity
index was encountered between the site one and site three (30.31%).

Keywords: Piosphere; Rangeland; Basal area; Hay yield; Botanic composition
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OZET

Mera vejetasyonlari iizerinde olusan asir1 otlatma baskisi, vejetasyonun bitki ile kapli alan degerinin azalmasina ve
botanik kompozisyonun degismesine neden olmaktadir. Yapilan bu aragtirmada Tiirkiye’nin Akdeniz bélgesinde yer
alan, dogal su kaynaklarindan biri olan Karagol goliine olan mesafeye gore piosferin vejetasyon tizerindeki etkileri
incelenmistir. Bunun igin ¢aligma alaninda yer alan dogal su kaynaklarindan biri olan Karagdl gdliintin piosfer etkisi
arastirilmistir. Vejetasyonda meydana gelen degisiklikler Karagdl golii ¢evresinden 0-1000 m, 1000-3000 m ve
3000-5000 m uzaklikta segilen ti¢ deneme alani alinarak belirlenmistir. Arastirma alaninda ortalama bitki ile kapli
alan degerleri sirasiyla % 10.71, % 14.46 ve % 22.16 olarak belirlenmistir. G6l ¢evresinde ortalama firin kurusu ot
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verimi sirastyla 63.90 kg da’!, 154.29 kg da” ve 214.63 kg da™ olarak tespit edilmistir. Vejetasyonun benzerlik indeksi
degerlerine gore gol gevresinden uzaklastikga vejetasyonun farklilastigi belirlenmistir. En diisiik benzerlik oraninin
birinci ve tiglincili deneme alanlari arasinda oldugu tespit edilmistir.

Anahtar Kelimeler: Piosfer; Mera; Bitki ile kapli alan; Ot verimi; Botanik kompozisyon

1. Introduction

Rangelands are a type of land on which the natural
vegetation is dominated by grasses, forbs and shrubs
and the land is managed as a natural ecosystem
(SRM 2015). Rangeland areas play important role in
terms of both biological diversity and grazing, due
to having wide range of plant species. In addition,
rangeland vegetation is important in preventing
erosion and runoff (Gokkus & Kog 2001).

The total area of rangelands occupies 3.5 billion
ha in world (FAO 2008). In Turkey, the area of
rangelands is about 14.6 million hectares, while it
was 50 million hectares in 1923 (TSI 2011). Within
the same period, the number of animals grazing
on rangelands increased from 20.3 million to 29.9
million cattle units (TSI 2011). Thus, rangelands
continually decreased while the number of grazing
animals per unit area increased, which led to ever-
increasing grazing pressure on rangelands. The
vegetation structures of rangelands were deteriorated
and productivity decreased due to increasing
grazing pressure. Grazing pressure also reduced the
density of vegetation coverage and emerged active
surface erosion. Due to excessive, non-uniform, and
untimely (i.e. while plants are not mature enough
for grazing and soil is humid) grazing, deterioration
process of vegetation has been accelerated in last
decades.

Unplanned grazing practices in Turkey resulted
in non-uniform grazing which led to much greater
grazing pressure in rangeland areas, especially
rangeland sites located around water sources.
Grazing animals on rangelands tend to stay
around water sources because these animals are
continuously in need of drinking water (Stoddart
et al 1975). Grazing density around water sources
decreases circumferentially away from the center

© Ankara Universitesi Ziraat Fakiiltesi

(Andrew 1988; Pickup 1989; Pickup & Chevings
1994; Pickup et al 1998). The higher grazing density
around water sources causes reduction in the basal
area, changes in botanic composition and extinction
of many plant species. The animal communities
around a water source also result in soil compaction
and consequently increased runoff.

The term “piosphere” is used to define grazing
pressure in areas surrounding water sources,
especially in arid rangelands areas (Lange 1969;
Andrew 1988; Thrash 1998; 2000; James et al 1999).
The origin of the term “piosphere” comes from
Latin; “pios”= to drink and “phere”= round or ball.
Tongway et al (2003) revealed that the piosphere
effect can be noticed even at a distance of 1-3 km
from water. ICARDA (2002) observed deterioration
in vegetation within a radius of 2-5 km around well
shafts due grazing practices. Therefore, the distance
from water sources can be used to define grazing
pressure; because the closer the water sources the
greater the grazing pressure (Ludwig et al 2001).

This study examined the piosphere effect of
grazing pressure on rangeland vegetation according
to distance from a natural water source. Karagol
Lake located in rangelands of Ahir Mountain in
Kahramanmaras region was considered as the center
of piosphere. This region has an arid climate and
study area has been subject to significant amount of
non-uniform grazing. In the study, the basal area,
hay yields and similarity indices between plant
communities were analyzed in the study area.

2. Material and Methods

2.1. Study area

The rangelands of Ahir Mountain are located in
the East Meditarrenean region of Turkey, average
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altitude 1650 m, 25 km away from Kahramanmaras
province. The study area is located between latitudes
37° 39 387-37° 38” 15” N and longitudes 36° 56’
207-37° 03° 14” E (Figure 1). Karagol Lake, located
in the rangeland, has the water surface area of 15.5
ha the study area has transitional characteristics
between continental and Mediterranean climates.
Generally, summers are hot and dry; winters are
cold and snowy. Annual precipitation is about
700 mm. Precipitation generally occurs in winter
and spring. Annual average temperature is 16.7
°C with maximum and minimum temperatures of
45.2 °C (July) and -9.6 °C (February), respectively
(TSMS 2012). When considering the vegetation
period, it can be seen that the study area has arid
climatic characteristics. The soils of the study area
are generally of sandy, sandy loam, and sandy
clay loam that form on the bedrocks of sandstone,
limestone, and mudstone. The flora of the study area
is dominated by herbaceous plants such as Gundelia
tournefortii  var. armata, Bromus tectorum,
Astragalus akmanii, Carduus nutans, Marrubium

BULGARIA

globosum subsp. globosum, Anthemis kotschyana,
Achillea kotschiyana, Galium verum subsp. verum,
Hypericum scabrum, and Allium trachycoleum.

2.2. Methods

A preliminary survey was carried out in the area to
identify potential study sites. It was observed that
some features (i.e. basal area, botanic composition,
etc.) of vegetation differed depending on the distance
from Karagol Lake. Random sampling method was
used for determining vegetation characteristics in the
study area. All sample plots were taken from same
altitude (1620-1670 m), slope (10-20%) and aspect
(south). The piosphere effects of livestock grazing
on rangeland vegetation were evaluated for three
different sites where five sample plots with 1000 m
radius were located based on their proximity to the
lake. In the first site, Plot I centralized the Karagol
Lake. In the second site, Plot IT and IIT were located
on west and east of Plot I, respectively. Then, Plot
IV and V were located on west of Plot II and east of
Plot I11, respectively (Figure 2). Within each plot, 7

Figure 1- The location of the study area

Sekil 1- Arastirma alaninin yeri
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sampling areas occupying an area of 1000 m? (20
m x 50 m) were chosen to determine the basal area,
hay yield, and similarity index. All of the vegetation
measurements were conducted between 1% July and
15" August in 2012. One-way analysis of variance

was applied to determine whether or not there were
significant differences in the effect of distance from
the lake on vegetation characteristics. Statistical
analysis of the data was conducted by using SPSS
(version 18.0).

Figure 2- Sample plots located in study sites

Sekil 2- Calisma alan érnekleme noktalarinin yeri

The loop transect method suggested by Parker
& Harris (1959) was used to evaluate changes in
rangelands vegetation in the study area (Figure 3). In
each sampling area, 6 loop transects were conducted
to estimate basal area (in %). Thus, 42 loop transects
from each plot and total of 210 loop transects from
the whole study area were conducted.

c

50 cm

R=2cm

al

Figure 3- Application of loop transect method; a,
marked rope (20 m); b, steel pins; ¢, loops

Sekil 3- Lup yontemi ile ¢calisma, a, isaretli ip (20 m);
b, tesbit ¢cubugu, c, lup aract

In application of loop transect method, 20 meter
long rope was marked at each 20 cm intervals to
locate loops along each loop transect. Total of
100 loops were located on marked rope which

was anchored on the ground at both end points by
using steel pins. The loop consisted of a 50 cm of
handle attached to an observation ring with about 2
cm (% inches) diameter. During the measurements,
each loop was observed through rings to evaluate
existence of plants and dominant species were
considered if more than one plant exists.

To determine the hay yield in the study area,
total of 175 quadrat samples (1 m x 1 m) were
implemented in the study area, where 5 quadrat
samples were used in each sampling area (Okatan
1987). The herbaceous within the quadrats were
mowed at 5 cm height above the ground surface and
then dried in a drying oven at 78 °C to determine
oven dried hay yields.

A similarity index calculation was used to
compare plant communities of three different sites
(Sorenson 1948; Bakir 1970; Okatan 1987; Kog
1995). The similarity index value was computed
to compare two different sites at once. Equation 1
that suggested by Sorenson (1948) was employed to
calculate similarity index.

S1=[2ijloo )

a+

Tarim Bilimleri Dergisi — Journal of Agricultural Sciences

23 (2017) 260-267 263



The Piosphere Effects of Livestock Grazing on Rangeland Vegetation in Ahir Mountain of Kahramanmaras Region, Reis & Sen

Where; S, similarity index value; W, total value
of the smallest basal area consisted of common
plants in compared sites; ¢ and b, the total value
of the area covered by different plants within the
compared sites.

