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Abstract

This work was carried out to test the effect of seaweed treatment on germination and seedling emergence in two onion
seed lots. Distilled water containing 5% of seaweed was applied through solid matrix priming at a ratio of 2:1:3 Seed:
vermiculite: seaweed extract (w: w: w) over two days at 152 C in the dark. Seeds of seaweed, distilled water treated and
dry control were tested at 10 and 15 % PEG (drought), 100 and 150 mM Nacl (salt), and 30 and 352C (temperature)
stresses, respectively. Seedling emergence, seedling height, fresh weight and dry weight were tested at 302C, 10% PEG
and 100 mM NaCl. Seaweed treatment enhanced germination and seedling emergence compared not only to the dry
control, but also to the distilled water treatment. The difference in germination was up to 18% compared with the dry
control and 6% compared with the distilled water treatment. Moreover, seedling height was increased by the seaweed
treatment. Results showed that seaweed extract priming may have a potential to enhance the resistance of onion seeds
under abiotic stress conditions.
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1. Introduction

Modern horticulture is looking for new technologies that
would allow for a reduction in the use of chemical inputs
without affecting crop yield or farmers’ income. Inorganic
fertilizers are being replaced by organic forms. The use of
natural seaweed as a fertilizer has allowed for the partial
replacement of conventional synthetic fertilizer (Zodape
et al,, 2010). Many commercial seaweed extract products
are available for use in horticulture and can be used as
liquid extracts applied as foliar spray, soil drench, or in
granular/powder form as soil conditioners and manure
(Thirumaran et al., 2009). These extracts are marketed as
liquid biostimulants because a chemical analysis of
seaweeds and their extracts have revealed the presence of
a wide variety of plant growth-promoting substances
such as auxins, cytokinins and betaines (Khan et al,
2009). These substances can influence shoot and root
system development (Stirk et al., 2004). Seaweed extracts
also contain macronutrients and micronutrients which
can promote the growth of various horticultural crops
(Moller and Mith, 1998; Demirkaya 2010; Sivritepe et al.,
2015). Other researchers have also reported many
beneficial effects of seaweed extracts such as improved
germination, root development, leaf quality, plant vigor
and resistance to biotic and abiotic stresses (Khan et al,,
2009).

The most critical stage in the life of crops is seed
germination, which is most influenced by environmental
factors. Drought and salinity are key environmental
factors that affect seed germination (Llanes et al., 2015).
Many horticultural crops such as onions and carrots are
seriously affected by abiotic stress. The problem is more
serious at the germination and seedling development
stages. Furthermore, the problem of abiotic stress on
seedling emergence is more pronounced in low quality
seeds (Jisha et al., 2012). The seeds of horticultural crops
such as onions have low storage potential and lose their
viability due to ageing. Onion (Allium cepa L.) seeds are
naturally less viable and more hygroscopic than seeds of
most other common vegetables (Thirusendura and
Saraswathy, 2017). Seed viability and vigor decrease with
ageing and improper storage conditions, leading to
increased lipid peroxidation and decreased activities of
several free radical and peroxide scavenging enzymes
(Kibinza et al, 2011). Therefore, there must be some
mechanism of seed quality enhancement, especially for
low quality seeds which have less potential to perform
under stress conditions.

Seed priming is a seed quality enhancement mechanism
which can improve the germination and seedling
performance of crops under both normal and stress
conditions (Jisha et al, 2012). Seed priming has been
successful in improving the seed vigor of many vegetable
crops, leading to rapid and uniform germination and
seedling emergence (Saranya et al, 2017; Wu et al,, 2019;
Sharma et al, 2016). Among the different priming
techniques, solid matrix priming is important in repairing

ageing and improving seed quality (Ermis et al, 2016).
The use of seaweed extracts in minimizing the problem of
abiotic stress is well understood and recognized (Sharma
et al,, 2014). Hence, the aim of the present study was to
investigate the effect of solid matrix priming with
seaweed extracts on the performance of onion seeds and
seedlings under different abiotic stress conditions.

2. Material and Method

2.1. Material

Two seed lots (high and low quality) of onions (Allium
cepa L. cv. Metan) were used in the present study. The
germination percentage of these high (Lot 1) and low-
quality (Lot 2) seeds was 97.5 and 88.5% respectively.
The high-quality seed had a seed moisture content of
11.9%, whereas the seed moisture content of the low-
quality seed was 9.6%.

2.2. Preparation of Seaweed Liquid Extract (SW) and
Priming

Green seaweed (Ulva lactuca), which is also known as sea
lettuce, was collected from Marmara Sea in the north west
of Turkey. The seaweed extract was prepared using the
physical integration method. The particle size was
gradually reduced and diluted with water in a ratio of 1:3.
No heat, acid or alkaline hydrolysis was used for
extraction (Demir et al,, 2006). The diluted seaweed was
filtered through muslin cloth, and the filtrate was
considered as 100% seaweed extract (Demir et al., 2006).
The seaweed extract was stored at 5°C for further
applications. Balakrishnan et al. (2007) reported that the
best seedling performance was observed at 5%
concentration. Therefore, 5% concentrations of seaweed
extract were used in the present study.

Solid matrix priming was performed at 15°C for two days,
at a ratio of 2:1:3 (Seed: vermiculite: seaweed extract (w:
w: w) SW). Distilled water (DW) was used instead of
seaweed as the same rate. DW and dry seeds (NP) were
considered as controls. After treatment, seeds were dried
on the laboratory bench until the initial seed moisture
content was reached.

2.3. Germination under Abiotic Stresses

Drought stress conditions were simulated using
Glycol-6000  (PEG) at  different
concentrations of 10 and 15%. The osmotic potentials for
the 10 and 15% concentrations were 0.30 and 0.51MPa
respectively. The primed and control onion seeds (four

Polyethylene

replicates of 50 seeds) were placed on a filter paper in
9cm Petri dishes containing 3 cm3 of the different
concentrations (10 and 15% PEG). The Petri dishes were
sealed with stretch film to prevent evaporation and kept
according to a completely randomized design in a growth
chamber. Germination was carried out at 20°C for 12 days
according to the principle of ISTA (2009). Seeds were
considered germinated when the radicle emerged by at
least 2 mm, and this was expressed as a percentage. In the
salt stress experiment, NaCl at 50 and 100mM was used
to simulate salinity stress. The germination procedure
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was followed as described. Control and treated onion
seeds were allowed to germinate at 30 and 35°C for
temperature stress.

2.4. Seedling Emergence Tests under Stress

The seedling emergence test was carried out in three
replicates of 25 seeds each, under drought, salinity and
temperature stress conditions in plastic germination
trays (32 x 16 x 6 cm, length x width x depth). Non-
primed, distilled water and seaweed treated seeds of two
lots were sown at a depth of 2 cm in peat moss and
watered with 10% PEG, 100mM NacCl and distilled water
and kept at 20+2°C with 80% RH and a light intensity of
72 pmol m-2s-1 for 16 hours a day, for drought and
salinity experiments, whereas for temperature stress
experiment the trays were kept at 30°C. The appearance
of the cotyledon leaves above the peat moss was
considered as the emergence criterion. Trays were
watered with the appropriate solution during the
emergence period.

Twenty-one days after sowing, five seedlings in each
replicate were destructively taken, and shoot length
(mm/plant), shoot fresh weight (mg/plant) and dry
weight (mg/plant) and root fresh weight (mg/plant) were

calculated. Dry weights were calculated after keeping
seedlings at 80°C for 24 hours. The seaweed extract (5%)
was analyzed by spectrophotometry (plasma, optima
2100DV, Perkin-Elmer, Shelton CT) according to Mertens
(2005). Vigor indices were recorded according to Yan
(2015) formula as SVI = GP x Seedling dry weight.

2.5. Statistical Analysis

Data was subjected to analysis of variance (ANOVA) using
SPSS v. 20, and Duncan’s Multiple Range Test was applied
to compare the differences (5%) among treatment means.

3. Results

Under high temperature stress (35 °C), priming with
seaweed extract improved the germination performance
by 20% and 31% as compared with the dry control (NP)
for first and second onion seed lots respectively. SW also
significantly (P<0.05) improved germination under
salinity and moisture stress compared to dry control
seeds (Table 1). In all cases SW was significantly effective
on germination under stress conditions than dry control.
When SW was compared to DW treatment the differences
(between 1 and 5 %) in favour of SW in all cases but were
not significantly higher (P<0.05).

Table 1. The effect of seaweed extract (SW) and distilled water (DW) treatment on germination of onion seeds under
abiotic stress (temperature, salt and drought stress) conditions. Dry seeds (NP) was considered as control

Seedlot  Treatment 30°C 35°C 50mM NacCl 100mM NaCl 10% PEG 15% PEG
SW 95a 83a 94a 93a 972 94a

T DW 93ab 782 94a 92a 94ab 93a

S
NP 91b 63b 91a 83b 92b 70b
SW 93a g1a 91a 90a 90a 84a

S DW 91a 79ab 902 88a 88a g1a

~ NP 85b 500 g5b 81b 80b 64b

Means with different letters in the same criterion are significantly different, P < 0.05.

Lot 1= high quality seeds, Lot 2 = low quality seeds

The performance of onion seedling criteria treated with
seaweed extract under temperature stress (30 °C) were
better (P<0.05) than the dry control (NP) except one case
in lot 1. It improved seedling emergence percentages by
8% for lot 1 and by 10% for lot 2. The highest seedling

height, seedling fresh weight, seedling dry weight and
vigor index were recorded from the SW treatment in both
lots (Table 2). For example, the vigor index was improved
from 231 to 306 for lot 1 and from 190 to 262 for lot 2
(Table 2).

Table 2. The effect of seaweed extract (SW) and distilled water (DW) treatment on emergence and seedling quality of
onion seeds under temperature stress (302C). Dry seeds (NP) was considered as control.

Seedlot Treatment Emergence (%) SH(cm) SFW (mg/plant) SDW (mg/plant) Vigor Index
- SW 84a 12.1a 71.62 3.72 3062
s DW 78a 11.84b 68.32 3.4a 282ab
- NP 762 10.8b 57.3b 3.00 231b
~ SW 782 11.62 62.52 3.2a 262a
S DW 72a 11.3a 60.82 3.0ab 214a
~ NP 68 7.2 49.2b 2.5b 1900

Means with different letters in the same criterion are significantly different, P < 0.05.
Lot 1= high quality seeds, Lot 2 = low quality seeds, SH= seedling height; SFW= seedling fresh weight; SDW= seedling dry weight

In a similar way, priming of onion seed lots with seaweed
extract greatly improved seedling characteristics under

salinity stress. Seedling emergence was improved from 62

to 74% in lot 1, from 48 to 62 % in lot 2. Differences
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between SW and NP were reported as 2 and 5 % which
are not significantly different (P>0.05). Seedling criteria
were higher in SW treated seeds than those of DW in both
lots but non-significant (P>0.05). Vigor index was found
the highest in SW treated ones but not significantly
different from those of DW and NP in lot 1. It was
significantly different from NP but not DW in lot 2 (Table
3).

Priming of onion seed lots with seaweed extract also
their growth
moisture/drought stress conditions. Seedling emergence

stimulated and performance under

percentages were improved by 18% and 11% for lot 1
and 2 respectively as compared to the dry control (NP).
Likewise, SH was improved by 1.4cm and 0.8cm for lot 1
and 2 respectively. Seedling vigor index and the fresh and
dry weight of seedlings also significantly (P<0.05)
improved as compared to the dry control (Table 4). The
seaweed extract contained high Ca and S, and a
reasonable other and

amount of the macro

micronutrients (Table 5).

Table 3. The effect of seaweed extract (SW) and distilled water (DW) treatment on seedling quality of onion lots under
salinity stress (100mM). Dry seeds (NP) was considered as control

Seedlot Treatment Emergence (%) SH (cm) SFW (mg/plant) SDW (mg/plant) Vigor Index
. SW 742 9.1a 48.2a 2.72 1962
3 DW 722 8.82 45.9a 2.52 1812
= NP 62b 7.9b 40.1b 2.22 1532
~ SwW 62a 8.9a 44.8a 2.4 1452
3 DW 57a 8.6ab 42.82 2.32 1352
~ NP 48p 7.8 35.4b 2.0b 97b

Means with different letters in the same criterion are significantly different, P < 0.05.
Lot 1= high quality seeds, Lot 2 = low quality seeds, SH= seedling height; SFW= seedling fresh weight; SDW= seedling dry weight

Table 4. The effect of seaweed extract (SW) and distilled water (DW) treatment on seedling quality of onion seed lots
under drought stress (10% PEG). Dry seeds (NP) was considered as control

Seedlot Treatment Emergence (%) SH (cm) SFW (mg/plant) SDW (mg/plant) Vigor Index
. SwW 74a 9.8a 55.3a 3.3a 245a
5 DW 70b 9.3a 46.0b 2.8b 187ab
. NP 56ab 8.4b 42,60 2.6b 1520
~ SW 652 9.5a 46.62 2.62 173a
2 DW 602 8.9v 42.3ab 2.4ab 143pb
= NP 54b 8.7b 39.8b 2.2b 138¢

Means with different letters in the same criterion are significantly different, P < 0.05.
Lot 1= high quality seeds, Lot 2 = low quality seeds, SH= seedling height; SFW= seedling fresh weight; SDW= seedling dry weight

Table 5. Mineral composition (mg/kg) of the seaweed (5%) extract used in the study

Macronutrients Micronutrients
P K Ca Mg S Zn Cu Mn B
0.265 5.373 12.34 4.22 10.19 0.254 0.146 0.117 0.295 0.068

4. Discussion

Results of the present study showed that seaweed extract
enhanced seed germination and seedling quality of two
onion seed lots under salt, drought and temperature
stresses. The difference was significant not only between
seaweed extract treated and dry seeds but also with
distilled water treated ones in many cases.

Drought, salinity and temperature extremes are major
agricultural that prevent crops
performing to their full potential (Llanes et al,, 2015; Yan
2015). These abiotic factors affect crops most seriously at
the germination and early growth stages. Onion is a
vegetable crop which can be affected by extreme abiotic
factors (Thirusendura and Saraswathy 2017). In order to
minimize the serious problems exerted on crops at an

constraints from

early stage of growth, a number of mechanisms have been
developed. One of the techniques used is priming. Solid
matrix priming of onion seeds with seaweed extract in
our study showed the best result on onion seed
germination, seedling emergence and seedling quality.
Many researchers have also demonstrated enhanced seed
germination and seedling characteristics with the
application of seaweed treatments (Khan et al, 2009;
Craigie 2011; Mattner et al,, 2013).

The stimulated effect of priming with seaweed (SW)
might be attributed to the presence of enzymes,
phytohormones, minerals and low molecular weight
compounds present in extracts (Stirk and Van Staden
1997). Some reports indicate that polysaccharides and
polyphenols may also be effective as biostimulants, and
this may enhance resistance to stress conditions (Zhang
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et al, 2006; Gonzalez et al, 2013).
cytokinin-like compounds are the most widely reported

Cytokinins and

in seaweed extracts, followed by auxins and auxin-like
compounds, and it has been speculated these may be
responsible for the plant growth enhancing effects of the
extracts (Stirk et al, 2004; Khan et al, 2009). Our
analyses of seaweed showed that seaweed extract
contains high levels of Ca, Mg, S, Zn and Cu, at 12.3, 4.22,
10.19, 10.146 and 0.116 mg/kg respectively. The high
content of sulfur in SW might contribute to the
production of enzymes, because S is the precursor of
methionine and other amino acids that may initiate faster
germination and emergence (Jahan et al, 2015). Again,
the positive effect of seaweed might have come directly
from mineral nutrients. S, Mg and Ca were observed in
relatively higher amounts in seaweed extract than other
nutrients. Sulfur (S), along with calcium and magnesium,
is one of the three secondary nutrients required by plants
for normal, healthy growth. Sulfur-containing compounds
play a critical role in the response of plants to abiotic
stress factors including drought and salinity (Cao et al,
2014; Jahan et al,, 2015). Other minerals such as K, P, Fe,
Mn and Cu were also found in seaweed extract (Table 5).
Even though it is lack of sodium content, it has an
extensive content of solution. Thus, the beneficial effect of
seaweed might have also come from these minerals.

In general, commercial seaweed extracts are made from
brown seaweeds such as Ascopyllum nodosum and Fucus,
Laminaria, Sargassum and Turbinaria spp. (Sharma et al,,
2014). In this work, we used green seaweed (Ulva
lactuca) which was collected from Sea of Marmara during
summer season. Seaweed extracts are complex structures
with a mixture of components that may vary according to
the seaweed source, collection site, season of collection,
and extraction procedure. Sharma et al. (2014) reported
that significant  differences in the
concentrations of the minerals Fe, [, K, Mg and S among
five seaweed species collected from the same region. The
same authors found that not only the mineral content but
also the IAA content varied between 3 and 47 ng/g among
the seaweed species. This can be expected from samples
collected at different times of the year, but interestingly,
variations

there were

in mineral contents and compositional
structure were also observed in commercial formulations
produced from A. nodosum (Shekhar et al, 2012). This
conclusion shows that variation in composition is
inevitable.

Seaweed extract enhanced the formation, length and
volume of roots in crop seeds (Kenanoglu, 2016). Such
enhancement in the root system of the plant may be a key
point in the resistance to abiotic stresses (Sharma et al,,
2014) because a developed root structure may initiate a
higher rate of water uptake and tolerance to stressful

conditions.

5. Conclusion
In conclusion, priming of seeds with seaweed extracts has

a superior potential to get better germination, emergence
and seedling performance in onions. Moreover, the more
influential effect of seaweed extract on the seed quality of
the lots in relation to distilled water (DW) treatment in
abiotic stress environment shows that it has a potential to
enhance germination at sub-optimum sowing conditions
(i.e early spring).
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Abstract

Analyzing Genotype-Environment interaction (GxE) is useful for exploring the opportunities and limiting the drawbacks
of the effects. An investigation was conducted on 12 environments (six locations and two years) to study GXE and
stability of 18 tef varieties, and to identify desirable environments. The experiment was laid in a randomized complete
block design with three replications. The result of AMMI analysis of variance showed that tef grain yield was
significantly (P < 0.001) affected by environments (E), genotypes (G) and GxE. Environment, G and GxE explained about
90.23%, 1.03% and 8.74% of the total sum of squares of treatments, respectively. The partitioning of the GXE by AMMI
analysis showed that two of the Interaction Principal Component Axes (IPCAs) were highly significant (P < 0.001). The
two IPCAs explained 66.06% of the total GXE in grain yield of the tef genotypes. AMMI1 showed that genotypes G and D
had small interaction effects. Likewise, environments MR06 and KB0O7 had the highest interaction effects whereas SR06,
KB06, JM06 and JM07 had smaller interaction effects. AMMI2 also showed that environments MR06, KB0O7 and CHO7
exerted higher interaction effects; however, KB06, JM06 and JM07 exerted lower interaction effects. The GGE biplot
identified three mega-environments: The first mega-environment is composed of environments Kobo, Jari and SR07
with genotype Tseday as a winner; genotype Ziquala represented the second mega-environment containing Jamma,
Chefa and SRO06; the third environment, made up of Mersa, was represented by genotype Asgori. Tseday was the most
desirable variety; while Mersa was the least desirable environment.
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1. Introduction and unique qualities as compared to other crops. Apart
The tiny-seeded cereal, tef [Eragrostis tef (Zucc.) Trotter], from its large area coverage and production in the
which is originated and diversified in the highlands of ~ country, both the grain and the straw are preferred by

Ethiopia (Vavilov, 1951), has a great deal of importance the people and by livestock, as food and as feed,
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respectively. The grain is packed with a number
important nutrients (Mengesha et al, 1965), and now a
days, it is regarded as one of the healthy food stuffs as it
is gluten free (Spaenij-Dekking et al., 2005).

Until recently, the crop was not much known in the
outside world as food crop and it was cultivated in
Ethiopia. It is adapted to different temperature and
altitudinal ranges (Ketema, 1997), different water
regimes, and adapted to mild water stress, both deficit
and excess. About 37 tef varieties have been developed
(MoANR, 2016), mostly from the naturally existing
variability and some by cross breeding, for different
agro-ecological zones (AEZs) of Ethiopia. However, the
yield of those varieties is not stable across different AEZs
of Ethiopia.

The basic cause of differences among genotypes in terms
of yield stability is the incidence of genotype-
environment interaction (GxE). This interaction can be
partly understood as a result of differential reaction of
cultivars to environmental factors (Becker and Leon,
1988). Analyzing the GxE, rather than ignoring, is useful
for exploring the opportunities and limiting the
drawbacks of the effects (Annicchiarico, 2002). The
importance of GXE and stability has been documented by
many workers in wheat (Farshadfar et al, 2011; Hagos
and Abay, 2013; Ferede and Worede, 2016), barley
(Voltas et al, 2002; Bantayehu, 2013; Mehari et al,
2014), rice (Samonte et al.,, 2005; Ouk et al,, 2007; Akter
et al,, 2014; Dessie et al, 2018), finger millet (Fentie et

Table 1. Description of the 18 tef varieties used in the study

al, 2013; Lule et al,, 2014; Mamo et al., 2018), sorghum
(Adugna, 2007; Almeida et al, 2014) and many other
crops. Multivariate algorithms, Additive Main-effect and
Multiplicative Interaction (AMMI), and genotype main
effect and genotype-environment interaction (GGE), have
been used to assess GXE in order to enable breeders to
delineate mega-environments and target superior
varieties on mega-environments (Gauch and Zobel, 1997;
Yan and Hunt, 2002). The objectives of the present study
were to assess GXE and stability of tef varieties, and to
identify desirable environments in Northeastern part of
Ethiopia.

2. Materials and Methods

2.1. Experimental materials and place of study

The field experiment was conducted at six locations in
2006 and 2007 main cropping seasons. The locations
were Kobo (12°8°21”N/39018°21”E, 1450m), Sirinka
(11°45°00”N/39°36'36"E, 1850m), Mersa
(11°40’N/39039.5’E, 1850m), Jari (11921'N/39938’E,
1680m), Cheffa (10057°'N/39947’E, 1600m) and Jamma
(10940°N/39010’E, 2600m). All these locations represent
the moisture stressed tef growing areas of Northeast
Ethiopia. The first five locations experience moisture
deficit, while Jamma experiences excess moisture at
vegetative stage of the crop and deficit at later stages.
The materials used were 18 tef varieties released by
three agricultural research centers for different agro-
ecological zones in Ethiopia (Table 1).

Variety Name Code Year of release Releasing research center
DZ-01-99 Asgori 1970 Debre Zeit
DZ-01-1681 Key Tena B 2002 Debre Zeit
DZ-Cr-82 Melko C 1982 Debre Zeit
DZ-01-787 Wellenkomi D 1978 Debre Zeit
DZ-01-1281 Gerado E 2002 Debre Zeit
DZ-Cr-358 Ziquala F 1995 Debre Zeit
DZ-Cr-44 Menagesha G 1982 Debre Zeit
DZ-01-1821 Zobel H 2005 Sirinka
DZ-01-2054 Gola I 2003 Sirinka
DZ-01-196 Magna ] 1970 Debre Zeit
DZ-01-974 Dukem K 1995 Debre Zeit
DZ-Cr-37 Tseday L 1984 Debre Zeit
DZ-01-1278 Ambo Toke M 2000 Holetta
DZ-01-1285 Koye N 2002 Debre Zeit
DZ-Cr-255 Gibe 0 1993 Debre Zeit
DZ-01-354 Enatit P 1970 Debre Zeit
DZ-01-146 Genete Q 2005 Sirinka
DZ-01-2053 Holetta Key R 1999 Holetta

2.2. Experimental design and management
The experiment was laid-out in a randomized complete

block design (RCBD) with three replications. A 2m x 2m
plot was used for each variety. Inter-plot and between
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block distances of 1m and 1.5m were left. Sowing was
done at the third week of July by broadcasting 10gm seed
of each tef variety per plot. Fertilizer was applied at the
rate of 41 N and 46 P20s kg ha'L. Urea and DAP were used
as sources of N and P, respectively. Plots were kept weed-
free throughout the growth period.

2.3. Data collection and analyses

Data for grain yield (ton hal) were collected. AMMI and

GGE analyses were computed by using GenStat (16th
edition) computer program.

3. Results and Discussion

The AMMI analysis of variance of grain yield (ton ha-1) of
18 tef genotypes evaluated in 12 environments (six
locations and two years) is presented in Table 2.

Table 2. The AMM1 analysis of variance table for grain yield of 18 tef varieties on 12 environments

Source d.f. MS G x E explained (%)

Treatments 215 289.62 1.347

Genotypes 17 2.99 0.176**

Environments 11 261.32 23.757**

Interactions 187 25.31 0.135**

[PCA 1 27 10.29 0.381** 40.66

[PCA 2 25 6.43 0.257** 25.40
Residuals 135 8.58 0.064

Error 408 26.79 0.066

**= significant at 0.001 probability level

The analysis showed that tef grain yield was significantly
(P < 0.001) affected by environments (E), genotypes (G)
and GxE. Significant effects of G, E and GXE were reported
in tef (Kefyalew, 1999; Debusho et al., 2006; Ashamo and
Belay, 2012). Environment explained about 90.23% of

the total sum of squares of treatments signifying that the
environments considered in the study were so diverse to
cause most of the variation in grain yield. Environmental
mean grain yield ranged from 0.546 tons ha-l at Mersa in
2007 to 2.681 tons ha'l at Sirinka in 2007 (Table 3).

Table 3. Mean grain yield (ton ha-1) of 18 tef varieties across 12 environments

Environment Genotype
Variety Name Code SRO6 KBO6 MRO6 JROG CHO6 M06 SRO7 KEO07 MRO7 JRO7 CHO7 M07 mean
Asgori A 1188 1.165 1.872 0.907 0.639 0634 2716 1.530 0.860 1.375 1.784 0.688 1.280
Key Tena B 1134 1.231 2110 0.646 0.615 0549 2428 1.347 0.618 1176 2,387 0491 1.228
Melko [ 1.319 1538 1.287 1.230 1.032 0.645 2,043 1911 0.560 1.614 2.078 0.712 1.406
Wellenkomi D 1.245 1.058 0.918 0.985 0.895 0572 2309 1.470 0.383 1324 2,375 0.523 1171
Gerado E 1.400 1.227 1.204 1.347 0.820 0472 3340 2,031 0.567 1.677 2.079 0.447 1.385
Ziquala F 1.470 1.247 0.969 1.429 1.199 0855 2445 1.808 0.545 1.262 2,326 0.729 1374
Menagesha G 1.377 1478 1.237 1.449 0.840 0.639 2,550 1.785 0.548 1.346 2,326 0471 1.354
Zobel H 1471 1.299 1.050 1.084 0.923 0412 2445 1.926 0.331 1.229 2,397 0.645 1.268
Gola I 1.678 1.4350 1.152 1.267 1.130 0559  2.801 1.892 0.244 1.567 2,383 0.530 1.388
Magna ] 1471 1.345 1.086 1138 0.964 0597  2.580 1.903 0,487 1372 2,149 0.550 1.303
Dukem K 1444 1.180 1201 1.169 1.105 0.609 2772 2,162 0.439 1.397 2,197 0574 1.354
Tseday L 1191 1371 1338 1451 1.023 0.665  2.809 2,825 0.424 1.443 1.932 0.639 1426
Ambo Toke M 1.281 1441 1.235 1123 0.978 0.625  2.960 2151 0.449 1.457 2,449 0.739 1.407
Koye N 1.352 1464 1.616 1.081 0.681 0519 2461 1.597 0.484 1.200 2,493 0.572 1.204
Gibe 0 1.406 1103 1.231 1.383 1.005 0.646  2.562 2179 0.593 1.342 2117 0.653 1.352
Enatit P 1.592 1526 0.946 1112 0.987 0761  2.679 1.274 0.660 0.991 2,302 0.704 1.204
Genete Q 1.513 1.023 1.665 0.984 1.001 0534 2769 1.486 0.646 1418 2,587 0.604 1.360
Holetta Key R 1.366 1501 1528 1.461 0.873 0497 2678 1.822 0.990 1371 2,245 0.606 1412
Environment mean 1.383 1314 1314 1.180 0.928 0.600  2.681 1.839 0.546 1.365 2,279 0.609 1336

CHO6= Chefa 2006, CHO7= Chefa 2007, JM06= Jamma 2006, JM07= Jamma 2007, JR06= Jari 2006, JRO7= Jari 2007, KBO6= Kobo 2006, KB07= Kobo 2007,
MRO6= Mersa 2006, MRO7= Mersa 2007, SR06= Sirinka 2006, SRO7= Sirinka 2007

Only a small portion, 1.03% of the total sum of squares of
the treatments, was attributed to genotypic effects.
Genotype grain yield (averaged across environments)
ranged from 1.171 tons ha! for Wellenkomi to 1.426 tons
ha -1 for Tseday (Table 3). GXE explained 8.74% of the
treatment variation in grain yield. The magnitude of the
GxE sum of squares was about 8 times larger than that of

genotypes, indicating the presence of substantial

differences in genotypic response across environments.
Kefyalew (1999) explained the largest proportion of the
total sum of squares (SS) due to environments (70%)
followed by the GXE source of variation (22%) for grain
yield; the genotype source contributed the lowest
proportion (7%).

Genotype Gerado had the highest yield of 3.349 ton ha-!
at the highest yielding environment (Sirinka in 2007)
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whereas Holetta Key was the highest yielder (0.990 ton
ha-1) at the lowest yielding environment (Mersa in 2007)
(Table 3).

The partitioning of the GxE by employing AMMI model
analysis showed that two of the Interaction Principal
Component Axes (IPCAs) were highly significant (P <
0.001). The first IPCA captured 40.66% of the interaction
SS. Similarly, the second IPCA captured 25.40% of the
interaction SS. The two IPCAs explained 66.06% of the
total GxE in grain yield of the tef genotypes. Ashamo and
Belay (2012) reported 49% of the GXE variance to be
captured by the first significant (P < 0.05) IPCA. Kefyalew
(1999) also explained 58.82% of the total GXE by the first
(21.57%), second (19.61%) and third (17.65%)
significant IPCAs.

The AMMI biplot showing the main and IPCA1 effects of
both genotypes and environments on tef grain yield is
depicted in Figure 1.
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Figure 1. AMMI biplot of main effects of tef genotypes
and environments, and IPCA1 using symmetrical scaling.
CHO06= Chefa 2006, CHO07= Chefa 2007, ]M06= Jamma
2006, JM07= Jamma 2007, JR06= Jari 2006, JRO7= Jari
2007, KB06= Kobo 2006, KB07= Kobo 2007, MR06=
Mersa 2006, MR07= Mersa 2007, SR06= Sirinka 2006,
SRO7= Sirinka 2007.

In the Figure, distances along the abscissa shows main
effect
differences in interaction. The tef genotypes more or less

differences, whereas the ordinate shows
had similar pattern in genotypic main effect, as they are
arranged in a vertical line, but had sizable differences in
the interaction effects. Genotypes A, B, D, H, ], N and P
had below average genotypic main effect. In contrast, C,
E,F,G 1K L M,O,Qand R had above average genotypic
main effect. Genotypes B, L, A and Q had higher
interaction effect. However, G and D had small
interaction effect (Figure 1).

On the contrary, the environments did not show any
pattern. Environments SR07, CHO7 and KB07 had higher

environmental main effects, while MR07, JM06 and JMO07

had smaller main effects. Environments KB06 and MR06
had similar main effects but they differ in interaction
effects. MR0O6 and KBO7 had the highest interaction
effect; SR06 followed by KB06, JM06 and JM07 had
smaller interaction effects. The rest of the environments,
however, had moderate interaction effects (Figure 1).
Figure 2 shows the interaction pattern of the 18 tef
genotypes with the 12 environments. The distances from
the origin indicate the magnitude of interaction exerted
by environments on genotypes, or vice versa (Voltas et
al,, 2002). Accordingly, environments MR06, KBO7 and
CHO7 exerted higher interaction effects, signifying that
they are more discriminating than the others; however,
KB06, JM06 and JM07 exerted lower interaction effects.
Likewise, genotypes L, A and B had higher interaction,
showing that they are more responsive to environmental
changes, and hence they are specifically adapted. On the
contrary, genotypes C, M, ], G and R had least
contribution to the interaction component indicating
their wider adaptability.

==
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PC1 - 40.67%
Genotype scores
+ Environment scores

Vectors

Figure 2. AMMI biplot of tef genotypes and

environments plotted against PCA1 and PCA2 using
symmetrical scaling. CHO6= Chefa 2006, CHO7= Chefa
2007, JM06= Jamma 2006, J]M07= Jamma 2007, JR06= Jari
2006, JRO7= Jari 2007, KBO6= Kobo 2006, KB07= Kobo
2007, MRO6= Mersa 2006, MR07= Mersa 2007, SR06=
Sirinka 2006, SR07= Sirinka 2007.

The GGE biplot is useful for identification of mega-
stable)
genotype and best test-environments (representative
and discriminating), among other things (Yan and Tinker,
2006).

In the which-won-where view of the GGE biplot, a
polygon is drawn on genotypes that are furthest from the
genotypes.
Genotypes located on the vertices of the polygon
performed either the best or the poorest in one or more
environments. The equality lines, perpendicular lines
drawn to each side of the polygon, divide the biplot into
sectors (Yan and Tinker, 2006). The pattern in Figure 3

environments, superior (high-yielding and

biplot origin circumscribing all other
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suggests that the target environment could be divided
into four different mega-environments.

PC2 - 23.65%

PC1 - 40.46%

. Genotype scores
+ Environment scores
Convex hull

Sectors of convex hull
Mega-Environments

Figure 3. GGE biplot analysis showing the mega-
environments and their respective high yielding
genotypes. CH06= Chefa 2006, CHO7= Chefa 2007, JM06=
Jamma 2006, JM07= Jamma 2007, JR0O6= Jari 2006, JR07=
Jari 2007, KBO6= Kobo 2006, KB07= Kobo 2007, MR06=
Mersa 2006, MR07= Mersa 2007, SR06= Sirinka 2006,
SRO7= Sirinka 2007.