3. Results and Discussion

A total of 101 plant species were identified within
the study areas, of which four were endemic. Of
the total species, 8 were of the family Poaceae, 7
were Fabaceae. Rests of the species belong to other
families, of which 8 species were weeds that are
toxic, thorny or otherwise harmful to both animal
health and the quality of animal products.

The results indicated that average basal areca was
15.77% for the whole rangeland. It was also found
that the study area was exposed heavy grazing
pressure. The average basal area was 10.71%
around the lake in the first site (0-1000 m), while it
was 14.46% and 22.16% within the second (1000-
3000 m) and third (3000-5000 m) sites, respectively.
It was realized that the lowest basal area was in the
first site due to higher grazing pressure from animals
visiting the lake for watering (Figure 4). As shown in
Figure 5, the shores of the lake were severely grazed
and the density of animal trails increased due to the
animals continuously visiting the lake for watering,
thereby leading to surface erosion in this area.

Analysis of variance showed a significant
difference in basal area among the three sites
(P<0.05) (Table 1). The basal area was increased
with greater distance from the lake. Likewise, Todd
(2006) reported that perennial plant cover increased

35
y=10.2019x + 8.4284

30 R2=0.523
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Figure 4- Average basal area of study sites

Sekil 4- Deneme alanlarmin ortalama bitki ile kapl
alan degerleri

Figure 5- The center of the study area; Karagol
Lake and its circumference

Sekil 5- Calisma alaninin merkezi; Karagol ve ¢evresi

with distance from water sources. Fusco et al (1995)
indicated that long-term cattle grazing of areas
near water sources was associated with a decline
in perennial Gramineae species. Gemedo Dalle et
al (2006) found a significant correlation between
distance from water sources and Gramineae plants,
with the number of Gramineae species increasing

Table 1- Variance analysis (ANOVA) of basal area of sample plots

Cizelge 1- Deneme alanlarinin bitki ile kapli alan degerlerine ait varyans analizi

Sites Number of  Average canopy cover Star.qurd Fvalue Significance

samples (%) deviation level
First site (Plot I) 42 10.71 2.10a 55.161 0.000"
Second site (Plot II-11T) 84 14.46 3.86b 0.000"
Third site (Plot IV-V) 84 22.16 4.74 ¢ 0.000"
Total 210 16.00 6.00

*, significant at the 5% of probability level (P<0.05)
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with distance from the water source. Vallentine
(1990) revealed that cattle heavily grazed on fodder
plants around the water sources, thereby decreasing
the basal area within this area. In conclusion, the
values obtained for basal area indicate heavy
grazing effect circularly around the water sources
while grazing effect decreases moving away from
water sources (Child et al 1971; Graetz & Ludwig
1978; Tolsma et al 1987; Perkins & Thomas 1993;
Brits et al 2002).

Average oven-dry hay yield for the whole study
area was 911.1 kg hal. It was also determined that
the average hay yields were 639.0 kg ha', 1542.9 kg
hal, and 2146.3 kg ha'! for three sites, respectively
(Figure 6). ANOVA results showed that hay yields
differed significantly among the study sites (P<0.05)
(Table 2). Hart et al (1989) found that 77% grazing
in a 1000 ha range occur within 400 m of the water
sources. Solomon et al (2007) found that heavy
grazing pressure occurred circularly around water
sources. They also stated that vegetation structure
changed and hay yield decreased around the water
source. Naveh & Whitaker (1979) found that cattle
need to drink water regularly 2-3 times per day, and
heavily grazed the circumferences of water sources
and that changed the vegetation structure. Holechek
et al (2004) found that animals spend much time
around water sources, especially in dry seasons.

350
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Figure 6- Average hay yields in study sites

Sekil 6- Deneme alanlarina ait kuru ot verimi
ortalamalart

The similarity index of Sorenson (1948) was
used to determine similarities in plant communities
between the sites. The greatest similarity in
vegetation was found between the second (1000-
3000 m) and the third (3000-5000 m) sites (40.31%)
(Table 3). The least similarity in vegetation was
found when comparing the first site immediately
around the lake (0-1000 m) with the third site (3000-
5000 m). This finding indicated that the botanical
composition of the vegetation differs according to
distance from the water source.

Table 2- Variance analysis (ANOVA) of hay yield of sample plots

Cizelge 2- Deneme alanlarinin verim degerlerine ait varyans analizi

. Number of  Average hay Standard Significance
Sites samples yields (kg ha'') deviation Fvalue level
First Site (Plot I) 35 639.0 3238a 10.45 0.002"
Second Site (Plot II-11T) 70 1542.9 36240 0.009"
Third Site (Plot IV-V) 70 2146.3 767.6 ¢ 0.023"
Total 175 14427 804.3

*, significant at the 5% of probability level (P<0.05)
Table 3- Similarity indices in the study area (%)
Cizelge 3- Arastirma alanina ait benzerlik indeksi degerleri (%)
First site/second site First site/third site Second site/third site
Similarity indices 33.85 30.31 40.31
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This study was carried out on the rangelands of
Ahir Mountain in Kahramanmaras province, Turkey.
The effect of distance from natural water sources
directly affects uniform grazing, and therefore
the hay yield and plant community structure. The
findings indicated that basal area and hay yields
decreased closer to water sources; and botanic
composition changed due to the heavier grazing
pressure around water sources. Therefore, survey
sites with a greater difference in terms of their
proximity to water sources showed less similarity
between plant communities. The study also showed
that the number of animal routes increased closer
to water sources, with heavy grazing alongside
these routes, because animals need to drink
water frequently. One of the most basic issues of
rangelands management is to identify the number
and locations of water sources that might provide
homogenous grazing within a rangeland area. It was
concluded that there were insufficient or unevenly-
distributed water sources within the study area
to meet the needs of animals. The area therefore
requires additional evenly distributed water sources
and some other structures (salt-licks and scratching-
posts, etc.) for animals. Besides, a new network
of routes should be established to prevent animals
wandering when accessing water sources.
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ABSTRACT

Soybean is a very valuable crop plant and the soybean crop area is continually increasing in the world and in Poland.
The effectiveness of soybean cultivation depends on soil and climatic conditions as well as on appropriate tillage. An
alternative for plough tillage in the cultivation of soybean is to grow this crop using no-tillage, the popularity of which
is constantly growing. The aim of this study was to compare the effect of conventional tillage (CT) and no-tillage
(NT) on yield, weed infestation and qualitative seed composition of soybean grown under the conditions of the Lublin
Upland. A field study was carried out over the period 2009-2012 at the Czestawice Experimental Farm (51° 18’ 23" N,
22° 16’ 2" E). The experiment was set up on loess-derived grey-brown podzolic soil as a split-block design in four
replicates. The experimental factors were the following tillage systems: conventional tillage (CT) and no-tillage (NT).
The soybean cultivar Nawiko was grown in the experiment. The present study showed that the soybean seed yield
obtained under CT was higher by 24.3% than under NT. The main reason of the seeds yield decrease in the NT was less
soybean plant density. The significant higher number and weight of weeds were recorded in NT, relative to CT. The oil
content in seed harvested from the NT plots was found to be higher by 0.3%.

Keywords: Glycine max; Conventional system; No-tillage
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OZET

Soya fasulyesi onemli bir bitkidir ve diinyada ve Polonya’da ekilis alan1 artmaktadir. Soya fasulyesi yetistiriciliginin
etkinligi toprak ve iklim faktorlerinin yaninda uygun toprak islemesine de baglidir. Soya fasulyesi yetistiriciliginde
pullukla devirerek toprak islemeye alternative bir yontem de giincelligi giderek artan toprak islemesiz soya fasulyesi
yetistiricilgidir. Bu ¢alismanin amaci geleneksel toprak isleme (CT) ile toprak islemesiz (NT) soya fasulyesi
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yetistiriciliginin Lublin, Polonya kosullarinda verim, kalitatif tohum kalitesi ve yabanci ot oranina etkisini
kargilastirmaktir. Bu amacla 2009-2012 yillarinda Czeslawice Arastirma Ciftliginde (51° 18’ 23" N, 22° 16’ 2" E) bir
tarla denemesi yiirlitiilmiistiir. Deneme, 16s olusumlu grikahverengi podzol toprak tizerinde 4 tekerriirlii olarak bolinmiis
parseller deneme deseninde yiiriitiilmiistiir. Aragtirmada; geleneksel toprak igleme (CT) ve toprak islemesiz (NT) toprak
isleme faktorleri olarak ele alinmistir. Soya fasulyesinin Nawiko ¢esidi kullanilmistir. Caligmadan elde edilen sonuglar;
soya fasulyesi tohum veriminin toprak islemesiz (NT) yetistiricilige gore geleneksel toprak islemeli (CT) yontemde
% 24.3 daha fazla oldugunu goéstermistir. Toprak islemesiz yontemde bitki sikligmnm az olmasi tohum veriminin az
olmasinda temel etken olmustur. Geleneksel toprak islemeye (CT) oranla, toprak islemesiz (NT) yontemde agirlik ve
say1 olarak yabanci ot dnemli derecede yiiksek olmustur. Toprak islemesiz yontemde (CT) hasat edilen tohumlarin yag

icerigi % 0.3 daha yiiksek olmustur.

Anahtar Kelimeler: Glycine max; Geleneksel toprak isleme; Toprak islemesiz

1. Introduction

Soybean is a species that enjoys a growing popularity
in the world. In the last ten years, soybean production
has increased by 45%. The cultivation of this crop
is concentrated mainly in North and South America.
In 2013, these two regions accounted for as much
as 87.1% of the production of this crop. The United
States, Brazil, Argentina as well as China and India are
the largest soybean producers. Over the last decades,
Europe’s soybean production has increased more than
three times and in 2013, it made up 2.2% of the total
global production. In Poland, the area of this crop has
doubled since 2003, standing at 855 ha in 2012, while
the soybean production increased more than five times
in the same period (FAOSTAT 2015).