The first mega-environment is composed of
environments SR07, JR06, KB07, KB0O6 and JR07 with
genotype L (Tseday) as a winner. Genotype F (Ziquala)
represented the second mega-environment containing
JM06, JM07, CHO6 and SRO6. The third environment,
made up of MRO7 and MRO06, was represented by
genotype A (Asgori); whereas genotype P (Enatit)
represented environment CHO7. However, as far as
mega-environment CHO7 is concerned, on the one hand,
it is hardly possible to consider a location to be a mega-
environment. On the other hand, in that environment, the
highest yielding genotype was Q (Genete) not P (Enatit).
This happened as a result of incomplete fitting of the GGE
model to the original data (Voltas et al, 2005) as the
which-won-where pattern is largely, not entirely,
validated from the original data (Yan, 2002). Similar
result was reported by Voltas et al. (2005) in barley.
Besides, mega-environments are determined by the
frequently winning genotypes (Gauch and Zobel, 1997),
therefore, only three mega-environments instead of four
would be possible in the present study. Similar result was
reported by Samonte et al. (2005). As a result, the three
possible  mega-environments
environment I composed of environments SRO7, Jari
(JRO6 and JR07) and Kobo (KB07 and KB06) with
genotype L (Tseday) as a winner; Genotype F (Ziquala)
representing the second mega-environment containing
Jamma (JM06 and JM07), Chefa (CHO6 and CHO07) and
SR06; and the third environment, made up of Mersa
(MR06 and MRO07), was represented by genotype A

would be: mega-

(Asgori).

Ideal environments should be more representative of the
entire set of environments and should have more
genotype discriminating power, such environments
should have small PC2 (absolute) and large PC1 scores
(Yan et al,, 2000; Yan and Rajcan, 2002). Figure 4 shows
the average-environment coordination (AEC) view of
ranking environments relative to an ideal environment.
The center of the concentric circles pinpoints the ideal
environment, representative and  highly
discriminating. Thus, environments placed closer to the
ideal environment are more desirable (Yan and Tinker,
2006). Accordingly, KB07 (Kobo 2007) is the most
desirable environment than the others. However, Mersa
(MRO6 and MRO7) and CHO7 were the least desirable
environments as they are located far away from the ideal
environment.

more

PC2 - 23.65%

PC1 - 40.46%

Genotype scores
Environment scores

o+

Figure 4. GGE biplot view to rank the 12 tef growing
environments using environment-centered scaling.
CHO6= Chefa 2006, CHO7= Chefa 2007, JM06= Jamma
2006, JM07= Jamma 2007, JR06= Jari 2006, JRO7= ]Jari
2007, KB06= Kobo 2006, KBO7= Kobo 2007, MR06=
Mersa 2006, MR07= Mersa 2007, SR06= Sirinka 2006,
SRO7= Sirinka 2007.

According to Yan et al. (2000) and Yan and Rajcan
(2002), ideal genotype is that having large PC1 score
(high grain yield) and small absolute PC2 scores (high
stability). Figure 5 shows the average-environment
coordination (AEC) view of ranking genotypes relative to
an ideal genotype.

The center of the concentric circles shows the ideal
genotype, a genotype absolutely stable and highest
yielder. Thus, genotypes situated closer to the ideal
genotype are more desirable (Yan and Tinker, 2006).
Accordingly, the genotype L (Tseday) is the most
desirable variety than the others. Kefyalew (1999) also
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reported Tseday (DZ-Cr-37) to have had a yield
comparable to the highest yielding genotype while
having IPCA scores closer to zero. Tseday (DZ-Cr-37) has
previously been recommended for its high grain yield
and consistent performance on all the test locations
except Jari and Jamma (Worede et al., 2007).

PC2 - 23.65%

/| Asrof S akeor,
J/ | I N )

PC1 - 40.46%

Genolype scores
Environment scores
AEC

0+

Figure 5. GGE biplot of tef genotypes on 12
environments using genotype-centered scaling. CH06=
Chefa 2006, CHO7= Chefa 2007, JM06= Jamma 2006,
JM07= Jamma 2007, JR06= Jari 2006, JRO7= Jari 2007,
KB06= Kobo 2006, KB07= Kobo 2007, MR06= Mersa
2006, MR07= Mersa 2007, SRO6= Sirinka 2006, SR07=
Sirinka 2007.

4. Conclusion

The result demonstrated the importance of AMMI and
GGE in identifying suitable environments and stable tef
varieties for the Northeastern part of Ethiopia. On top of
that, the finding also showed the importance of GGE in
detecting mega-environments and the corresponding
suitable genotypes. The three genotypes, Tseday, Ziquala
and Asgori, could be recommended for large-scale
production in the three mega-environments. However,
Mersa should not be used as a representative test
location for tef research.
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Ozet

Bu c¢alisma, ekmeklik bugdayda farkl tane iriliklerinin unda bazi kalite 6zellikleri tlizerine etkisinin incelenmesi
amaciyla yiiriitilmistir. Arastirmada, Bayraktar 2000, Tosunbey, Liitfiilbey ve Sanl ekmeklik bugday cesitlerinin elek
analizi sonrasinda >2,8 mm, 2.8 - 2,5 mm ve 2,5 - 2,2 mm partikiil boyutuna sahip farkl irilikteki bugday taneleri
kullanilmistir. Farkli tane iriligine sahip ekmeklik bugday ¢esitlerinin tavlanarak 6gitiilmesi ile elde edilen unlarda; yas
gluten, kuru gluten, gluten indeks, diisme sayisi, sedimantasyon ve gecikmeli sedimantasyon analizleri yapilmistir.
Ayrica hamurlarin reolojik o6zelliklerini belirlemek amaciyla; tekstiir analiz cihazinin Kieffer hamur ve gluten
uzayabilirlik ve Chen-Hoseney hamur yapigskanlik donanimlari kullanilarak hamurlarin uzamaya karsi diren¢ (Rmax),
uzayabilirlik (Ext), yapiskanlik, yapisma kuvveti ve hamur kuvveti gibi kalite parametreleri incelenmistir. Bu
ozelliklerin degerleri bakimindan tane irilikleri arasinda istatistiksel olarak fark olmazken, gesitler arasinda %0,01
diizeyinde 6nemli farkliliklar tespit edilmistir. Cesit x tane iriligi kombinasyonu istatistiksel olarak 6nemli bulunmustur.
Yas gluten %27,8 - 54,55, kuru gluten %9,50 - 20,1, gluten indeks degeri %43,55 - 94,29, diisme sayis1 262,50-882,00
sn, sedimantasyon 32,00 - 65,50 ml ve gecikmeli sedimantasyon 31,50 - 63,0 ml arasinda bulunmustur. Kieffer test
sonuglarindan Rmax 12,50 - 25,77 g, Ext 14,12 - 60,25 mm arasinda, Chen-Hoseney test degerlerinden yapiskanlhk 9,41
- 40,06 g, yapisma kuvveti (adezyon) 0,55 - 7,29 g.sn ve hamur kuvveti 0,73 - 4,55 mm degerleri arasinda degisim
gostermistir. Gluten indeks, uzayabilirlik ve hamur kuvveti disinda incelenen parametrelerin en yiiksek degerleri Sanli
cesidinin 2,8 mm tane iriliginde belirlenmistir. En diisiik degerler ise, tane iriligi ve ceside bagh olarak degisiklik
gostermistir. Sonug olarak, daha yiliksek un kalite 6zelliklerinden dolay1 Sanl bugday cesidi ve tercihen daha iri tane
yapisi Onerilebilir.

Anahtar kelimeler: Bugday cesitleri, Gluten, Tane iriligi, Hamur reolojisi, Yapiskanlik, Uzamaya karsi direng

Effect of Grain Size on some Flour Quality Characteristics of Bread Wheat (Triticum
Aestivum L.) Cultivars

Abstract: The study was conducted to investigate the effect of different grain sizes in bread wheat on some quality
characteristics of flour. In the research, after sieve analysis of Bayraktar 2000, Tosunbey, Liitfiibey and Sanl cultivars,
grains with have a particle size of >2.8 mm, between 2.8- 2.5 mm and 2.5- 2.2 mm were used. The wet gluten, dry gluten,
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gluten index, falling number, sedimentation and delayed sedimentation analyzes were done in bread wheat flours
obtained by tempering and grinding of the bread wheat varieties with different grain size. In addition, rheological
properties of dough’s such as resistance to extension (Rmax), extensibility (Ext), stickiness, work of adhesion and dough
strength were detected by using Kieffer dough and gluten extensibility and Chen - Hoseney dough stickness rigs of
texture analyzer. While there weren'’t statistical difference between the grain sizes in terms of the values of these
characteristics, there were significant differences at the level of 0.01% between cultivars. Cultivar x grain size
combination was found statistically significant. The wet gluten, dried gluten, gluten index, falling number,
sedimentation and delayed sedimentation values were found between 27.8-54.55%, 9.50-20.1%, 43.55-94.29%,
262.50-882.00 s, 32.00-65.50 ml and 31.50-63.0 ml respectively. Rmax and Ext, results of Kieffer test, were found
between 2.50-25.77 g and 14.12-60.25 mm respectively while stickiness, adhesion force and dough strength values
obtained from the Chen-Hoseney test were determined as 9.41-40.06 g, 0.55-7.29 g.sn and 0.73-4.55 mm respectively.
Apart from gluten index, Ext and dough force, the highest values of all other examined characteristics were determined
as 2.8 mm seed size of Sanl cultivar. The lowest values varied depending on the seed size and cultivar. As a result, due
to their higher flour quality characteristics, Sanli wheat variety and preferably larger grain size (2.8 = mm) can be

recommended.

Keywords: Wheat varieties, Gluten, Grain size, Dough rheology, Stickiness, Resistance to extension
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1. Giris

Bugday standartlar1 kullanim amacina baglh olarak
degismekle birlikte, iri tanelerin daha kaliteli olduguna
dair biiyiik bir gériis birligi vardir. iri taneler, topraga
ekildiklerinde c¢imlenme icin gerekli
maddelerinin daha fazla olmasi nedeniyle cikisin biiyiik
oranda garantisidir. Bitki ¢ikisina baghh olarak birim

olan rezerv

alanda bitki sayisinin optimum olmasi, hizli biiyiime ve
gelisme, su ve besin maddelerini daha iyi kullanmasi gibi
nedenlerden dolayr tane verimleri daha
olabilmektedir (Kara ve Akman, 2007).

Cok sayida arastiria tane iriligi ile tane verimi arasinda
pozitif bir korelasyon oldugunu belirlemislerdir. Zareian
ve ark. (2013) fide gelisimi ve tane verimi agisindan >2,2 -

ylksek

2,5 tane iriligine sahip olan gesitlerin en iyi kategoride yer
aldigin bildirmislerdir. Protic ve ark. (2019) ayni ekim
normunda, biiyiik taneli bugday tohumlarinin kiigiik
taneli tohumlara gore birim alanda daha fazla sayida
basak sayist verdigini, bu durumun bugday verimi
acisindan o6nemli oldugunu rapor etmislerdir. Diger
taraftan ¢ok iri tanelerin verimlerinin diisiikk oldugunu
bildiren ¢alismalar da mevcuttur. Goran ve ark. (2011) en
yliksek (6,88 ton/hektar ve 6.54
ton/hektar) sirasiyla 2,5 ve 2,2 mm tane iriligine sahip
bugday tanelerinden elde ettiklerini, kii¢iik (1,8 ve 2,0

tane verimini

mm) ve c¢ok iri taneli (2,8 mm) tohumlarin tane
verimlerinin 6nemli diizeyde diisik oldugunu tespit
etmislerdir.

Bitkilerde kalite daha ¢ok kalitsal bir 6zellik olsa da,
cevresel faktdrlerden de etkilenir. Cevresel faktorler
iklim, toprak ozellikleri, yetistirme hasat ve depolama
kosullar ile belirlenirken, cesitteki kalitsal faktorler ise

1slah calismalar1 sonucu meydana gelen degismelerden

kaynaklanmaktadir (Bushuk, 1982). Tahillarda daha
yliksek hektolitre ve bin tane agirligina sahip tanelerin un
randimaninin daha yiiksek oldugu, un verimi ve protein
icerigi kalitsal faktérlerden, buna karsin 6giitme ve
ekmeklik Kkalitesinin ¢evre faktoérlerinden etkilendigi
bildirilmistir (Finney ve ark., 1987). Ulkelerin ekonomik
diizeyleri yiikseldikge, tiiketiciler bilinclenmekte ve belirli
kalite ve nitelikte olan bugdaylara gereksinimi artirmaya
baslamistir. Bu nedenle, bugdaylarin cesitli amaglarla
kullanilmalar: sirasinda standardizasyon ve kalitelerinin
tanimlanabilmeleri igin fiziksel ve kimyasal o6zellikleri
onem tasimaktadir. Degirmencilik agisindan genellikle
bugdayin fiziksel 6zellikleri daha 6nemlidir. Ogiitme
kalitesini belirleyen faktorler esas olarak fiziksel kriterler
olup, bunlarin basinda hektolitre agirligs, bin tane agirligs,
sertlik, yumusaklik, tane iriligi ve sekli gelmektedir
1995). Genellikle
bugdaylarin gluten miktar1 fazla ve kalitesi yiiksek (Uludz,
1965) olup, protein, sedimantasyon degeri (Zanetti ve
ark, 2001), diisme sayis1 degerleri, diger bir ifade ile
amilaz  aktiviteleri, reolojik  nitelikleri,
uzayabilirlik, hamur kuvveti (direng) ve alveogram

(Karababa ve Ercan, sert taneli

hamurun

degerleri bugdaylarin farkll iriinlere islenebilirligini
belirlemede kullanilan kalite o6zellikleridir. Ercan ve
Seckin (1989) bugdayda tane iriligi ve buna bagh olarak
gluten miktarn fazla ve kalitesi iyi
sedimantasyon degeri de daha yliksek oldugunu

bildirmislerdir. Hoshino ve ark. (1994), tane iriligi ile

olan unlarin

bugday kalitesi arasindaki iliskiyi Koyukikomugi ¢esidini
kullanarak yaptiklari denemeler ile arastirmislar,
tanelerin bin tane agirliklarinin, un verimlerinin, beyazlik
ve parlakliklarinin tane iriligi ile birlikte arttigini, ancak

sarilik degerlerinin azaldigini, farinogram ve amirogram
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degerleri ile uzayabilirlik degerleri arasinda istatistiksel
olarak 6nemli bir fark olmadigini saptamislardir.

Giinimiizde hizla artan diinya niifusuna paralel olarak,
iilkemizin bugday iiretimi kendisine yetecek miktardadir.
Bu durumu siirdiirmek icin, yiiksek kaliteli bugday
cesitlerinin uygun Kkosullarda iiretilmesi zorunludur.
Tahila dayali beslenme aliskanligi olan toplumlarda
oldugu gibi Tirkiye’ de bugday ucuz ve doyurucu
olmasindan dolay giinliik diyetin temel besin kaynagidir.
Kalitesiz bugdaydan elde edilen unlardan yapilan ekmek
daha c¢abuk bayatlamakta ve dolayisiyla ortaya ¢ikan
ekmek kaybi da yliksek olmaktadir. Bu kaybi 6nlemek i¢in
ekmeklerin kalitesinin arttirllmasi gerekmektedir. Bunu
saglayabilmek i¢cinde en basta un ve unun elde edildigi
bugdayin Kkalitesi yiikseltilmelidir (Go¢gmen, 1993).
Ulkemizde yetistirilen bugday cesitlerinin un ve ekmeklik
kaliteleri lizerine oldukga fazla ¢calisma olmasina ragmen
tane iriliginin un kalitesine ilizerine etkisinin arastirildigi
calisma sinirh sayidadir. Farkl irilikteki ekmeklik bugday
cesitlerinin hamur reolojisi Uzerine etkisinin tekstiir
analiz cihazinda Kieffer hamur ve gluten uzayabilirlik ve
Chen- Hoseney hamur yapiskanlik testleri ile analiz
edildigi calismaya ise rastlanmamistir.
calismada, ekmeklik bugday cesitlerinde farkl tane
iriliklerinin un kalitesi ve bu unlardan elde edilen

Bu nedenle

hamurlarin lizerine olan etKisi

incelenmistir.

reolojik  ozellikleri

2. Materyal ve Metot

Arastirma, Tarla Bitkileri Merkez Arastirma
Enstitiisii'nden temin edilen ve materyal olarak kullanilan
Bayraktar 2000, Tosunbey, Litfilbey ve Sanl ekmeklik
bugday c¢esitleri 2017 yiiinda Isparta ekolojik
kosullarinda tiim tarimsal islemler (ekim, gilibreleme,
ilaglama vb.) esit olarak uygulanarak yetistirilmistir.
Hasat edilen tiim cesitler 2,2 mm, 2,5 mm ve 2,8 mm’lik
eleklerden gecirilerek tane iriliklerine gore
smiflandirilmistir.

2.1. Bugday Orneklerinin Tavlanmasi ve Ogiitiilmesi
AACC Metot No. 44-01'e gbre nem igerigi belirlenen
bugday oOrneklerine AACC Metot No. 26 - 95,01'de
belirtilen miktarlara goére su ilavesi yapilarak soguk
tavlama islemi (piiskiirtme ve karistirma yontemi ile)
uygulanmistir  (AACC 2000).
yapildiktan sonra 2 saat araliklar ile karistirilmis ve 24
saat sonra laboratuvar tipi dort valsli tavli bugday 6giitme
degirmeninde (Ekin Gida, Ankara) ortalama %60-65
randimanda 6giitiilmiistiir. Ogiitme sonrasi unlar 3 hafta
slireyle oda
bekletilmis ve daha sonra asagida belirtilen un analizleri

Orneklere su ilavesi

kosullarinda  olgunlagtirma amaciyla
yapilmistir.

2.2. Bugday Unu Orneklerinde Yapilan Analizler
Bugday oOrneklerinden elde edilen unlarda, yas ve kuru
gluten, gluten indeks (metot 38 - 12,02), sedimantasyon
(metot 56-60.01), diisme sayis1 (metot 56-81B) analizleri
icin AACC metotlar1 kullanilirken (AACC, 2000), gecikmeli
sedimantasyon analizi i¢in Greenaway ve ark. (1965)
tarafindan bildirilen metot kullanilmigtir. Hamurlarin

Tekstlir Analiz cihazinda (TAXT Plus, Stable Micro
Systems Ltd., Godalming, Surrey, Ingiltere) SMS/Kieffer
hamur ve gluten uzayabilirlik probu (SMS/Kieffer Dough
and Gluten Extensibility Rig) kullanilarak hamurun
uzamaya kars1 diren¢ (Rmax), uzayabilirlik (Ext) ve kurve
altindaki alan (ARmax/Ext) degerleri dl¢iilmustiir (Kieffer
ve ark,, 1998). Testin yapildig1 mekaniksel sartlar cihazda;
on test hiz1 1,0 mm/s, test hiz1 3,3 mm/s, son test hiz1 10,0
mm/s, mesafe 75 mm, trigger kuvvet tipi 5 g ve veri elde
etme orani ise 200 pps seklinde ayarlanmistir.

Farkli bugday unu ornekleri ile hazirlanan hamurlarin
yapiskanlik (g), adezyon (g.sn) ve hamur giici (mm)
degerleri tekstiir analiz cihazinda (TAXT Plus, Stable
Micro Systems Ltd., Godalming, Surrey, Ingiltere) Chen-
Hoseney hamur yapiskanlik probu (Chen-Hoseney Dough
Stickiness Rig (A/DSC) kullanilarak belirlenmistir (Chen
ve Hoseney, 1995).

2.3. Istatistiksel analizler

Elde edilen sonuglar, SPSS (V.16.0 for Windows, SPSS Inc.,
Chicago, IL) paket programi kullanilarak istatistiksel
olarak degerlendirilmeye tabi tutulmustur. Grup
ortalamalar1 arasindaki farkliliklar Duncan ¢oklu
karsilastirma testi ile belirlenmistir.

3. Bulgular ve Tartisma

3.1. Bugdayda Tane Iiriliginin Unda Baz1 Kalite
Ozellikleri Uzerine Etkisi

Tane iriliginin bugday ununda yas gluten, kuru gluten,
gluten indeks, dliisme sayisi, sedimentasyon ve gecikmeli
sedimantasyon degerleri Tablo 1'de
verilmistir. Unda incelenen kalite 6zellikleri bakimindan
cesitler arasindaki farklar istatistiksel olarak (P<0.01)
o6nemli bulunmustur (Tablo 1). Farkl tane iriligine sahip
bugday cesitlerinin yas gluten oram1 %27,8-54,55, kuru
gluten oranm1 %9,50-20,1, gluten indeks degeri %43,55-
94,29, diisme sayis1 262,50-882,00 sn, sedimantasyon
32,00-65,50 ml ve gecikmeli sedimantasyon 31,50-63,0
ml arasinda degismistir.

Tosunbey ve Liitfiibey cesitlerinde tane iriligi 2,2'nin
lizerine ¢ikinca yani 2,5 ve 2,8 mm’lerde yas gluten degeri
onemli diizeyde artarken, tiim c¢esitler icerisinde en
yliksek yas gluten degerine sahip olan Sanh cesidinde

lizerine etkisi

tane iriliginin artmasina paralel olarak yas gluten degeri
de artis gostermis, bu ¢esidin 2,8 mm tane iriligine sahip
o6rneginde %54,55 ile en yiiksek degere ulasmistir. Yas
gluten degerlerinde elde edilen sonuglar kuru gluten
degeri bakimindan da benzerlik gostermistir. En yliksek
kuru gluten degeri %20,15 ile Sanh c¢esidinin 2,8 mm
iriligindeki tanelerinde gériilmiistiir. Ancak gluten indeks
degeri icin tam tersi bir durum belirlenmis, tiim ¢esitler
icerisinde Sanh ¢esidinin tiim tane iriliklerinde en diisiik
gluten indeks degerine sahip oldugu, artan tane iriligine
karsin gluten indeks degerinin azalma gosterdigi
saptanmistir. Benzer sekilde Bayraktar 2000 ¢esidinde de
artan tane iriligine karsin gluten indeks degeri azalma
gostermistir. Burada sunu belirtmek gerekir ki, Sanh
cesidinde oldugu gibi yas gluten miktar1 gluten kalitesini

O0lgmek icin bir gosterge degildir. Gluten kalitesi
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uzayabilirlik ve elastikiyet ile karakterize edilir. Gluten
indeks degeri ile protein miktar1 ve son iiriin hacmi
arasinda 6nemli bir korelasyon olmadigi Curic ve ark.
(2001) tarafindan yapilan bir calisma ile de ortaya
konulmustur. Arastiricilar test ettikleri bugday cesitleri
arasinda en diisiik yas gluten miktaria (%19,73) sahip
olan c¢esidin en yiiksek gluten indeks degeri (%99,60)
gosterdigini ve bizim calismamizda oldugu gibi gluten
indeks degeri ile yas gluten miktar1 arasinda 6nemli

diizeyde  negatif bir  korelasyon  bulundugunu
bildirmislerdir. ~ Gluten indeks degeri yas
gluten/protein orani arasinda énemli diizeyde negatif bir
korelasyonun bulundugu, bununla birlikte gluten indeks
ve yas gluten/protein oram gibi glutenin Kkalitatif
ozellikleri tizerinde genotipin baskin bir etkisinin oldugu
Simic ve ark. (2006) tarafindan yapilan bir ¢calismada da
rapor edilmigtir.

ile

Tablo 1. Bugdayda tane iriliginin unda bazi kalite 6zelliklere etkisi

Tane iriligi  Cesitler Yas gluten Kuru gluten Gluten Diisme Sedimantasyon Gecikmeli
(mm) (%) (%) indeks (%) sayi1sl (sn) (ml) sedimantasyon (ml)
Bayraktar 2000 31,40 11,10a¢ 94,2924 279,50a¢ 32,00 35,0028
29 Tosunbey 35,2508 13,3508 90,0128 719,504 40,0008 52,0004
’ Liitfiibey 28,500 9,500P 83,1728 556,508 33,502 31,5008
Sanh 42,15¢A 16,1004 61,54« 765,500A 47,0004 46,0004
Bayraktar 2000 27,80b¢ 9,95b¢ 75,6508 262,50a¢ 32,002 35,00
25 Tosunbey 39,2524 14,5528 84,5324 637,0008 45,0028 59,0024
’ Liitfiibey 30,75%¢ 10,552¢ 75,418 624,0008 34,00¢ 36,502
Sanh 44,45bA 17,154 59,692C 769,50p4 49,50pA 47,5008
Bayraktar 2000 33,552¢ 11,852¢ 57,458 274,502¢ 32,0024 35,00
28 Tosunbey 40,6028 16,3028 84,4824 698,5008 43,5028 55,5008
’ Liitfiibey 30,55« 10,352¢ 74,0404 674,508 34,0024 37,50
Sanh 54,5524 20,1524 43,65b¢ 882,004 65,5024 63,0024
F Tane iriligi x Gesit 16,10* 20,35* 95,55%* 305,33** 25,10%* 77,00%*
2,2 34,33 12,51 82,25 580,25 38,13 41,13
Tane iriligi 2,5 35,56 13,05 82,82 573,25 40,13 44,50
2,8 39,81 14,66 84,91 582,38 43,75 47,75
F tane iriligi 1,440d 1,889d 1,069d 2,820 1,208 4,270d
Cesitler Bayraktar2000 30,92C 10,97 C 75,80 B 272,17C 32,00C 35,00C
Tosunbey 38,37 B 14,73 B 86,34 A 685,00B 42,83 B 55,50 B
Liitfiibey 29,93D 10,13 C 77,54 B 618,33B 33,83C 35,17C
Sanlh 47,05 A 17,80 A 54,96 C 805,67A 54,00 A 52,17 A
F gesit 74,79** 150,19** 44,31** 134,34** 229,53** 199,20**
VK (%) 3,16 521 2,74 2,87 4,14 6,61

abe Kiigtik harfle yapilan kodlamalar ayni gesitlerin boyutlar1 arasindaki farkliliklar: gosterirken, ABCbiiyiik harfle yapilan kodlamalar farkli ¢esitlerin ayni

boyuttaki farkliliklarini géstermektedir
*P<0.05, ** P<0.01 diizeyinde 6nemli, 6d: 6nemli degil

Arastirmada elde edilen veriler dogrultusunda yas gluten
ve kuru gluten degerleri ile gluten indeks degeri arasinda
o6nemli diizeyde bir dogru oranti olmadigini, gluten indeks
degerinin ¢eside bagh bir 6zellik oldugunu séyleyebiliriz.

Diisme sayis1 degerleri bakimindan Bayraktar 2000 ¢esidi
haricinde diger gesitlerin tiim tane iriliklerinde unlarda
olmas1 istenen 250 * 25 sn degerinin iizerinde diisme
sayis1 gosterdikleri dolayisiyla diisiik amilaz aktivitesine
sahip olduklar1 belirlenmistir. Diisme sayisi ile a- ve 3-
amilaz aktivitesi arasinda negatif bir iliski vardir bununla
birlikte bu deger bugday c¢esidine
degisebilmektedir (Kindred ve ark., 2005).
Litfiibey ve Sanl ¢esitlerinde 2,8 mm iizeri tane iriliginde
diisme sayisinin arttifl diger bir ifadeyle amilaz enzim
aktivitesinin daha az oldugu saptanmistir. Tane iriliginin
sedimantasyon degeri lizerine en belirgin etkisi diger

baghh olarak

Olgiilen 6zelliklerde oldugu gibi Sanl ¢esidinde olmustur.
Artan tane iriligi ile birlikte sedimantasyon degeri 47 ml
den (2,2 mm) 65,5 mlye (2,8 mm’de) yiikselmistir.
Sedimantasyon degeri ile gluten miktar1 arasinda pozitif
bir iliski oldugu icin (Keceli ve ark, 2017) yas gluten
degeri de yiiksek olan s6z konusu 6rnegin sedimantasyon
degerinin de yiiksek Ol¢iilmesi beklenen bir sonuctur.
Gecikmeli sedimantasyon degerleri incelendiginde tiim

orneklerin siline zararina ugramadig1 saptanmistir.
Ekmeklik bugday kalitesini belirlemede genellikle protein
miktari, zeleny sedimentasyon degeri, yas gluten, kuru
gluten ve gluten indeks degerleri kullanilmaktadir
(Menderis ve ark. 2008). Ekmeklik bugdaylarda kaliteli
bir un icin yas gluten degerinin %20-35, sedimantasyon
degerinin 20-30 ml, zeleney sedimantasyon degerinin en
diisiik 37 ml, gluten indeks degerinin % 60-90, diisme
sayis1 degerinin 250 # 25 s arasinda olmasi istenir (Unal,
2002). Calismada
iriliklerinde elde edilen bu parametrelerin degerleri-
diisme sayisi haricinde-ortalama sinirlar igerisinde yer
almistir. Bugday ununda gluten miktarinin yiiksek olmasi
sedimentasyon degerlerinin yiiksekligini ifade ederken
(Hruskova ve Famera, 2003), yiliksek sedimantasyon
degeri ise un Kkalitesinin yiiksek oldugunu ifade eder
(Elgiin ve ark., 2005). Bonfil ve Posner (2012) yas gluten
miktar1 ile sedimentasyon miktarinin dogru orantili
oldugunu; ancak gluten indeks degerinin, ¢alismamizda
oldugu gibi, sedimentasyon degeri iligki
gostermedigini bildirmistir.

Bugday cesitlerinin un kalite degerleri arasindaki farklar,
cevre faktorlerinin yam sira daha ¢ok genetik yapinin
etkisi altinda olan protein kalitelerinin farkli olmasindan

kullanilan ¢esitlerin tiim tane

ile

BS] Agri. / Burhan KARA ve ark.

249



Black Sea Journal of Agriculture

kaynaklanmaktadir (Bushuk, 1982; Sahin ve ark. 2006;
Menderis ve ark., 2008; Kegeli ve ikincikarakaya, 2013).
Bunun yaninda ayni protein veya gluten miktarina sahip
unlarin ekmeklik 6zelliklerinin de farkli olabilecegi
arastiricilar tarafindan vurgulanmistir (Okur, 2017).

3.2. Bugdayda Tane iriliginin Unlarin Baz1 Reolojik
Ozellikleri Uzerine Etkisi

Arastirmada materyal
iriliklerine sahip bugday ¢esitlerinden
hamurlarin uzamaya kars1 diren¢ (Rmax), uzayabilirlik
(Ext) ve alan (A, g.s ) gibi reolojik 6zellikleri 6l¢iilmiis ve
elde edilen sonuglar Tablo 2’de verilmistir.

olarak kullamilan farkli tane
hazirlanan

Tablo 2. Bugdayda tane iriliginin Kieffer hamur ve gluten uzayabilirlik 6zellikleri lizerine etkisi

Tane iriligi (mm) Cesitler Rmax (g) Ext (mm) Alan (g,s)

Bayraktar 2000 22,873A 14,12¢8 188,85bB

29 Tosunbey 20,35bA 60,25bA 390,59 A

’ Liitfibey 22,783 19,69abB 105,36b¢

Sanl 23,97¢A 57,3824 374,91 ¢cA

Bayraktar 2000 12,50bC 18,18bD 200,20bB

25 Tosunbey 21,89abB 74,553 400,64 bA

’ Litfiibey 23,39aAB 24,03acC 138,55bB

Sanl 26,43bA 58,1638 409,04 bA

Bayraktar 2000 14,82bB 23,21a¢ 384,822

28 Tosunbey 25,773A 73,0024 440,633

’ Litfiibey 23,372 19,19bC 211,93aB

Sanl 27,6634 55,4028 427,77 aA

F Tane iriligi x Cesit 30,55** 29,3 1** 13,26**

2,2 22,49 37,86 264,72 C

Tane iriligi 2,5 21,05 43,73 286,80 B

2,8 22,91 42,70 366,31 A

F Tane iriligi 0,600d 4,200d 17,78**

Bayraktar 2000 16,73 B 18,50 C 257,20 C

Cesitler Tosunbey 22,67 A 69,27 A 410,22 A

Lutfiibey 23,18A 20,97 C 151,65D

Sanh 26,02 A 56,98 B 353,65B

F cesit 31,65** 243,9%* 128,74**
VK (%) 6,24 3,87 5,14

abe Kiiclik harfle yapilan kodlamalar ayni cesitlerin boyutlar1 arasindaki farkliliklar gosterirken, ABCbiiyiik harfle yapilan kodlamalar

farkl gesitlerin ayn1 boyuttaki farkliliklarini gostermektedir
** P<0.01 diizeyinde 6nemli, 6d: 6nemli degil

Rmax= uzamaya karsi maksimum direng, Ext= uzayabilirlik, A= kurve alan

Farkli irilikteki bugday unlarinin reolojik 6zellikleri
arasinda istatistiksel olarak (p<0,01) o6nemli farklar
bulunmustur. En yliksek Rmax degeri 2,2 mm tane
iriligindeki Bayraktar 2000 c¢esidi bugday ununda
bulunurken, tane iriligi 2,5 ve lizerine ¢ikinca, bu deger
azalmis, fakat ekmekgilik kalitesi bakimindan 6nemli olan
Ext ve A degerleri 6zellikle 2,8 mm tane iriliginde artis
gostermistir. Bayraktar 2000 ¢esidi i¢in 2,8 mm ve tizeri
tane iriligine sahip olan tanelerin daha iyi reolojik
gosterdigi, dolayisiyla yapim
kalitelerinin de daha yiiksek olacag yargisina ulasiimistir.
Tosunbey c¢esidinde; Rmax 2,8 mm de artarken, Ext ve A

ozellikler ekmek

degerlerinin de tane iriligi ile birlikte arttig1 saptanmistir.
Tim bugday cesitleri arasinda ve her {i¢ tane iriliginde de
hem uzayabilirlik hem de alan degeri bakimindan
Tosunbey cesidi ilk sirada yer almistir.

Litfiibey c¢esidi i¢in tane iriliginin Rmax degeri iizerinde
onemli bir etkide bulunmadigl, uzayabilirliginin 2,8 mm
tane iriliginde sinirl diizeyde bir atis gosterdigi bu
artistan kaynakl olarak da bu tohum iriligindeki tanelerin
unlarindan hazirlanan hamurlarin alan degerlerinin daha
yliksek oldugu tespit edilmistir.

Sanli ¢esidinde Rmax, ve alan degerleri tane iriligi artisi
ile birlikte artis gostermis ancak uzayabilirlikleri hemen
hemen aym diizeyde kalmistir. Bu 0Ozellikler Sanh
cesidinin 2,8 mm tane iriliinde Tosunbey cesidi ile
istatistiksel olarak ayni grupta yer almistir.

Kieffer/SMS hamur ve gluten uzayabilirlik sonuglar1 genel
olarak degerlendirildiginde; hem Tosunbey hem de Sanh
bugday cesitlerinin 2,8 mm tane iriliklerinin iyi derecede
reolojik ozelikler gosterdikleri ve bu unlardan ekmek
yapilmasi durumunda iyi kalitede ekmek iiretilebilecegi
kanaatine ulasilmistir.

Hamurun uzamaya karsi gosterdigi kuvvet ve hamur
belirlemede

uzayabilirlik degeri, ekmeklik kalitesini

onemli Olgiitler olup, hamurun
islenebilirligi hakkinda bilgi verir (Karaoglu, 2006).
Calismamizda genellikle hamur uzayabilirlik degeri
ylksek olan érneklerin gluten, sedimantasyon ve gluten
indeks degerleri de yliksek oldugu séylenebilir.

Farkl tane iriligine sahip 4 farkl bugday cesidinin unlari
ile hazirlanan hamurlarin; hamur yapiskanlik, yapisma
kuvveti ve hamur giicii degerleri sirasiyla 9,41-40,06 g,

0,41-7,29 g/sn, 0,73-4,55 mm arasinda Ol¢iilmistiir

uzayabilirlik degeri
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(Tablo 3). Tane iriligi ve ¢esidin Chen-Hoseney hamur
yapiskanlik degerleri Uzerine etkisi 6nemli (p<0,01)
bulunmustur.

Yapiskanlik ve yapisma kuvveti degerleri bakimindan
bugday cesitleri farkl tane iriliklerinde diizenli bir atis ya
da azalis gostermezken Sanl ¢esidinde artan tane iriligi
ile birlikte her iki deger de artis gostermistir. Her un icin
su absorbsiyonun farkli olmasi nedeniyle hamurlarin

farkli yapiskanlik ve yapisma kuvveti gostermeleri

beklenen bir sonugtur. Ekmeklik kalitesinin iyi olacaginin
gostergesi olarak nitelendirilebilecek olan hamur giicii
degeri, Bayraktar 2000, Tosunbey ve Sanli ¢esitlerinde 2,5
ve 2,8 mmlik iriliginde yiliksek diizeyde
bulunmustur. Bu sonu¢ dogrultusunda her ii¢ ¢esit i¢in
tane iriligi 2,5 mm ve tzeri oldugu zaman hamurun
reolojik kalitesinin daha iyi oldugu ve daha Kkaliteli
ekmekler elde edilebilecegi sdylenebilir.

tane

Tablo 3. Bugdayda tane iriliginin Chen-Hoseney hamur yapiskanlik degerleri iizerine etkisi

Tane iriligi (mm) Cesitler Yapiskanlik (g) Yapisma kuvveti (g,sn) Hamur giicli (mm)
Bayraktar2000 35,3624 4,57abA 3,43bA
29 Tosunbey 31,32bA 3,802 2,762AB
’ Liitfiibey 9,41cC 0,41b8 0,73bB
Sanl 20,15¢B 2,00c4B 2,62¢cAB
Bayraktar2000 36,3224 5,602AB 4,492A
25 Tosunbey 40,0624 6,500b4 4,28aAB
’ Litfiibey 19,4028 1,21aC 1,79aC
Sanli 23,398 4,11a8 4,064
Bayraktar2000 28,65b8 3,81bAB 3,01cA
28 Tosunbey 35,85abA 6,723 4,55aA
’ Litfiibey 12,48bC 0,55bB 0,77bB
Sanli 38,4324 7,29a4 3,21aA
F Tane iriligi x Cesit 9,68* 11,28** 41,32**
2,2 24,06 3,70 2,39
Tane iriligi 2,5 29,79 4,36 3,66
2,8 28,85 4,59 2,89
F Tane iriligi 3,720d 2,250d 1,60d
Bayraktar2000 33,44 A 4,66 A 3,64 A
: Tosunbey 35,74 A 567 A 3,86 A
Gesitler Liitfiibey 13,76 C 0,72 B 1,10 B
Sanli 27,32B 4,47 A 3,30A
F cesit 43,41** 17,87** 118,31%*
VK (%) 2,17 3,40 7,12

abe Kiiclik harfle yapilan kodlamalar ayni cesitlerin boyutlar1 arasindaki farkliliklar: gosterirken, ABCbiiyiik harfle yapilan kodlamalar

farkli gesitlerin ayni boyuttaki farkliliklarini géstermektedir
** P<0.01 diizeyinde 6nemli, 6d: 6nemli degil

4. Sonug
Calismada kullanilan ekmeklik bugday cesitlerinde farkl
tane iriliklerinin unda incelenen kalite 6zelliklerine etkisi
istatistiksel ~olarak 6nemli bulunmazken, cesitler
arasindaki farklar ise 6nemli bulunmustur. Tane iriligi ve
cesit kombinasyonu birlikte degerlendirildiginde, tane
iriligi arttik¢a, incelenen kalite 6zelliklerinin degerlerinde
genellikle yiikselme olmustur. Unda uzayabilirlik ve
yapiskanlik ozellikleri disinda Sanli ¢esidinin Kkalite
degerleri daha yiiksek bulunmustur.
Tim analiz sonuglar1 genel olarak degerlendirildiginde
Sanli bugday cesidinin daha yiiksek kalite &zelliklerine
sahip oldugu ve dolayisiyla ireticilere onerilebilecek bir
cesit oldugu sonucuna varilmistir.
Kalite parametreleri bakimindan biiyiik tanelerin lehine
bir sonuc¢ elde edilse de aralarindaki farkin 6nemli
ancak daha biyik
soncuna varilmistir. Bu sonucun elde
edilmesinde boyutlarina gore siniflandirilan tim bugday

olmadigy, tercihen tanelerin

kullanilmasi

tanelerin yiiksek safiyete sahip olmasi ve siine zarari
gorilmemesinin etkili oldugu diistiniilmektedir.
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Abstract

Commercial smallholder egg production systems in Greater Port Harcourt City were assessed for problems and
opportunities to intervene. Desk study, survey of 94 farmers using semi-structured questionnaires and focus group
discussion with eight farmers were carried out. Commercial smallholder farmers with maximum of 2,500 layers were
purposively sampled. Subjects were selected using snowballing sampling technique. Three local government areas
(Obio-Akpor, Oyigbo and Etche) of the eight in Greater Port Harcourt City were surveyed. Quantitative data was
analyzed using descriptive statistics in Statistical Package for Social Sciences while matrices were used to analyze focus
group discussion data. Results show low participation of youths in commercial smallholder egg production. All farmers
attained some level of education. Majority (50%) had Bachelor’s degrees, hence, potential for innovation adoption.
Farmers were motivated by self-employment (68%) and extra income (32%) to produce eggs. Average flock size (1100)
was low and inadequate to meet egg demand. Farms were mainly (91%) self-financed, thus confirming weak support
for farmers by banks and government. No farm activity was automated except watering (21%). Though all farms use
some form of electricity, most (70%) depended on electricity generators, which increased production costs. Majority
(94%) of farmers use commercial compound feed. Most (59%) bought their feed through middlemen while others
(41%) buy direct from feed manufacturing companies to gain 15% margin. Similarly, 62% bought day-old-chicks
through day-old-chicks distributors while 38% procure direct from hatcheries to gain 21% margin. To improve profits,
farmers should form egg producers’ cooperatives to enhance bulk input purchases, and reduce costs.
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1. Introduction have broadly similar livelihood and consumption
Farming systems refer to a population of mostly mixed  Patterns, constraints, and opportunities. Farm households

small and larger farm households, which when grouped 0 the same farming system also have similar agro-
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ecological and market access conditions for which similar
development strategies and interventions could be
applied (Garrity et al., 2012). The farm household is the
basic unit of a farming system, its operator and decision
maker.

In a farming system, farm households allocate various
qualities and quantities of land, labour, capital and
management at their disposal. In carrying out the
resource allocation, farmers consider their farm family’s
goals, preferences These
considerations are influenced by farmers’ knowledge,
experiences, and complex
interdependent components with the external factors i.e.
socio-cultural, physical, biological, political, economic,
institutional, science and technological forces (Singh et al,,
2006). The complex interaction of interdependent
components with external factors has made farming
systems approach multidisciplinary.

Farming systems can be differentiated by natural
resources (water, land, grazing areas and forest) available
to the system; climate of the area where the system is in
use; dominant pattern of farm activities; household
livelihoods; and main technologies used. Also, farming
systems are described and understood by their structure
and functioning. The structure includes land use pattern
and tenure, production relations, size of farm holding and
their distribution, water and energy source and use,
labour, marketing, transport, storage, credit institutions,
finance, research and education (Dixon et al.,, 2001).
There is no commonly agreed farming systems
classification for egg production system in Nigeria.
However, basic criteria used across frameworks to
classify egg production include aim of
production, breed of birds, management system, housing,
feeding, source of funding, and scale of production or
number of birds reared (Adene and Oguntade, 2008).
Based on these criteria, the simplest and most common
egg production systems in Nigeria are commercial and
traditional. These two systems have intermediate systems
between them.

and available resources.

interaction of these

systems

Commercial egg production system is a system whose size
is large-scale (thousands to millions of birds), uses
modern improved breeds, located around cities, and
requires high use of inputs and technology (Pagani et al,,
2008). Commercial egg production system is also profit-
oriented. This does not, however, mean that the operator
of the system cannot use outputs of the system for family
consumption. If used for family consumption, they must
be accounted for.

The traditional egg production system on the other hand
is subsistent (mainly for family consumption but
surpluses are sold), small-scale in size (few to hundreds
of birds), associated with rural households, and uses non-
standard breeds. Due to
traditional egg production system is now found in both
urban and peri-urban localities (Adene and Oguntade,
2008).
Between

rapid urbanization, the

commercial and traditional systems,

intermediate egg production systems have evolved in
response to the changing agro-economic conditions of the
country. One of these intermediate systems is the
commercial smallholder egg production system.

The commercial smallholder egg production system in
Nigeria is small-scale in size. The number of birds kept
varies, ranging from hundreds to a few thousands. This
system is practiced in both rural, peri-urban and urban
It uses improved breeds and
compound diets. The system is profit-oriented. Because
the number of birds in this system varies from farm to
farm, and region to region, the number of birds is usually
defined in each context for the sake of clarity (Adene and
Oguntade, 2008; Pagani et al., 2008).

The interest of farming systems analysis and indeed egg
production systems analysis is the socio-economic
rationality of farmers, technology development and
adoption, as well as formulation of strategies and
priorities for investments (Dixon et al, 2001). Also, the
analysis aims at increasing income and employment
opportunities for small-holder egg production, used for
research and development to reduce poverty, improve
food security, enhance competitiveness, sustainability,
natural and human resource management in developing
countries especially for small and marginal farmers
(Behera and Sharma, 2007). Egg production systems
analysis also helps to identify constraints and
opportunities in the production chain to enable
interventions that would improve performance for the
benefit of the chain stakeholders (Singh et al.,, 2006).

The diversity of egg production systems call for in-depth
analysis of these systems to enhance evidence-based
policy formulation and decision making (Garrity et al,
2012). Also, profiling of these systems provides a
framework for evaluating egg production development
strategies and interventions.

The commercial smallholder egg production system, a
subsystem of commercial poultry production systems has
been paid cursory attention in literature from Nigeria,
especially Greater Port Harcourt City. To reduce the
information gap caused by such poor attention, the
research was aimed at assessing aspects of smallholder
commercial egg production systems in Greater Port
Harcourt City. This would generate data that could be
used for interventions to improve the performance of

areas. commercial

commercial smallholder egg production system for the

benefit of system stakeholders.

The specific objectives of this research were to:

e Assess socioeconomic characteristics and motivation
of commercial smallholder egg producers in GPHC.

e Evaluate source of inputs (day-old-chicks, feed, and
electricity) for
production in GPHC.

commercial smallholder egg

e Assess the scale of production (number of birds) and
level of automation of commercial smallholder egg
production in GPHC.
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2. Materials and Methods

2.1. Description of Study Area

Greater Port Harcourt City (GPHC), shown in Figure 1 is
comprised of eight of the twenty-three Local Government
Areas (LGAs) in Rivers State. The eight LGAs include Port
Harcourt City, Obio/Akpor, Ikwerre, Etche, Oyigbo, Eleme,
Okrika and Ogu/Bolo. Port Harcourt is the fourth largest
city in Nigeria, covering an area of about 1900 km2 with
an estimated population of over 2 million people at a
growth rate of 2.84% by 2020 (Ede et al,, 2011). The city
has a railway terminal, an international airport and the
largest sea port in Nigeria. GPHC
international hub for oil and gas business and other
investments, which attract people and businesses, hence,
causing spatial and demographic expansion of the city
with a potential for economic growth and expansion.

second is an

Map of Nigeria showing Rivers State

Map of Rivers State showing GPHC

Source: Adapted from http://livil g pdf

Figure 1. Maps of Nigeria and Rivers State showing
Greater Port Harcourt city.

2.2. Operationalization of Variables
i. Commercial smallholder egg production systems
refers to egg producing farms or egg producers
that have a maximum of 2, 500 layers and the eggs

so produced are mainly for sale.

ii. Farmers’ motivation for starting their farms in this
research is taken to mean the incentive that made
the farmers to start producing eggs for sale.

iii. Source of funding refers to place from which the
farmer obtains money to establish or run their
farms

iv.  Flock size refers to the maximum number of layer
birds that a farm owns

v. Feed refers to the balance compound diet fed to
birds. This can be made on-farm or bought from
commercial producers of feeds, directly or through
input sellers.

vi. Source of day-old-chicks refers the channel from
which farmers obtain their chicks which are one
day-old and will grow to become layers. It could be
from day-old chick distributors or directly from
the hatchery.

vii. Level of automation refers to the extent to which
farm operations or activities are carried out
without human assistance or labour.

viii. Source of electricity in this research refers to
where the farm obtains the energy to power the
farm. Possible sources include use of electric
generators, solar panels and public power supply.
2.3. Population

The target population for the research was commercial
egg producers in GPHC. Number of birds was used to
differentiate the commercial egg production systems
based on scale of production (number of birds). The
different commercial egg production systems identified
using number of birds include large-scale (210,000
layers), (2,500-10,000 layers),
smallholder or small-scale (<2,500 layers). The target
sample was drawn from commercial smallholder egg
production systems. The research focused on commercial
smallholder egg producers.

2.4. Data Collection and Analysis

Desk study was first carried out to gather information on
background of study area, study concepts, and present
state of knowledge in the research area.

medium-scale and

Desk study was followed by a survey using semi-
structured questionnaire. Three local government areas
(LGAs) of the eight in GPHC were purposively selected for
the survey because from observation and enquiries they
probably have the largest concentration of poultry
farmers. These LGAs included Obio-Akpor, Oyigbo and
Etche. One Ninety-four commercial smallholder egg
producers rearing not more than 2,500 birds were
identified and used for the survey. Of this number, 34
were from Obio-Akpor and 30 each from others. Obio-
Akpor had 34 because it has the largest population of egg
producers based on enquiries from Poultry Association of
Nigeria, Rivers State chapter. The snowballing sampling
technique was used to sample the farmers. This was
because no register of farmers (hence, no sampling
frame) could be obtained from government or other
agencies, hence, subjects were difficult to come by. The
farmers questionnaires
personally guided to fill-in the answers. After an
interview, the interviewee was asked for leads to other
farmers having 2, 500 birds and below. Input sellers were
also helpful in recruiting subjects. All forty-seven
questionnaires (100% response rate) were filled and
returned.

were administered and

Following the survey, focus group discussion (FGD) was
used to collect data that gave deeper insight on issues that
arose from the survey and that needed further probing.
Open-ended questions from a checklist were used for
FGD. Eight egg farmers (4 females and 4 males) were
purposively selected, considering gender inclusion and
spread across the LGAs.

Quantitative
statistics

data was analyzed using descriptive

(mean, median and mode) and simple
percentage in Statistical Package for Social Sciences
(SPSS) version 24. Data from the FGD were analyzed
using matrices and thematic analysis and simple
percentage. Results were presented in tables and graphs.

2.5. Limitations of the Study
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There was no population database of commercial egg
producers in the study area from which the sample could
have been drawn, hence, no sampling frame. This could
limit the application of the findings to wider population of
commercial smallholder egg producer in Rivers State and
Nigeria.

3. Results

3.1. Socio-economics of Commercial Smallholder Egg
Producers

3.1.1. Age

Figure 2 shows the age ranges of smallholder commercial
egg producers in Greater Port Harcourt City. The farmers
were between 36-50 (62%), 19-35 (24%) and 51-65
(15%) years old. None was younger than 19 or older than

65 years.
62
o1
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<19 19-35 36-30 31-63 >63
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Figure 2. Age of commercial smallholder egg producers.

3.1.2. Educational qualification

Educational qualifications of commercial smallholder egg
producers in Greater Port Harcourt City are presented in
Figure 3. About 50% had Bachelor’s degrees followed by
Ordinary National Diploma (OND) and Senior School
Certificate (SSC) (15%), M.Sc. (12%), First School Leaving
Certificate (FSLC) (6%) and Ph.D. (3%).
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Diploma Certificate Certificate

Highest Educational Qualification

Figure 3. Highest educational qualification of commercial
smallholder egg producers.

3.1.3. Motivation for starting egg production

Survey results (Figure 4) show that farmers were
motivated by self-employment (68%) and desire to make
extra money (32%) to start egg production. No farmer
produced eggs as a hobby.

3.1.4. Flock size

Table 1 indicates that farm flock sizes range from 1050-
4700 layers. The mean, median and modal flock sizes
were 1282, 1050 and 1100 layers, respectively.

68

Number of Respondents (%)
= £

Self-employment Extramoney Hobby

Motivation

Figure 4. Farmer's motivation for starting egg production
business.

Table 1. Flock sizes of smallholder egg producing farms
Statistic

Number of layers

Mean 1282
Median 4450
Mode 1100
Standard deviation 1136
Range 1050-4700

3.1.5. Source of funding

Figure 5 shows the source of funding for smallholder
commercial egg farms in GPHC. Majority (91%) of the
farms were funded by producers’ own money followed by
family (6%) and bank loans (3%). None of the farms were
funded by government or friends’ loans.

100
90
80
70
60
50
40
30
20

91

Number of Respondents (%)

10 6 3
o - —
Own money Family loan Bank loan ~ Government loan  Loan from

friends
Source of Finance

Figure 5. Source of funding for commercial smallholder
egg farms.

3.1.6. Level of automation

Level of automation in egg producing farms in Greater
Port Harcourt City is shown (Figure 6). There was no
automation in egg picking, grading and crating as well as
feed milling and feeding in most (79%) of the farms.
However, 21% of the farms practice automatic watering
of the birds.

3.1.7. Source of electricity

Table 2 shows the sources of electricity for smallholder
egg farms in GPHC. About 70% depend on electric
generators while 30% use public power supply. Solar
panels were not in use.
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Figure 6. Level automation in commercial smallholder
egg farms.

Table 2. Source of electricity for smallholder egg farms

Source of electricity Frequency

N %
Public power supply 28 30
Electric generator 66 70
Solar panels - Nil
I do not use electricity - Nil
Total 94 100

3.1.8. Type of feed
Results of survey (Figure 7) show that 6% of farmers
make their own feed while 94% use commercial feed.

B Commercial feed ®Make own feed

Figure 7. Type of feed used by smallholder egg
producers.

3.1.9. Source of purchased feed

The survey further indicates that among farmers using
commercial feed (Figure 8), 59% buy their feed from feed
sellers while 41% buy direct from feed producing
companies.

3.1.10. Source of day-old-chicks

The farmers also source their day-old-chicks (Figure 9)
from DOC distributors (62%) and direct from the
hatchery (38%).

70
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Figure 8. Source of feed purchased by smallholder farms.
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Figure 9. Source of day-old chicks for commercial
smallholder egg producers.

4. Discussion

Figure 2 indicates that the age of farmers ranges from 19-
65 years (average of 42). Majority (62%) were between
36-50 (average of 43) years old followed by 19-35 (24%)
and 51-65 (15%) years old. The Nigerian youth policy
defines youth as between 18-40 years (average of 29)
(NBS and FMYD, 2012). The mean age of all the farmers
(42 years) and that of the highest-ranking age group (43
years) were higher than average age of youths in Nigeria.
Hence, it could be deduced that youths’ participation in
smallholder egg production in GPHC was low. This is a big
threat to future of smallholder egg production in the
study area but not surprising as nationally and globally,
youth interest in agriculture was low (Ibitoye, 2011;
Basnet, 2015).

Educational qualifications of smallholder egg producers
in GPHC (Figure 3) indicate that all the farmers attained
some level of education. Majority (50%) had Bachelor’s
degrees. This shows that speed of adoption of innovations
to improve egg production in GPHC could be enhanced by
the educational attainment of the farmers in GPHC. This is
because years of educational positively influenced
agricultural innovation adoption (lheke and Nwaruy,
2013).

Figure 4 indicates that farmers were most motivated
(68%) by desire for self-employment to start egg
production business followed by the need to make extra
money (32%). No farmer produced eggs as a hobby. This
shows that livelihood is at the heart of egg farmers’
motivation, therefore, to sustain farmers’ motivation to
expand production and create much development impact,
chain improvement intervention strategies must seek to
raise financial benefit farmers get from the business.
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Table 1 shows a wide range in flock size. A modal flock
size of 1100 is small compared to flock size of 6500
elsewhere in Nigeria (Bose, et al,, 2015). Small scale of
production is a serious threat to sustainable egg supply to
a populous city like GPHC (Clapp, 2015) with high
demand and purchasing power (Ezedinma and Chukuezi,
1999).

In Figure 5, majority (91%) of the farms were funded by
producers’ own money. Loans from families (6%) and
banks (3%) played little role in farm financing while
government and friends played no role at all in egg farm
financing. This agrees with several reports and amplifies
the challenges of lack of capital faced by smallholder
farmers, governments’ indifference to their plight and at
best token effort to resolve the problem in Nigeria. This
forces farmers to look inwards for solution to their
financial challenges (Aromolaran et al.,, 2013).

Figure 6 shows there was no automation in 79% of the
farms (egg picking, grading and crating, feed milling and
feeding of the birds) while 21% of the farms automated
watering of birds. This shows inability of the farmers to
acquire automated farm machines and equipment which
are expensive. It could also be attributed to their small
farm sizes which may be uneconomical to automate
because scale of production positively associates with
farm automation (Emokaro and Erhabor, 2014).

From Table 2, all farms use some form of electricity.
Majority (70%) of the farms were powered by electric
generators while the rest (30%) depend on the national
grid. No farm uses solar panels to generate electricity. The
high dependence on electric generators increases the cost
of production and reduce the profit of small-scale
businesses in Port Harcourt as public electricity is
unreliable (Agwu and Emeti, 2014).

Figure 7 indicates that majority (94%) of the farmers
depend on commercial compounded feed while the rest
(6%) make their own feed. For those that depend on
commercial feed (Figure 8), most (59%) procure theirs
from feed sellers (middlemen) while others (41%) buy
direct from feed manufacturing companies. During the
FGD, those that buy feed direct from the feed companies
explained that the landing cost for each bag of feed is 12%
less than the cost of buying from middlemen. They added
that aside the 12% savings per bag, they get bonuses
every month if they can meet certain target in orders.
This, they said adds up to 15% reduction for a bag of feed
compared to those who buy from middlemen. However,
they added that they are required to order at least 600
bags (i.e. 15 metric tonnes each time) to be eligible for
buying direct from the company. It is interesting that
those who need large feed quantities buy direct from the
feed companies which reduces feed cost by 15% per bag.
Since feed constitutes about 70% of the cost of producing
eggs in Nigeria (Oladukun and Johnson, 2012), it would
mean an opportunity for significant cost savings to
smallholder farmers. However, the requirement for 600
bags to be ordered each time implies that smallholders
with small flock size and feed requirement, may need to

form cooperatives to enable them purchase feed in bulk,
hence, benefit from collective action, one of the benefits of
agricultural cooperatives to smallholders (KIT et al,
2010).

Source of day-old-chicks (Figure 9) showed most (62%)
of the farmers buy their day-old-chicks (DOCs) from DOC
distributors while the rest (38%) procure theirs direct
from the hatcheries. During the FGD, farmers that buy
direct from the hatcheries said they prefer doing so
because DOC distributors add 25% to the cost price of the
chicks. After removing the 4% transport cost per chick,
the DOC distributors would pocket a 21% margin per
chick. They indicated their interest in the 21% margin,
which to them, is unfair for the distributors to enjoy
alone. To keep the cost of transportation at 4%, it will be
necessary for smallholders to form cooperatives and
benefit from economies of scale enjoyed for those
purchasing in bulk. When cost savings from DOC
purchases are added to the 15% from feed, the
opportunities for input cost reduction available to
farmers that form cooperatives is enormous (KIT et al,,
2010).

5. Conclusion

The study evaluated commercial smallholder egg
production systems in GPHC seeking problems and
opportunities to improve. In the egg production system,
there was low youth participation, small flock size with
low supply capacity, high potential for innovation
adoption, high self-financing and poor automation of farm
activities except watering. Buying feed and DOCs direct
from feed companies and hatcheries reduced input cost
by 36%. strategies should focus on
increasing farmers’ profits by encouraging formation of

Intervention

Egg Producers’ Cooperatives to enhance bulk purchase of
inputs at reduced cost.
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Abstract

Mudpress is considered as rejected waste material of sugarcane industries that cause problem of storage and pollution
to surrounding of sugar mills on its accumulation are available in sugarcane milling plant hence, it can be utilized as
source of organic fertilizer combined with inorganic fertilizer to agronomic crops. This study aimed to evaluate the
effects, determine the optimum rates and assess the profitability of combined application of mudpress and inorganic
fertilizer in mungbean production. The experiment was laid out in a Randomized Complete Block Design (RCBD) with
three (3) replications. T1-no fertilizer (control); T2-30-30-30 kg ha.-1 N, P20s, K20; T3-10 t ha-! mudpress; T4+-7.5 t ha'1
mudpress + 7.5 kg ha'1 N, P20s, K20; Ts-5.0 t ha't mudpress + 15.0 kg ha! N, P20s, K20; Te-2.5 t ha-! mudpress + 22.5 kg
hal N, P20s, K20. Results revealed that plants applied with recommended inorganic fertilizer at 30-30-30 kg ha! N,
P20s, K20 (T2) and applied with 50-75 % inorganic fertilizer (Ts and Ts) and without fertilizer application matured early
compared to plants applied with pure organic mudpress at 10 (t ha'1) and 7.5 (t ha'1). Likewise, plants applied with 75-
100% mudpress as fertilizer had the lowest fresh herbage yield comparable to the plants not applied with any fertilizer.
On the other hand, highest number of seeds per pod (19-21 seeds/pod) was observed in plants applied with 50-100%
inorganic fertilizer as compared to plants not applied and applied with 75-100 % mudpress. Pests response of
mungbean Pagasa 19 variety had high to moderate resistant to insect pests and diseases. Highest net income ha-! of
Philippine Peso (PhP) 73392.00 was achieved with plants applied with (100%) inorganic fertilizer at the rate of 30-30-
30 kg hal N, P20s, K20. Among the combined treatments, application of 5.0 t ha-! + 15 kg and 2.5 t ha'1 + 22.5 and kg N,
P20s, K20 hal (25-50% organic + 50-75% inorganic fertilizer) gave higher net income of PhP 63812.00 and PhP
52624.00, respectively.
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1. Introduction

Mungbean (Vigna radiata L.) popularly known as
“mungo” is one of the identified important grain legumes
grown in the Philippines. It is cultivated for its edible
seeds and sprouts across Asia. It is one of the cheapest
sources of plant protein and also a good source of
mineral, such as calcium and sodium, (Shukla, et al. 2016).
In the Philippines,
reported that the highest volume of production for the
past five years was obtained in 2017, with 45283 metric

Bureau of Agricultural Statistics

tons from the total production area of 44324 hectares. In
2018, however production area declined to 32,364
hectares with total production of 32,364 metric tons,
(PSA, 2018). However, national average yield per hectare
remains low (0.73 metric tons). Hence, management
techniques to increase production is necessary as well as
to reduce input cost in order to increase income by the
farmers, (Tang et al. 2014).

Organic waste, such as mudpress or filter cake, is
generated as a by-product of sugarcane industries and
characterized as a soft, spongy, amorphous, and dark
brown to brownish material, (Ghulam et al. 2012). It is
generated during the purification of sugar by carbonation
or sulphitation process. Both the processes separated
clear juice on top and mud at the bottom. In general, when
100 tons of sugarcane is crushed, about 3 tons of
mudpress are produced as a by-product (Gupta et al.
2011). It is considered as rejected waste material of
sugarcane industries that cause problem of storage and
pollution to sugar mills on its
accumulation (Bhosale et al. 2012).

Organic sources have traditionally played an important
role in maintaining soil productivity. Among the organic
sources, crop residues are most easily available for
recycling of the macro- and micro-nutrients (Dotaniya
and Kushwah, 2013). Incorporation of these materials in
soil could be a good source of nutrients and would
influence sustainability by improving
physical, chemical, and biological properties of soil
(Mitani and Ma, 2005). The addition of organic acids to
soils increases the plant uptake of phosphorus from
water-soluble phosphorus fertilizers (Shukla et al. 2013).

surrounding of

agricultural

Moreover, research on the rates of application of
mudpress supplemented with organic fertilizers for
optimum yield of mungbean is very limited. Furthermore,
results indicated that combined use of organic and
chemical fertilizers can be more productive, sustainable
and can be recommended to improve the productivity of
mungbean production. However, limited studies were
done on the effect of mudpress combined with inorganic
fertilizer on mungbean production. Hence, this study was
conducted to evaluate the effects, determine the

appropriate combination rates and evaluate the

profitability of combined application of mudpress and
inorganic fertilizer in mungbean production.

2. Material and Methods

An area of 324 m2 Umingan clay loam soil, (FAO, 2013)
located at the Agronomy Experimental Area College of
Agriculture and Food Science, Visayas State University,
Baybay City, Leyte, Philippines (Figure 1).
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Figure 1. A map of Leyte showing the location of the
research site at Visayas State University.

The experimental area has a GPS coordinates of 10°44’
59.8668” N, 124°47’ 38.1264” E. This was plowed and
harrowed twice at weekly interval by the use of tractor
drawn implement to remove the weeds, pulverize and
level the soil. Furrows were made immediately after the
last harrowing at a distance of 0.5 m. Ten (10) soil
samples were collected randomly from the experimental
area before plowing. These were composited, air-dried,
pulverized, sieved (2 mm wire mesh) and submitted to
the Central Analytical Service Laboratory (CASL),
PhilRootcrops, Visayas State University, Visca, Baybay
City, Leyte to determine the soil pH Potentiometric
method (1:2.5 soil water ratio), % organic matter
Modified Walkley-Black method, total N by micro Kjeldal
method, extractable P and exchangeable K1 N ammonium
acetate extraction method. For the final soil analysis,
three samples were collected from each treatment plot
after harvest of peanut. Collected soil samples were air
dried, composited and processed to determine the same
soil parameters mentioned above. The experimental area
was laid out in a RCBD (Randomized Complete Block
Design) with three replications. Each replication was
divided into six treatment plots, measuring 3 m x 4 m
with 1 m alleyways between replications and 0.50 m
between treatment plots to facilitate farm operations and
data gathering. These were processed and analyzed for
the same soil parameters mentioned above. Likewise,
samples of mudpress were also taken, processed and
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submitted to the laboratory for the analyses of pH, total
nitrogen, phosphorus and organic matter contents. The
treatments were designated as follows: T1 - no fertilizer
(control), T2 - 30-30-30 kg ha'1 N, P20s, K20, T3 - 10 t ha'!
mudpress alone, T4 - 7.5 t ha'! mudpress + 7.5 kg ha'l N,
P20s, K20, Ts - 5.0 t ha-! mudpress + 15.0 kg ha1 N, P20s,
K20, Ts - 2.5 t ha'! mudpress + 22.5 kg ha'1 N, P20s, Kz0.
The experiment was conducted during dry season
cropping in 2017, laid out in a Randomized Complete
Block Design (RCBD) with six treatments and replicated
three times. Each treatment plot had an area of 20 m2 (5
m X 4 m) with eight (8) rows of mungbean per plot.
Mungbean seeds (Pagasa 19) were sown evenly in the
furrows by drill method. The seeds were covered with
thin layer of soil to protect them from birds and other
organisms. Thinning was done one (1) week after
planting (WAP) leaving fifteen (15) healthy plants per
linear meter to attain the approximate plant population of
300000 plants hectare-l. Air-dried mudpress was applied
as specified in the treatment two weeks before planting. It
spread in the furrows and then
incorporated into the soil at a depth of 3-6 cm.