In soybean cropping, climatic conditions, primarily
temperature and rainfall, are the factors that limit the
yield potential of this crop plant. In areas with low levels
of rainfall, it is very important to prepare the soil in a
way that will ensure retention of the highest possible
amount of rainwater. Agronomic practices involving
the replacement of the plough with implements that do
not turn the soil over or the complete abandonment of
mechanical tillage (no-tillage) offer this possibility to
agricultural producers. As a result of the use of no-tillage,
there are changes in soil density and compactness, while
the moisture and nutrient content in the soil upper
layers increase (Majchrzak et al 2004; Martinez et al
2008; Celik 2011). The effectiveness of no-tillage is
dependent on the type of soil and its moisture conditions
and using of appropriate seeder type (Altikat & Celik

© Ankara Universitesi Ziraat Fakiiltesi

2012). Many authors stress that no-till should not be
used in light soils (Munkholm et al 2003; De Vita et
al 2007; Martinez et al 2008; Wtodek et al 2012). No-
tillage frequently results in excessive weed infestation
of the crop and the weed structure changes as a result
of long-term use of this tillage system (the proportion
of perennial weeds increases) (Blecharczyk et al 2004).
This problem can be solved, among others, by using
non-selective systemic herbicides before sowing or by
sowing soybean seeds in a cover crop (Oliveira et al
2013; Bernstein et al 2014). As a result of the use of no-
tillage, reduced crop yields are recorded (Yalcin & Cakir
2006; Korzeniowska & Stanistawska-Glubiak 2009),
but its soil protective effect and lower energy inputs on
no-tillage operations, compared to conventional tillage,
offer a huge opportunity to spread this tillage system
(Dzienia et al 2006; Yalcin & Cakir 2006).

The aim of this study was to compare the effect
of plough tillage and no-tillage on yield, qualitative
seed composition and weed infestation of soybean
grown under the conditions of the Lublin Upland.

2. Material and Methods

2.1. Materials and plant experiment

A field study was carried out over the period
2009-2012 at the Czestawice Experimental Farm
(51° 18" 23" N, 22° 16' 2" E), belonging to the
University of Life Sciences in Lublin. In 2010, the
soybean plantation was terminated due to adverse
weather conditions and the resultant inhibited plant
emergence. The area of each experimental plot was
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96 m?. The soybean cultivar Nawiko was grown in
the experiment. The study factors were the following
tillage systems.

Conventional tillage (CT)-skimming, double
harrowing, autumn ploughing to a depth of 25 cm.
In the spring, harrowing, cultivating, harrowing,
sowing.

No-tillage (NT)-without mechanical tillage. In
the spring, only Roundap Energy 450 SL (active
ingredient (a.i.)-glyphosate) was applied at a rate of
3 Lhal.

Mineral fertilizer was applied to soybean crops
before sowing at the following rates: N-50 kg ha’!,
P-35kgha’, K-83kgha'. Mineral fertilizerrates were
determined based on the nutritional requirements of
soybean and soil nutrient availability.

Each year, soybean was sown at the turn of
April and May in a field after winter wheat. The
row spacing was 20 cm, seeding depth 3 cm, and
planned plant density 100 plants m™.

Before sowing, soybean seeds were inoculated
with  Bradyrhizobium japonicum bacteria and
the seed dressing Vitavax 200 FS (a.i. carboxin,
thiuram) was applied at a rate of 400 mL 100
kg! seed. Immediately after sowing, a mixture of
the herbicides Afalon Dyspersyjny 450 SC (a.i.
linuron)+Dual Gold 960 EC (a.i. S-metolachlor)
was applied at the rate of 1 L+1.8 L ha''. Each year,
the soybean crop was harvested in the first 10-day
period of September.

2.2. Soil conditions

The soil was characterized by slightly acidic pH
(in 1 M KCI= 6.2), high phosphorus and potassium
availability as well as medium magnesium
availability. The humus content was 1.2%.

2.3. Meteorological conditions

During the first growing season of soybean (2009),
the average air temperature in individual months
was generally higher than the long-term mean
(Figure 1). Lower temperatures were only recorded
in May and June. The rainfall in 2009 exceeded the
long-term mean only in May and June (Figure 2).

The next growing season (in 2010) proved to be
unfavorable for soybean, primarily due to a rather
low temperature in the month of sowing (April)
and heavy rainfall in May which much exceeded
the long-term mean. On account of unsatisfactory
emergence, the soybean plantation was terminated
in the second year of the experiment. The year 2011
turned out to be favorable for soybean development
in terms of thermal conditions. In particular months
of the growing season, higher or similar (May, July)
temperatures were generally recorded compared to
the long-term mean. Lower than average rainfall
was recorded during the initial period of soybean
growth (April and May) as well as during maturation
and harvest (August and September). The last year
of the study (2012) was very warm and quite dry.
A higher than average temperature was recorded in
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Figure 1- Mean monthly in 2009 and 2012, and
long term air temperature (°C) at the Czeslawice
Meteorological Station

Sekil 1- Czestawice Meteoroloji Istasyonu 2009-2012
yillart ve uzun donem ayhk ortalama hava sicakhig
(°C) verileri
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Figure 2- Long term and monthly rainfall in 2009-
2012 at the Czestawice Meteorological Station

Sekil 2- Czestawice Meteoroloji Istasyonu 2009-2012
yillart ve uzun donem aylik ortalama yagis (mm)
verileri
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all the months. The total rainfall exceeded the long-
term mean in June and July.

2.4. Sampling and plant analysis

Plant density after emergence and before harvest
was estimated in two rows along a length of 2.5 m.
The yield traits were determined based on a sample
consisting of 30 randomly selected plants from each
plot. The seed yield was weighed separately for
each plot and the obtained results were expressed
hectare basis. Weed infestation of the soybean crop
was determined using the dry-weight-rank method
at the pod and seed maturation stage (BBCH 81/82).
The evaluation involved the determination of the
botanical composition of weeds, their density and
air-dry weight. The sampling area was delineated
with a 1 mx0.5 m quadrat frame in two randomly
selected places in each plot.

The content of protein, oil and fiber in soybean
seed was determined using the phenomenon of light
reflection within the range of near infrared of the
analyzed substance, with the use of an Omega G

computer transmission analyzer of the whole grain
(Bruins Instruments, Germany) at the Department
of Agricultural Ecology of the University of Life
Sciences in Lublin.

2.5. Experimental design and statistical analysis

The experiment was set up on loess-derived grey-
brown podzolic soil as a split-block design in
four replicates. The results obtained in the years
2009, 2011, and 2012 were statistically analyzed
using analysis of variance (ANOVA) using SAS
programme (Statistical Analysis Software) and,
the significance of differences was evaluated by
Tukey’s test at P<0.05.

3. Results and Discussion

3.1. Yielding and structure of yield of soybean

On average for the three-year study, the soybean
seed yield obtained in the CT treatment was higher
by 24.3% compared to NT (Table 1). Most authors
confirm that under NT conditions lower soybean

Table 1- Yield and selected characteristic of soybean yield structure

Cizelge 1- Toprak isleme sistemlerine gore soya fasulyesi verim ve verim égeleri

Plant density
Soil illage (ST) Veld  emogence  havest  hoightweign hotn
Years (t ha'') (No m™) (cm) (g) (cm)
2009 3.02 58.0 48.3 85.4 126.4 10.6
Conventional till- 2011 3.19 97.0 95.0 97.4 139.2 13.0
age (CT) 2012 2.86 41.8 34.8 73.7 106.0 10.6
Mean 3.02 58.0 59.4 85.5 123.9 11.0
2009 1.70 39.5 35.0 71.9 124.1 7.4
. 2011 2.93 78.8 75.8 93.8 141.1 12.2
Notillage ND) 5510 265 30.0 25.8 69.4 105.8 7.7
Mean 2.43 49.4 45.5 78.4 123.7 9.1
2009 2.36 48.8 41.6 78.6 125.2 9.0
?%an for years 2011 3.06 87.9 85.4 95.6 140.2 12.6
2012 2.76 359 30.3 71.6 105.9 8.5
LSD (P=0.05)
ST 0.406 6.56 6.62 5.27 ns 1.61
Y 0.604 9.76 9.86 7.84 6.68 2.40
STxY ns ns ns ns ns ns
ns, not-significant
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yields are obtained than under CT (Bujak et al 2001;
Gaweda et al 2014; Monsefi et al 2014). Pikul et al
(2001) showed that any modifications in tillage for
sowing soybean negatively affect its yield potential
and yields can be lower even by a dozen or so
percent. Opposite results were obtained by Houx
et al (2014) who proved a significant increase in
soybean yield (by 4.8%) on loamy soil under NT
compared to CT.

Soybeanis aplant very sensitive to environmental
stresses such as low and high temperature or
drought. In cold climate countries, low temperatures
are the factor that determines the production of this
crop (Vollmann et al 2000; Ohnishi et al 2010).
The critical periods in terms of water requirement
and thermal conditions occur from sowing to full
emergence as well as during flowering and seed
maturation (Kotodziej & Pisulewska 2000; Thuzar
et al 2010). Despite that the evaluated small-
seeded soybean cultivar Nawiko is very sensitive to
variable and adverse weather conditions (Kotodziej
& Pisulewska 2000), its average yields obtained in
this experiment were higher by 0.12 t ha! compared
to cv. Aldana and by 0.37 t ha! in relation to cv.
Augusta grown under the same agronomic, climatic
and soil conditions (Gaweda et al 2014). In the
present experiment, the highest soybean yield was
harvested in the year 2011 which proved to be most
favorable for the growth of this crop (Table 1).
Moderate rainfall and the temperature in May and
June at a level of the long-term mean guaranteed
even emergence; this was translated into a high
plant density, in particular under conventional
tillage. Regardless of tillage system, soybean
produced the worst yield in the first year of the
study in which April was a rainless month, in May
and June the rainfall much exceeded the long-term
mean, whereas July, August and September were
dry months. The air temperature slightly exceeded
the long-term average. Rainfall was the yield-
limiting factor in this growing season. Excessive
rainfall at the initial growth stages disturbed the
water and air relations and caused soil crusting and
uneven emergence. The adverse weather conditions
in 2009 had a particularly negative effect on the

yield of soybean grown under NT. Relative to CT,
the crop productivity was lower by 43.7%. Wtodek
et al (2012) proved that in the case where NT is
used both an excess and deficiency of rainfall cause
large changes in yields. In the present study, in 2009
an almost half lower yield was obtained under NT
conditions compared to CT, which could have been
caused by a high amount of rainfall during the initial
growth stages of soybean; in grey-brown podzolic
soil this resulted in excessive soil moisture. This
problem was not observed when mechanical tillage
was used. Lower yields were also obtained under
NT, compared to CT, in the next two years of the
study, but the differences between these tillage
systems were smaller as 8.2% in 2011 and 7.3% in
2012.

As far as the soybean crop and yield components
are concerned, the tillage systems used significantly
modified only the plant density after emergence
and before harvest, plant height, and first pod
height (Table 1). Under CT, the plant density was
found to be higher by 32.8% after emergence and
by 30.5% before harvest compared to that found
under NT. The plant height and first pod height were
also higher in the CT treatment, respectively by 9.1
and 20.9%. The values for the above-mentioned
crop and yield components were most favorable
in the year 2011 in which the highest seed yield
was obtained. Tillage system did not have a major
effect on 1000 seed weight, number of seeds per
pod, number of pods per plant as well as number
and weight of seeds per plant (Tables 1 and 2).
The number of pods per plant differed significantly
depending on the interaction between factor of
experience and years of research. In both soil tillage
systems, the highest number of pods per plant
were obtained in 2012. In their research, Gaweda
et al (2014) also demonstrated similar trends in the
changes in the soybean yield structure. Monsefi et al
(2014) showed tillage system to have a significant
effect on plant height only during the initial period
of plant growth, whereas the soybean plant height
before harvest was similar under CT and NT. On the
other hand, Bujak et al (2001) proved that due to
high weed infestation of the crop NT resulted in the
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lengthening of soybean plants and thus the higher
first pod height compared to CT. In the present
experiment, the 1000 seed weight and the number
of'seeds per pod were comparable under CT and NT.
Monsefi et al (2014) proved however that the above-
mentioned traits were significantly lower under NT
compared to CT.

3.2. Weed infestation

On average for the three-year study period, the
tillage systems used significantly modified the
number and air-dry weight of weeds in the soybean
crop (Table 2). In the NT treatment, compared
to CT, the number of weeds was higher by 24.3
plant m?, whereas their dry weight by 40.1 g m™.
The dry weight of weeds differed significantly
depending on the tillage system throughout the
study years. The highest weight of weeds was
recorded in no tillage plots (NT) in the years
2012 and 2009, which were characterized by low

rainfall. In conventional tillage (CT) weed growth
was inhibited by a shortage of rainfall.

The tillage systems used significantly modified
the floristic composition of weeds (Figure 3).
Under NT, the perennial species Elymus repens
was dominant. Galinsoga ciliata was also found
in great numbers. The use of CT substantially
reduced the numbers of most weeds occurring in
the soybean crop, in particular E. repens and G.
ciliata. Under CT, Chenopodium album was the
most numerous, while among the perennial species
it was Equisetum arvense. The increased numbers
of perennial weeds in NT treatments are also
confirmed by the studies of Halford et al (2001)
and Bujak et al (2004). Gibson et al (2005) report
that in soybean and maize crops weeds are a greater
problem than diseases, nematodes and insects.
Norsworthy (2003) and Vollmann et al (2010) also
found that weed competition significantly reduced
soybean yields.

Table 2- Some of characteristic of soybean yield structure and number and weight of weeds in soybean

canopy

Cizelge 2- Toprak isleme yontemlerine gore soya fasulyesi verim égeleri ile yabanci ot sayi ve agirliklart

Number of  Number of  Number of  Weight of

Soil tillage (ST) Years pods per seeds per seeds per seeds per Number of Weight of
plant pod plant plant weeds weeds
(No) (No m?) (No m?) ® (No m?) (gm?)
2009 29.1 1.8 53.4 6.8 4.0 8.5
Conventional 2011 16.9 1.9 322 4.5 9.0 53.3
tillage (CT) 2012 334 2.0 68.2 7.3 4.3 29.0
Mean 26.5 1.9 51.3 6.2 5.8 30.3
2009 24.9 2.0 48.6 6.0 20.2 86.2
No tillage (NT) 2011 18.3 1.8 335 4.8 33.2 33.0
2012 39.6 2.0 78.9 8.6 36.8 92.0
Mean 27.6 1.9 53.7 6.5 30.1 70.4
Mean for years (Y) 2009 27.0 1.9 51.0 6.4 12.1 47.4
2011 17.6 1.8 32.8 4.6 21.1 43.2
2012 36.5 2.0 73.6 8.0 20.6 60.5
LSD (P=0.05)
ST ns ns ns ns 13.02 16.13
Y 4.48 ns 10.46 1.38 ns ns
STxY 7.88 ns ns ns ns 12.24
ns, not-significant
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B Elymus repens

B Equisetum arvense

M Galinsoga ciliata
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B Echinachloa crus-galli
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No tillage (NT)

Figure 3- Percentage of dominant weeds species in
soybean canopy (mean from 2009-2012)

Sekil 3- Soya fasulyesi deneme alaminda 2009-2012
ortalamasi olarak yaygin yabanci ot tiirleri

3.3. Qualitative seed composition

In the present study, tillage system did not have
a significant effect on the seed protein and fiber
content, but the oil content in seed harvested from
the NT treatment was higher by 0.3% relative to
CT (Table 3). In both tillage systems the highest
fat content was recorded in 2012, characterized
by a small but well-distributed rainfall during the
growing season.

Table 3- Selected quality properties in seeds of
soybean

Cizelge 3- Soya fasulyesi tohumlarimin kimi kalite
ozellikleri

Years  Protein Fat Fibre
Soil tillage (ST) (%)

2009 353 17.1 5.0
Conventional 2011 35.0 17.1 5.0
tillage (CT) 2012 29.5 18.6 5.5

Mean 33.3 17.6 5.2

2009 35.0 17.2 5.0

. 2011 33.8 17.9 5.0

Notillage(NT) 5515 296 186 54

Mean 32.8 17.9 5.1
Mean for years 2009 352 17.2 5.0
) 2011 344 17.5 5.0

2012 29.6 18.6 5.5
LSD (P=0.05)
ST ns 0.20 ns
Y 1.02 0.29 0.09
STxY ns 0.52 ns

ns, not-significant

Also, the results of other authors’ research do not
show that tillage system determines the content of
major constituents of soybean seed. In the studies
of Houx et al (2014), the use of NT did not modify
significantly the seed protein and fiber content.
In the research of Gao et al (2009), however, NT
contributed to an increase in oil yield per hectare.

4. Conclusions

The soybean seed yield obtained under CT was higher
by 24.3% relative to NT. The main reason of the
seeds yield decrease in the NT was less soybean plant
density, which contributed indirectly to increased
weed infestation. A 5-fold higher number of weeds
and an over 2-fold higher weed weight were recorded
in the NT treatment compared to CT. A richer floristic
composition of weeds in the soybean crop and an
increase in the numbers of the dominant species, in
particular E. repens and G. ciliata, were found under
NT. In seed harvested from the NT plots the oil
content was found to be higher by 0.3%.
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OZET

Bu arastirma, Tekirdag Karahisarli kdyiiniin otlanan, korunan ve siiriiliip terkedilen meralarinda iki y1l siireyle (2010
ve 2011) yiiriitiilmiistiir. Meralarin her birinde 30x20 m (600 m?) 4’er 6rneklik alan igerisinde belirlenen 4 hat {izerinde
4 farkli noktadan 30 Mart-15 Temmuz arasinda 15’er giinliik araliklar ile ot 6rnekleri alinmistir. Mera otlarinin iki
yillik ortalamalarina gore sirastyla ham protein (HP), ham yag (HY), ham kiil (HK) oranlar1 korunan merada % 10.93,
% 1.78 ve % 7.71, otlanan merada % 9.46, % 2.03 ve % 7.86 ve siiriiliip terkedilen merada % 8.55, % 1.69 ve % 8.55
olarak bulunmustur. Mart-Temmuz arasi 15 giinliik araliklarla alinan 6rneklerde en yiiksek ham protein otlanan merada
30 Nisan’da (% 10.86), korunan merada 15 Mayis’ta (% 12.17) ve siiriiliip terkedilen merada 15 Nisan’da (% 14.92)
belirlenmistir. Otun, ADF ve NDF oranlari sirastyla korunan merada % 38.38 ve % 49.68, otlanan merada % 36.92 ve
% 51.77 ve siiriiliip terkedilen merada % 35.84 ve % 50.93 olarak bulunmustur.