Complete fertilizer was applied to satisfy the rates
specified in the treatments. This was applied along the
furrows one week after planting and covered with thin
layer of soil. Hand-weeding operation and shallow
cultivation were performed at the base of the plants and
between rows two (2) weeks after planting. Another
hand-weeding was performed two (2) weeks later to
remove the weeds from the experimental plants. Manual
hilling up was employed to put the soil towards the plant
for better anchorage and stability. Insect pests and
diseases were monitored throughout the duration of the
study. Incidence of harmful insects were minimal hence,
no spraying was done. Priming started sixty-one (61)
days after sowing. Handpicking of mature pods was done
in the morning and late afternoon to minimize shattering.
Priming was done three (3) times depending on the
maturity of the pods (black pods). Freshly harvested pods
were placed in a fine mesh net bag and sundried. Pods
were threshed by beating and trampling the dried pods

was uniformly

and then seeds were cleaned.

The data gathered on agronomic characteristics where
based from the NCT Manual for Legumes. Revised (2017):
number of days from seeding to flowering, number of
days from seeding to maturity, plant height (cm), Leaf
Area Index (LAI), and fresh herbage yield (t hat).
Likewise, for yield and yield components: number of pods
plant1, number of seeds pod-1, weight (g) of 1000 seeds
and grain yield (t ha'1).

Other parameters gathered such as; pest and disease
resistance, Harvest index (HI), soil properties, cost and
return analysis and meteorological data. All of the
recommended management practices for
mungbean production were strictly followed. As shown in
Table 1, the climatic conditions at the time of the study
were favorable to the mungbean plants (PCARRD
Handbook, 2002).

2.1. Mudpress and Soil Chemical Analyses

Result of initial and final soil analyses of the experimental
area are presented in Table 2. Initial analysis indicated
that the soil had a pH of 6.350, 1.053% organic matter,

cultural

0.218% total Nitrogen, 63.680 mg kg1 available
Phosphorus and 1.116 me 100 g! exchangeable
Potassium.

These indicated that the experimental area was slightly
acidic and with very low organic matter. The total
nitrogen was medium with very high available P and
exchangeable potassium (Landon, 1991). Final soil
analysis showed a slight decrease in soil pH, total N,
available P and exchangeable K while % organic matter
was maintained. The decrease in nutrients could be due to
the nutrient uptake by plants. Some nutrients were lost
through mineralization and evapotranspiration.

The chemical analysis of organic fertilizer used in the
experiment revealed that mudpress had a pH of 4.09,
14.430% organic matter, 2.991% total N and 2.414% total
P. Data were analyzed using Statistical Analysis System
(SAS version 6.12). Mean comparison was done using the
Honestly Significant Difference (HSD) test at 5% level of
significance.

Table 1. Total monthly rainfall (mm), average daily minimum and maximum temperatures (°C) and average daily
relative humidity (%) throughout the duration of the experiment

Months Total Rainfall (mm) Temperature (°C) Relative Humidity
Minimum Maximum (%)

January 258 23.75 31.90 79.50
February 94 23.78 31.76 83.56
March 89 24.40 30.45 81.76

Total 441 71.93 94.11 244.82
Mean 147 23.97 31.37 81.60
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Table 2. Results of soil analyses before and after planting of mungbean as affected by the application of mudpress and

inorganic fertilizer

Soil pH

Exchange-able

% OM Total N Available P

K

Treatment . 0, -1
(1:25) 0 (mgke) (o 1oogn
Mudpress Analysis 4.09 14.43 2.99 2.45 -
Initial soil Analysis 6.350 1.053 0.218 63.680 1.116
Final soil Analysis
T1 - No fertilizer (control) 5.570 1.170 0.158 6.555 1.061
T2 - 30-30-30 kg ha'1 N, P20s, K20 5.930 1.092 0.194 12.204 1.014
T3 - 10 t ha- mudpress alone 6.160 1.287 0.186 15.945 0.842
T4 - 7.5 thal mudpress + 7.5 kg ha't N, P20s, K20 6.250 1.131 0.180 13.552 1.031
- -1 -1

Ts S'Igztoha mudpress +15.0 kghat N, P20s, 6270 0858  0.160 8.836 0.813
Ts - 2.5 t ha'l mudpress + 22.5 kg ha-1 N, P05, K20  6.180 0.780 0.163 7.236 0.952
Mean 6.060 1.053 0.174 10.721 0.952

3. Results and Discussion

3.1. Agronomic Characteristics

Agronomic characteristics of mungbean as affected by the
application of mudpress and inorganic fertilizer is
presented in Table 3. The number of days from seeding to
maturity and the fresh herbage yield of mungbean
significantly affected by the combined application of
mudpress and inorganic fertilizer. Plants applied with
organic mudpress 100% and 75% from the recommended
amount plants matured later as compared to plants
applied with inorganic and little amount of organic
fertilizer. This result can be attributed to the slow release

of nutrients from the organic fertilizer, (Sigh, 2017). In
sweetpotato, Laude (2008) noted in her study that there
was a significant effect of mudpress on the crop’s
agronomic parameters, particularly in the maturity and
the leaf are index. Moreover, with mudpress application,
immobilization of nutrients by soil microorganisms
probably occurred which temporarily limited the release
of nutrients for possible utilization of the plant resulted in
the delayed development of the mungbean plants for its
vegetative and reproductive production, resulted in the
delayed maturity.

Table 3. Agronomic characteristics of mungbean as affected by the application of mudpress and inorganic fertilizer

Treatments No. of days from seeding to Plant Leaf Fresh
height Area herbage

(cm) Index yield

Flowering Maturity (LAD) (tha?)

T1 - No fertilizer (control) 42.67 63.332 83.03 2.14 8.16b
T2 - 30-30-30 kg ha'! N, P20s, K20 41.67 62.002 78.27 232 11.21a
T3 - 10 tha! mudpress alone 42.33 72.33b 78.93 2.15 10.29ab

T4 - 7.5 thal mudpress + 7.5 kg ha-1 N, P20s, K20 42.00 71.67P 80.80 2.33 9.82b
Ts - 5.0 t ha- mudpress + 15.0 kg ha'l N, P20s, K20 41.67 61.672 82.37 2.07 12.74a
Teé - 2.5 tha'l mudpress + 22.5 kg ha'1 N, P20s, K20 41.67 62.002 75.17 2.03 11.95a

CV% 2.92 11.93 9.79 19.73 20.21

Means with the same and without letters in a column are not significantly different at 5% level of HSD test.

On the other hand, mungbean plants not applied with any
fertilizer as control treatment, also matured earlier than
plants applied with pure (100%) and (75%) organic
fertilizer. In as much as mungbean is a legume crop it can
fix atmospheric nitrogen, which can add up more nitrogen
into the soil. The inherent phosphorus content in the soil
is also high which made mungbean responsive thus
enhanced good nodulation, promoted vigorous root
growth and development and maturity of the crop

(Aleras, 2004).

Moreover, the high availability of exchangeable potassium
gave adequate supply during its growth period that
improved water relations of plants and photosynthesis.
The early maturity of the plants applied with inorganic
fertilizer can be attributed to the presence of enough
macro and micro nutrients needed by the plants for its
normal growth development. According to Dotaniya
(2014) stated that inorganic fertilizer can improve the
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growth and yield of the plants because of macro and
micro nutrient contents.

Likewise, plants applied with high amount of inorganic
fertilizer produces more herbage yield as compared to the
control plants and 75-100% organic fertilizer. This result
can be attributed to the effect of inorganic fertilizer with
enough amount of nutrients needed by the plants for its
vegetative production.

3.2. Grain Yield, Yield Components and Harvest Index

Table 4 shows the grain yield, yield components and
harvest index of mungbean plants applied with mudpress

and inorganic fertilizer. Plants applied with % of the
recommended rate of organic fertilizer (RROF) 5.0 t ha-!
mudpress + % of the recommended rate of inorganic
fertilizer (RRIF) 15 kg ha1 N, P20s, K20 (Ts) and plants
applied with (1/4 RROF) 2.5 t ha- mudpress + (3/4 RRIF)
22.5 kg ha'l N, P20s, K20 (T6) is comparable to the plants
applied with the recommended inorganic fertilizer at the
rate of 30-30-30 kg hal N, P20s, K20 (Tz). These
treatment plants significantly produced higher number of
seeds per pod and consequently resulted to produce
higher grain yield (t ha'1).

Table 4. Yield, yield components and harvest index of mungbean as affected by the application of mudpress and

inorganic fertilizer

Number of Weight (g) Grain Harvest
Treatment pods seeds pod-! of 1000 Yield Index
plant! seeds (tha?) (HD
T1 - No fertilizer (control) 19.80 12.50b 61.21 0.60bc 0.41
T2 - 30-30-30 kg ha'1 N, P20s, K20 20.27 20.992 60.64 1.472 0.51
T3 - 10 t hal mudpress alone 21.00 11.43b 60.35 0.86b 0.44
- -1 -1
Tom 7o Chartmudpress + 7.5kghat N, P05 4567 11.50 59.69 0.73b 0.44
- -1 -1
Ts - 5.0 t ha- mudpress + 15.0 kg hat N, 18.20 21.14a 60.74 141 050
P20s, K20
- -1 -1
Te - 2.5 tha-! mudpress + 22.5 kg hat N, 17.93 18.58ab 61.73 1.21b 048
P20s, K20
CV% 11.61 14.60 12.33 8.81 12.74

Means with the same and without letters in a column are not significantly different at 5% level of HSD test.

This result implies that application of fertilizers with 25-
50% organic and 50-75% inorganic resulted to a
comparable result with the recommended rate of
inorganic fertilizer of 30-30-30 kg ha! N, P20s, K20 and
proper management of the crop is necessary to increase
the yield of mungbean. Moreover, Shukla et al. (2013)
reported that significant effects on grain yield of chickpea
was due to the application of inorganic fertilizer. This
fertilizer provides readily available nutrients needed by
plants for the formation and development of mungbean
pods resulting in increased yield. In this study, balanced
application of inorganic fertilizer and mudpress increased
the grain yield of mungbean compared to the untreated
control plants (T1) and other treatment plants applied
with 75-100% organic mudpress (T3, and T4). According
to Patil et al. (2013) in their study the use of bio-
fertilizers in combination with sugar press mud (SPM)
enhanced the macro and micronutrient status in soil that
favors the vegetative and reproductive production of the
crop, hence increases the total grain yield (t ha'1).

3.3. Response of Insect Pest and Diseases

Response of different mungbean genotypes to insect pests
and diseases is presented in Table 5.
diseases damage did not show great differences among
This result can be attributed to the

Insect pests and

treatment plants.

genotypic characteristics wherein NSIC recommended
varieties are selected and recommended as NSIC variety
based on their performance not only yield but also the
resistance to pest and diseases (NCT Manual for Legumes,
2017) (Table 6). All treatments plants showed highly
resistant to the insect damage and resistant to diseases.
Hence, they produce a reasonable high yield.

Moreover, based on the reaction of mungbean plants to
insect pest and diseases damage, the farmers can
minimize the cost of pesticide due to its high to moderate
resistant rating of this mungbean variety (Pagasal9) to
pests.

3.4. Cost and Return Analysis

Cost and return analysis of mungbean production as
affected by the application of mudpress and inorganic
fertilizer is presented in Table 7. Mungbean applied with
pure inorganic fertilizer (T2) obtained the highest net
income of PhP of 73392.00 ha'! followed by mungbean
applied with 5.0 t ha'! mudpress + 15.0 kg ha'1 N, P20s,
K20 (Ts) with PhP 63, 812.00, and plants applied with 2.5
t ha'! mudpress + 22.5 kg hal N, P20s, K20 (Ts) with PhP
52624.00. The higher net
mungbean applied with inorganic fertilizer (T2) was due

income obtained from

to higher grain yield produced with lesser production
cost.
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Table 5. Incidence of insect pests and diseases of mungbean as affected by the application of mudpress and inorganic

fertilizer
Treatment Insect Pests Damage Reaction Disease Reaction
(CLS)
T1 - No fertilizer (control) 1.25 Highly resistant 2.05 Mod.erately
resistant
T2 - 30-30-30 kg ha-L N, P20s, K20 2.30 Moderately 1.98 Moderately
resistant resistant
T3 - 10 t ha- mudpress alone 1.87 Highly resistant 1.75 Mod.erately
resistant
T4 - 7.5 tha'l mudpress + 7.5 kg ha- 232 Moderately 247 Moderately
1N, P20s, K20 ’ resistant ! resistant
Ts - 5.0 t ha-t mudpress + 15.0 kg . . Moderately
ha-t N, P20s, K20 1.49 Highly resistant 2.56 resistant
Te - 2.5 t ha- mudpress + 22.5 kg . . Moderately
ha-t N, P20s, K20 1.67 Highly resistant 2.48 resistant
Table 6. Rating Scale for insect Pest and diseases (NCT Manual for Legumes, 2017)
Damage Insects Leaf . Range of Average I
Index  Damage (%) Reaction Damage Index Scale for Diseases Descriptio
Highly
1-20 Highly resistant 1 1.00 resistant
21-40 Moderately resistant 2 1.01-2.49 Mod.erately
resistant
1-60 Moderately susceptible 3 2.50-3.49 Intermedlate
resistant
61-80 Susceptible 4 3.50-4.49 Moderately
susceptible
. . Highly
80-100 Highly susceptible 5 4.50-5.00 susceptible

Table 7. Cost and return analysis of mungbean production ha-1 as affected by the application of mudpress and
inorganic fertilizer

K20

Treatments Grain Gross Production Net Income (PhP
Yield Income (PhP Cost ha1)
(tha?) ha1) (PhP ha1)
T1 - No fertilizer (control) 0.60¢ 42000 23880.00 18120.00
T2 - 30-30-30 kg ha'1 N, P20s, K20 1.472 102900 29508.00 73392.00
T3 - 10 t ha- mudpress alone 0.86P 60200 40280.00 19920.00
R 71'?25}13_1 mudpress +7.5 kg hat N, P20s, 0.73b 51100 37584.00 13516.00
Ts- 51'?2 gha'l mudpress +15.0 kgha N, P20s, 1.41a 98700 34888.00 63812.00
Te - 2.5 t ha' mudpress + 22.5 kg ha'1 N, P20s, 1.21ab 84700 32076.00 52624.00

Based on the current market price of PhP 70.00 kg

4., Conclusion

Based on the results of the study, the following

conclusions can be drawn:

1.

Application of combined mudpress and inorganic
fertilizers significantly affected the number of days
from seeding to maturity and fresh herbage yield (t
ha-1). Likewise, number of seeds per plant and total
grain yield (t ha) significantly affected the yield of
mungbean.

Plants applied with of 25-50% (2.5-5 tha-1RROF
mudpress) + (50-75% RRIF 15-22.5 kg ha'! N, P20s,
K20) (Ts and Te) produced higher yield of (1.41 t ha!
and 1.21 t ha!) comparable to RRIF 30-30-30 kg ha-1

N, P205, K20 (T2) of (1.47 t ha'!) than that of other
treatments.

Application of pure inorganic at the rate of 30-30-30
kg ha'1 N, P20s, K20 got the highest net income ha-! of
PhP 73, 392.00. Among the combined treatments,
application of 5.0 t ha'? + 15 kg and 2.5 t ha'! + 22.5
and kg N, P20s, K20 hal (50-100% inorganic
fertilizer) gave higher net income of PhP 63812.00
and PhP 52624.00, respectively.

5. Recommendation
1. A follow-up experiment shall be conducted using

other legumes in areas of different agro-climatic
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conditions.

2. It is recommended to evaluate the effects of
combined mudpress and inorganic fertilizer on the
nodulation of mungbean.

3. Mungbean seeds should be sown in ridges to prevent
from waterlogging especially during wet season

cropping.
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Abstract

This study was carried out to determine change in botanical composition, nutrient content, feed value and some quality
parameters of natural grasslands in Ankara, for 4 months May, June, July and August. The study was carried out in the
natural rangeland areas of 3 villages within the borders of Ayas (1 and 2) and Nallihan (3) in Ankara province in 2016.
The botanical composition, nutrient contents fibrous materials, mineral substances, with In vitro gas production: GP,
dry matter digestibility: DMD, and organic matter digestibility: OMD, energy values, and methane production:MP
capacities, in vitro neutral detergent fiber digestibility: dNDF, relative feed values: RFV and relative forage quality
index:RFQI determined by taking feed samples every 15 days in May, June, July and August. The botanical diversity of
rangelands was found different from each other. The proportion of legumes compared to weight in rangeland 1 was
higher compared to grassland 2 and 3, and the proportion of the wheatgrain and others was lower. While wheatgrain
and legumes ratio was close to each other on rangeland 2, the proportion of cereals was found higher than legumes on
the rangeland 3. In all three rangelands, while the CP, NFE, N, Ca, GP, DMD, OMD, dNDF and RFV RFQI values of the
plants were high in May, it was determined that these features decreased significantly until August (P<0.05). CF and
ADF, NDF and ADL contents, were low in May, but increased significantly towards August (P<0.05). Ash content was
higher in August and July than in May and June (P<0.05). While MP in rangeland 1 and 2 was high in May, June and July,
and low in August (P <0.05), but in rangeland 3 was highest in May compared to other months (P<0.05). RFV and forage
quality of plants in rangeland were highest in rangeland 1 followed by 2 and han rangeland 3. Angora goats can be
grazed easily in May and June.
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1. Introduction nutrition of ruminants. The most important source of
Roughage are important for saliva secretion, healthy roughage for an economical livestock is rangeland areas.
rumen physiology, and economic nutrition in the The feeding value of rangelands is not the same all year
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round. Since most of the plants grown in the rangelands
develop in the spring season, animals graze most
efficiently in the rangelands for 3-4 months (Saricicek,
2007).

Rangeland vegetation is a mixture of different varieties
of wheatgrass and legumes
(Valentine, 2000). Knowing the nutritional values of
rangeland plants is important for animal nutrition. The
vegetative presence of each rangeland is unique and the
nutritional values of the pasture and rangeland plants
differ from the mono culture forage plants (Vazquez de
Aldana et al, 2000). Quality of rangeland-pasture
depends on the nutrient content of the feed, the
digestibility of the nutrients and the amount of feed
grazed by animals (George et al, 2001). The feeding
values of rangeland-pasture forage crops are flora
climate condition, altitude, irrigation, fertilization, soil
structure and under the influence of plant vegetation
period (Buxbaum and Vanderbilt, 2007). All plants
communities change over time, regardless of their
location. Environmental variables affect the distribution
and composition of plant species in rangeland (He et al,,
2007).

There are a total of 412.404,00 ha rangeland, plateaus
and overwintering and public pasture and grasslands in
Ankara. It is in the weak and middle class due to the
characteristics of Central Anatolia precipitation belt. The
average annual rainfall in Ankara Province is low and the
area covered with plants has decreased by 10-40% in the
meadows and pastures due to irregular grazing in the last
10 years (Anonymous, 2017). There has been insufficient
information about the nutrient composition and feed
values of the feeds in rangelands belonging to Ankara.

The purpose of this study is to compare by months (May,
June, July and August) changes in botanical composition,
nutrient content, and feed value and quality of natural
rangelands in three villages in the districts where Ankara
goat breeding enterprises are located and compare the
rangelands in terms of their feed quality and to determine
their quality.

and other families

2. Materials and Methods

2.1 Material

The feed material of the study consists of natural
rangeland feeds. In Ankara province, among the
rangeland in the area where 30 enterprises producing
Ankara goat breeding were determined total 3 rangelands
including 2 in the district of Ayas (Basbereket and Ilica)
and 1 in Nallihan (Cayirhan) district by observing the
frequency and diversity of vegetation in the rangelands.
The study was carried out in Ankara in May, June, July and
August in 2016. Ankara is a province with an average
annual temperature of 11.9 °C with an altitude of 39.92°
N, 32.85° D, 850 m in the Central Anatolia region. The
annual average highest temperature is 17.8 °C, the lowest
temperature is 6.2 °C. The average annual rainfall is 383
mm. The average number of rainy days is 101.8 days. The

driest month is August, with 10 mm of rain. With an
average of 52 mm of precipitation, the highest amount of
precipitation is observed in May (Anonymous, 2016).
Working area: Ankara province Ayas (Principality: 40° 5'
59.6112" N and 32° 24" 9.0540" E, altitude 1200m (1)
and Ilica: 40° 3' 23.6592" N and 32° 15' 31.4748" E,
altitude 750m) (2) and Nallihan (Cayirhan 40° 5 '
49.4736" N and 31° 40' 41.5668" E, altitude 503m) are
the natural rangelands areas belonging to the village (3).
2.2. Method

In each rangelands, 4 sampling areas of 400 m2 (20x20
m) were created to determine the botanical diversity,
nutrient content, feed quality and value of the 3
rangelands
measurement points were determined with 4 mark piles
on 4 lines.

Circles of 1 m2 (100cmx100cm) were laid every 15 days
from the

in Ankara Province. In these areas,

determined measurement areas of each
rangelands in May, June, July and August, the plants left in
circles were collected by harvesting at a height of 3-5 cm
from the ground level and labeled by putting them in
locked bags. The leaves and branches at the height that
animals can eat and reach from the bushes and trees were
collected from lower, middle and upper parts.

For each group of plants taken from each rangeland,
classification was made according to their botanical
composition by weight (Ko¢ and Cakal, 2004; Tosun and
Altin, 1986). Identification of plants, were done by the
methods of Davis (1965, 1985) and Davis et al., (1988)
The first dry matter was determined for nutrient analysis
of the plant samples, and then the plants were dried in the
oven at 45 °<C for 48 hours, kept open in the air and
prepared for analysis as dry feed in air. Then, analysis of
nutrients in dry air samples (dry matter; DM, crude
protein; CP, ether extract; EE, ash were made according to
A.0.A.C. (1998), each analysis was done in 3 replications;
nitrogen free extracts:NFE by calculating, raw fiber CF,
acid detergent fiber: ADF, neutral detergent fiber: NDF
and acid detergent lignin; ADL analysis according to the
method specified by Van Soest and Robertson (1991)
using  ANKOM-200 Fiber Analyzer (ANKOM Technology
Corp. Fairport, NY, USA). Minerals in the ash (Ca, P, Mg,
Na, K, Fe Zn Si, N) were made according to Boss and
Fredeen (2004) and were read with ICP (Optima 2100 DV
ICP / OES, PERKIN ELMER) at appropriate wavelengths
(Optima 2100 DV ICP / OES, PERKIN ELMER). In vitro gas
production (GP), metabolizable energy (ME) (Menke et
al, 1979) and net energy lactation(NEL) (Menke and
Steingass, 1988), dry matter digestibility (DMD) and
organic matter digestibility (OMD) and neutral detergent
fiber digestibility (ANDF) of rangeland plants analyzed in
Daisy incubator (ANKOM Techology Corp., Fairport, NY.
USA) (Menke et al, 1979). Infrared methane analyzer
(sensors Analysentechnik GmbH, Erkrath,
Germany) was used to determine the methane production
(MP) of plants (Goel et al,, 2008), and the relative feed
value (RFV) was calculated according to Rohweder et al.
(1978) and Relative forage quality (RFQ) index of

Europa
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rangelands plants was made according to Undersander
and Moore (2002).

2.3. Statistical Analysis

The normality assumption of the data on the nutrient
content, in vitro gas production and digestibility of plants
was determined to be suitable for the analysis of variance
analysis of the data measured by the Levene test with the
ShapiroWilk test (P>0.05). Therefore, one-way analysis of
variance was used in the analysis of all data. The
differences between pastures and months were
determined by Duncan multiple comparison test (Onder,
2018; Gen¢ and Soysal, 2018). The interaction was
analyzed according to factorial trial pattern by variance
analysis. SPSS 22 package program was used in the

analysis of datas.

3. Results

3.1. Botanical Composition of Grasslands

The botanical structure was the first examined in plant
samples taken from three different rangelands in May,
June, July and August. The botanical structure of the
rangeland plants is given in Table 1. As can be seen from
the table, the botanical structure of the plant has changed

according to the rangelands. When the botanical
composition of rangeland 1 by weight is analyzed, it is
determined that the rate of wheatgrass is lower compared
to other rangelands and the rate of legumes is higher. On
grassland 2, the proportion of the wheatgrass and
legumes were found close to each other. Astragalus
varieties from legumes were more common in rangelands
1 and 2. On the rangeland number 3, it was determined
that the rate of legumes was less than that of wheatgrass.
In rangelands, generally Agropyron, Bromus, Festuca, Poa,
Elymus, Triticale, Hordeum and Sorghum species were
found mostly from wheatgrass.

The most common legume varieties in the rangelands are
Astragallus varieties, Medicago rigidula, Onobrychus
oxyodonta, Trifolium arvense, Lotus corniculatus, Lathyrus
Fabales, Lotus aegaeus. Others in the rangelands included
mostly herbaceous and flowering plants. Mostly
Lamiaceae L., Galium aparine, Thymus, Artemisia fragrans,
Euphorbia Rosidae, Convolvulus, Euphorbia Rosidae,
Peganum harmala, Onopending acanthium, Centaurea
iberica, Aethionema Dumanii, Cota tinctoria L. Cirsium
arvense, Rumex acetovica, has been widely encountered.

Table 1. The botanical structure of rangelands and proportion on the basis of weight

Rangeland 1 % Rangeland 2 % Rangeland 3 %
Wheatgrass
Aegilops ovata 1.27 Agropyron intermedium 1.15 Agropyron cristatum 1.77
Agropyron intermedium 1.65 Bromus japonicus 1.52 Avena fatua 1.25
Avena fatua 2.55 Bromus tectorum L 1.09 Bromus tomentellus 0.75
Andropogan griyllus 1.75 Chrysopogon gryllus 2.05 Elymus repens 1.55
Bromus erectus 1.25 Dactylis glomerata 2.15 Festuca valesiaca 1.58
Cynodon dactylon 1.85 Elymus junceus 1.27 Hordeum murinum 0.67
Dactylis glomerata 1.75 Elymus repens 2.55 Poaceae Stipa 1.21
Elymus repens 1.85 Festuca ovina 2.25 Secale montanum 1.62
Festuca ovina 1.56  Festuca valesiaca 1.73 Chrysopogon gryllus 1.65
Hordeum murinum 1.68 Hordeum murinum 0.75 Cynodon dactylon 1.77
Poa pratensis 1.30 Secale montanum 1.15 Hordeum bulbosum 1.89
Stipa lagascae 1.23  Poa nemoralis 2.27 Poaceae Stipa 1.17
Sorghum halepense 1.00  Poa bulbosa var. Vivipara 1.18 Triticale 1.16
Total 20.69 21.12 22.0
4
Legumes
Astragalus densifolius subsp.  2.11  Astragallus angustifolius 2.45 Astragalus beypazaricus 2.05
ayashensis
Astragalus cicer L. 2.25  Astragalus beypazaricus 2.71 Astragalus fabaceus 3.44
Astragalus densifolius 2.64  Astragalus densifolius subsp. ayashensis 2.25 Astragalus trichostigma 2.12
Astragalus fabaceus 2.52  Astragallus glycyphyllos 1.78 Ebenus hirsuta 2.82
Astragalus microcephalus 2.23  Astragalus microcephalus 2.18 Lotus corniculatus L. Va 2.14
Astragalus turcicus 1.80  Ebenus hirsuta 1.55 Onobrychis oxyodonta Boiss 1.73
Medicago rigidula 1.15 Medicago rigidula 1.85 Trifolium hybridum 1.78
Cicer arietinum 1.17 Onobricus armena 1.57 Trifolium pallidum 2.52
Lathyrus Fabales 1.65 Trifolium incarnatum 1.00
Lolium perenne 0.67 Trifolium repens 1.16
Lotus aegaeus, 0.67 Triticale 1.50
Lotus corniculatus 0.77 Vicia cracca 1.06
Onobrychis oxyodont 0.75 1.15 Agropyron cristatum 1.77
Onobrychis elata 1.50 1.52 Avena fatua 1.25
Trifolium arvense 1.15 1.09 Bromus tomentellus 0.75
Triticale 0.25 2.05 Elymus repens 1.55
Total 23.28 21.06 18.6
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Table 1. The botanical structure of rangelands and proportion on the basis of weight (continuing)

Rangeland 1 % Rangeland 2 Rangeland 3 %
Others

Acroptilon repens 1.07  Adonis aestivalis 1.55  Achillea millefalium 1.01
Aethionema dumanii. 1.95  Adoxaceae Sambucus ebulus L. 1.19  Adoxaceae Sambucus ebulus L. 0.73
Alopecurus arandinaceus ~ 1.28  Aethionema dumantii, 0.75  Alyssum niveum 1.55
Amaranthus sp. 0.06  Amygdalus orientalis 0.98  Anthemis cretica 0.33
Anthemis cretica, 2.11  Berberis crataegina 0.75  Amygdalus orientalis 1.00
Artemisia fragrans 1.50  Brassica juncea, 1.02  Artemisia santonicum 1.15
Asperula bornmuelleri 1.05  Campanula damboldtiana. 1.55  Asyneuma linifolium nallihanicum 1.11
Artemisia santonicum 1.22  Carduus nutans 1.01  Brassica juncea 1.27
Brassica juncea 0.68  Carthamus sp 0.84  Carduus nutans 1.38
Campanula 1.15  Centaurea solstitialis, 0.68  Campanula latifolia L. 1.26
damboldtiana.
Campanula latifolia L. 0.02  Centaurea iberica Trev. ex Sprenge. 0.57  Carduus nutans 1.28
Carex sp 1.00  Chenopodiaceae Album L. 0.75  Centaurea iberica Trev. Ex Sprenge 0.76
Carthamus lanatus 1.45  Cirsium arvense 1.05  Cichorium intybus 1.25
Centaurea iberica 0.05  Convolvulus arvensis 1.00  Cirsium arvense 0.78
Centaurea solstitialis 2.45  Cota tinctoria L 0.06  Cotoneaster nummularia 1.17
Chenopodiaceae Album L. 0.85  Cotoneaster nummularia 1.00  Cornus mas L. 1.12
Cirsium arvense 0.73  Cupressaceae JuniperusL. 0.79  Crataegus pentagyna Waldst 1.78
Conium maculatum L. 1.33  Crataegus orientalis 1.15  Cynanchum acutum L 1.11
Convolvulus arvensis 1.75  Crataegus monogyna 1.02  Cytisus scoparius 1.07
Crataegus monogyna 1.05  Cota tinctoria L. 1.63  Ebenus hirsuta 1.21
Crepis purpurea 0.95  Cynanchum lineatus 1.15  Elymus hispidus 0.79
Cynanchum lineatus, 2.15  Cyticus scoparius 1.58  Erodium cicitarium 1.18
Euphorbia Rosidae 0.05  Dorycnium pentaphyllum 1.27  Euphorbia esula 1.17
Fagaceae Quercus 1.79  Erodium cicutarium 1.55  Galium aparine 1.51
Galium aparine 2.15  Euphorbia Rosidae 1.47  Hodan 1.27
Hedysarum varium 2.17  Fabaceae Acacia 1.29  Lappaceum, 141
Juncus sp 1.00  Fagaceae Quercus 1.23  Lolium rigidum 1.12
Koelaria cristata 0.05  Galium aparine 1.32  Malabaila secacu 0.17
Lamiaceae L. 0.08  Hedysarum varium 0.61  Muscari adilii, 0.09
Lavandula stoechas 2.15  Hypericum perforatum 0.75  Onopordum acanthium 1.38
Malvaceae Alcae 2.25  Juniperus oxycedrus 0.56  Onopordum illyricum 0.99
Onopordum acanthium 1.01  Logfia arvensis 0.08  Ornithogalum narbonense L. 1.56
Onopordum illyricum 1.14  Lamiaceae L. 0.61  Paliurus spina 1.28
Ophiopogon japonicus 0.83  Linum nodiflorum 1.57  Peganum harmala 1.55
Paliurus spinosa 0.07  Marrubium parviflorum 0.54  Plantaginaceae veronica 1.37
Papaver arenarium 0.27  Minuartia hamata 0.09  Plantago lanceolata L 1.53
Peganum harmala 0.34  Minuartia anatolica 0.06  Potentilla recta 1.09
Pelargonium graveolens 0.22  Ophiopogon japonicus 0.05  Poterium sanguisorba 1.17
Plantago lanceolata 0.66  Ornithogalum Umbellatum 0.15  Pyrus elaeagnifolia 1.77
Plantaginaceae veronica 1.52  Paliurus spina-christi 1.75  Rumex acetosella 1.62
Prunus cocomilia 1.05  Papaver arenarium Bieb. 0.06  Rosaceae Rubus 0.88
Prunus spinosa, 0.15  Peganum harmala 1.25  Salsola ruthenicca 0.84
Quercus L. 0.08  Pelargonium graveolens 1.38  Salvia sp. 0.06
Quercus cerris 1.23  Phleum bertolonii 1.02  Scabioosa sp. 0.11
Rosa foetida, 56.03 Plantaginaceae veronica 1.06  Slybum marianum 0.78
Rosaceae Rubus 100.0 Pyrus elaeagnifolia 0.75  Sinapis arvensis 0.66
Rosa hemisphaerica 1.07  Prunus spinosa, 1.16  Spartium junceum 1.23
Rumex acetocella 1.95  Quercus pubescens 0.88  Taraxacum officinale 1.56
Sanguisorba officinalis 1.28  Rosaceae Rubus 0.06  Teltaria auiacea 0.79
Sinapis arvensis 0.06  Rumex acetosella 2.17  Thymus sepyllum 1.05
Stipa holosericea 211 Silybum marinum 1.16  Thymus squarrosus 1.10
Sonchus sp 1.50  Sinapsis arvensis 1.07  Xanthium spinosum L. 1.22
Taraxacum officinale 1.05  Spartium junceu, 1.22  Verbascum lydium 0.89
Taraxacum 1.22  Taraxacum serotinum 1.00  Verbascum thapsus L. 1.85
scaturiginosum
Teucrium chamaedrys 0.68  Teltaria auiacea 1.10
Thymus squarrosus, 1.15  Thymus sipyleus Boiss. 2.75
Tragopogon 0.02  Thymus squarrosus 1.40
buphthalmoides
Xanthium spinosum 1.00  Tragopogon reticulatus 0.83
Verbascum thapsus L. 1.45  Tragopogon dubius 0.11
Viscum albiim L. 0.05  Tripleurospermum sevanense 0.06
Zantedeschia aethiopica 2.45  Urtica 1.21
Total 0.85 58.82 59.36
General total 0.73 100 100

In addition to fodder and flowering plants, Fagaceae
Quercus, Prunus spinosa, Fabaceae Acacia, Rosaceae Rubus,
Cornus mas L., Cotoneaster nummularia, Cupressaceae

JuniperusL. Shrubs, trees and thorny plants such as
Xanthium spinosum are also found. When general
appearance of rangelands was examined, it is determined
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that although there was more plant diversity in
rangelands 1 and 2, there was less plant diversity in
rangeland 3.