Anahtar Kelimeler: Mera; Besin maddesi igerikleri; Ham protein; ADF ve NDF
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ABSTRACT

This research was carried out on enclosured, grazed and abandoned pastures in Karahisarli village in the province of
Tekirdag for two years (2010 and 2011). The measurements were taken on four line in each of four designated sampling
areas on the pastures. The forage samples were taken between 30 March and 15 July for 15-days intervals. According
to average of the two year, the ratio of crude protein, crude fat, crude ash content were found as 10.93%, 1.78% and
7.71% on enclosured pastures, 9.46%, 2.03% and 7.86% on grazed pastures and 8.55%, 1.69% and 8.55% on abandoned
pastures, respectively. Between March and July, samples collected for 15-days intervals indicated that the highest ratio
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of crude protein was determined on 30 April on grazed pastures (10.86%), on 15 May on enclosured pastures (17.12%)
and on 15 April on abandoned pastures (14.92%). ADF and NDF ratios which shows digestibility of feed were found in
enclosured range as 38.28% and 49.68%, in the grazed range as 36.92% and 51.77%, on abandoned range as 35.84%

and 50.93%, respectively.

Keywords: Pasture; Nutrient contents; Crude protein; ADF and NDF

1. Giris

Tiirkiye, 14.8 milyon BBHB’ne esdeger hayvan
ile diinyada on siralarda yer alirken, hayvan
basina iiretilen et ve siit veriminde ise gerilerde
yer almaktadir. Bu durum daha ¢ok hayvan irklar
ile hayvanlarin yetersiz beslenmesi ve hayvan
refahinin  distiniilmemesi  gibi  nedenlerden
kaynaklanmaktadir. Ancak, 2008-2012 yillari
arasinda hayvancilik desteklerinin artirilmasi ile
kiltir ve melez rklar % 42, kiigiikbag hayvanlar
% 17.4 oraninda artmis, buna karsilik siit iiretimi ise
yaklasik % 30 oraninda (Anonim 2013) artmistr.

Ulkemizde biiyiikk ve kiigiikbag hayvanlarin
beslenmesinde en Onemli kaba yem kaynagi
olan cayir ve meralarin uygunsuz ve amag dist
kullanilmalart sonucunda, iiretim gii¢lerinin ve
biyogesitliliklerinin  azalmasi ile topraklarinin
erozyona maruz kalmas: gibi biiyliik degisikliler
ortaya ¢ikmistir. Mera bitki ortiilerinde lezzetli besin
degeri yiiksek tiirler tiretim gliclerini kaybetmis
ya da ortamdan kaybolmus, daha az tercih edilen
yabanci otlar hakim olmuslardir. Ancak son yillarda
mera 1slah ve amenajman calismalari ile bu durum
tersine donmeye baslanmaistr.

Mera bitki Ortiileri ¢ok sayida bugdaygiller
ve baklagiller ile diger familyalara ait farkli
tiirlerden olusan bir karisimdir. Bu karigimlarda
bugdaygillerin karbonhidrat, baklagillerin protein
ve diger familyalarin da mineral elementler
bakimindan daha zengin (Andi¢ 1981; Bakoglu
1995; Vallentine 2000) olduklar1 ifade edilmistir.
Bu nedenle ¢ayir ve meralarin besin degerleri mono
kiiltir yem bitkilerinden farklidir (Vazquez de
Aldana et al 2000).

Yem firetiminin kalitesi ve miktart meralarda
otlayan hayvanlarin iiretim seviyesinin

© Ankara Universitesi Ziraat Fakiiltesi

belirlenmesinde temel faktordiir (Heitschmidt et al
1995). Hayvancilikta bol siit verimi, yiiksek {ireme
giicii ve yeterli kar edinimi hayvanlarin yeterli
derecede beslenmesine baglhdir. Yemlerdeki besin
eksiklikleri, hayvanlarin yeterli beslenememesine,
diisiik verime, salgin hastaliklara ve parazitlere karst
korumasiz olmasiin yaninda iireme problemlerine
neden olmaktadir (Sultan et al 2008).

Mera otlarinin besin degerlerinin bilinmesi
hayvan besleme a¢isindan 6nem arz eder. Tiirkiye’de
hayvanlarm yillik ham protein ihtiyaci 2.1 milyon
tondur. Bu ihtiyacin ne kadarmin meralarimizdan
karsilanabileceginin bilinmesi 6nemlidir. Karslt
et al (2003), otlatma sezonunda HP, ADF ve NDF
oranlarinin sirasiyla, korunan merada % 6.33-15.18,
% 33.57-43.14 ve % 55.23-70.73, otlanan merada
% 7.04-15.74, % 32.44-44.51 ve % 55.63-73.83
arasinda degistigini belirtmiglerdir. NRC (2001)
siit ineklerinin erken laktasyon déneminde giinliik
protein ihtiyacinin kuru maddede % 16.5-17.5
arasinda olmasi gerektigini on gormdistiir. Besi
hayvanlari i¢in ham protein oran1 % 6.25 in altina
diismeyen kaba yemler i¢in ek yemleme yapilmaz
(Caton et al 1988). ABD’de bulunan Dairyland
Laboratuvarinda 2001°de yapilan kaba yem tahlili
sonucunda, mera otlarinda ADF ve NDF arasinda
% 20’1ik farkin ideal oldugu belirtilmistir (Anonim
2014). Redfearn et al (2004), yemlerin nispi besleme
degerinin 100 olabilmesi i¢in ADF’nin % 41 ve
NDF’nin % 53 olmasi gerektigini ve nispi besleme
degerinin 100’den biiyiik olmasi durumunda yem
kalitesinin arttigini, altina diigmesi durumunda ise
azaldigin1 bildirmigler ve nispi besleme degerini,
ADF’nin % 20 ve NDF’nin % 30 oldugu durumda
227 ve ADF’nin % 49 ve NDF’nin % 56 oldugu
durumda ise 84 olarak bulmuslardir.
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Cayrr ve mera otlarin yem iretimi ve
kalitesinin ¢esitli ekolojik ve ¢evre faktorlerine
gore degistigi bilinmektedir. Yem tiretimi ve kalitesi
bitki florasi, bliylime sartlari, vejetasyon donemi,
botanik bilesim, iklim faktdrleri, topragin yapisi,
denizden yiikseklik, sulama ve giibrelemeye bagh
olarak degismenin yaninda (Holmes 1994; Ergiin et
al 2002) otun 6rnekleme zamani (Avci et al 2006;
Cetiner et al 2012) ile meralardan faydalanma
bicimi ve siddetine (George et al 2001) gore de
degismektedir.

Bualigmanin amaci, korunan, otlanan ve siiriiliip
terkedilen meralarda bitki biiyiime doneminde ve
farkli 6rnekleme tarihlerinde otun ham protein, ham
kil, ham yag, ADF ve NDF oranlarinin belirlenmesi
ve hayvan besleme yoniinden yeterlilik durumunun
ortaya konmasidir.

2. Materyal ve Yontem

Arastirma, Tekirdag ili Merkez Karahisarl
Koyi'nde iki yil siireyle (2010, 2011) otlanan,
korunan ve siiriiliip terk edilen dogal meralarda
yuritilmiistiir.

Yillik ortalama sicaklik 2010 yilinda 14.9 °C,
2011 yilinda 15.8 °C ve bu yillarm ortalamasi 15.4 °C
olmustur. Uzun yillar (1975-2011) ortalama sicaklik
ise 14.3 °C’dir. Toplam yagis 2010 yilinda 803.9
mm, 2011 yilinda 729.6 mm ve bu yillarin ortalama
yagist 766.8 mm olarak ger¢eklesirken uzun yillarin
toplam ortalama yagis1 589.8 mm olmustur (Anonim
2013). Arastirma yillarinda biitiin aylarin sicaklik
ortalamast uzun yillar ortalamalarindan yiiksek
olmustur. Trakya Yoresinin bitki ortiisti Akdeniz,
Orta Avrupa, kolsik ve Anadolu step bitki Ortiisii
ozellikleri tasir (Donmez 1990). Trakya ydresinde
Trifolium campestre, Medicago minima, Lotus
corniculatus, Dactylis glomerata, Lolium perenne,
Chrysopogon  gryllus, Koleria cristata, Vulpia
ciliata, Eryngium campestre, Plantago lanceolata ve
Sanguisorba minor baskin tiirler olarak belirlenmistir
(Tuna 2000; Altin et al 2007; Giir 2008).

Arastirma sahalarmin toprak 6zelliklerinden
organik madde, pH, P ve K miktarlar1 sirasiyla
otlanan merada % 2.66, 6.45, 8.50 mg kg, 165.64

mg kg'!, korunan merada % 1.19, 7.72, 3.54 mg kg'!,
52.56 mg kg' ve sirilip terk edilen merada
%0.96,7.74,4.76 mg kg, 75.51 mg kg olarak tespit
edilmistir. Arastirma alaninda toprak reaksiyonu ve
bilinye smiflari, korunan merada hafif alkali ve tinl,
otlanan merada hafif asit ve killi, siiriiliip terk edilen
merada ise hafif alkali ve tinli olarak belirlenmistir.

Aragtirmaya konu meralarn  her birinde
600’er m?’lik (30x20 m) 4’er adet 6rneklik alanlar
olusturulmustur. Bu alanlarda, 4 hat iizerinde, 4 er
adetisaretkaziklariile 6l¢iim noktalari belirlenmistir.
Biiyiime mevsiminde (Mart-Temmuz) otun besin
maddesindeki degisimi belirlemek i¢in 15’er giinlik
(Karsl et al 2003) araliklarla 8 farkli 6rnekleme
tarihinde isaretli noktalardan 0.25 m?*’lik (0.5x0.5
m) alanda toprak seviyesinden 3-5 cm yiikseklikten
bigilerek ot Ornekleri alinmustir. Bigilen otlar
agirliklart sabitlesinceye kadar golgede kurumaya
birakilmis, daha sonra 70 °C’de 24 saat kurutulan
(Tuna et al 2010) mera otlarmin HP, HY, HK,
ADF ve NDF oranlart AOAC (1990)’nin belirttigi
esaslara gore yapilmistir.

Arastirma sonuglar1 tesadiif parselleri deneme
planina uygun olarak SPSS 15.0 paket programinda
varyans analizine tabi tutulmustur. Ortalamalar

arasindaki  farklarin  tespiti Duncan ¢oklu
karsilagtirma testi ile yapilmaistr.

3. Bulgular ve Tartisma

Meralarin ~ bitki  Ortlisiiniin ~ farkli  gelisme

donemlerinde alinan ot Orneklerine ait HP, HY ve
HK oranlar1 Sekil 1’de, ADF ve NDF oranlar1 ise
Sekil 2’de verilmistir.

Meralarin HP ve HY oranlari arasindaki farklar
onemli (P<0.05) bulunurken, HK oranindaki
farklar 6nemsiz bulunmustur. HP oranlar1 otlanan
ve siriilip terk edilen merada ayni grupta,
korunan merada farkli grupta, HY ve HK oranlar1
ayni grupta yer almistir. Meralarin ADF ve NDF
oranlar arasindaki fark istatistiki agidan Onemsiz
bulunmustur. Meralarin bitki ortiisiiniin gelisiminin
hizli oldugu 15 Nisan-15 Mays tarihleri arasinda
HP oranlar1 ayn1 grupta yer almistir.
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Sekil 1- Meralarin ham protein, ham kiil ve ham yag oranlari (%)
Figure 1- The ratios of crude protein, crude fat and ash at different times of pastures (%)
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Meralarin iki yillik ortalamalarma gore; HP
degeri korunan, otlanan ve siiriiliip terkedilen
meralarda sirasiyla % 10.93, % 9.46 ve % 10.68
olarak bulunmustur. HP orani en yiiksek korunan,
en diistik ise otlanan merada olmustur. Bu durumun
meralarda familyalarin  botanik kompozisyona
katilim oranlarindaki farkliliklardan kaynaklandigi
distiniilmistiir. Nitekim bugdaygiller karbonhidrat
yoniinden, baklagiller protein yoniinden ve
diger familyalar da mineral maddeler yoniinden
daha zengindir (Andi¢ 1981; Vallentine 2000).
Familyalardaki oran miktarindaki degisimler otun
toplam oranini etkilemektedir. Ayrica otlanan
meralarda otlatma yolu ile kiitle kaybi olmast da
ham protein oraninin azalmasina neden olmustur.
Meralarda en yiiksek ve diisitk HP oranlart sirasiyla
otlanan merada 15 Nisan (% 11.31) ve 15 Temmuz
(% 7.28), korunan merada 15 Mayis (% 12.17) ve 30
Haziran (% 9.22) ile siiriiliip terk edilen merada 15
Nisan (% 14.92) ve 30 Haziran (% 7.51) tarihlerinde
gergeklesmistir. Otlanan ve korunan merada Nisan
ve Mayis aylarinda HP oranlar1 en yiiksek olurken
Haziran ve Temmuz aylarinda en diisiikk olmustur.
Nisan ortalarindan Mayis sonlarma kadar HP
oranlari hemen hemen sabit kalmistir. Bu zaman
araligindaki Ornekleme zamanlar1 ayni gruplarda
yer almistir. Siiriiliip terkedilen merada vejetasyona
hakim olan tek yillik bitkilerin erken gelismesi
nedeniyle HP oraninin 15 Nisan’da en yiiksek
oldugu gorilmiistir. Meralarin, Mart-Temmuz
aylar1 arasinda HP oranlar1 hayvanlarin yasam
payt icin yeterli ancak siit sigirlar1 igin yetersiz
(Strange 1980) olmustur. Ancak tiim meralarda 15
Nisan-30 Haziran tarihleri arasinda ham protein
oranlart yeterli (NRC 2001) diizeydedir. Ko¢ &
Gokkus (1996) otlatma sezonu baslangicinda HP
oranmin % 17 civarinda oldugunu, yaz sonlarina
dogru ise % 4 civarna diistiigiini bildirmislerdir.
Meralarin HP oranlari, tiir ¢esitliligi ve tiirlerin ait
oldugu familyalar, toprak yapisi, giibreleme ve bitki
gelismesine bagl olarak degismektedir (McDonald
et al 1995; Isik & Kaya 2011). Bu ¢aligmada elde
edilen sonuglar, benzer konuda yapilmis olan
arastirma sonuglariyla uyumludur (Bakoglu & Kog
2002; Erkovan et al 2009; Arslan & Tufan 2011;
Bayraktar 2012).

Meralarin iki yillik ortalamalarma gore; HY
oranlart sirasityla korunan, otlanan ve siiriiliip
terkedilen merada % 1.78, % 2.03 ve % 1.69
olmustur. Meralarin HY oranlart yetersiz diizeyde
(NRC 2001) kalmistir. HY oranlari, otlanan merada
%72.79-1.67, korunan merada % 2.16-1.39 ve siiriiliip
terkedilen merada % 1.91-1.19 arasinda degismistir.
Bitki ortiisiiniin gelistigi donemlerde (Nisan-Mayis)
ham yag oranlar1 azalirken olgunlagsmanin ilerlemesi
ile (Haziran-Temmuz) artmistir. Avci et al (2006),
vejetasyonun ilerlemesine bagli olarak ham yag
iceriginde rakamsal olarak yavas bir azalma, Arslan
& Tufan (2011) ise artis oldugunu belirlemistir. Bu
aragtirma sonuglari, Isik & Kaya (2011)’in belirttigi
oranlardan (% 2.68) diisiik bulunmustur.

Meralarin iki yillik ortalamalarina goére; HK
oranlar1 korunan, otlanan ve siiriiliip terkedilen
merada sirastyla % 7.71, % 7.86 ve % 8.55 olarak
bulunmustur. NRC (2001)’e gdre mera otunun
HK orani olmasi gerekenden (% 9.80) daha az
diizeydedir.

Meralarin ADF oranlar1  korunan, otlanan
ve striiliip terkedilen merada sirasiyla % 38.38,
%36.92ve%35.84olarakbulunmugtur. Mart-Temmuz
aylar1 arasinda, ADF degisimi otlanan merada
% 33.89-39.45, korunan merada % 33.18-44.14
ve siirliliip terkedilen merada % 28.49-42.75
arasinda gerceklesmistir. Bu sonuglarin, Karsli et
al (2003)’1n sonuglart ile uyumlu, Aver et al (2006)
ve Bayraktar (2012)’in sonuglarindan ise yiiksek
oldugu bulunmustur. Arastirmalar arasindaki bu
farkliliklar meralarin bulundugu yére ve ekolojik
faktorler ile vejetasyonu olusturan bitki tiirlerinin
farkliligindan kaynaklanmigtir.

Meralarm NDF oranlar1 sirastyla korunan, otlanan
ve siriiliip terkedilen merada % 49.68, % 51.77 ve
% 50.93 olarak belirlenmistir. Mart-Temmuz aylari
arasinda NDF degisimi otlanan merada % 47.40-
54.71, korunan merada % 42.23-54.67 ve siriliip
terkedilen merada % 47.60-56.62 arasinda olmustur.
Bu sonuglar Mulkey et al (2008), Erkovan et al (2009),
Arslan & Tufan (2011), Alatiirk (2012), Bayraktar
(2012)’nin buldugu sonuglar ile uyumludur.
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Sekil 2- Meralarin ADF ve NDF oranlari (%)
Figure 2- The ratios of ADF and NDF at different times of pastures (%)
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Sekil 2’de goriildiigii gibi meralarda Dbitki
ortiistiniin gelismesine bagli olarak ADF ve NDF
oranlart Mart ayindan Nisan ayr sonlarina kadar
azalmig, bu tarihten sonra tekrar artmigtir. Ancak
otlanan meralarda 30 Mayis’tan sonra bu oranlar
kismen azalmigtir. Bu durum bitki ortiisiinde diger
tiirlere gore daha yiiksek oranda bulunan ve Haziran-
Temmuzaylarinda gelisme gostererek biitiin yaz yesil
kalan Chrysopogon gryllus L.’den kaynaklanmistir.
ADF ve NDF oranlarmin bazi donemlerde azalirken
bazi donemlerde artmasi, mera bitki Ortiilerinde
once bugdaygillerin daha sonra baklagillerin
(Cetiner et al 2012) ve tekrar sicak iklim 6zelligi
gosteren bugdaygillerin gelisme gostermesinden
kaynaklandig1 diistiniilmistiir. Bolgede yapilan
calismalarda (Giir 2008; Bayraktar 2012; Tuna
et al 2013), Trakya’da ¢ok sayida bugdaygiller
tiirlinlin Mart ayindan Mayis ayinin ilk haftalarina
kadar vejetatif gelismesini tamamladig1 ozellikle
15 Mayis’tan sonra ise basaklanmaya basladig
gozlemlenmistir. Baklagiller ise 15 Nisan’dan sonra
hizla gelismeye baslamakta ve 15 Mayis’tan sonra
ciceklenme donemine girmektedir. Bugdaygiller
baklagillere gore daha hizli gelismekte, daha
¢ok ve daha sert saplara sahip olmaktadir. Ancak
baklagillerde olgunlagma daha yavas olmaktadir
(Nelson & Moser 1994). Bitkilerde gelismenin
ilerlemesine bagli olarak 6zellikle saplarda
depolanan karbonhidratlarin oraninin artmasi ve
kurumanin sonucunda yaprak oraninin azalmasi
ham selilloz oranmin artmasina etki etmektedir
(Bokhari et al 1989). Bu ayn1 zamanda gelisme ile
birlikte ADF ve NDF igeriginin de artmasi anlamina
gelmektedir. Bitkiler olgunlastik¢a hiicrelerinin
protoplazma igerikleri hizla azalmakta (Alatiirk
2012) hatta olgun hiicrelerde protoplazma miktari
geng hiicrelerin % 10’una kadar diismektedir (Taiz
& Zieger 2008). Bu yiizden olgunlasma ile birlikte
bitkilerde hiicre g¢eperlerinin oraninin artmasina
bagli olarak yapisal bilesiklerin orani artmaktadir.