3.2. Nutrient Contents of Rangelands

The change of nutrient contents of rangeland plants by
months are given in Table 2. Grassland X month
interaction was found significant for all variables
mentioned in Table 2 (P<0.05).

Table 2. Change of nutrient composition by months of grasslands (100% DM)

Grassland no Nutrients May June July August Sig
1 cp 16.85 + 0.692 15.24 + 0.622 13.49 £ 0.63b 12.64 + 0.09 <0.001
EE 1.45 + 0.02¢ 1.44 + 0.06¢ 1.54 + 0.08b 1.75 + 0.052 0.007
Ash 1.58 £ 0.07¢ 3.47 + 0.64¢ 458 +0.37b 5.75 + 0.872 <0.001
NFE 49.01+0.73 43.9 £ 1.400 38.21 £ 0.60¢ 37.43 £ 0.89¢ <0.001
CF 31.12 £ 0.24¢ 35.91 + 0.33b 42.18 0.96 42.43 £ 2,65 <0.001
ADF 3432 £0.29¢ 37.75% 0.32¢ 42.00 + 2.48b 56.67 + 0.092 <0.001
NDF 41.39 £ 0.96¢ 45.71 % 0.95¢ 51.94 + 2.640 67.27 +1.79 <0.001
ADL 4.57 £ 0.074 6.50 + 0.33¢ 14.24 + 0.62 10.71 + 1.360 <0.001
Ca 543+ 0.26° 3.920.07 3.71 % 0.24b 2.72 + 0.028¢ <0.001
P 0.10+0.001b 0.11 % 0.001a 0.10 + 0.001° 0.10 + 0.001° <0.001
Mg 0.44+0.005¢ 0.27 +0.001¢ 1.04 £ 0.0012 0.68 + 0.020° <0.001
Na 0.24+0.002¢ 0.14 +0.011¢ 0.35 + 0.005b 0.41 + 0.0100 <0.001
K 1.32+0.005¢ 1.41 £ 0.001b 1.11 £ 0.000¢ 1.62 £ 0.012 <0.001
N 2.1240.002° 2.14 £ 0.020° 1.25 £ 0.027¢ 1.32  0.002b <0.001
Fe 0.55 + 0.003® 0.33 +0.012¢ 0.82 + 0.0012 0.52 + 0.034° <0.001
Zn 0.025+0.002° 0.03120.0002 0.032+ 0.0002 0.02620.001b 0.007
Si 0.05£0.001b 0.04 + 0.002¢ 0.08 £ 0.0032 0.03 +0.002¢ <0.001
2 Ccp 16.23 £ 0.27 13.26 + 0.35b 13.20 £ 0.53b 12.20 + 0.24¢ <0.001
EE 1.46 £ 0.03¢ 1.52 +0.12b 1.91+0.15° 1.75 £ 0.15% 0.078
Ash 412+ 0.28b 3.60 £ 0.28b 9.33 +2.98 11.41 + 1.05 0.010
NFE 44.61+0.522 4448+ 2.37 37.22+4.40% 28.38+ 1.48b 0.008
CF 33.58+1.94b 37.14 + 1.60b 38.34 £ 0.250 46.26 + 0.89 0.027
ADF 36.3242.024 41.99 + 1.48¢ 44.19 + 0,245 48.49 £ 0.212 0.047
NDF 43.35+2.52b 53.62 + 2.24b 54.02 £ 0.50 59.20 + 1.002 0.030
ADL 5.41+0.10¢ 8.48 £ 0.62¢ 10.62 £ 0.24b 12.72 +0.08 0.001
Ca 4.15% 0.032 2.21+0.02¢ 2.67 £ 0.07¢ 3.22£0.13b <0.001
P 0.09+0.003b 0.12 + 0.003s 0.08 + 0.005b 0.08 + 0.007" <0.001
Mg 0.76+0.003b 0.23 +0.019¢ 0.93 £ 0.0272 0.63  0.014¢ <0.001
Na 0.31£0.012b 0.17 + 0.002¢ 0.43 £ 0.0042 0.19 £ 0.006¢ <0.001
K 1.14  0.003¢ 1.49 £ 0.008¢ 1.12 £ 0.005¢ 1.20 £ 0.029b <0.001
N 2.12+0.0022 1.72 £ 0.05b 1.83 £ 0.021b 1.18 £ 0.06¢ <0.001
Fe 0.53 + 0.007° 0.35 + 0.014¢ 0.75 + 0.010 0.32 +0.003¢ <0.001
Zn 0.03+0.0012 0.03+ 0.001° 0.03  0.0012 0.024£0.001b 0.001
Si 0.04+0.001b 0.05 + 0.001° 0.08 £ 0.003° 0.03 £ 0.002¢ <0.001
3 CcP 13.40+0.142 12.33+ 0.37b 11.670.16¢ 11.24 + 0.03¢ <0.001
EE 1.42 £ 0.04¢ 1.41 % 0.04¢ 1.52 £ 0.06° 1.65 £ 0.08 0.038
Ash 5.75+ 0.38¢ 9.77 + 0.21¢ 11.14 £ 0.12b 16.27 +0.712 <0.001
NFE 46.300.67 37.91 £ 0.58b 25.08 £ 1.06¢ 18.35 + 1.39¢ <0.001
CF 33.13 £ 0.35¢ 38.34 £ 0.25¢ 50.70 + 0.54° 52.62 + 0.74% <0.001
ADF 39.01+0.34¢ 44.19 + 0.24) 45.43+ 0.38b 58.99 + 0.244 <0.001
NDF 46.39+0.21¢ 54.02 + 0.50b 56.39 £ 1.62° 74.85 + 0.102 <0.001
ADL 5.53+ 0.49¢ 10.62 + 0.24b 10.75 + 0.40b 15.85 + 0.15 <0.001
Ca 3.97 £ 0.200 2.14 + 0.002¢ 2.90 + 0.013° 1.87 £ 0.041¢ 0.035
p 0.11 + 0.0040 0.11 + 0.001° 0.12 £ 0.0012 0.10 £ 0.001¢ <0.001
Mg 0.54+0.013¢ 0.52 + 0.003® 0.53 £ 0.006° 0.24 + 0.001¢ <0.001
Na 0.18 £ 0.0022 0.18  0.0012 0.17 + 0.001° 0.17 +0.002> <0.001
K 1.60 + 0,140 2.01+0.012 2.06 % 0.03 1.20 £ 0.029¢ 0.001
N 1.36 £ 0.052 0.72 + 0.027¢ 1.19 £ 0.03b 0.54 + 0.008¢ <0.001
Fe 0.96 + 0.0132 0.09 + 0.003¢ 0.09 + 0.004¢ 0.40 + 0.009" <0.001
Zn 0.03  0.001 0.03  0.001 0.03 £ 0.002 0.031z 0.001 0.428
Si 0.04 + 0.002° 0.04 + 0.003® 0.04 + 0.003° 0.06 + 0.0012 <0.001

ab.cThere is a difference between the means shown in different letters on the same line, P<0.05
DM= dry matter, CP= crude protein, EE= ether extract, NFE= nitrogen free extract, CF= crude fiber, ADF= acide detergant fiber, NDF= notr detergent fiber, ADL=

acide detergant lignin

While CP and NFE content of plants were highest in May
and June in all three rangelands, it was found to be the
lowest in August and July and the differences between
them were significant (P<0.05). The highest CP content
was determined in rangeland 1, followed by rangeland 2

and rangeland 3.
EE content of rangeland plants was higher in rangeland
1 and 3 in August, while it was significantly higher in
rangeland 2 in July and August compared to other
(P<0.05). As growing periods

months of plants
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progressed, EE content also increased.

Ash content was found to be significantly higher in all
three rangelands compared to other months in August
and July (P<0.05). The effect of months on the fiber
material content of the plants was important. Fibrous
materials indicative of digestibility; CF, ADF, NDF and
ADL contents was low in May in all 3 rangelands, but
increased in August and difference between months in
terms of these criteria was significant (P<0.05).

Ca and N from minerals was significantly higher in May
compared to other months in all 3 rangelands (P<0.05).
While P was the highest in rangelans 1 and 2 in June, it
was highest in rangeland 3 in July (P<0.01). Mg, Fe, Zn
and Si contents of plants were highest in rangelands 1

and 2 in July (P<0.05), whereas Mg in July 3, Fe, May and
Si were highest in August (P<0.05). Na was found to be
the highest in rangeland 1 in August, in rangeland 2 in
July, and in rangeland 3 in May-June (P<0.05). K content
was high in rangeland 1in August, while rangeland 2 was
high in June, and rangeland 3 was high in July and June
(P<0.05). The mineral content of the plants in the
rangelands varied by month.

3.3.In Vitro Feed Values of Rangelands

The change of in vitro GP, methane, DMD, OMD ME, NEi,
dNDF values of rangelands by months is given in Table
3. Rangeland X month interaction is important for all
variables in Table 3 (P<0.05).

Table 3. Change of feed value in vitro by months of grasslands (100%DM)

Grassland no May June July August Sig

1 GP 41.6 +0.792 40.14 £ 0.47° 39.88 + 0.04¢ 36.47+0.064 0.001
Methane,ml 5.37+0.11= 5.28 £0.092 516+0.132 4.64 +0.2> 0.001
Methane ,% 14.98+0.082 143 £0.12a 14.25 + 0.06° 13.65+ 0.20> 0.001
DMD 68.36+0.182 66.71 +0.180 54.97 + 0.63¢ 53.8+0.264 0.001
OMD 52.08+0.332 52.13 +1.362 50.40 + 0.58b 49.00 + 0.64> 0.005
ME 7.88 £ 0.04 7.86 £ 0.21 7.62 +0.09 7.52 +£0.09 0.149
NE. 4.76 = 0.04 4.66 = 0.19 4.27 £ 0.08 4.25+0.08 0.181
dNDF,%KM 21.37 £ 2.462 2092+ 1.42 12.94 £ 0.22b 12.5+0.78° 0.001

2 GP 41.24+0.122 39.42 £ 0.312 39.07+ 0.452 28.81 +8.43b 0.001
Methane,ml 5.38+0.182 5.19+0.072 5.15+0.07= 4.89 + 0.4> 0.004
Methane,% 14.28+0.087 14.28 +0.092 14.25+0.15° 13.65+0.17> 0.063
DMD 66.77+0.202 62.14 +0.22b 57.23 £0.19¢ 56.4 +0.42¢ 0.001
OMD 52.62 +0.292 50.26 + 0.24> 49.83 +1.21b 46.04 £ 3.23¢ 0.035
ME 7.52+0.182 7.38+0.122 7.15 + 0.04> 6.90 + 0.05¢ 0.001
NE. 4.47 £ 0.072 443 +0.13> 4.42 +0.03> 4.12 £ 0.04¢ 0.002
dNDF %KM 22.22+1.88 20.2 +1.86° 20.4 + 0.542 11.91 + 0.45b 0.001

3 GP 41.62 £ 0.202 41.28 +0.12a 38.79 £ 0.02b 37.84 £ 0.12¢ 0.001
Methane 6.24 + 0.06° 5.62+0.03b 5.54 £0.18> 5.47 £0.12b 0.001
Methane, % 15.45 + 0.032 14.85 + 0.03> 14.55 % 0.03¢ 14.55 + 0.15¢ <0.001
DMD 65.34£0.0042 57.64 £ 0.004P 54.28 £ 0.01¢ 46.95 + 0.50¢ <0.001
OMD 51.42 £ 0.652 49.00 + 0.64> 47.43 +0.24c 45.77 + 2.35¢ <0.001
ME 7.94 £ 0.042 7.58 + 0.042 7.76 £ 0.12 6.95 + 0.490 <0.001
NE. 4.7 £ 0.042 4.64 +0.092 3.89+0.32b 3.94 £ 0.39b <0.001
dNDF, %KM 19.28 + 2.92a 17.42 + 2.34b 12.5 £ 0.78¢ 11.88+0.14¢ 0.008

ab.¢There is a difference between the means shown in different letters on the same line, P<0.05
GP= gass production, DMD= dry matter digestibility, OMD= organic matter digestibility, ME= metabolisable energy, NEL= net energy Lactation, dNDF=

digestible notr detergant fiber

GP potential of rangeland plants varied by months.
While GP was highest in May in rangeland 1, May-June-
July in rangeland 2, May-June in rangeland 3 (P<0.05),
was lowest in all rangelands in August (P<0.05). As the
development period of plants progressed, GP decreased.
MP (ml) and capacity (%) of rangeland plants were
significantly higher in rangeland 1 and 2 in May-June-
July, and in rangeland 3 in May compared to other
months (P<0.05).

In vitro DMD and OMD of rangelandswere found to be
significantly higher in May compared to other months
(P<0.05), These criteria tended to fall until August.
There was no statistically significant difference between
months in terms of ME and NEL values of plants in
rangeland 1. ME value of plants in rangeland number 2
was significantly higher in May and June than in July and
August (P<0.05). In terms of ME value of rangeland 3, no
significant difference was found between May, June and
July, and ME value decreased significantly in August

(P<0.05). The NEL value of rangeland number 2 was
found significantly higher in May compared to other
months (P<0.05) and lowest in August (P<0.05). The NEL
value of rangeland number 3 was found to be
significantly higher in May and June compared to July
and August (P<0.05).

In vitro dNDF values of rangeland plants changed by
months. dNDF was found to be highest in May and June
in rangeland 1, in May-June and July in rangeland 2, in
May in June 3, and lowest in August (P<0.05).

3.4. Feed Quality of Rangelands

DMI, DMD and RFV values calculated using ADF and NDF
values for determining roughage values of rangeland
plants are given in Table 4. Grassland X month
interaction is important for all variables in Table 4
(P<0.05).

The predicted DMI in all rangelands was determined in
the highest in May and the lowest in August, and the
difference between the months for DMI was significant
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(P<0.05).No significant difference was found between
June and July in terms of DMI on rangeland 2.

DMD was found higher in rangeland 1 in May compared
to other months, and a significant difference was
determined between months (P<0.05). In rangelands 2
and 3, DMD was highest in May compared to other
months, while it was lowest in August (P<0.05). No
significant differences were found between June and July
in terms of DMD in this both rangelands.

RFV scored over 100 in May, June and July in pasture
number 1, and scored below 100 in August and had the
worst feed value with 5. Quality. On the rangeland 2,
RFV was included in the 1st Quality Class in May, as it

received less than 100 points in June and July, and in the
3rd Quality (middle) Class and in 4th (Bad) in August.
Rangeland 3 was included in the 2nd Class in May, 3rd
Class in June and July (middle), and 5th quality (worst)
in August.

RFQI scored over 100 points in May, June and July in
rangeland 1 and 2, and less than 100 points in August.
The difference between months significant
(P<0.05). On the rangeland 3, there were more than 100
points in May, whereas June, July and August were
below 100 points and the difference between the
months was important (P<0.05).

was

Table.4. Change of feed value and quality by months of grasslands

Grassland no May June July August Sig
1 DMI 2.99+ 0.03a 2.63+ 0.05b 2.31£0.01c 1.78+ 0.01d 0.001
DMD 62.17+0.11a 59.49+ 0.15b 56.18+ 0.22c 44,75+ 1.12d 0.001
RFV 139.71+1.53a 121.07+ 1.45b 100.62+1.37c 61.89+ 1.24d 0.001
RFQI 195.03+1.25a 163.89+1.44b 115.16+1.36¢ 92.94+1.77d 0.004
2 DMI 2.768+ 0.03a 2.24+ 0.04b 2.22+0.02b 2.03+0.01c 0.003
DMD 60.61+ 1.24a 56.19+ 1.35b 54.48+ 1.27b 51.13+ 1.41c 0.001
RFV 130.05+1.23a 97.481+ 0.21b 93.81+ 1.09c 80.34+ 1.31d 0.007
RFQI 177.80£1.39 143.45+1.79 128.99+1.57 82.45+1.82 0.005
3 DMI 2.58+ 0.01a 2.22+0.07b 213+ 0.01c 1.60+ 0.02d 0.001
DMD 58.51+1.32a 54.47+ 0.13b 53.51+0.23b 4295+ 1.21c 0.001
RFV 117.33+1.26a 93.81+ 0.18b 88.27+ 1.21c 53.37+1.37d 0.001
RFQI 159.54+1.49 118.95+1.56 78.05+1.79 53.30+1.92 0.004

ab.cThere is a difference between the means shown in different letters on the same line, P<0.05
DMI= dry matter intake, DMD= digestible dry matter, RFV=relative feed value, RFQI= relative forage quality index.

4. Discussion

4.1. Botanical Composition of Rangelands

While variety of plants and the proportion of legumes in
rangelands that are the subject of the study are higher
than the wheatgrass in rangeland 1 (Ayas-Basbereket),
the ratio of wheatgrass in the rangeland 3 (Nallihan-
Cayirhan) is higher than the legumes. The most in among
wheatgrass Agapyron Gaertn, Bromus L., Lolium L., Festuca
L, Poa L., Dactylis glomerata L, Phleum pratense L.,
Cynodon dactylon L. species were found. Among the
legumes, Medicago sativa L., Onobrychis viciifolia Scop.,
Trifolium L, Vicia L., Lathyrus sativus L., Lotus corniculatus
L. and Astragalus species were encountered. Fresh
grassland plants are more present in the rangeland in
May and June, but decreased in July and August due to the
progression of vegetation, the increase in temperature
and the decrease of precipitation, and they were replaced
by dry grass, stalks, straw, shrubs, thorny trees and
leaves. Many researchers state that plant communities
change over time, and environmental variables affect the
distribution and composition of plant species in the
rangeland (El Bana et al,, 2002; Jafari et al., 2004; He et al,,
2007). However, goats have good ability to evaluate
shrubs and leaves. It is stated that goats have high
adaptability to nutritional conditions with different plant
species even in different seasonal and geographical
conditions (Goetsch et al, 2014) and It is stated that
leafless, thorny bushes eat flower parts (Garcia and Gall,
1981). It is reported that plants such as Cirsium spp

(Beskow 2001; Lamming, 2001), Carduus nutans (Host
and Allan, 1999), Onopordum illyricum (Torrano et al,
1999), Rumex species (Hejcman et al.,, 2014), Centaurea
solstitialis (Thomsen et al, 1993), Rubus fructicosus
(Dellow et al.1988), Artemisia tridentata and Juniperus sp,
Euphorbia esula and Onopordum acanthium (Beskow,
2001), Cytisus scoparius (Pierce, 1990), Carthamus lanatus
(Lacey et al.,, 1992), which are also commonly found in
rangelands in the present study, are consumed by goats.
4.2. Nutrient Composition of Rangelands

In the rangelands of the study, it was seen that the CP
level was the highest in May, but decreased until August.
CP content in rangeland 1 decreased from 16.85% in May
to 12.33% in August, from 16.23% to 12.20% in
rangeland 2 and from 13.40% to 11.24% in rangeland 3.
CP content of rangelands decreased in parallel with the
progression of vegetation and the
temperatures. However, CP ratios are sufficient for small
ruminants in all rangelands in May-June (NRC, 2001). The
most important reason for the high CP content in May and

increase of

June in these two rangelands may be due to the fact that
the plants of leguminous origin are higher than the
rangeland 3 and fresh, young plants in May-June are
higher than in July and August. Acharya et al. (2006) state
that some of the geven species are perennial legume
forages, this explains the high CP content especially in
rangeland 1. According to McDonald et al. (1995), CP
ratios of rangeland, vary depending on species diversity
and families to which species belong, soil structure,
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fertilization and vegetation period.

In the study, EE level of rangeland plants varied according
to months and rangelands. While the EE ratios of plants in
rangelands are lower in May and June, EE content
increased as the plant matured in July-August. Similarly,
Similarly, Pallardy (2008) stated that EE content of plants
varies depending on the periods. In some studies with
shrubs, it was stated that the level of EE was low at the
beginning of growth and there was an increase in EE
content due to the progress of maturation (Wood et al,,
1995, Singh and Todaria, 2012).

Ash rates of rangeland plants differ significantly between
the rangelands as well as each month. Ash rates in May-
August varied between 1.58-5.75% in rangeland 1, 4,12-
11,42% in rangeland 2, and 5,75-16,27% in rangeland 3.
Ash rate of rangeland grass is lower than it should be
(9.80%) in all months in rangeland 1, May-June in
rangeland 2, May in rangeland 3 compared to NRC (2001).
Similarly, Kaya et al. (2001) reported that CP ratio
decreased from 20.45% to 9.68% in meadow pastures
(May-July) in Kars and its region, and CF increased from
24.66% to 33.58% and significant changes occurred in
nutrient contents as the vegetation period progressed.
stated that protoplasm
substances with high protein content in young cells are
too high, cell wall substances are low (Papachritou et al,,
2005), and the protein ratio decreases in parallel with the
progression of development, but an increase in cell wall
materials is observed (Haddi et al, 2003). Their opinions
are also compatible with the findings of the study.

Since Lignin is a fibrous compound that cannot be
digested by rumen microorganisms, the increase in ADL
in August reduces the feed value of plants. Wheatgrass
develops faster than legumes and has more and harder
stems. However, maturation is slower in legumes (Nelson
and Moser, 1994).

In this study, mineral contents of rangeland plants varied
according to months, but it was also found different
between rangelands. Khan et al. (2004) reported that the
level of microelements in forage depends on the type and
plant growth cycle, season and soil structure.

4.3. In Vitro Feed Value of Rangelands

While the GU potential of pasture plants was high in
May, it decreased in other months, especially in August.
It is stated that there is a positive correlation between

Some other researchers

the amount of CP in feed structure and in vitro GP, and a
negative relationship between the increase in cell wall
components and in vitro GP (Larbi et al, 1998). This
view of the researchers is compatible with the result of
the current study. Because CP content of rangelands
have high in May and fibrous material content is low, on
the contrary, CP content in August is low and fibrous
content is high. The reason of produce less gas in August
of microorganisms can be explained by the fact that they
provide less from feeds of the available protein that they
need (Cone and Van Gelder, 1999; Bliimmel et al., 2003)
and richer in feeds of NDF, ADF and ADL, which they can
use less. Also Bliimmel and @rskov (1993); emphasized

the increase in GP and VFAs (Volatile fatty acids) due to
carbohydrate their
fermentation.

metabolism in rumen and
MP capacities of rangeland plants varied by months
(Table2). Although MP was significantly lower in the
rangelands 1 and 2 in August compared to the other
months, MP capacity in rangeland 3 in May was
significantly higher than in the other months. It is stated
that MP in ruminants is at the beginning of global
climate change (Steinfeld et al., 2006). MP also increased
when CP content of feeds was high. Lopez et al. (2010)
reported that methane content of the total gas produced
during fermentation can be used to determine the
antimetanogenic potential of any feedstuffs and that the
feed ingredients can be classified into three groups; low
potential (methane in gas between 11-14%), medium
potential (methane in gas between 6-11%) and high
potential (methane in gas between 0-6%). It was seen
that the antimetanogenic potential of the plants in the
rangelands is in the lower class. Also, Jayanegara et al.
(2009) reported a high correlation (r = 0.86) between
CH4 production and NDF content of feed material in a
study with 17 different plants. In this study, NDF content
was also low during the months when the methane
content was high.

In our study, DMD, OMD values of rangeland plants were
found to be higher in May and June, but lower in July and
August. The most important factor affecting this result is
the fractions of cellulose. Low levels of CF, ADF, NDF,
ADL in May and June compared to July and August
caused the digestibility to be higher in these months,
and this increased the feed value. This situation can be
attributed to the increase of the cell wall components
(lignification) of herbs with the progression of
vegetation. It can also be said that in July and August,
feeds rich in nutrients that are difficult to dissolve in
rumen, such as NDF, ADF and ADL, reduce OMD by
limiting microbial fermentation.

Energy (ME and NEL) values of plants in rangelands fell in
May, when the plants were fresh and tender, and dropped
until August when temperatures started to increase.
Similarly, Wilson et al (1991) reported that the main
reason for the decrease in OMD, ME and NE\, levels during
development was lignification.

While Frost et al. (2008) stated that as the plant stem
increases, there is an increase in cell wall
components (NDF, ADF, ADL), this
decreases digestion, while some researchers have found
that digestibility is related to cell wall materials (Jung
and Allen, 1995; Bouazza et al, 2012). It was also
emphasized that there is a positive relationship between
GP and ME (Menke and Steingass, 1988) and between
GP and OMD (Getachew et al., 2002). Researchers' views
are consistent with the study result. In this study, the
increase in the amount of gas produced for 24 hours
with CP content of rangeland plants in May and June
increased the level of OMD. It can also be said that in July
and August, feeds rich in nutrients that are difficult to

ratio
significantly
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dissolve in the rumen, such as NDF, ADF and ADL,
reduce OMD by limiting microbial fermentation.

4.4. Feed Quality of Rangelands

In terms of RFV (Rohweder et al. 1978) calculated with
CP, ADF and NDF data; rangeland (1) in Ayas-Basbereket
scored higher than 100 in May, June and July, scored
below 100 in August, and the highest score was in May.
Rangelands in Ayas-Ilica (2) and Nallihan-Cayirhan (3)
were found to be higher than 100 in May and lower in
other months. Redfearn et al (2004) reported that ADF
should be 41% and NDF should be 53% for the relative
feed value of the feeds to be 100, and if the RFV is greater
than 100, the feed quality increases and if it falls below it.
Low levels of CF, ADF, NDF, ADL in May and June
compared to July and August caused the digestibility to be
high in these months, which increased the feed value. This
has been emphasized in many studies indicating that RFV,
DMD and DMI decreased due to the increase in cell wall
components of feeds (Van Soest, 1994; Kamalak et al,
2005; Kamalak and Canbolat, 2010).

According to the RFQI values calculated with TDN (Total
digestible nutrients) and dNDF data, rangelands 1 and 2
were determined to exceed 100 points in May, June and
July, and rangeland 3 above 100 points in May and 100
points in other months. It has been determined that
rangeland forage quality is better in rangeland 1 for every
month. Oba and Allen (1999) reported that there is a
positive relationship between DMI and NDF digestibility
(% NDF), while Undersander and Moore (2002) state that
RFQI is a better index than RFV in terms of animal
performance.

4. Conclusion

In this study, it was observed that rangelands had rich in
botanical composition with different species in May,
followed by June, in three rangeland selected based on
observation, taking into account the frequency and
diversity of plants in rangelands, plant diversity
decreased in July and August due to the progression of
vegetation and fresh tender plants were replaced by
shrub, stalk, tree and shrub type plants.

Ayas-Basbereket was found richer in terms of diversity.
Rangeland plants were found to be better in May and June
in terms of nutrient composition, CF, ADF, NDF, ADL, GP,
DMD, OMD, RFV and RFQI values, and decreased in July
and August. In terms of feed value and quality, it was
determined that rangeland 1 in Ayas-Basbereket was the
best, it was followed by rangeland 2 in Ayas-Ilica and
rangeland 3 in Nallihan-Cayirhan was of lower quality
than others. Consequently, rangelands 1 and 2 are more
suitable for grazing ruminants or hay harvest, especially
in May and July. In addition, thorny shrubs and tree leaves
are suitable for feeding goats.
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Ozet

Bu c¢alisma Tiirkiye’de mercimek iiretiminde yetistiricilik agisindan 6nemli yeri olan 41 ilde yer alan 238 ilgede
mercimek verimine etkili iklim elemanlarini belirlemeye ¢alisilmistir. Arastirmada bilgisayar yardimiyla kademeli ¢oklu
regresyon yontemi kullanilarak 113 farkl iklim elemanlarinin mercimek verimine etkisi incelenmistir. Mercimek verimi
yani bagiml degisken calismanin yuritiildigi yillara iliskin ilgelerdeki kirmizi ve yesil mercimek verimleri
birlestirilerek Devlet Istatistik Enstitiisii arsivlerinden derlenmistir. Mercimek verimine en etkili iklim elemanlarinin
ozellikle zaman faktori ve cesitli zamanlardaki yagis miktarlar1 ve sicakliklar oldugu saptanmistir. Belirlenen iklim
elemanlar1 yardimiyla ilgeler i¢in ileriye doniik mercimek verim tahminlerinde kullanabilecek tahmin esitlikler elde
edilmistir. Tklim elemanlar kullanilarak esitlikler yardimiyla elde edilen tahmini verim degerleri ile gercek iiretim
degerleri karsilastirilmistir.

Anahtar kelimeler: Mercimek verimi, Mercimek iiretimi, iklim faktdrleri, Asamali coklu regresyon yéntemi
Determination of Lentil Yield by Agro-Meteorological Method

Abstract: The main purpose of this study was to obtain the effect of climatic factors to lentil yield in Turkey. In the
research by the help of the computers, multiple stepwise regression method was used and the effect of 113 various
climatic factors to lentil yield were investigated. As a result the most effective factors to lentil yield in Turkey were
found as; time variable (that is technological development) and amount of the rainfull and temperature of the some
period. By the help of these climatic factors estimation equations were obtained to estimate lentil yield for the research
area of Turkey In Addition, the estimated and real lentil production values are compared.
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1. Giris arasinda yetistirilmektedir. Kurak gecen yillarda ise 58°
Diinya tzerinde oldukca genis bir alanda yayilma kuzey enlemine kadar mercimek yetistiriciliginin
gosteren mercimek bitkisi 57° kuzey 40° giiney enlemleri yapildig1 bilinmektedir. Tiirkiye’ de ise mercimek bitkisi
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en fazla Erzurum ilinde yetistirilmektedir (Ak¢in, 1988).

Mercimek iyi bir ekim ndbeti bitkisi olmasinin yaninda;
protein icerigi de yiiksek bir bitkidir. Kuru danelerinde;
ceside, cevre kosullarina ve yetisme tekniklerine gore
degisiklik gostermekle beraber oldukca yiiksek oranda
(% 27-30 ) leucine, isoleucine, lycine, pphenylalanine ve

valine gibi o6nemli aminoasitlerce zengin protein
bulunmaktadir.
Kirmizi mercimegin sindirilebilen protein miktar

bakimindan da % 92 gibi bir degere sahiptir. Ayrica A, B,
C ve D vitaminleri ve Fe, Ma, Ca gibi minerallerce
zengindir (Sehirali, 1988). Kirmizi mercimek yurt ici
kullanimi1 yilik 430 bin ton civarinda olup, Tiirkiye
Istatistik Kurumu (TUIK) verilerine gére 2017 yih kisi
bas1 yillik tiikketim miktar1 5,1 kg’dir.

Bayraktar (2017), mercimek {lretiminin
Giineydogu Anadolu Bélgesinde yogunlastigini bildirerek,
“en fazla tlretim yapilan illerimiz Sanlurfa, Gaziantep,
Diyarbakir, Mardin ve Batman’dir. Mercimek bitkisi sicak,
iliman ve subtropik bélgelerin trilniidir fakat tropik
bolgelerin  ylksek  kisimlarinda ya da  serin
mevsimlerinde  de  yetistirilebilmektedir.  Diistik
sicakliklara dayaniklilik yoniinden genellikle yemeklik
dane baklagiller icinde ilk sirada yer almaktadir. Bu
nedenle kislik ekimi 6nerilmektedir (Akgin, 1988).
Cimlenme icin minimum 15 °C sicakliga ihtiyac
duymaktadir. Optimum ¢imlenme sicakligi 18-25 °C
arasinda degisiklik gosterir. Bu sicakliklarda fide 5-6 giin
icinde toprak yiizeyine ¢ikar. Sicaklik azalinca ¢ikis hizi
yavasalar ve 5
bitkilerin toprak ylizeyine ¢ikisi1 25-30 giin siirmektedir.
Sicakligin 27 °C'nin lizerinde olmasi verimi olumsuz
etkiler. Giinliik ortalama sicakligin 24 °C olmasi yetisme

kirmizi

°C’'nin altindaki sicakliklarda tiim

yoniinden uygundur.

Yillik yagisin 750 mm olmasi verimi olumlu yoénde
etkilemektedir. Hasat sirasinda mutlaka kurak kosullar
ister (Sehirali, 1988). Yemeklik dane baklagillerden
verim lizerine etkili olan faktorler; kiiltiirel islemler ve
iklim faktorleri olmak tizere iki grupta toplanabilir. Bir
bolgede  kiiltiirel  islemlerin diizeyde
uygulandig1 kabul edilirse, verimdeki degisime, iklim
faktorlerindeki farkliliklar neden olacaktir. Son yillarda
verim ve Uretim tahminleri iklim faktorleri ve teknolojik

optimum

faktorler yardimiyla istatistiksel yontemlerle
yapilmaktadir. Tiirkiye de bu sekildeki verim ve tiretim
tahminlerine 1976 yilinda baslanmistir.

ic Anadolu’daki Altinova Devlet Uretme C(iftliginde
bugday verimine, kasim ay1 en diisiik sicaklifi, nisan
ayindaki yagmurlu giin sayisi, kasim ay1 ortalama toprak
sicaklig1 ve kasim ay1 en disiik toprak sicakliklarini en
etkili faktor olarak varsayarak, tahmini bugday iiretimi
icin bir metot gelistirilmistir, Ayrica bugday tiretimine bu
iklim degiskenlerinin etki yerini belirlemislerdir (S6nmez
ve ark., 1982).