4. Sonuclar

Tekirdag ili Karahisarli koyii farkli kullanim
ge¢misine sahip otlanan, korunan ve siiriiliip
terk edilen meralarinda iki yil siire ile yiiriitiilen

bu c¢alismada bitki biiylime doéneminde sekiz
farkli 6rnekleme zamaninda mera otlarin besin
maddeleri igerikleri belirlenmistir.

Arastirma sonuglarina gore; meralarda ve farkl
ornekleme tarihlerinde otlarin  besin igerikleri
farkli olmustur. Bu degisimin, meralarin botanik
kompozisyonu ve tiirlerin gelisim donemleri
farklihigindan kaynaklandigi disiintilmiistir. Bu
bolge icin meralarin besin degerleri gbz oniine
alinarak 30 Nisan-30 Mayis tarihleri arasi en ideal
otlatma donemi olarak onerilmistir. Ancak ilerleyen
mevsimde de hayvanlara kaliteli ve besleyici
bir yem periyodu igin, otlanan meralarda; bitki
kompozisyonunda ham proteince zengin baklagiller
oraninin artiritlmasi amactyla fosforlu giibrelemenin
yapilmasi ve meranin belli zamanlarda korunmasi
gibi 1slah ve yonetim ilkeleri uygulanmalidir. Tek
yillik ve istilact tiirlerin daha ¢ok hakim oldugu
stiriiliip terk edilen merada ise; otlatma daha erken
donemde yapilarak tiirlerin basaklanmasinin ve
yayilmasinin 6niine ge¢ilmelidir. Korunan meralarda
da; botanik kompozisyonun iyilestirilmesi ve
stirdiiriilebilirliginin devami amaciyla mera yonetim
ilkelerinin yerine getirilmesi tavsiye edilebilir.
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Genel

Tarim Bilimleri Dergisi, tarim bilimleri alaninda ve yazim dili Ingilizce olan 6zgiin arastirma makaleleri yayinlar. Sonuglar1 6nceden
bilinen ve yenilik getirmeyen arastirma makaleleri, taksonomi ile sadece durum tespitine dayanan ve yoresel ¢alismalar ile veri ve
anket analizine dayanan ¢aligmalar derginin kapsami digindadir. Basilacak makalelerin daha dnce higbir yerde yayinlanmamis olmasi
ve yayin haklarinin verilmemis olmasi gerekir. Dergide yayimlanacak makalelerin her tiirlii sorumlulugu yazarina/yazarlarina aittir.

Yayimlanmasi i¢in gonderilen eser, yayin ilkeleri dogrultusunda Bageditor tarafindan 6n incelemeye alinir. Baseditor, dergide
yaymlanabilecek nitelikte bulmadigr makaleleri editorlere/hakemlere gondermeden yazara/yazarlara iade karari verme hakkina
sahiptir. Ayrica yazim kurallarina uymayan veya anlatim dili yetersiz olan makaleler, diizeltilmek lizere yazara/yazarlara iade edilir.
Degerlendirmeye alinan makaleler, incelenmek {izere en az 2 hakeme gonderilir. Hakem degerlendirmesinden gecen makalelere
ait diizeltmeler, diizeltmeler listesiyle birlikte en fazla 30 giin igerisinde sisteme yiiklenerek gonderilmelidir. Bu stireden sonraki
gonderimler kabul edilmez. Yazarlara makaleleri hakkindaki editor ve hakem goriisleri ve onerileri 8 hafta icerisinde bildirilir.
Baseditér, hakem raporlarini ve/veya istenilen diizeltmelerin yeterli olup olmamasimi dikkate alarak makalenin yayimlanip
yayimlanmamasina yonelik nihai karar vericidir.

Makalede isimleri yer alan tiim yazarlar, yayim haklarini Tarim Bilimleri Dergisine verdiklerine dair Makale Gonderme ve Telif
Hakki Devir Sézlesmesini imzalamalidir. Makalenin yayimlanmas: kabul edildikten sonra makale metninde, yazarlarinda ve
yazarlarin siralamasinda degisiklik yapilamaz. Makale yayima kabul edildiginde, sorumlu yazar Ankara Universitesi adina agilnus
banka hesabma 400 TL yatirmalidir. Makaleden sorumlu yazara banka hesap numarasi, makalenin basima kabul edilmesinden
sonra bildirilir.

Makale Yiikleme

Hazirlanan makaleler; sadece makaleden sorumlu yazar (makalenin yayim baslangicindan basim sonrasindaki her tiirlii yazigmalarda
sorumlulugu bulunan) tarafindan Tarim Bilimleri Dergisi web sayfasindaki ¢evrimi¢i Makale Gonderme ve Degerlendirme
Sistemi kullanilarak elektronik ortama yiiklenmelidir. Makale yiikleme bolimiiniin “Bagvuruyu Yiikle” bolimiinde pdf
formatindaki makale dosyasina ilave olarak “Ek Dosyalar” bolimiine asagidaki dosyalarin da yiiklenmesi gerekir.

v' Makalenin pdf ve Word (2003 veya daha iist versiyonlari) formatindaki dosyasi. Sisteme yiiklenen makalenin hem pdf
formatinda ve hem de Word formatinda iletisim, ad-soyad, kurum gibi yazarlari tanitict bilgiler bulunmamalidir.

v’ Tiim yazarlar tarafindan imzalanmus ve pdf formatinda taranmis olan “Makale Gonderme ve Telif Hakki Devir Sézlesmesi”.
Yayima kabul edilmesi durumunda bu formlarin ash da posta ile editére gonderilmelidir.

v" Yazar Makale Kontrol Listesi (pdf formatinda),
v’ Yazarlarin ad-soyad, kurum ve iletigim bilgilerini igeren Word dosyas1,

v Gerekiyorsa Etik Kurul Raporu eklenmelidir.

Derginin Kapsam

Tarim Bilimleri Dergisi, tarim bilimleri alaninda yapilan 6zgiin arastirmalari ve yeni bulgular1 igeren makaleleri yayimlar. Sonuglar:
onceden bilinen ve yenilik getirmeyen arastirma makaleleri, taksonomi ile sadece durum tespitine dayanan ve yoresel ¢aligmalar
ile veri ve anket analizine dayana ¢alismalar derginin kapsami disindadir. Derleme makaleler, yayin komisyonunun ¢agrisi tizerine
hazirlanmigsa normal inceleme ve degerlendirme siirecinden gegirilerek yayimlanir.

Makale Hazirlama

Makaleler, A4 boyutundaki kagidin tek yiiziine 12 punto Times New Roman yaz1 tipinde ve ¢ift satir aralikli yazilmalidir. Sayfanin
saginda, solunda, altinda ve istiinde 3’er cm bosluk birakilmalidir. Makalenin her sayfasi ve satirlari numaralandirilmalidir. Yazar
ad(lar)1 agik olarak yazilmali ve herhangi bir akademik unvan belirtilmemelidir. Editérler kurulu, anlatim dili yeterli olmayan
makaleleri degerlendirme dis1 tutabilir. Yazar(lar)in makale gondermeden once eseri dil yoniinden bir dil bilimciye incelettirmesi
tavsiye olunur. Siralama olarak, Ingilizce 6zet ve pesinden Tiirkge 6zet verilir. Bu durum sekil ve gizelge baslhiklart icin de gegerlidir.

Makale; Tiirkge Baslik, Tiirkge Ozet, Anahtar Kelimeler, ingilizce Baslik, Ingilizce Ozet, Keywords, 1.Giris, 2. Materyal ve
Yontem, 3.Bulgular ve Tartisma, 4.Sonuglar, Tesekkiir (varsa), Kisaltmalar ve/veya Semboller (varsa), Kaynaklar boliimleri ile
Sekil ve Cizelgelerden olugmalidir. Boliim adlar1 koyu yazilmalidir.

Makale, “Kaynaklar” boliimii dahil 16 sayfay1 gegmemelidir. Yazar(lar), bu kisimlarin olusturulmasinda derginin web sayfasindaki
Makale Hazirlama Sablonunu kullanmalidir.

Bashk: Kisa ve agiklayict olmali, 14 punto ve koyu, kelimelerin ilk harfi biiyiikk olmali, ortalanarak yazilmali ve 15 kelimeyi
gecmemelidir. Ingilizce baslik Tiirkge basligi tam olarak karsilamali, 13 punto ve koyu yazilmalidir.