Tirkiye’de %70 bugday iretimini saglayan 23 ilde
verime etkili iklim elemanlarini belirleyerek bu iklim
elemanlariyla  gergek iligkileri

belirlemislerdir. Her il ig¢in esitliklerini

verim arasindaki

tahmin

gelistirmislerdir. Gelistirdikleri bu tahmin esitlikleriyle
illerin bugday verim degerlerini tahmin etmislerdir. Bu
degerleri bugday ekilis alani ile ¢arparak Tiirkiye’'nin
toplam bugday liretimini hesaplamislardir. Hesaplanmis
bugday verim degerleriyle gercek bugday {retim
degerlerini grafiksel olarak gostererek hala miktarini
yizde hata ve milyon ton olarak belirlemeye
calismislardir (Benli, 1990).

Tecirlioglu (1994) calismada;
Tiirkiye'nin 2015 yilindaki mercimek iiretimi yaklasik
olarak 350 bin ton, tahmini 2016 verilerine gore ise
mercimek {iretimi 360 bin ton olarak bildirilmistir. TUIK
verilerine gore 2015-2016 yillarindaki toplam mercimek
tiretimini 360 bin ton olarak belirtmekte. TUIK 2015-
2016 verilerine gore Tiirkiye'de tiiketilen mercimek ise
421687 tondur (Tablo 1). Ulkemizde son yillarda
mercimek yetistiriciliginde ¢ok biiytik bir azalma olmakla
birlikte, gerek ekilis alani gerekse liretim yodniinden
Giineydogu Anadolu Bolgemiz ilk siray1 almaktadir.

tarafindan yapilan

Tablo1. Ulkemizde yillara gére mercimek ekilis alan,
iretim ve verim degerleri

Yil Ekilis Uretim Verim
Alani(ha) (ton) (kg/ha)
1992 740000 600000 810
2000 390000 353000 905
2005 438994 570993 1230
2010 248000 447000 1800
2012 237462 437997 1844
2013 260500 417000 1603
2014 232446 325000 1440
2015 207469 340000 1640
2016 235474 365000 1553
2017 269318 400000 1490
2018 243065 310000 1280

Tiirkiye’de mercimek yetistiriciligi agisindan 6nemli olan
41 ilde yer alan 238 ilgenin iklim elemanlarinin
mercimek verimine etkili olanlarin tespit edilerek, bunun
icin verim tahmin esitliklerinin gelistirilmesi igin
ylritilmiistir. Calismada kademeli ¢oklu regresyon
yontemi kullanilmis ve tim ilgelere ait esitlikler elde
edilerek gercek veriler ile tahmin edilen veriler
karsilastirilmistir.

2. Materyal ve Metot

Arastirma alani olarak secilen Tiirkiye bir orta dogu
tilkesidir. Avrupa kitasinin giineydogu kesimine dogru
sokulan 25° 40” - 44°-48” dogu boylamlari ve 35° 51” -
44°-06" kuzey enlemleri arasinda yer alan 779452 km?
yliz 6lglime sahip olan bir toprak parcasidir (Anonymous,
1994). Ulkemizdeki mercimek yetistiriciliginde 6nemli
yer alan 41 ile ait 238 il¢e ele alinmistir. Arastirmada ele
alinan ilgelerin illere gore dagilimi ve ortalama verim
degerleri Tablo 2 ve Sekil 1'de verilmistir.
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Tablo 2. Arastirmada ele alinan ilgelerin illere gore

ortalama verim (kg/ha) degerleri

Tablo 2. Arastirmada ele alinan ilgelerin illere gore
ortalama verim (kg/ha) degerleri (devami)

il flce Ortalama
verim(kg/ha)
Ankara Ayas 878
Bala 810
Beypazari 563
Cubuk 929
Elmadag 1027
Haymana 816
Kalecik 654
Kizilcahamam 1043
Polath 853
Sereflikochisar 843
Delice 770
Keskin 662
Sulakyurt 825
Kirikkale 1117
Gidil 711
Cankiri Merkez 647
Eldivan 860
Orta 699
Sabanozii 859
Yaprakl 966
Bilecik Merkez 756
Sogiit 1040
Tokat Merkez 1064
Artova 1007
Erbaa 1006
Niksar 747
Resadiye 1054
Turhal 1338
Zile 1052
Hatay Merkez 1199
Altinordu 1066
Hassa 1254
Iskenderun 1012
Kirikhan 1236
Reyhanh 1067
Yayaladag 1602
Samandag 1092
icel Merkez 899
Anamur 647
Silifke 670
Tarsus 734
K.Maras Merkez 1250
Afsin 980
Elbistan 975
Pazarcik 1011
Tiirkoglu 1121
Agn Merkez 1159
Eleskirt 1064
Hamur 1130
Taslicay 1067
Tutak 1069
Erzurum Merkez 815
Hinis 704
Horasan 793
Pasinler 940
Tortum 1067

il flce Ortalama
verim(kg/ha)
Adiyaman Merkez 1125
Besni 1574
Golbasi 1178
Kanta 1009
Konya Merkez 1002
Aksehir 910
Bozkir 850
Cihanbeyli 840
Cumra 762
Dogansehir 1214
Eregli 951
Ilgin 1026
Kadinhani 942
Karapinar 573
Kulu 836
Konuklar 774
Yunak 797
Karaman 647
Nigde Merkez 870
Bor 1109
Camardi 711
Ulukisla 769
Aksaray
Eskisehir Merkez 667
Cifteler 773
Mahmudiye 567
Seyitgazi 661
Sivrihisar 637
Kiitahya Merkez 979
Altintas 854
Domanig 654
Emet 950
Gediz 1232
Tavsanl 951
Usak Merkez 1062
Banaz 803
Karahall 943
Sivash 990
Ulubey 1072
Yozgat Merkez 930
Akdagmadeni 1158
Bogazliyan 943
Cayiralan 895
Sarikaya 943
Sorgun 945
Sefaatli 708
Yerkoy 883
Manisa Akhisar 936
Samsun Havza 998
Ladik 1054
Kayseri Merkez 1030
Blinyan 1041
Develi 962
Felahiye 957
Pinarbasi 859
Sarioglan 838
Tomarza 972
Yahyali 1016
Yesilhisar 1017
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Tablo 2. Arastirmada ele alinan ilgelerin illere gore
ortalama verim (kg/ha) degerleri (devami)

il Iice Ortalama
verim(kg/ha)

Mardin Merkez 1216
Derik 1185

Mazidag 953
Midyat 1089

Nusaybin 962

Omerli 1062
Savur 1440
Silopi 1050

Cizre 1373
idil 1136

Sinop Ayancik 776
Gebze 804

Malatya Merkez 809
Akcadag 1050

Arapkir 617

Darende 945

Dogansihir 836
Potiirge 1016

Elaz1g Merkez 857
Baskil 754

Keban 797

Sivice 781

Denizli Merkez 819
Buldan 707

Cal 766

Civril 889

Kale 749

Tavas 822

Afyon Merkez 1063
Bolvadin 981

Cay 594

Dazkkir1 795

Dinar 735

Elmirdag 957

fhsaniye 1382

Sincanl 1071

Sultandag 951

Suhut 650

Isparta Gelendost 840
Keciborlu 684
Siitgiiler 1004

Sakrikaraagag 764

Yalvag 1004

Balikesir Merkez 961
Bigadi¢ 1023

Dursunbey 1000

fvrindi 1233

Sindirgi 941

Amasya Merkez 663
Goyniicek 620

G.Hacikoy 937

Merzifon 779

Tasova 847

Kirsthir Merkez 965
Mucur 969

Cicekdag 812

Kaman 1006

Bursa Merkez 1036
inegol 1126

iznik 1215

Keles 1261

Yenisehir 948

il Ilce Ortalama
verim(kg/ha)

Tekirdag Merkez 1011
Hayrabolu 857

Gaziantep Merkez 876
Araban 1270
islahiye 1544

Kilis 859

Nizip 786

Dguzeli 964

Mus Merkez 897
Bulanik 985

Mlazgirt 803

Siirt Merkez 902
Eruh 873

Kurtalan 941

Batman 972

Besiri 1103

Kozluk 980

Sirnak 1002

Sanliurfa Merkez 770
Akcakale 599

Birecik 785

Bozova 814

Ceylanpiar 1085

Siverek 911

Viransehir 782

Vaiin Merkez 803
Ercis 747

Kastamonu Merkez 1200
Arag 999

Catalzeytin 701

Devrekani 649

Tosya 1491

Sivas Merkez 959
Divrigi 1081

Gemerek 924

Kangal 812

Sarkisla 875

Yildizeli 1046

Nevsehir Merkez 903
Avanos 792

Hacibektas 973

Kozakl 907

Diyarbakir Merkez 902
Bismil 876

Cermik 673

Dicle 939

Ergani 960

Hani 897

Hazro 939

Kulp 888

Silvan 900

Lice 883

Corum Merkez 1020
Alaca 926

Bayat 975

iskilip 1010

Kargi 679

Mecitozi 898

Ortakoy 923

Osmancik 924

Sungurlu 912
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Sekil 1. Arastirma alani olarak segilen illerin Tiirkiye haritasi izerindeki konumu.

2.1. Arastirma Alaninin iklimi
Tiirkiye, ti¢ farkl iklim tipinin etkisi altinda kalir. Genel

S e e

Tablo 3. Arastirmada kullanilan bagimli ve bagimsiz

kullanilan degiskenler

olarak orta iklim kusag icinde yer almakla birlikte bazi Sira  Degisken Adi (Bagimsiz Degisken) Simge
kesimlerinin denize uzak olusu, yilikseklik ve daglarin No
kiyiya paralel uzanigi gibi nedenlerde bu farkliliga neden 1 Zaman Faktori Z
. . . . 2 Ekim Ay1 birinci 10 gilnlik yagis Y101

olur. Akdeniz Bolgesinin tamamina yakinmi ile Ege .

. A o i miktar1,mm ( T-1)
Bolgesinin asil Ege boliimii ve Marmara Boélgesi, Akdeniz 3 Ekim Ay ikinci 10 giinlik yagis miktari Y102
ikliminin etkisi altindadir. Akdeniz ikliminin en genel ,mm ( T-1)
ozelligi yazlar1 sicak ve kurak kislar1 ilik ve yagish 4 Ekim Ay1 iglnci 10 giinlik yagis Y103
gecmesidir. Karadeniz ve Marmara Bolgesinin, miktarl ,mm ( T-1) 5 .
Karadeniz’'e komsu olan kiy1 kesimi her mevsim yagish 5 %(lm Ay1 toplam yagis miktart, mm (T- Y10
91311 iklim etkisi ziltmdadlr. . 6 Kasim Ay1 birinci 10 ginlik yagis Y111
I¢ Anadolu, Dogu Anadolu ve Giliney Dogu Anadolu miktari ,mm ( T-1)
Bélgesinin tiimii bozkir ikliminin etkisi altindadir. Bu 7 Kasim Ay1 ikinci 10 ginlik yagis Y112
iklimin en belirgin 6zelligi fazla uzun siirmeyen yazlarin miktar1 ,mm ( T-1)
oldukea sicak ve kurak, kislarinin da kar yagisli, uzun ve 8 Kasim Ay tgincii 10 ginlik yagls Y113
sert gecmesidir. Az yagis goriilen (300 mm den az) bu miktar1,mm (T-1)
lie s . e e 9 Kasim Ay1 toplam yagis miktar1 ,mm ( Y11
iklim tipinde y1llik ve giinliik sicaklik fark: biiytiktir. T-1)
Tiirkiye’de mercimek bitkisine iliskin verim degerlerinin 10  Aralik Ay birinci 10 ginlik yagis Y121
derlenmesi Calismada ele alinan ilgelere iliskin yillar miktar1 ,mm ( T-1)
itibariyle ortalama mercimek verim degerlerinin tiimii 11 Aralik Ay ikinci 10 ginlik yags Y122
Devlet istatistik Enstitiisii (DIE) Genel Miidiirliigiinden 12 ?lkfel‘(“;\mm_(_rfl)__ 10 siinliik vas V12
alinmistir. Arastirmada kullanilan mercimek ekilis alani, ran y1 Uglineli 10 gunlik yagis 3
L . _ . miktar1,mm ( T-1)
iretim ve verim degerleri 1986 yilina kadar toplam 13 Aralik Ay1 toplam yagis miktart ,mm ( Y12
mercimek olarak mevcutken bu yildan sonrada kirmizi ve T-1)
yesil mercimek olarak ikiye ayrilmistir. Bu sebepten 14  Ocak Ayr birinci 10 giinlik yagis Y11
dolay1 bu yildan sonra toplam degerler dikkate alinmis ve miktari,mm (T-1)
islemler bu sekilde yapilmustir. 15  Ocak Ay1 ikinci 10 giinliik yagis miktar: Y12
A da ele alinan ilgelerd imek verimine etkili mm (T-1)

rastirmada ele alinan ilgelerde mercimek verimine etkili 16 Ocak Ayl iiginci 10 ginlik yags Y13
olabilecek iklim elemanlar1 Devlet Meteoroloji Genel miktar1,mm ( T-1)
Midirligii Arsivinden derlenmistir. Calismada verime 17  Ocak Ay1 toplam yagis miktar1 ,mm ( T- Y1
etkili olabilecek 112 iklim elemani se¢ilmis ve bu iklim 1)
elemanlarinin neler oldugu ¢izelgede gosterilmistir. Bu 18  Jubat Ayr birinci 10 ginlik yagls Y21
- _— . miktar1 ,mm ( T-1)
iklim elemanlarina zaman faktorii de eklenince 113 tane o - .

. - . 19  Subat Ay1 ikinci 10 gilinlik yagis Y22
bagimsiz degisken olmustur (Tablo 3). Bu degiskenler miktar1 ,mm ( T-1)
bitkinin ekim ve hasat ddénemi g6z Onilinde 20  Subat Ay1 dgiincii 10 ginlik yagis Y23
bulundurularak belirlenmistir. Degiskenlerin yaninda miktar1 ,mm ( T-1)
bulunan ¢ hasat yim ¢t-1: hasat oncesi yih 21 Subat Ay: toplam yagls miktar1 ,mm ( Y2
gostermektedir. Zaman faktori (Z) degiskeni yapilan T-1) L o .
teknoloiik li leri 1 dis faalivetleri 22 Mart Ay1 birinci 10 giinlik yagis Y31
Ei noloji ge. ismeleri ve ) }iapl an diger faa 1vye eri miktar1, mm ( T-1)
gostermektedir. Zaman faktorii calismanin yapildig: yil 1 23 Mart Ay ikinci 10 giinlitk yagis miktari Y32
olarak kabul edilmis ve daha sonraki yillar icin bu deger ,mm ( T-1)
1 artirllarak devam edilmistir.
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Tablo 3. Arastirmada kullanilan bagimli ve bagimsiz
kullanilan degiskenler (devami)

Sira  Degisken Adi (Bagimsiz Degisken) Simge Sira  Degisken Adi (Bagimsiz Degisken) Simge

No No

24  Mart Ay1 lglnci 10 giinlik yagis Y33 58  Nisan ay1 yagisi> 2,6mm’den fazla olan YS4
miktar1 ,mm ( T-1) glin sayisi( T)

25  Mart Ay1 toplam yagis miktar1 ,mm ( T- Y3 59  Mayis ay1 yagisi> 2,6mm’den fazla olan YS5
1) glin sayisi( T)

26  Nisan Ay1 birinci 10 giinlik yagis Y41 60 Haziran ay1 yagisi> 2,6mm’den fazla YS6
miktar1 ,mm ( T-1) olan giin sayisi( T)

27  Nisan Ay1 ikinci 10 giinlik yagis Y42 61  Nisan-Mayis aylar1 yagisi> 2,6mm’den  YGT2
miktar1 ,mm ( T-1) fazla olan giin sayis1

28 Nisan Ay1 {glinci 10 gilinlik yagis Y43 62  Kasim ay1 ortalama sicakligi 0C ( T) 0Ss11
miktar1 ,mm ( T-1) 63  Aralik ay1 ortalama sicakligi 0C ( T) 0S12

29  Nisan Ay toplam yagis miktar1 ,mm ( Y4 64  Ocak ay1 ortalama sicakligi 0C ( T) 0s1
T-1) 65  Subat ayi1 ortalama sicakligi1 0C ( T) 0S2

30 Mayis Ay1 birinci 10 giinlik yagis Y51 66  Mart ay1 ortalama sicakligi 0C ( T) 0S3
miktar1 ,mm ( T-1) 67  Nisan ay1 ortalama sicakligi1 0C ( T) 0S4

31 Mayis Ay1 ikinci 10 giinlik yagis Y52 68  Mayis ay1 ortalama sicakligi1 0C ( T) 0S5
miktar1 ,mm ( T-1) 69  Haziran ay1 ortalama sicaklig1 0C ( T) 0S6

32 Mayis Ay1 lgilinci 10 ginlik yagis Y53 70  Kasim ay1 en yiiksek sicakligi 0C ( T-1) Al11
miktar1 ,mm ( T-1) 71  Aralik ay1 en yiiksek sicakligi1 0C ( T-1) A12

33  Mayis Ayi toplam yagis miktar1 ,mm ( Y5 72 Ocakayi en ytiksek sicakligi1 0C ( T) Al
T-1) 73 Subatayi en yiiksek sicakligi 0C ( T) A2

34  Haziran Ay1 birinci 10 ginlik yagis Y61 74  Mart ay1 en yiiksek sicakligi 0C ( T) A3
miktar1 ,mm ( T-1) 75  Nisan ay1 en yiiksek sicakligi 0C ( T) A4

35 Haziran Ay1 ikinci 10 giinlik yagis Y62 76  Mayis ay1 en yiiksek sicaklig1 0C ( T) A5
miktar1 ,mm ( T-1) 77  Haziran ay1 enyiiksek sicakligi 0C ( T) A6

36  Haziran Ayl iigclinci 10 giinlik yagis Y63 78  Kasim ay1 en diisiik sicakhigr 0C ( T-1) D11
miktar1,mm ( T-1) 79  Aralik ay1 en diistik sicaklign 0C ( T-1) D12

37  Haziran Ay1 toplam yagis miktar1 ,mm ( Y6 80  Ocakayi en diisiik sicaklign 0C (T) D1
T-1) 81  Subatay en diisiik sicaklign 0C ( T) D2

38  Ekim-Kasim aylar1 yagis toplami, mm TY1 82  Martayi en diisiik sicakligt 0C ( T) D3

39  Ekim-Subat aylari yagis toplami, mm TY2 83  Nisan ay1 en diisiik sicakligt 0C ( T) D4

40  Ekim-Nisan aylar1 yagis toplami, mm TY3 84  Mayis ay1 en diisiik sicakligr 0C (T) D5

41  Ekim-Mayis aylar1 yagis toplami, mm TY4 85  Haziran ay1 en diisiik sicaklign 0C (T) D6

42  Ekim-Haziran aylar1 yagis toplami, mm TY5 86  Kasim Ay1 en diisiik toprak sicakligr ( T11

43  Nisan-Mayis aylar1 yagis toplami, mm TY6 5cm) 0C (T-1)

44  Kasim ay1 yagisi> 1mm’den fazla olan  YG11 87  Aralik Ay1 en diisiik toprak sicakhig ( T12
giin sayisi( T-1) 5cm) 0C (T-1)

45  Aralik ay1 yagisi> 1mm’den fazla olan  YG12 88  Ocak Ay en diisiik toprak sicakligi ( T1
giin sayisi( T-1) 5cm) 0C(T)

46  Ocak ay1 yagisi> 1lmm’den fazla olan YG1 89  Subat Ay1 en disiik toprak sicakligr ( T2
giin sayisi( T) 5cm) 0C(T)

47  Subat ay1 yagisi> 1mm’den fazla olan YG2 90 Mart Ay1 en disiik toprak sicakligi ( T3
giin sayisi( T) 5cm) 0C(T)

48  Mart ay1 yagisi> 1mm’den fazla olan YG3 91 Nisan Ay en dusiik toprak sicaklign ( T4
glin sayisi( T) 5cm) 0C(T)

49  Nisan ay1 yagisi> 1mm’den fazla olan YG4 92  Mayis Ayl en diisiik toprak sicaklig ( T5
glin sayisi( T) 5cm) 0C(T)

50 Mayis ay1 yagisi> 1mm’den fazla olan YG5 93  Haziran Ayl en diisiik toprak sicakligi ( T6
glin sayisi( T) 5cm) 0C(T-1)

51  Haziran ay1 yagisi> 1mm’den fazla olan YG6 94  Kasim ay1 giineslenme siiresi, h ( T-1) GS11
giin sayisi( T) 95  Aralik ay1 glineslenme siiresi, h ( T-1) GS12

52 Nisan-Mayis aylar1 yagisi> 1mm’den  YGT1 96  Ocak ay1 glineslenme siiresi, h ( T) GS1
fazla olan giin say1si( T) 97  Subat ayi giineslenme stiresi, h ( T) GS2

53  Kasim ay1 yagisi> 2,6mm’den fazlaolan  YS11 98  Mart ayi giineslenme stiresi, h ( T) GS3
giin sayisi( T-1) 99  Nisan ay1 giineslenme stiresi, h ( T) GS4

54  Aralik ay1 yagisi> 2,6m’den fazla olan  YS12 100 Mayis ay1 glineslenme siiresi, h ( T) GS5
giin sayisi( T-1) 101  Haziran ay1 giineslenme stiresi, h ( T) GS6

55  Ocak ay1 yagisi> 2,6mm’den fazla olan YS1 102 Kasim ay1 giines 1smlart siddeti  GK11
giin sayisi( T) cal/cm2.giin (T-1)

56  Subat ay1 yagisi> 2,6mm’den fazla olan YS2 103 Arallk ayr glnes 1smnlart siddeti  GK12
giin sayisi( T) cal/cm2.giin (T-1)

57  Mart ay1 yagisi> 2,6mm’den fazla olan YS3 104 Ocak ay1 giines i1sinlar1 siddeti GK1
giin sayisi( T) cal/cm2.giin (T)
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Tablo 3. Arastirmada kullanilan bagimhi ve bagimsiz
kullanilan degiskenler (devami)

Sira  Degisken Adi (Bagimsiz Degisken)
No

Simge

105 Subat ay1 giines
cal/cm2.giin (T)

isinlar1  siddeti GK2

106 Mart ay1 giines 1sinlarnn siddeti GK3
cal/cm2.giin (T)

107 Nisan ay1 giines 1sinlar1 siddeti GK4
cal/cm2.giin (T)

108 Mayis ay1 glines 1sinlar1 siddeti GK5

cal/cm2.giin (T)
109 Haziran ay1 gilines 1smlar1 siddeti GK6
cal/cm2.giin (T)

110  Kasim ay1 karla 6rtiilii giin sayisi ( T-1) KG11

111  Aralik ay1 karla ortiilii giin sayis1 ( T-1) KG12

112 Ocak ayi karla ortiilii giin sayis1 ( T) KG1

113  Subat ay1 karla ortiili giin sayis1 ( T) KG2
Bagimli Degisken

114  Mercimek verimi, kg/ha Y

ikiden fazla degiskene bagh olan bagiml degisken icin en
iyi hangi degiskenin ne oranda nasil etkiledigini ve bunun
ileriye dogru tahmininin yapilabilmesi, regresyon analizi
ile  saglanabilir. En iyi regresyon esitliginin
belirlenmesinde goéz o6niinde bulundurulmas: gerekli
baslica iki 6zellik vardir (Drapher ve Smith,1968);

a) Daha sonra tahmin amaa ile kullanilacak esitligin
gercek  bagimli  degiskeni en iyi sekilde
belirtebilmesi i¢cin mimkiin oldugunca en fazla
bagimsiz degiskeni icermesi,

b) Cok fazla sayidaki bagimsiz degiskenin elde
edilmesinde karsilasilan mali sorunlar ve bunun
hesaplanmasinda ortaya ¢ikan giigliikler nedeniyle
bagimli degiskeni belirleyecek esitligin miimkiin
oldugunca az sayida bagimsiz  degiskeni
bulundurmasidir.

Yukarida belirtilen bu iki o6zellik ayni anda yerine
getirildigi kosulda en iyi regresyon esitligi belirlenmis
olur. Ancak en iyi regresyon esitligini belirlemede
istatistiksel olarak kesin bir yaklasim yoktur (Drapher ve
Smith, 1968).
ikiden fazla degiskene bagl olan bir degisken icin en iyi
tahmin esitliginin se¢iminde; tiim mimkiin regresyon
yonetimi, geriye dogru eleme yontemi, ileriye dogru
secim yontemi, kademeli ¢oklu regresyon yontemi,
boliimli regresyon yonetimi ve konunun 6zelligine gore
bu yontemlerin kombinasyonlari kullanilabilir.

Tirkiye de mercimek iiretimi yapilan il ve ilgeler igin,

mercimek verim tahmininde digerlerine gore daha pratik

ve avantajli olan ve az bilgisayar zamanina gerek
gosteren ve amaca en uygun olan kademeli regresyon
yonetimi MINITAB programi kullanilarak yapilmistir.

3. Bulgular ve Tartisma

Mercimek verim tahmininde kullanilabilecek esitlikler ve
bu esitliklerin korelasyon ve belirtme katsayilar1 elde
edilmistir. Esitliklerde korelasyon katsayisinin 0,90'1n
tizerinde olmasina, ayrica be esitliklerde az sayida

bagimsiz degiskenin bulunmasina ¢alisilmistir. Bu sayede
en az iklim degiskeni yardimiyla en iyi tahminin
yapilabilecegi esitliklerin gelistirilmesine ¢alisilmis ve en
fazla 5 tane degiskenin esitlige girmesine izin verilmistir.
Bu c¢alisma ile calismanin yapildigi yillar icin tahmini
verim degerleri elde edilmis ve esitlikler yardimiyla
bulunmus ve ekilis alaniyla ¢arpilarak tiretim miktarlari
elde edilmistir (Tablo 4).

Ulkemizde ve diinya genelinde baklagiller ve tahillar igin
yapilan verim miktarinin belirlenmesi i¢in yapilan
calismalarda
arastirdlmistir ve gelecek verimlerin hesaplanmasi igin
esitlikler gelistirilmistir(Tsukibayoski, 1976 ). Tiirkiye de
bugday tretimi icin 23 ili lizerinde calismis ve verime
Ocak ay1 yagisi, Ekim ay1 bagil nem orani, haziran ay1
sicakligl, Ekim-Nisan ay1 toplam yagis miktar etkili
oldugunu belirlemislerdir. Konya ‘da bugday verimi icin
yapilan calismada Ekim ay1 sicakligi, Mayis ay1 bagil
nemi, Eyliil-Haziran aylar1 arasi1 toplam yagis ve Ocak ay1
en diisiik sicakliginin etkili oldugu belirlenmistir (Benli
ve Tokg6z,1981).

Tiirkiye geneli i¢in ele aldigimiz 41 ilin ve 238 ilgesinde
mercimek verimine etkili yagislarin ve diger elemanlarin
etki miktarlar1 incelendiginde ilde hangi degiskenin etkili
oldugu, hangi degiskenin ka¢ ilcede etkili oldugu
goriillebilmektedir. Ayrica bu c¢alisma ile
bulundugu boélgelerde goz oniine alinarak bolgelere gore
tespit edilmis tahmini {retim ve gercek {retimle
baglantili olarak hangi iklim degiskeninin daha fazla
etkili oldugu belirlenmistir. Tiirkiye genelinde mercimek
verimine en fazla etkili olmus iklim elemanlarinin
sirasiyla, zaman faktorii (Z), Haziran ayi birinci 10 giinliik
yagls miktar1 (Y61), Ocak ay1 ligiincii 10 giinliik yagis
miktar1 (Y13), Aralik ay1 tigiincii 10 giinliik yagis miktari
(Y123) Ekim-Subat aylar1 yagis toplami (TY2), mart ay1 en
distik sicakligr (D3), Mayis ay1 en diistik sicakhigi (D5)
oldugu belirlenmistir.

Tiirkiye genelinde mercimek verimine, kasim ay1 en
dustik toprak sicakligl (5 cm) Subat ay1 en diisiik toprak
sicakligi (5 cm), Kasim ay1 en diistik sicakligl, Aralik ay1

iklim elemanlarinin verime etkileri

illerin

en yliksek sicakligl, Aralik ay1 en distik sicakligl, Kasim,
Ocak ve Subat aylari glines 1sinlar1 siddeti, Kasim, Aralik
ve Subat aylar1 ortalama sicakligl ve Mart ay1 ortalama
sicakliginin hig¢ etkisi olamayan iklim elemanlar1 oldugu
belirlenistir.

Esitlikler
degerleri ile yillara gore gercek iiretim degerleri
karsilastirllmis ve hesaplamalar sonucunda toplam yillik
tretim farklarinin -82452 ton (% 14,95) ile 35081 ton (%
6,81 ) arasinda degerler oldugu tespit edilmistir.

yardimiyla hesaplanan tahmini {retim

4. Sonug¢

Sonu¢ olarak; Tirkiye’de mercimek iiretimi yapilan
ilcelerin verim tahmin esitlikleri ¢ikarilmis ve tahmini
iretim degerleri bulunmustur. Esitlikler yardimiyla
bulunan verim degerlerinin gergege daha yakin sonuglar
verebilmesi icin, calismada ele alinan gozlem siiresinin
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15-20 yil olmasi Onerilmistir. Ayrica, iyi bir tahmin
esitliginin
elemanlarinin sayisinin artirilmasi ve verimi etkiledigini
distindiiglimiiz zaman faktorii (glbreleme, Kkaliteli

kurulabilmesi  icin,  kullanilan  iklim

tohum, ilacglama vb.) ayr1 ayr1 ele alinarak verim
tahminlerinde kullanilmasiyla, gercege daha yakin
sonuclar verebilen tahmin esitlikleri elde edilebilecegi
disiinilmistiir.

Tablo 4. il diizeyinde elde edilen mercimek verim tahmin esitlikleri

il flce Esitlik R R?2

Ankara Ayas V=5064+99,6817+4,22YS3-4,8545Y10 0,998 0,996
Cankiri Merkez V=2637,6+48,75YG5-64,7A6-3,898Y12 0,984 0,968
Bilecik Merkez V=1476-104,685D6+22,0668T5-20,4024T3 0,998 0,996
Corum Merkez V=1560-44,910Z-59,02T4-2,5606Y63 0,951 0,904
Eskisehir Merkez V=1059-131,125GS4-5,13662Y112+1,16936GK3 0,982 0,964
Kirsehir Merkez V=3368+20,9746Y61+92,503YS3 0,954 0,910
Kiitahya Merkez V=2232+242,1930S5-114766Y112-8,2327Y13 0,982 0,964
Usak Merkez V=547,6+19,96Y102+14,64Y103+12,79Y53-4,54Y122 0,983 0,966
Yozgat Merkez V=581,2+4,78305Y111-39,3937T3 0,995 0,990
Manisa Akhisar V=981,8-2,1412Y122-2,8627Y51+1,9353Y101 0,997 0,994
Balikesir Merkez V=716,9-1,89577Y112-13,3134YG3+12,5256YS3+12,7956A3 0,930 0,881
Denizli Merkez V=842,0+3,9350Y53-1,26496Y12-10,010D4 0,990 0,980
Isparta Gelendost V=560+82,253YG6+7,4573Y41-0,60635Y10 0,999 0,998
Bursa Merkez V=790,3+26,3185T5+2,76304Y123+5,6576Y63-0,23764TY3 0,966 0,933
Tekirdag Merkez V=876,6+9,9455Y111+53,131T3-4,7168Y103 0,990 0,980
G.antep Merkez V=221,12+2,715TY5+62,46YS5-42,31D6 0,965 0,931
Hatay Merkez V=1927-37,6410YG11-79,744YS12+1,24365Y12 0,984 0,968
Icel Merkez V=674,2+103,6612YG1-746579YS1-13,9608D3 0,981 0,962
K.maras Merkez V=2326-89,27+4,08Y31-126,40S1+33,8D1 0,981 0,962
Agri Merkez V=5223-9,7237GK5+8,29777Y102+50,3527T4 0,993 0,986
Erzurum Merkez V=190,547+5,61Y2+1,215TY5+7,13Y123-2,06Y102 0,998 0,996
Mus Merkez V=4221,6+1,80852Y5+1,7419Y31 0,987 0,974
Samsun Havza V=742,3+1,1633TY2-1,456Y61 0,984 0,968
Diyarbakir Merkez V=5694-316,0GS6-2,86GK12-49,7D6 0,963 0,966
Mardin Merkez V=1638-186,04GS1+6,173Y22+9,564D5+4,801Y31 0,970 0,941
Sinop Ayancik V=1276,1-49,47+4,22Y123+4,47Y51-0,562TY5 0,978 0,956
Siirt Merkez V=1443-124,4D5+39,86YG2-29,75Z+21,0YS2 0,976 0,954
Sanliurfa Merkez V=328,56+2,1435TY2+73,95051+6,041Y103 0,979 0,958
Van Merkez V=822,3-130,935A4+4,4155GK6-34,59D5 0,992 0,984
Kastamonu Merkez V=511,3+52,20Z+11,254Y123-5,96Y41+67,5GS4 0,977 0,954
Adiyaman Merkez V=1219,0+115,4T1+5,47Y12+72,7D1 0,962 0,925
Amasya Merkez V=898,7-15,284Y12+6,180Y121-8,074A4 0,996 0,992
Elezig Merkez V=1491,0-80,5Z+11,29Y52-50,2YG5-7,43Y43+6,96Y23 0,979 0,958
Malatya Merkez V=1107-87,066Z+33,028Y11-2,6538Y22 0,999 0,998
Sivas Merkez V=5054-7,944TY2-4,488GK6-15,527Y52-32,84T4+47,180YS5 0,951 0,904
Tokat Merkez V=1326-26,10Z-5,6239Y31-9,648D5 0,965 0,931
Afyon Merkez V=1136-12,3687Y102+4,11701Y113-3,68782Y12 0,964 0,968
Kayseri Merkez V=1808-87,93GS5-2,972Y53-4,430Y101 0,980 0,960
Konya Merkez V=1313-10,951Y11-83,63D4-31,98Z 0,956 0914
Nevsehir Merkez V=2814,7+1081,85Y61+38,34Y12+15,86Y123 0,980 0,960
Nigde Merkez V=401,9+9,3122Y5-10,792Y51+25,651D4 0,993 0,986

R= korelasyon katsayisi; R2= belirtme katsayisi

Cikar iliskisi
Yazar bu ¢alismada higbir ¢ikar iliskisi olmadigini beyan
etmektedir.
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Abstract

The study was carried out to evaluate the economic effect of the 2015 HPAI outbreak on poultry farmers in Rivers State,
Nigeria. 44 farmers (farms) across three LGAs viz. Obio/Akpor (81.8%), Ikwerre (11.4%) and Port Harcourt City (6.8%)
were affected, 23 (52.3%) of them being women and 21 (47.7%) men. The number of layers, broilers, turkeys and
cockerels culled and compensated were 87,485 (¥47,808,250.00), 8,478 (¥3,190,950.00), 670 (¥467,500) and 65
(¥47,625.00) respectively. 27,900 eggs were destroyed and compensation of ¥209,250.00 was paid. Compensation was
not paid for 23,565 layers, 1,480 broilers and 450 turkeys that died before reports were made. Although the Federal
Government spent a whooping sum of ¥51,723,575.00 in paying compensation to the farmers, they lost
¥108,468,425.00 when considering the prevailing market price of the products at the time and value of the dead birds
not compensated. They also lost an uncalculated amount on medication and veterinary consultations. Having lost their
capital and considering that the waiting period was 2 years, 43% of the farmers were discouraged and never went back
to poultry farming. To mitigate these effects in the future, [ recommend therefore that poultry farmers should be
trained to improve on and observe strict biosecurity measures to prevent the occurrence of the disease. In addition to
having veterinarians attached to their farms, they should be taught the clinical signs of HPAI for early detection and
reporting should outbreaks occurs. Farmers should as well be made to insure their farms to be covered during
outbreaks and the Federal Government of Nigeria should improve on their compensation plans in the future to alleviate
the sufferings of farmers.
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1. Introduction defined avian influenza as “an infection of poultry caused
World Organization for Animal Health (OIE, 2004) by any Influenza A virus of the H5 or H7 subtypes or by
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any influenza virus with an Intravenous Pathogenicity
Index (IVPI) greater than 1.2 (or as alternative at least
75% mortality)”.