Ozet ve Anahtar Kelimeler: Tiirkge ve ingilizce zetlerin her biri 300 kelimeyi gegmemelidir. Tiirkge ve ingilizce 6zetlerde
sirastyla “Ozet” ve “Abstract” kelimeleri kullanilmalidir. Ozet, ¢alismanin amacini, nasil yapildigini, sonuglar1 ve sonuglar iizerine
yazar(lar)n yaptig1 degerlendirmeleri igermelidir. Ozetlerin 1 satir altina, her anahtar kelimenin ilk harfi biiyiik digerleri kiigiik
harflerle, miimkiinse baslikta kullanilmayan, ¢aligmay1 en iyi bicimde tanimlayacak ve aralarinda noktalr virgiil (;) olacak sekilde
en fazla 6 anahtar kelime yazilmalidir.

1. Giris: Bu boliimde; ¢aligma konusu, gerekgesi, konu ile dogrudan ilgili 6nceki ¢aligmalar ve ¢alismanin amaci verilir.

2. Materyal ve Yontem: Kullanilan materyal ve yontem ayni baslikta verilmelidir. Alt bashik verilecekse boliim numaras: ile
birlikte numaralandirilmali (2.1. gibi) ve italik yazilmalidir. Yeni veya degistirilmis yontemler, ayni konuda ¢alisanlara aragtirmay1
tekrarlama olanagi verecek nitelikte agiklanmalidir.

3. Bulgular ve Tartisma: Elde edilen bulgular verilmeli, gerekirse ¢izelge, sekil ve grafiklerle desteklenerek bulgular agiklanmalidir.
Elde edilen bulgular tekrardan kagmilmast amactyla ya cizelge ya da grafik olarak verilmelidir. Istatistiki olarak énemli bulunan
faktorler, uygulanan istatistik analiz teknigine uygun karsilastirma yontemi ile yorumlanarak ilgili istatistikler {izerinde harflendirme
yapilmalidur. Istatistiki analiz yonteminin dogru secilmedigi ve/ya analizin geregi gibi yapilmadig1 durumlarda Baseditor makaleyi
degerlendirme disinda tutabilir. Bulgular tartisilmali ancak gereksiz tekrarlardan kaginilmalidir. Bulgularin baska arastirmalarla
benzerlik ve farkliliklart verilmeli, nedenleri agiklanmalidir.

4. Sonuclar: Elde edilen sonuglar, bilime ve uygulamaya katkisiyla birlikte kisa ve 6z olarak verilmelidir. Giris ile Bulgular ve
Tartisma boliimiinde verilen ifadeler bu kisimda ayni sekilde tekrar edilmemelidir.

Tesekkiir: Gerekli ise miimkiin oldugunca kisa olmali ve yapilan katki ifade edilerek verilmelidir.

Kisaltmalar ve/veya Semboller: Makalede kisaltmalardan miimkiin oldugunca kaginilmalidir. Semboller Makale Hazirlama
Sablonunda belirtildigi gibi verilmelidir. Kisaltma ve semboller metin i¢inde ilk kez kullanildig1 yerde agiklanmalidir. Uluslararas:
gegerliligi olan ve yerlesik kisaltmalar tercih edilmelidir. Kisaltmalar makalenin basliginda kullanilmamalidir. Semboller SI
sistemine gore verilmelidir.

Kaynaklar: Eserde yararlanilan kaynaklara iliskin atif metin iginde “(Yazarm soyadi y1l)” yontemine gore yapilmalidir. Ornek:
(Doymaz 2003), (Basunia & Abe 2001). Yazara atif yapilirsa sadece yayinin y1li parantez igine alinmalidir. Ornek: Doymaz (2003)’e
gore ya da Basunia & Abe (2001). Ug ya da daha fazla yazar i¢in makale icindeki atifta “et al” kullanilmalidir. Ornek: (Lawrence
et al 2001) veya Lawrence et al (2001)’e gore. Ayn1 yazarin ayni yil iginde 1’den fazla yayini varsa, yildan sonra kiigiik harfler
verilmelidir. Ornek: (Akpinar et al 2003a). Aym yazarin birden fazla yaymina atif yapilacaksa yildan sonra noktali virgiil (;) isareti
ile ayirt edilmelidir. Ornek: (Akpmar 2007; 2009; 2013). Birden fazla atif yapilirsa atiflar arasinda noktali virgiil (;) kullanilmali
ve eskiden yeniye dogru yil sirasina gore verilmelidir. Ornek: (Perl et al 1987; Bailly et al 1996; Copeland & McDonald 2001;
Goel & Sheoran 2003). Eger bilginin, kaynagin belirli bir sayfasindan ya da sayfalarindan alindig: belirtilmek istenirse (Hardeman
& Jochemsen 2012, s 657-674; Naess 1991, s 34) bi¢iminde gosterilmelidir. Kaynaklarda Anonim ya da Anonymous seklinde
gosterim yapilmamalidir.

Kaynaklar bolimiinde metin iginde atifi yapilan tiim kaynaklar alfabetik olarak (yazarlarin soyadlarina gore) ve orijinal dilinde
verilir. Ayn1 yazara birden ¢ok atif yapiliyorsa 6nce tek isim, sonra iki isim ve sonra da ii¢ ve daha fazla yazarli kaynak sirasina
gore hepsi kendi iginde eskiden yeniye y1l sirasina gore verilmelidir. iki veya daha fazla yazarh eserlerin bildiriminde son yazardan
once “&” kullanilmalidir. Ornek: Lawrence K C, Funk D B & Windham W R (2001). Dergi isimleri kisaltma yapilmadan tam ad1
ile ve italik yazilmalidir. Kongre kitaplarinda Tiirk¢e ya da yabanci dilde 6zeti yayinlanmis ¢aligmalara atif yapilamaz. Makaledeki
yanlis atif ve kaynak gosterimlerine ait sorumluluk yazar(lar)a aittir. Kaynaklar boliimiindeki her bir kaynagin sonuna nokta (.)
konmamalidir.
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Sekiller ve Cizelgeler: Sekil, grafik, fotograf ve benzerleri “Sekil”, sayisal degerler ise “Cizelge” olarak belirtilmelidir. Ttiim sekil
ve cizelgeler makalenin sonuna yerlestirilmelidir. Sekil ve ¢izelgelerin boyu tek sayfa diizeninde en fazla 16x20 cm ve ¢ift siitun
diizeninde ise genisligi en fazla 8 cm olmalidir. Sekil ve ¢izelgelerin boyutu baskida ¢ikabilecek ¢oziiniirlilkte olmalidir. Aragtirma
sonuglarini destekleyici nitelikteki resimler 600 dpi ¢oziiniirligiinde ”jpg” formatinda olmalidir. Renkli resimler yerine gri ya
da siyah tonlu resimler tercih edilmelidir. Cizelgelerde diisey ¢izgi kullanilmamali ve makale hazirlama sablonunda belirtildigi
gibi hazirlanmalidir. Her c¢izelge ve sekle metin icerisinde atif yapilmalidir. Tiim ¢izelge ve sekiller makale boyunca sirayla
numaralandirilmalidir (Cizelge 1 ve Sekil 1). Cizelge ve sekil basliklar1 ve agiklamalart kisa ve 6z olmalidir. Cizelge ve sekillerin
Ingilizce basliklari, Tiirkge baghigin hemen altina italik olarak yazilmali, ilk yazilan Tiirkge baslik yazist koyu olmalidir. Sekil ve
cizelge baslik yazilar1 9.5 punto, sekil ve gizelgelerin i¢indeki yazilar 9 punto, ¢izelge alt1 yazilar 8 punto Times New Roman yazi
karakterinde olmalidir. Sekillerde yatay ve diisey kilavuz ¢izgiler ve rakamlar bulunmamalidir. Ancak istatistiksel karsilagtirmalar
yapiliyorsa kiigiik harfler bulunabilir. Cizelge ve sekillerde kisaltmalar kullanilmig ise hemen altina bu kisaltmalar agiklanmalidir.
Sekil ve ¢izelge bagliklari ile ¢izelge alt1 yazilarin sonuna nokta (.) konmamalidir.

Birimler: Tiim makalelerde SI (Systeme International d’Units) 6l¢im birimleri kullanilmalidir. Ondalik kesir olarak nokta
kullanilmalidir ( 1,25 yerine 1.25 gibi). Birimlerde “/” kullanilmamali ve birimler arasinda bir bosluk verilmelidir (m/s yerine m s,
J/s yerine J s, kg m/s? yerine kg m s 2 gibi). Say1 ile sembol arasinda bir bogluk birakilmalidir (4 kg N ha', 3 kgm 's2,20 N m,
1000 s, 100 kPa, 22 °C ve % 29 gibi). Bu kuralin istisnalar1 diizlemsel agilar i¢in kullanilan derece, dakika ve saniye sembolleridir
(°, " ve "). Bunlar sayidan hemen sonra konmalidir (10°, 45°, 60” gibi). Litrenin kisaltmas1 “1” degil “L” olarak belirtilmelidir.
Ciimle sonunda degillerse sembollerin sonuna nokta konulmamalidir (kg. degil kg).

Formiiller ve Esitlikler: Formiiller numaralandirilmali ve formiil numarasi formiiliin yanina saga dayali olarak parantez iginde
gosterilmelidir. Formiillerin yazilmasinda Word programi matematik islemcisi kullanilmali, ana karakterler 12 punto, degiskenler
italik, rakamlar ve matematiksel ifadeler diiz olarak verilmelidir. Metin igerisinde atif yapilacaksa “Esitlik 1” biciminde verilmelidir
(...iliskin model, Esitlik 1’ de verilmistir).
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