Influenza A viruses are highly contagious and widespread
in birds and belong to the family, Orthomyxoviridae. They
exhibit high variability and classified on the basis of their
hemagglutinin (HA) and neuraminidases (NA) surface
glycoproteins (Acha and Szyfre, 2003; Oladokun et al,
2012a).

High Pathogenic Avian Influenza (HPAI) is a zoonotic
disease and of great economic importance that has led to
high incidence and death rates in domestic animals and
humans (Muzaffar et al, 2006; Olsen et al, 2006;
Gauthier-Clerc et al, 2007). It has caused deaths in
poultry and poultry handlers that were inappropriately
exposed to aerosols generated from handling chickens
(Oladokun et al., 2012b). The mortality rate can be up to
90-100% in a flock, devastating the poultry industry and
leading to restrictions in trade (CDC, 2015). Swayne
(2003) has described it as a disease of international
significance requiring global collaboration to eradicate.
The first outbreak of HPAI in Nigeria occurred in January
2006, at Sambawa Farms, Jaji, Kaduna State and initially
diagnosed at the Veterinary Teaching Hospital, Ahmadu
Bello University, Zaria, Nigeria (Adene et al., 2006). On
February 6, 2006, it was confirmed to be Avian Influenza
A virus infection at the laboratory of the National
Veterinary Research Institute, Vom. Subsequently, the
OIE, FAO and National Reference Laboratory for
Newcastle disease and Avian Influenza viruses in Padova
Italy on February 7, 2006 confirmed it based on the
amino acid sequences (PQGERRRKKRGLFG) at the
cleavage site of Haemagglutinin as HPAI H5N1 (NADIS
INFO, 2006). By April 2006, the H5N1 virus has led to the
destruction of more than 325,000 chickens in Nigeria and
subsequently spreading to 22 States in 2007 (You and
Diao, 2007; Monne et al, 2008). Ifende et al. (2015)
reported that molecular analysis showed a new clade of
the H5N1 virus which lead to the resurgence of the
disease in 2015 after the last outbreak in 2008, affecting
FCT and 20 states including Rivers where the virus was
still circulating.

In Rivers State, the first outbreak was confirmed in a
backyard poultry farm at Bori Camp, Port Harcourt in
March, 2006 by National Veterinary Research Institute
(NVRI) laboratory. The farm was depopulated and
compensation paid. There was a resurgence of the disease
in 2015, this time spreading beyond one farm and Local
Government Area. There was no report or research on the
devastating impact of HPAI on the wellbeing and
economic life of poultry farmers in Rivers State, hence,
the need for this research.

2. Material and Methods

2.1. Study Area

The study was carried out in Rivers State, located in the
Niger Delta region of Nigeria with humid tropic climate

with latitude 4.83962 N and longitude 6.9112° E. HPAI
outbreak occurred in 3 out of the 23 LGAs viz.
Obio/Akpor, Ikwerre and Port Harcourt City (PHC).

In Obio/ Akpor LGA, located at 4°45’ N - 4°60’ N and
6°50’E, 8°00’E, the following towns were Egbelu, Eligbolo,
Elioparanwo, Eliozu, Eneka, Mgbuogba, Nkpolu-
Rumuigbo, Ozuoba, Rukpokwu, Rumuekini, Rumuokoro
and Rumuosi. In Ikwerre LGA is located within 4°50'N
5°15N, 6°30’E 7°15’E. Towns involved were Aluu and
Igwuruta. In Port Harcourt City LGA is located within
4°46’38.71"N  7°00’48.24"E.
Abuloma, Amadi Flats and Eagle Island.

2.2. Data Collection

Data of all the confirmed cases of HPAI in Rivers State
from 14t January, 2015 to 17th November, 2016 were
collated by reading the records of confirmed cases from
NVRI at the Avian Influenza Desk Office, Rivers State
Ministry of Agriculture, Port Harcourt. The type of bird,
flock size, number of dead birds and number depopulated,
number of eggs destroyed and the amount paid to each
farmer were taken. A total of 44 farms were affected.

2.3. Data Management and Analysis

Collated data were entered into an excel sheet and

Towns involved were

analyzed using Statistical Package for Social Sciences
(SPSS) software 16.0 version. Descriptive statistics were
employed to summarize the data and expressed in terms
of frequencies and percentages.

3. Results

The results show that the 2015 outbreak of HPAI in
Rivers State affected only three LGAs; Ikwerre,
Obio/Akpor and PHC, the worst hit being Obio/Akpor
(81.8%), followed by lkwerre (11.4%) and then PHC
(6.8%) as seen in Table 1.

Table 1. Distribution of HPAI outbreak across the LGAs

LGA Frequency  Percentage (%)
Ikwerre 5(44) 11.4
Obio/Akpor 36(44) 81.8
Port Harcourt City 3(44) 6.8

Forty four farmers were affected in all, 23 (52.3%) being
females and 21 (47.7%) being males (Table 2).

Table 2. Gender distribution of the farmers and number
who were discouraged and never returned to poultry
farming and number who died before compensation was
paid

Gender Female Male
Frequency 23(44) 21(44)
Percentage (%) 52.3 47.7
Number of discouraged and never 6
farmed again

Number of dead 0 1

Eight of these farmers were discouraged and never went
back to poultry farming and one died before
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compensation was paid, although the death was not
related to losses he incurred. 90.9% of the poultry
population affected were chicken while 9.1% are turkeys
(Table 3). Layers made up the bulk of the poultry
depopulated (87,485), followed by broilers (8,478), then
turkeys (670) and then cockerels (65). A total of 27,900
eggs were destroyed.

Table 3. Type of product

Type of product Frequency Percentage (%)
Chicken 40(44) 90.9
Turkey 4(44) 9.1

The amount paid for layers depopulated was
N47,808,250.00. For the broilers, it was %3,190,950.00.
¥47,625.00 was paid for cockerels, ¥467,500 was paid for
the turkeys and ¥209,250.00 was paid for the eggs. It took
2 years, from 2015 when the report was made to 2017
before compensation was paid. The number of dead
layers before report was made was 23,565, broilers were
1,480, and turkeys were 450. These numbers were not
compensated. The overall amount paid as compensation
to the farmers was ¥51,723,575.00 (Table 4).

Table 4. Distribution of type of bird, number dead and culled, and amount paid as compensation and the year of report

and year of payment

Type of bird No. culled Amt.paidas  Worth of culled No. dead Worth of dead Year of
compensation birds at the birds at the Payment
for culled time (¥) time (¥)
birds (¥)
Layers 87,485 47,808,250.00 104,982,000.00 23,565 28,278,000.00 2017
Broilers 8,478 3,190,950.00  12,717,000.00 1,480 2,220,000.00 2017
Cockerels 65 47,625.00 97,500.00 - - 2017
Turkeys 670 467,500.00 6,700,000.00 450 4,500,000.00 2017
Eggs 27,900 209,250.00 697,500.00 - - 2017
Total - 51,723,575.00 125,194,000.00 - 34,998,000.00 -

4. Discussion

Three LGAs of Rivers State were affected by HPAI in 2015;
Obio/Akpor (81.1%), Ikwerre (11.4%) and PHC (6.8%).
Indeed, Obio/Akpor LGA, particularly Rumuagholuy,
Rukpokwu, Eneka, Nkpolu-Rumuigbo, Rumuokoro, Eliozu,
Eligbolo, Eliozu, Rumuokini, Eliopranwo, Ozuoba, Egbelu,
Mgbuoba and Ozuoba towns hold the greatest number of
poultry farms in the state. This explains why it had the
highest percentage of farms affected. The only towns
affected in Ikwerre LGA, Aluu and Igwuruta share a
common boundary with Rumuekini, Rukpokwu and
Eneka in Obio/Akpor LGA. They host 11.4% of the
affected farms. Towns affected in PHC were Amadi Flats,
Eagle Island, and Abuloma with only 6.8% of the affected
farms. This is probably due to the fact that PHC is the
heart of the town with the fewest number of poultry
farms. It is clear from this pattern that the more densely
concentrated poultry farms are the higher the chances of
HPAI spreading from farm to farm.

There were more female farmers (52.3%) affected than
male (47.7%).This may not be unconnected with the fact
that more women are into poultry farming because the
entry costs are low and they could easily combine it with
house duties (You and Diao, 2007). Nineteen out of the

forty four farms were closed down as the farmers lost
interest and never went back to poultry farming even
after compensation was paid. This could be due to
discouragement. For instance, Obayelu (2007) reported
that losses as a result of HPAI outbreak caused emotional
trauma amongst farmers. These loses lead to loss of
source of cash income and livelihood for producers and
protein source for consumers (Abdu et al., 2005; You and
2007).
Government of Nigeria adopted to curb HPAI asides
public enlightenment was culling of affected birds and
payment of compensations (Ugwu, 2007). A total of
87,485 layers compensation of
N47,808,250 was paid at an average price of ¥546 per
bird instead of §104,982,000 at #1200 per bird being the
market value of spent layers at the time. A total of 23,565
layers (valued at ¥28,278,000 at the time) died before the
confirmation of the disease and compensation wasn'’t paid
because the policy doesn’t allow for payment of
compensation for dead birds. The resultant effect was
that the farmers lost about ¥85,451,750 on their layers.
However, in comparison to the compensation price
during the 2006 HPAI outbreak (250 per bird), the ¥546
per bird was high because the effect of inflation was taken
care of (Osakwe, 2006). A total of 8,476 broilers were

Diao, One of the strategies the Federal

were culled and
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slaughtered and a compensation of ¥3,190,950 at an
average price of ¥376 per bird instead of ¥12,717,000 at
market value of ¥1,500 per bird at the time. The 1,480
dead broilers N2,220,000 were not
compensated for resulting in a loss of about ¥11,746,050.

valued at

The number of cockerels depopulated were 65 and a total
of ¥ 47,625 at ¥733 per bird instead of ¥97,500 at the
market price of ¥1500 at the time leading to a loss of
¥49,875. 670 culled and ¥467,500
compensation was paid at ¥ 697 per bird instead of
¥6,700,000 at the prevailing market price of ¥#10,000 to
¥25,000 per mature turkey at the time. The 450 turkeys
valued at ¥4,500,000 were not compensated for resulting
in a loss of about #10,732,500 on the turkeys. 27,900 eggs
were destroyed and compensation of §209, 250 paid at ¥
7.5 instead of #697,500 at the prevailing wholesale price
of ¥25 per egg at the time resulting in a loss of ¥488,250.

turkeys were

Asides the fact that the farmers were made to wait for one
to two years before compensations were paid, the
amounts paid were way below the selling prices of the
layers, broilers, cockerels, turkeys and eggs at the time,
resulting in a loss of ¥73,470,425. The value of the dead
layers, broilers and turkeys not compensated was
N34,998,000.00. Thus, a cumulative sum of
¥108,468,425.00 plus the uncalculated amount spent on
drugs was lost by the farmers during the epidemic.
Overall, Federal Government of Nigeria spent a whooping
sum of ¥ 51,723,575 to compensate Rivers State farmers
alone and in spite of this monetary cost on Federal
Government, the farmers suffered more economic losses,
in addition to psychological trauma which would be
difficult to quantify economically. Indeed, the impact of
HPAI on poultry industry is two dimensional - financial
impact (losses incurred by individual farmers) and
derived economic impact (social, psychological and
political effects) (Ugwu, 2007).

I recommend therefore that poultry farmers should be
trained to improve on and observe strict biosecurity
measures to prevent the occurrence of the disease. In
addition to having a veterinarian attached to each farm,
the farmers themselves should be taught the clinical signs
of HPAI for early detection and reporting should
outbreaks occurs. Farmers should as well be made to
insure their farms to be covered during outbreaks. The
Federal Government of Nigeria should improve on their
compensation plans in the future to alleviate the
sufferings of farmers.
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Ozet

Bu c¢alismada, Tiirkiye'de piring liretiminde dogrudan ve/veya dolayli etkileri olan yabanci otlarin genel bir
degerlendirmesi yapilmistir. Bunun i¢in Tiirkiye’de celtik liretiminde yabanci otlara yénelik yapilan ¢alismalar, basili
kitap ve raporlar dahil olmak tizere toplam 37 kaynak ele alinmis ve bu kapsamda degerlendirilmistir. Celtik tiretiminde
yabanci otlara karsi uygulanabilecek ortak énlemler ve yonetim ¢alismalarina bir kaynak hazirlamak amaciyla ilgili
alanlarda sorun tegkil eden yabanci otlarin genel 06zellikleri ve boélgelere gore dagilimini kapsayan bir liste
olusturulmustur. Olusturulan listenin degerlendirilmesi sonucunda; 26 familyadan 95 yabanci ot taksonunun celtik
tiretim alanlarinda mevcut oldugu tespit edilmistir. Taksonlara ait familyalar incelendiginde; 23 takson ile Poaceae ilk
sirada yer alirken, bunu sirayla Cyperaceae (14 takson) ve Asteraceae (11) familyalar: takip etmistir. Taksonlarin yasam
formlari incelendiginde 50 taksonun karasal, 34 taksonun sucul, 11 takson ise hem karasal hem de sucul forma sahiptir.
Yasam stireleri goz oniine alindiginda ise 54 taksonun c¢ok yillik, 38 taksonun tek yillik, 3 taksonun ise ¢oklu yasam
sliresine sahip oldugu belirlenmistir. Celtik liretim alanlarinda yabanci otlarin dogrudan tespitine yonelik ¢alismalarin
bolgesel dagilimi dikkate alindiginda; Marmara Bolgesi 10 ¢alisma ile ilk sirada yer alirken bu bélgeyi sirasiyla
Karadeniz (5 ¢alisma), Gliney Dogu Anadolu (3) ve diger bolgeler (2) takip etmistir. Elde edilen tiim veriler Tiirkiye'de
geltik Uretim sahalarinda yabanci ot sorunlari ve Kkontrol onlemleri ile ilgili ¢alismalarin smirlh oldugunu
gostermektedir. Ayrica yonetim calismalarinin genel olarak kimyasal kontrol ile ilgili oldugu vurgulanmalidir. Bu
nedenle yabanci ot + celtik Gizerine yapilan ¢alismalar1 tiim boélgelerde siirdiirmek, arttirmak ve desteklemek faydal
olacaktir. Nitekim lilke genelinde ihtiya¢ duyulan piring tiiketimini karsilamak ve c¢eltik liretiminde siirdirilebilirligi
saglamak i¢in yapilacak bu tiir ¢alismalarin 6nemli katkilar1 olacaktir.

Anahtar kelimeler: Celtik, Poaceae, Siirdiiriilebilirlik, Yabanci ot, Yonetim
Evaluation of Weed Status in Rice Production in Turkey

Abstract: In this study, an overall assessment of weeds was done which have the direct and /or indirect impacts, in
rice production in Turkey. For this, studies for weeds in paddy production in Turkey, including books and reports, a
total of 37 sources were considered and evaluated in this context. In order to prepare a resource for the common
measures and management studies that can be applied against weeds in paddy production, a complete list was created
that includes the general characteristics and distribution of weeds that pose problems in the relevant areas. The results
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of the evaluation of the created list; it has been determined that 95 weed taxa from 26 families exist in paddy
production areas. Considering the families belonging to the determined taxa, Poaceae ranks first with 23 taxa, followed
by Cyperaceae (14 taxa) and Asteraceae (11). In terms of life forms, 50 taxa were terrestrial and 34 were aquatic, while
11 taxa have both terrestrial and aquatic forms. Considering the lifetime, it determined that 54 taxa have perennial, 38
taxa annual and 3 taxa multiple life forms. Take into account in the regional distribution, the studies for the direct
detection of weeds in the paddy fields, the Marmara Region ranks first with 10 studies, it was followed by the Black Sea
(5 studies), South East Anatolia (3) and other regions (2). Based on the obtained all the data, the studies about the
problems and control measures of weed species in rice production fields are limited in Turkey. Also it should be
emphasized that the management studies have generally related chemical control. Therefore it would be useful to
sustain, increase and support studies on weed + paddy in all regions. As a matter of fact, such studies that can be done to
fulfil the rice consumption needed throughout the country and to ensure sustainability in paddy production will be

significant contributions.

Keywords: Paddy, Poaceae, Sustainability, Weed, Management
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1. Giris

Insanoglunun temel besin ihtiyacm karsilayan hayati
maddeler, 6zellikle gelismekte olan iilkelerde, niifus artis
hizinin tersine bir seyir izleyerek her gec¢en giin biraz
daha azalmakta ve bdylece beslenme ihtiyaci
diinyada en temel sorunlardan biri haline gelmektedir
(Oztiirk ve Akcay, 2010). Bu nedenle tiim Diinya icin
Onemli Uriin gruplarinin tretim miktarlarinin artirilmasi
ve stirdlrilebilirligi en 6nemli o6nceliklerden biridir.
Ozellikle tahil iiriinlerinin (6rnegin; bugday, celtik, yulaf,
misir vb.) insan beslenmesindeki pay1 (FAO, 2018)
dikkate alindiginda bu iiriin gruplarinin énemi daha da
artmaktadir.

tim

Tim Diinya’da en fazla iiretimi yapilan tahillar (Tablo 1)
dikkate alindiginda celtik en fazla tiretimi yapilan trtinler
arasinda ilk siralarda yer almaktadir (FAO, 2018).

Tablo 1. Diinya’da en fazla iiretimi yapilan tahillarin
iiretim miktar1 (FAO, 2018)

Urtinler Uretim miktar1 (ton)
Misir 1.147.621.938
Celtik 782.000.147
Bugday 734.045.174
Arpa 141.423.028
Yulaf 23.051.204
Cavdar 11.273.579

Ana vatani Giineydogu Asya (Muson Asya’si), bir diger
olasilikla da Hindistan oldugu bildirilen (Doganay, 1985;
Sahin, 2002; Giil, 2003; Bulut, 2006) celtik (Oryza sativa
L), bugdaygiller (Poaceae) familyasinin bir iyesidir
(Allard, 1960) ve insan beslenmesinde temel besin
kaynaklarindan biridir (Tashgil ve Sahin 2011; FAO,
2018). Sicak iklim tahillar1 arasinda bulunan celtik, Cin’de
yer alan eski kaynaklara gére M.0. 2800 yillarinda var

olmasina ragmen, M.0. 3000 yillarinda Giiney
Hindistan’dan Cin’e yayildigi ve yaklasik 5000 yildir
tariminin yapildig: bildirilmektedir (Gozeng, 1985; Goney,
1986; Ozsahin, 2008). M.0. 1000 yillarinda da Java'ya
dogru yayilis gosterdigi bildirilmistir (Ozsahin, 2008).
Avrupa’ya Biiyiik Iskender tarafindan M.0. 300 yillarinda
getirilmis olmasina ragmen tarimina, M.S. 700 yillarinda,
Amerika Birlesik Devletlerinde (USA)
sonlarinda baslanmistir. Tiirkiye'de ise tarimina, Suriye,
Tuna kiyilarl, Meri¢ ve kollarinin gectigi alanlardan,
ozellikle Filibe’den
tohumlarin 1750’de Tosya'ya getirilmesi ile baslandig:
bildirilmektedir (Ozsahin, 2008).

Celtik, su icinde ¢imlenebilme ve suda erimis oksijenden
kokleri araciligiyla yararlanabilme ozelligi tasiyan tek
tahil cinsidir (Glingordii, 2006; Ozsahin, 2008; Tiirkseven
ve Demirci, 2015). Ekildigi andan itibaren hasat dénemine
kadar su icinde yetisir. Yetisme periyodu boyunca, suda
eriyen oksijen ile fotosentez sirasinda yapraklardan agiga
cikarak koklere wulasan oksijenden yararlanmaktadir

ise 17. yiizyilin

tohumlarinin alinmasi ve bu

(Ozsahin, 2008). Sicak iklim tahillar1 grubunda yer alan
celtik (Isik ve Mennan, 2001; Sezer ve Mut, 2004) toprak
istegi bakimindan secici olmasa da su gecirgenligi az,
derin, tinh ve besin maddelerince zengin olan topraklarda
daha iyi yetisir. Ayrica en uygun 5,5-7,5 pH araliginda
yetistiriciligi istense de pH'st 3-8 arasinda degisen
topraklara da uyum sagladigi bildirilmistir (Anonim,
2007).

Gliniimiizde dinya geltik ekilis alaninin 161 milyon
hektar, lretim miktarinin 782 milyon ton ve geltik
veriminin ise 4,6 ton/h oldugu bildirilmektedir (FAO,
2018). Bu iiretimde Asya iilkeleri en biliyik paya
(%91,00) sahiptir (FAO, 2018) ve iiretim miktar
bakimindan Hindistan, Cin, Endonezya, Banglades ve
Vietnam oOnde gelen iilkeler arasinda yer almaktadir
(Tablo 2). Tablo 2 incelendiginde diinya iiretiminde Cin
%30,6 gibi bir oran ile ilk sirada yer alirken, bunu
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Hindistan (%21,2) takip etmektedir. Birlesmis Milletler
Gida ve Tarim Orgiitii (FAO) verilerine gére diinyada kisi
basina diisen piring tiiketimi ise yillik 56,5 kg'dir (FAO,
2018).

Tablo 2. Ulkeler bazinda celtik iiretim miktar1 (FAO,

2018)

Ulkeler Uretim alam1 (ha)  Uretim miktar1 (ton)
Cin 30.460.956 214.078.796
Hindistan 44.500.000 172.580.000
Endonezya 15.995.000 83.037.000
Banglades 11.910.361 56.417.319
Vietnam 7.570.741 44.046.250
Tiirkiye 120.137 940.000

Tablo 4. Tirkiye'de celtik {liretiminin bolgelere gore
dagihmi (TUIK, 2019)

Bolgeler Ekilen alan Uretim
(da) (ton)
Marmara 1.039.885 719.996
Karadeniz 319.626 238.942
ic Anadolu 63.400 22.534
Giineydogu Anadolu 20.736 9.452
Diger bolgeler 14.573 9.076

Tirkiye’de uzun yillardir tarimi yapilan celtigin verim
diizeyi, ekim alani ve iiretim miktar1 yillara degismektedir
(Tablo 3).

Tablo 3. Tirkiye'de celtik ekilis, liretim ve verim
degerleri (TUIK, 2019)

Uretim Verim
Yillar Ekilis (ha) (ton) (ke/da)
2009 967.541 750.000 775
2010 990.000 860.000 869
2011 994.000 900.000 905
2012 1.197.247 880.000 735
2013 1.105.924 900.000 814
2014 1.108.844 830.000 749
2015 1.158.561 920.000 794
2016 1.160.563 920.000 793
2017 1.095.599 900.000 821
2018 1.201.424 940.000 782
2019 1.264.190 1.000.000 791

Tiirkiye’de bolgelere gore celtik liretim miktar1 (Tablo 4)
incelendiginde ise iklim ve topografik acidan en ideal
kosullar1  saglayan Marmara Bolgesindeki ¢eltik
tretiminin  Tirkiye'deki ¢eltik tretim miktarinin
yarisindan fazlasim sagladig1 goriilmektedir (TUIK, 2019).
Marmara Bolgesindeki toplam 74500 ha celtik ekilisinin
47000 hektarinin Marmara Boélgesinin Avrupa yakasindan
(Trakya Bolgesi), 27500 hektarinin ise Anadolu
yakasindan saglandig1 bildirilmektedir (Demircan, 2006;
Uzun ve Demirkan, 2013). Verim degerleri dikkate
alindiginda ise Tiirkiye’de birim alandan elde edilen
verim degerlerinin diinya ortalamasindan yiiksek oldugu
ancak celtik tiretim miktarinin Tiirkiye icin gerekli olan
ihtiyact  karsillayamadigr  ve
karsilanabilmesi i¢in piring ithal edildigi bildirilmektedir
(Damar, 2006).

Besin degeri agisindan ele alindiginda ise celtik bugdaya

tilketim  miktarinin

gore daha dnemli bir yer tutmaktadir. Nitekim bugdayin
100 graminda 350 kalori ve %1,5 yag varken celtigin 100
graminda 360 kalori ve %1,7 yag bulunmaktadir ve bu
durum insanlarda artan kalori ihtiyacinin saglanmasi
acisindan dnemlidir (Uzun ve Demirkan, 2013).

Celtik iiriinii fabrikasyon stirecinde islenmesi sonucunda
(100 kg dikkate alinarak), 55 - 60 kg piring, 15 - 20 kg
kavuz, 8 - 10 kg kepek, 7 - 8 kg kirik, 2 - 3 kg hasarli
piring ve 2 kg taneli {iriin elde edilir (Tosun ve ark., 1979;
Tashigil ve Sahin, 2011). Bu duruma bagh olarak tiim
Diinya’da fretilmis olan celtigin
yaklasik %90’ insan beslenmesinde kullanilabildigi,
geri kalaninin tohumluk (%3,5) ve endiistriyel alanda
(%1,5) kullanildigl ve azimsanmayacak bir bélimiiniin
ise kayip (%4,5) oldugu bildirilmektedir (Damar, 2006;
Uzun ve Demirkan, 2013). Dolayisiyla piring tiriiniiniin
eldesinde en 6nemli engellerden biri hasat sonrasinda
yasanan kayiplar olarak degerlendirilebilir. Ayrica celtik
tiretiminde bitki koruma etmenlerinden (hastalik, zararh
ve yabanci otlar), yetistiricilik sorunlarindan (giibreleme,
toprak yapisi, su kalitesi vb.) kaynakli problemler de
(Tepe, 2014, Oktem, 2016; Giincan ve Karaca, 2018)
dikkate alindiginda bu sorunlarin en aza indirilmesi veya
giderilmesi énem arz etmektedir. Ornegin; tarimsal
tretim alanlarinda 6énemli zararlara neden olan yabanci
otlara karsi gerekli yonetim tedbirleri uygulanmadiginda,
kiiltiir bitkisinin ve yabanci otun tiiriine baglh olarak, %20
ile %100 arasinda iiriin kaybi meydana geldigi
bildirilmektedir (Ozer, 1993; Damar, 2006; Anonim,
2017; Glncan ve Karaca, 2018). Bu zarar durumu Tiirkiye
icin en 6nemli iriinlerden biri olan geltik liretimi icin de
gecerlidir.

Yabanc otlar su, 151k ve besin maddelerine ortak olarak
celtik ile dogrudan ytiksek oranda rekabet halindedir. Bu

islendikten sonra

rekabet sonucunda ise sadece geltik tiretim miktarinda
degil celtik kalitesinde de ciddi kayiplar yasandigi ve
ayrica hastalik ve zararllara konukguluk ederek ikincil
zararlarin  da ortaya c¢kmasina neden oldugu
bildirilmektedir (Tepe, 2014; Anonim, 2017; Giincan ve
Karaca, 2018). Ayrica yabanci ot tohumlar1 iriine
karigarak tiriiniin pazar degerinin diismesine ve bulasik
tohumluk olusumuna da neden olabilmektedir. Bulasik
tohumluk kullanimiyla yabanci otlar yeni bulagmalara ve
boylece daha genis alanlara yayillmaya veya mevcut
alanlarda popiilasyonun artmasina da neden olur. Yabanci
ot ile bulasik celtik tarlalarinda hasat ve harman islemleri
de daha giic ve maliyetli hale gelmektedir (Uzun ve
Demirkan, 2013; Tepe, 2014; Anonim, 2017; Giincan ve
Karaca, 2018). Bu durumlar dikkate alindiginda geltik
lretim alanlarinda yabanci
tasimaktadir. Ancak etkili bir miicadelenin yapilabilmesi

icin temel ilkelerden biri yabanci ot tiirlerinin tespit

otlarla miicadele 6nem
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edilmesi ve bunlarin yogunluguna bagh olarak verim ve
konukguluk (hastalik ve zararlilara) gibi yliksek olumsuz
etkilere neden olan tiirlere  yonelik  ydnetim
programlarinin diizenlenmesidir. Nitekim tiirlere bagh
olarak etki diizeylerindeki farkliik pek ¢cok c¢alismada
ozellikle vurgulanmistir (Isik ve ark., 2000; Damar, 2006;
Uzun ve Demirkan, 2013; Ozaslan, 2015; Siirek ve ark,
2016). Ornegin; Samsun’da 1998-1999 yillar1 arasinda
celtik tiretim alanlarinda yapilan bir ¢alismada; 87 tarlada
yapilan surveyler sonucunda 21 farkli familyadan 47
takson saptandigi bildirilmistir. Calismada en yiiksek
oranlarda rastlanilan taksonlar %97,70 ile Echinochloa
crus-galli, Alisma plantago aquatica ve Paspalum
paspalodes olurken, %2,29 oraniyla Convolvulus arvensis
ve Lathyrus spp. en az rastlanilan taksonlar olarak
belirlenmistir (Isik ve ark. 2000).

Burada Tiirkiye'deki bolgelere gore celtik tiretiminde
sorun olan yabanci ot taksonlar1 ve bu taksonlarin genel
ozelliklerini kapsayan bir liste olusturulmus ve bu
temelde Tiirkiye'de celtik iiretim alanlarinda belirlenen
yabanci otlarin kapsaml bir degerlendirmesi yapilmistir.
Ayrica celtik iiretiminde birim alandan yiiksek verimin
elde edilebilmesi ve geltik iiretiminin siirdiiriilebilirligi
icin en 6nemli etkenler arasinda yer alan yabanci otlara
kars1 uygulanabilecek yonetim c¢alismalarina oneriler

sunan bir kaynagin saglanabilmesi amag¢lanmistir.

2. Materyal ve Metot

Bu calismada celtik liretim alanlarinda belirlenmis olan
yabani otlar iizerine yazilmis bilimsel makale, tez ve
kitaplardan (Tepe, 2014; Giincan, 2017) yararlanilmistir.
Ayni zamanda, yabani otlarin kontroli ile ilgili ulusal
calismalar (Anonim, 2011) dahil edilmistir.

Literatiir taramalar1 sonucunda; Marmara Bolgesi
genelinden 10, Karadeniz Bdlgesi'nden bes, Gilineydogu
Anadolu Bélgesi'nden {i¢, i¢ Anadolu ve Dogu Akdeniz
Bolgesi'nden birer arastirma c¢alismasina ulasilmis ve
toplam 20 makale degerlendirilmistir. Ayrica celtik
yetistiriciligi ve celtikte yabanci otlarla miicadele ile ilgili
calismalardan (tezler, kitaplar, konferans bildirileri) da
yararlanilarak toplam 37 kaynak incelenmistir.
Olusturulan listeye gore bitki taksonlarinin familyalars,
yasam stiresi (tek yillik, iki y1llik, cok yillik ve ¢oklu yasam
sliresi) ve yasam formlar1 (karasal, sucul) gibi bilgiler
eklenmistir. Bu bilgiler islenirken; USDA (The United
States Department of Agriculture), IPNI (International
Plant Name Index ), GBIF (Global Biodiversity Information
Facility)'dan yararlanmistir. Bitkilerin Latince isimlerin
kontrolii IPNI ve GBIF'e gore yazilirken, Tiirkce isim
yaziminda Bizim Bitkiler’den yararlanilmistir (Anonim,

2020).

3. Sonu¢

Celtik liretim alanlarinda yabanci ot tiirlerinin belirlendigi
20 kaynak esere gore veriler degerlendirildiginde;
Tiirkiye genelinde 26 familyaya bagh 95 taksonun geltik

alanlarinda kayit altina alindig1 belirlenmistir. Bu

taksonlara ait familyalar dikkate alindiginda, Poaceae
familyas1 23 takson ile ilk sirada yer alirken bu familyay1
sirasiyla; Cyperaceae (14 takson) ve Astraceae (11)
familyalari takip etmistir (Tablo 5).

Tablo 5. Tirkiye'de celtik iiretim alanlarinda sorun olan
yabanci ot taksonlarin familyalara gore dagilimi

Familyalar Takson sayisi
Poaceae 23
Cyperaceae 14
Asteraceae 11
Alismataceae, Polygonaceae, 12*
Potamogetonaceae

Amaranthaceae, Fabaceae, 12%*
Plantaginaceae, Solanaceae

Apiaceae, Convolvulaceae, 144+
Lamiaceae, Lythraceae, Malvaceae,

Onagraceae, Typhaceae

Butomaceae, Characeae, s
Equisetaceae, Euphorbiaceae,

Juncaceae, Linderniaceae,

Portulacaceae, Potenderiaceae,

Rubiaceae

Toplam 95

*Her bir familyadan 4 takson, **Her bir familyadan 3 takson,
***Her bir familyadan 2 takson, ****Her bir familyadan 1 takson
Yasam siireleri incelendiginde tiirlerin blyiik bir
¢ogunlugu cok yillik (P - 54 takson) iken bunu 38 takson
ile tek yillik (A) bitkiler takip etmistir. Belirlenen iig¢
takson ise ¢oklu yasam (A/B, A/P) siiresine sahiptir.
Tiirlerin yasam formlar1 dikkate alindiginda ise 50 takson
karasal, 34 sucul ve 11 takson ise hem karasal hem de
sucul olarak belirlenmistir (Tablo 6).

4, Tartisma ve Oneriler

Bu calisma ile Tiirkiye genelinde celtik {iretim alanlarinda
95 yabanci ot taksonunun teskil ettigi
belirlenmistir (Tablo 6). Tiirkiye’de ¢eltik {iretim
alanlarinda yabanci ot tiirlerinin tespiti konusunda

sorun

yapilan c¢alismalar genel olarak degerlendirildiginde;
Poaceae 23 takson ile en fazla takson iceren familya
olarak keydedilmistir. Tiim bolgelerde mevcut olan
takson ise takson ise E. crus-galli’dir. Bu durum Poaceae
rekabet
yeteneklerinden kaynaklanabilir (Linder ve ark. 20018;

familyas1 Tlyelerinin yiiksek yayilma ve
Yazlik ve ark. 2019). Ayrica, Poaceae Diinya’da bulunan
bitki tiirlerinin bagh bulundugu familyalar dikkate
alindiginda, en fazla rastlanilan familyalar arasinda yer
alir (Linder ve ark. 2018) ve celtik bitkisinin de bagh
bulundugu familya oldugundan bu ortak yasam istekleri
ve rekabet durumlarinin olmasi bu familya iiyelerinin
celtik Urliniini ylksek oranda etkilemesinin de bir
sebebidir. Bu nedenle bu familyaya bagh yabanci ot
taksonlarinin ¢eltik alanlarindaki varligin1 engellemek
icin ilk 6ncelik bulasmay1 6nleyici tedbirler olmalidir.
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Ayrica E. crus-galli'nin yiiksek tohum olusturma ve ¢oklu
cogalma yetenekleri (vejetatif ve generatif), su ve besin
icin rekabet yetenegi ve genis iklim toleransina sahiptir
(CABI, 2020). Ayrica ilgili tiiriin herbisitlere dayanikli
biyotiplerinin belirlenmis olmasi (Altop ve ark., 2015) bu
tiiriin miicadelesini engelleyerek farkli alanlara daha hizh
yayilmasina olanak saglar. Bir diger konu ise ilgili tiire ait
tohumlarin Tirkiye’de sulu tarim olarak tretilen celtik
tavalarina su ile de kolaylikla yayilma potansiyeline sahip
olmasidir (CABI, 2020). Dolayisiyla bu taksona tiim
bolgelerde rastlanilmasi sasirtici degildir.

Bolgesel farkliliklar farkli bitki gruplarinda da mevcuttur.
(")rnegin; E. crus-galli, C. difformis, S. halepense, A.
plantago-aquatica, O. sativa, P. persicaria, P. angulata, gibi
bitkiler bir¢ok boélgede rastlanilan tirlerdir (Tablo 6).
Ayrica bolgelere gore farkliliklar gosteren D. fusca, A.
coccinea ve P. communis taksonlarinin sadece Marmara
Bolgesinde mevcutken Gilineydogu Anadolu Boélgesinde
diger bolgelerde rastlanilmayan 42 takson oldugu
anlasilmaktadir (Tablo 6). Ornegin; C. dactylon, S. nigrum,
C. arvensis gibi yabanc otlar sadece Giineydogu Anadolu
Bolgesinde goriilen bitkiler arasindadir. Bu durum
yabanci otlarin ekolojik faktorlere ve uygulanan tarimsal
yontemlere bagh olarak yayilim gosterebildiginin de bir
gostergesidir.

Taksonlarin bolgelere gore bulunma oranlarinda da
degisimler de goriilmektedir. Hatta tiim bolgeler de
varlig1 tespit edilen E. crus-galli gibi bir taksonun
yogunluk oranlar1 dahi, ¢ok yliksek olmasa da, degisim
gostermektedir. Ornegin; ilgili taksona Giineydogu
Anadolu Boélgesinde %86,2 oraninda rastlanmisken
(Ozaslan, 2015), Marmara bélgesinde %100 (Uzun ve
Demirkan, 2013) ve Karadeniz boélgesinde %97,70 (Isik
ve ark,, 2000) oraninda rastlanilmistir.

Tirkiye’de toplam 31 ilde celtik tiretimi yapildig1 ve
calismalarin en fazla Marmara bdlgesinde oldugu tespit
edilmistir. Marmara bdlgesinde Damar (2006)'1n yapmis
oldugu c¢alismada yogun olarak bulunan familyalar
sirasiyla Poaceae, Cyperaceae ve Astraceae iken, daha az
tiir icermelerine ragmen Lythraceae,  Polygonaceae,
Scrophulariaceae, familyalar1 ise icerdikleri taksonlarin
metrekaredeki yogunluklarinin yiiksek olmasindan dolay:

Bolge
Giineydogu Anadolu
Gilineydogu Anadolu, Marmara
Akdeniz, Giineydogu Anadolu, Marmara
Giineydogu Anadolu, Karadeniz
Giineydogu Anadolu
Marmara
Gilineydogu Anadolu
Akdeniz, Glineydogu Anadolu
Giineydogu Anadolu
Giineydogu Anadolu
Giineydogu Anadolu
Marmara

Yasam formu
Karasal
Sucul
Sucul
Karasal
Karasal
Sucul
Sucul
Sucul
Sucul
Sucul
Karasal
Karasal
Karasal
Karasal
Sucul
Sucul

. B=iki yillik, P= ¢ok yillik] (devam ediyor)
Yasam stiresi

Familyasi
Polygonaceae
Polygonaceae
Polygonaceae
Polygonaceae
Portulacaceae

Patamogetonaceae
Potamogetonaceae
Potamogetonaceae
Potamogetonaceae
Potenderiaceae
Rubiaceae
Solanaceae
Solanaceae
Solanaceae
Typhaceae
Typhaceae

tek yillik

Tiirkce ad1
Koy otu
Biberotu
Sogiit otu
Kwircik labada
Semizotu
Deniz dili
Bogumlu su siimbiilii
Su stimbiilii
Taraks: su stimbili
Menekse otu
Yapiskan otu
Fener otu
Pirip
Képek iiztimil
Dar yaprakh hasir otu
Genis yaprakli hasir otu

onemli familyalar olarak bildirilmistir. Edirne’nin
Uzunképrii ilgesinde yapilan bir baska ¢alismada ise en
¢ok rastlanilan familyalarin; Poaceae, Cyperaceae,
Lythraceae ve Scrophulariaceae oldugu ve D. fusca, E. crus-
galli ve C. rotundus taksonlarinin rastlanma sikhiginin
%100 oldugu bildirilmistir (Uzun ve Demirkan, 2013).
Farkli bir ¢alisma ise Damar (2006) tarafindan Edirne ili
celtik tiretim alanlarinda yiiriitiilmis ve bu ¢alismada 12
familyadan 30 takson tespit edildigi bildirilmistir.
Arastiricl survey yapilan alanlarda en fazla Poaceae (8
takson), Cyperaceae (6) ve Astraceae (4) familyalarina
baghh taksonlara rastlanildigini ve en fazla rastlanilan
tlirlerin ise E. crus-galli, Echinochloa oryzoides D. fusca ve
C. difformis oldugu bildirilmistir.

Tirkiye'deki celtik liretiminde en biiyiik pay Marmara
bolgesine ait olsa da, Karadeniz bolgesi de celtik {iretimi

celtik Gretim alanlarinda bulunan yabanci ot taksonlar: (A

Polygonum lapethifolium
Polygonum persicaria

Rumex crispus
Heteranthera rotundifolia

Potamogeton pectinatus
Galium aparina

Stuckenia pectinata
Physalis philadelphica

Potamogeton nodosus
Solanum nigrum
Typha angustifolia

Potamogeton natans
Typha latifolia

Polygonum aviculare
Portulaca oleracea
Physalis angulata

Latince ad

No
80
8
8
83
84
85
86
87
88
89
0
91
92
93
94
95

Tablo 6. Tirkive'de
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icin olduk¢a 6énemli bir bélgedir (Tablo 4). Ornegin,
Samsun ilinde c¢eltik alanlarinda Isik ve ark., (2000)
tarafindan yapilmis olan ¢alismada; en ¢ok rastlanilan
tirlerin E. crus-galli, A. plantago aquatica ve P.
paspaloides olarak belirlendigi bildirilmistir. Glineydogu
Anadolu bélgesinde geltik tiretim alanlarindaki yabanci
otlar1 belirlemeye yonelik bir ¢alisma incelendiginde ise
diger bolgelerden farkl tiirlere ve familyalara rastlanmis
oldugu, ancak en fazla takson iceren familyalarin yine
Poaceae, Cyperaceae, Asteraceae familyalari oldugu dikkat
cekmektedir. Ornegin; Giineydogu Anadolu Bélgesindeki
Diyarbakir, Sanhurfa, Siirt ve Adiyaman illeri celtik liretim
alanlarinda 22 familyadan 70 takson tespit edildigi ve bu
taksonlarin en fazla sirasiyla; Poaceae (12 takson),
Asteraceae (12) ve Cyperaceae (8) familyalarina ait
oldugu bildirilmistir (Ozaslan, 2015). Arastirici ayrica en
sik rastlanilan tiirlerin E. crus-galli, P. philadelphica ve X.
strumarium oldugunu bildirmistir. Dogu Akdeniz Bolgesi
celtik alanlarinda yabanci otlarin tespiti ise Uremis ve ark.
(2015) tarafindan calhsilmistir. Arastiricilar, Hatay’da
celtik iiretim alanlarinda 12 familyaya ait 27 yabanci ot
taksonunu kayit altina almislardir. Calismada en sik
gorillen yabani otlarin; E. crus-galli, C. difformis, P.
paspaloides, E. colonum ve P. persicaria oldugunu ve celtik
tarlalarinda diisiik oranlarda karsilasiimalarina ragmen,
S. halepense ve P. angulata gibi yabanci otlarin bazi
viriislerin ~ vektérii olan yaprak Dbiti tiirlerini
barindirmalari nedeniyle risk
vurgulamislardir. Ayrica, son birka¢ yilda celtik {iretim
alanlarinda yeni taksonlar da mevcuttur. Bu konuda Gorel
ve ark. (2015); celtik iretim alanlarinda mevcudiyeti
belirlenen D. fusca, H. rotundifolia, B. frondosa, L. oryzoides
ve E. prostrata gibi yeni yabanci ot taksonlarina karsi
etkili bir ydnetim uygulanmadig1 takdirde yakin gelecekte
ilgili taksonlarin yiiksek sorunlarla olusturabilecegini
vurgulamislardir.

Celtik tiretim alanlarinda yabanci otlar ile miicadele
konusunda yapilan ¢alismalar incelendiginde ise
calismalar ¢ogunlukla kimyasal miicadeleye yoneliktir
(Uzun ve Demirkan, 2013; Sokat ve Ozkul, 2015). Ayrica
calismalarin bazen tek bir tiirii dikkate alarak yapildigi da
belirlenmigtir. Ornegin; Edirne Uzunképri'de celtik
alanlarinda sorun olan D. fusca'nin miicadelesine yonelik
yapilan bir c¢alismada; baraj otunun kardeslenme
oncesinde uygulanan cyhalafop - buthyl 150 ml/da dozda
18. ve 33. %100 etkili
Fenoxaprop-p-ethyl + izoxafen etken maddeli herbisitin
80 ml/da dozunda 33. ginde %98 etkili oldugu
belirlenmistir. Celtigin 2-3 kardesli doneminde ise
cyhalafop - buthyl 150 ml/da dozda 26. ve 45. giinlerde
%100, Fenoxaprop-p-ethyl + izoxafen ise 100 ml/da
dozda 45. giinde % 98 oraninda D. fusca’ya kars1 etkili

olusturdugunu

giinlerde bulunmustur.

oldugu bildirilmistir (Uzun ve Demirkan, 2013).
Celtik alanlarindaki yabanci ot kontroliinde tek ¢6ziim

olarak goriilen herbisitlerin  yogun kullanilmasi
sonucunda herbisit dayanikliligi da yabanci otlarin liretim
alanlarinda ¢ogalmalarina neden olan en Onemli

etkenlerden biridir. Nitekim Altop ve ark. (2015) celtik

tariminda O. sativa ve E. oryzicola yayilimini inceledikleri
bir calismada her iki taksonun da c¢eltik tariminda
meydana getirdikleri sorunlar ve miicadele konusunda
yasanan zorluklar nedeniyle calismalarin
yogunlastirilmasi gerektigini ve bu iki yiiksek rekabet
giicline sahip taksonlar ile miicadele edebilmek i¢in yeni
miicadele  stratejilerinin  gelistirilmesi  gerektigini
vurgulamislardir. Celtik tiretim alanninda c¢oklu direng
dahil yiiksek herbisit direnci belirlenmis olan A. plantago-
aquatica, E. oryzoides, E. crus-galli, C. difformis gibi
yabanci otlara kargi siirdiriilebilir bir yonetim sistemi
gelistirilmezse ilgili kiiltir alanlarinda yabanci ot
sorunlarinin ¢ok daha artacagi vurgulanmaktadir (Gorel
ve ark,, 2015).

Miicadele olarak  sadece  herbisitlere
basvurulmasi sonucunda dayaniklilik kazanan istilaci tir
popiilasyonlarinin artmasi disinda morfolojik farkliliklar
da  goriilebilmektedir. Bu
popiilasyonlarin kontrol edilmesi daha da zor hale
gelmektedir. Buna c¢eltik ekim alanlarinda sorun olan C.

yontemi

durum sonucunda

difformis’ in genetik ve morfolojik cesitliliginin
belirlenmesi  konusundaki c¢alisma o6rnek olarak
verilebilir.  Calisma  kapsaminda, farkli  cografik

lokasyonlardan toplanan 50 C. difformis popiilasyonunda
en yliksek bitki boyunun Samsun-Carsamba (121,10 cm)
ve en kisa bitki boyuna ise Kastamonu-Tosya (60,01 cm)
popiilasyonlarindan saptandigi bildirilmistir (Altop ve
Mennan, 2018).

Yabanci
saptanmasl, buna gore miicadelesinin yapilmasi lretim
alanlarindaki yabanci ot popiilasyon artisini engelleyecek
énemli bir yéntem olabilir. Ornegin; Tiirkseven ve
Demirci (2015) celtik tariminda 6nemli bir tiir olan D.

ot tiirlerinin tespiti ve yayillma yollarinin

fusca’ nin tanimy, biyolojisi ve yayilmas ile ilgili derleme
niteliginde ¢alisma yapmiglardir. Calisma kapsaminda,
celtik tarimi agisindan miicadelesi son derece énemli olan
Baraj herbisit
kullaniminin tercih edildigini ve bunun bitkide gelecek
zamanlarda dayamiklilik riski olusturabilecegini bu
nedenle etki mekanizmasi farkl herbisitlerin tercihinin ve

otunun miicadelesinde en fazla

bulagsmay1 onleyici tedbirlerin bitkinin y6netiminde
kullanilmasi gerektigini vurgulamiglardir.

Yabanci ot tiirlerinin tespiti ve buna gore izlenecek
miicadele yontemleri konusunda geltik tarimiyla ugrasan
farkl

yontemlerinin gelistirilmesi saglanabilir. Bu kapsamda

kisilerin  bilgilendirilmesi ile miicadele
yapilan bir ¢calismada; Trakya Boélgesi'nde goriilen L. dubia
bitkisinin c¢eltik tarimi ile ugrasan Kkisilere tanitimi
amaglanmistir. Scrophulariaceae familyasina ait olan L.
dubia’ nin tek yillik bir bitki oldugu ve son yillarda geltik
ekim alanlarinda yogun olarak bulunmasina ragmen
herhangi bir miicadele yonteminin gelistirilmedigi bu
nedenle ilgili tir ile alakali ¢alismalarin gerekliligi
vurgulanmistir (Aybeke, 2016).

Yabanci otlarin g¢eltik verimine ve kalitesine dogrudan
veya dolayl yoldan verdigi zarar goz ardi edilemeyecek
kadar o6nemlidir. Bu konuda, Isik ve Mennan (1999)
tarafindan Samsun ilinde yapilan calismada; E. crus-galli,

BS] Agri. / Ayse YAZLIK ve ark.

297



Black Sea Journal of Agriculture

A. plantago aquatica ve Scirpus mucranatus'un celtikte
meydana getirdikleri arastirilmistir.
Calismada, 17x17 cm ebadindaki saksilarda kurulan
denemeler ile yabanci ot sayilarinin yogunlugu arttik¢a
celtigin boyunda, veriminde, toprak listli yas agirhginda
ve kuru agirliginda azalmalar oldugu belirtilmistir.

(2006), Tirkiye'de yeni teknikleri
gelistirilmesiyle yabanci ot florasinda siirekli degisimler
oldugunu, baz tiirler ortadan kaybolurken daha 6nceden

iriin  kayiplari

Damar tarim

sorun olmayan yeni tiirlerin sorun olmasi gibi olaylarin
yasandigini bildirmistir. Bu durumda yabanci otlarla
miicadelede en uygun miicadele yonteminin se¢ilmesinin,
yabanci ot popiilasyonunu kontrol altinda tutmak icin
oldukca 6nemli oldugu anlasilmaktadir.
Celtik tariminin siirdiiriilebilir olmasi ve birim alandan en
ytksek elde  edebilmek icin  gerekli
onlemlere/tedbirlere uymak gereklidir. Bu baglamda
celtik liretim alanlarinda sorun tegkil eden yabanci otlara
kars1 alinabilecek oOnlemler ayri
siralanabilir:

a. Yabanc otlar ile iyi bir miicadele saglayabilmek i¢in
sorunun kaynagi iyi bilinmelidir. Bunun i¢in tarla
kontrolleri yapilmali ve yeni bulagmalarin oniine
gecmek icin gerekli tedbirler alinmaldir. Ornegin;
sulama kanallarindan gelen sularda, subasliklarina
filtre takilarak yabanci ot tohumlarinin bulasma
yollar1 kapatilabilir. Ayrica motopomplarla ¢ekilen
su ile sulama yapilan alanlarda, motopomplarin
agizlarina elek takilabilir (Anonim, 2017).

b. Celtik alanlarinda sorun tegkil eden yabanci otlarin
biiyiik bir kismi ilgili alanlara bulasik tohum ile
tasinmaktadir (Aybeke, 2016; Damar, 2006). Bu
durum dikkate alinarak celtik ekim alanlarinda
kullanilacak tohumlugun yabanci ot tohumlar ile
bulasik olmamasi i¢in sertifikali tohumluklar tercih
edilmelidir.

verimi

maddeler halinde

c. Celtik Uretiminin yapildig1 alanda ist iiste celtik
bitkisi ekiminden kaginilmaldir. Bu amagla geltik
Uretim alanlarinda ekim nébeti uygulanmalidir.
Ayrica st Uste celtik bitkisi ekilmesinin topraktaki
oksijensiz bakteri yogunlugunun azalmasina sebep
olacagindan bu verim  degerlerinin
diistirmesine neden olur (Anonim, 2017). Bu
nedenle ekim nébeti ile bu anlamda verime olumlu

durum

katkilarda saglanabilir.

d. Kiiglik alanlarda yabanci otlar ile miicadelede elle
yolma islemi uygulanabilmektedir (Anonim, 2017).
Bu islem celtik bitkisi 30-40 cm boyuna ulastiginda
tavadaki sular bosaltilarak gerceklestirilmelidir.
Ancak bu islem sirasinda bazi otlarin geltik bitkisiyle
karistirlmamasina  dikkat celtik
bitkisinin kirllmamasina 6zen gosterilmelidir.

edilmeli ve

e. Yabanci otlarla miicadelenin saglanabilmesi icin
celtik iretiminin baslangicinda iyi bir tohum
yataginin hazirlanmasi 6nemlidir (Anonim, 2011).
Yazin ve sonbaharda toprak isleme yapilmali, tavalar
diizlestirilmelidir. Toprak islemesi
parc¢alanan bitki artiklarinin ¢iiriimesinin saglanmasi

sonucu

icin toprak isleme ile ekim arasinda alti haftalik bir
stire olmalidir (Anonim, 2011).

f. Yabanci otlar ile yogun bulasik alanlarda dayanikl
celtik cesitlerinin (Siirek ve ark, 2016) kullanilmasi
yararli olabilir.

g. Ekim nobeti ve kiiltiirel miicadele yontemleri yani
sira c¢eltik alanlarinda kimyasal
uygulanmaktadir (Anonim, 2017). Bu miicadele
yontemi uygulanirken oncelikle kullanilan ilaglarin
bolgelere ve ilgili kiiltiir bitkisine karsi ruhsat
durumu dikkate alinmalidir. Ayrica celtik alanlarinda
yabanc otlara karsi herbisit direncinin olusmamasi
icin tipki ekim nobetinde oldugu gibi herbisit
nébetinin

miicadele de

uygulanmasi  konusunda iireticiler
bilgilendirilmelidir. Bu amagla iireticilere 6zellikle
farkli etki mekanizmasina sahip herbisitlerin
kullanilmasinin 6nemi anlatilmalhdir.
Bu calisma celtik tretim alanlarindaki zararh bitki
taksonlarinin bilinmesi ve geltik tiretiminda yabanci otlar
konusunda yapilan calismalarin ne oranda yapilabildigini
gostermesi adina o6nemli veriler igermektedir. Celtik
lretim alanlarinda sorun tegkil eden yabanci ot
taksonlarinin dogrudan tespiti (Ornegin; Uzun ve Nemli,
1985; Isik ve ark., 2000; Damar, 2006; Uzun ve Demirkan,
2013; Ozaslan, 2015; Uremis ve ark, 2015) ve
miicadelelerine (Ornegin; Uzun ve Demirkan, 2013; Sokat
ve Ozkul, 2015) yénelik yapilan ¢alismalar genel anlamda
degerlendirildiginde, Tiirkiye’de ilgili konuda yapilan
calismalarin ¢ok yeterli olmadigl goriilmektedir. Bu
durum cgeltik tliretim alanlarinda var olan yabanci ot
sorunlarinin yonetimine bir engel teskil edebilir. Ciinkl
yonetim c¢alismalarinin  yiiriitiilebilmesi  i¢in  ilgili
alanlarda var olan sorunlarin belirlenmesi ilk 6ncelikli
konulardan biridir (Yazlik ve ark., 2019). Ayrica 6zellikle
Tiirkiye’de geltik tirtinliniin 6nemi, tiretim alan1 (Tablo 2)
ve yabanci otlarin dogrudan ve dolayh etkileri dikkate
alindiginda var olan g¢alismalarin nerelerde ne oranda
yapildigina ve geltik liretiminde tespit edilen yabanci
otlarin belirlenmesine yo6nelik yapilan ¢alismalarin
arttirilmasi gerektigi ortaya cikmaktadir. Ozellikle ilgili
konuda yapilacak ¢alismalarin celtik liretimi yapilan tiim
bolgeler de arttirilmasinin, Tiirkiye’de ciddi bir tiiketimi
bulunan piring ihtiyacinin karsilanabilmesi ve geltik
tiretiminin siirdiiriilebilirligi i¢cin gerekli ve 6nemlidir. Bu
nedenle celtik alanlarinda yapilacak ¢alismalarin tesvik
edilmesi ve yeterli kaynak saglanmasi yararl olacaktir.
Son olarak strdiiriilebilir ¢eltik tretimi igin tiim bitki
koruma etmenlerine yodnelik calismalar
etmektedir. Bu konuda Tiirkiye’de c¢eltik entegre
miicadele teknik talimatinin (Anonim, 2017) bulunmasi
olduk¢a Onemlidir. Bu talimatin bolgeleri de dikkate
alacak ve giincel hastalik, zararli ve yabanci otlar1 da

Oonem arz

kapsayacak sekilde belli araliklar ile giincellenmesi
Tirkiye’de celtik tiretimine 6nemli katkilar saglamaya
devam etmesi bakimindan faydal olacaktir.

Cikar iliskisi
Yazar bu ¢alismada higbir ¢ikar iliskisi olmadigini1 beyan
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etmektedirler.
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Ozet

Arastirma insan beslenmesinin temel baslangi¢ noktasini olusturan tohumda, organik priming uygulamalarinin biber ve
domates tiirlerinin tohumlarinda ¢imlenme ve homojen fide gelisimine etkilerini belirlemek amaciyla yapilmistir.
Domates ve biber tohumlarinda priming ¢alismasinda; defne meyvesi (Laurus nobilis), kurutulmus kara kekik (Thymbra
spicata) yaprak ve saplari ve deniz yosunu o6ziiti (Ascophyllum nodosum) olmak iizere 3 organik bitkisel iiriin
kullanilmistir. Calisma sonucunda en basarili uygulama biberde saglanmis, bunu domates uygulamalar takip etmistir.
Biberde yosun (1g/L) ve defne uygulamalari, domateste yosun (1g/L) ve kekik uygulamalar1 basarili olmustur. Calisma
yapilan iki bitki tlirinde de organik kdkenli tirtinlerin (defne, kekik ve deniz yosunu) fidelere herhangi bir olumsuz etki
yapmadan etkili ve basarili bir sekilde kullanilabilecegi sonucuna varilmistir. Arastirmada domates ve biber
tohumlarinda priming uygulamasinda organik bitkisel iriinlerin kullanimi olumlu sonuglar vermistir. Ayrica ithal
kimyasallara olan ihtiya¢ ortadan kalkmakta en énemlisi de dogay1 koruyan ¢evreci iiriinler tohum sanayinde etkin bir
sekilde kullanilmis olmaktadir.

Anahtar kelimeler: Cimlenme, Deniz yosunu, Fide, Laurus nobilis, Thymbra spicata
Organic Priming Applications in Pepper and Tomato Seeds

Abstract: The research was carried out to determine the effects of organic osmotic priming applications germination
and homogeneous seedling development in the tomato and pepper species seed, which constitutes the main starting
point of human nutrition. In the osmotic conditioning study of tomato and pepper seeds; 3 organic herbal products
were used: laurel fruit (Laurus nobilis), dried black thyme (Thymbra spicata) leaves and stems and seaweed extract
(Ascophyllum nodosum). As a result of the study, the most successful application was provided in pepper, followed by
tomato applications. Seaweed (1g/1) and laurel applications in pepper, seaweed (1g/1) and thyme applications in
tomato were successful. In the study, the use of organic herbal products in the priming application of tomato and
pepper seeds gave positive results. In addition, the need for imported chemicals disappears, and most importantly,
environmentally friendly products that protect nature were used effectively in the seed industry.

Keywords: Germination, Seaweed, Seedling, Laurus nobilis, Thymbra spicata
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1. Giris

Basarili bir tarimsal dretimde, saghkli bitkilerin

gelistirilmesi, yliksek verim ve kalite elde edilmesi i¢in o
ceside ait tohumun yiiksek ¢imlenme oranina ve ¢ikis
hizina sahip olmasi gerekmektedir. Cimlenme ve fide
cikis asamasinda basarili olmak, istenen sayida fideyi
homojen olarak elde edebilmek, dormansiyi kirmak, fide
giiciinii artirmak amaciyla tohumlar ekim 6ncesi,
paketleme asamasindan dnce genel olarak priming (6n
cimlendirme) adi verilen c¢esitli uygulamalara tabi
tutulmaktadirlar (Heydecker ve Gibbins, 1978). Tohumda
farkli fizyolojik faaliyetler degisik nem oranlari
istemektedir  (Taylor, 1997). Cimlenmenin son
asamasindaki fizyolojik aktivite kokiin ucunun ¢ikisi
olup, kok cikisi faaliyeti i¢cin yeterli tohum su igerigine
ihtiya¢ duyulmaktadir. Osmotik kosullandirma, tohumun
¢imlenmesinde ihtiyag duyulan metabolik faaliyeti
fizyolojik olarak baslatacak, ancak kok ¢ikisina ve
cimlenmenin  aktif hale gelmesine engelleyecek
seviyedeki kontrollii su alimi olarak ifade edilmektedir
(Heydecker ve Gibbins, 1978). Uygulamasindan sonra
tohumlar yikama ve kurutma islemlerine alinmaktadir.
Kurutulan tohumlar hemen ekilebildigi gibi, ekim
kadar  uygun  kosullarda  muhafaza
edilebilmekte ve ekim yapildifinda tohumda priming
uygulamasi yapilmamis olan tohumlara gore daha hizli ve
homojen ¢ikis gosterebilmektedirler (Elkoca, 2007;
Delian ve ark., 2017).
Priming uygulamasi

Zamanina

yapilmis tohumlar uygulama
yapilmayan tohumlara goére daha genis sicaklik
araliklarinda ¢imlenebilmektedir (Bray, 1995). Priming
uygulamasi farkli bitki tiirlerinde, diisiik sicaklik gibi
uygun olmayan sartlarda, ¢imlenmeyi, ¢ikis oranini ve
cikis hizin1 artirmakta ve sonugta, kisa silirede istenilen
ozelliklere sahip fidelerin elde edilmesine imkan
saglamaktadir (Zheng ve ark, 1994; Elkoca, 2007;
Demirkaya 2016, Demirkaya 2017). Priming ile ilgili
calismalar degerlendiginde kekik (Thymbra spicata) ve
defnenin (Laurus nobilis) priming ¢alismalarinda
kullanilmadig: goriilmiistiir. Tarimda bitki sagligi koruma
arastirmalarinda defne ve Kkekik; bitkilerde hastalik
yapan bakteri ve funguslara etkili olabilecek organik
triinlerin ve bilesiklerin gelistirilmesinde
kullanilmaktadir (Toroglu, 2007; Markovic ve ark., 2011).
Dolayisiyla arastirmada kekik ve defne secilirken organik
kokenli olmalari, tohumda ayni zamanda bakteri ve
funguslarin bulagmalarinin énlenmesinde kullanilabilme
potansiyelleri yoniinden degerlendirilmistir.

Priming c¢alismalarinda polietilen glikol (PEG-6000),

salisilik asit, potasyum fosfat, borik asit gibi cesitli
kimyasal triinler kullanilmaktadir (Mavi ve ark. 2006;
Elkoca, 2007; Demirkaya, 2010; Delian ve ark, 2017;
Nafees ve ark, 2019). lizerinde yapilan
arastirmalar, oOzellikle c¢imlenmesi ge¢ olan veya
ekonomik 6nemi fazla olan; domates, biber, kereviz ve
sogan gibi tiirlerde yogunlasmistir (Yanmaz ve Ozdil,
1992). Priming uygulamasinin farkl biber tiirlerinde ve
farkl lotlarinda tohum Kkalitesini
amaciyla kullanildig1 belirtilmistir (Garruna-Hernandez
ve ark, 2014; Mavi, 2016; Mavi, 2018). Kullanilan
priming Uriinleri biliylikk oranda ithal edilmekte ve
maliyeti ylksek irlinler olmaktadir. Son yillarda deniz
yosunu basta olmak kaydiyla dogal bitki triinlerinin
priming calismalarinda kullanilma olanaklar1 iizerinde
calismalar yapilmaktadir (Sivritepe, 2000). Domates,
salgam, bezelye, biber ve turp tohumlarinda deniz
yosundan elde edilen ekstraktlar kullanilarak yapilan

Konu

tohum artirmak

priming uygulamalar1 sonucunda, tohumlarda ¢imlenme
gicinde o6nemli artislar oldugu belirtilmektedir
(Sivritepe 2000; Demir ve ark., 2006; Demirkaya, 2010;
Sivritepe ve ark., 2015).

Priming uygulamalarinda kullanilan maddeler tamamen
yurt disindan ithal edilen kimyasallardir ve ¢ogunlukla
da birka¢ priming kimyasali uygulamada birlikte
kullanilmaktadir. Arastirmanin amaci domates ve biber
tiirlerine ait tohumlarda organik priming materyallerinin
cimlenmesi etkilerini  belirlemek

tohum lizerine

olmustur.

2. Materyal ve Metot

Arastirmada defne bitkisinin kii¢iik siyah meyveleri, kara
kekigin kurutulmus bitki sap ve yapraklari, deniz
yosununun kurutulmus ve 6giitiilmiis siyah renkli bitki
oziiti organik priming c¢alisma materyalleri olarak
kullanilmistir. Kara kekik ve defne materyalleri Antalya
sahil bolgesinde dogadan toplanmistir. Deniz yosunu
calismasinda ayni zamanda organik giibre olarak
kullanilan Proton marka deniz yosunu o6ziiti
kullanilmistir (URL1). Calismada Yiksel Tohum’a ait
Burhan domates ve Hazine dolma biber cesitleri
kullanilmistir. Arastirma kapsaminda kekik, yosun, defne
birlikte iceren  farklh
konsantrasyonlarda ¢ozeltiler hazirlanarak uygun oran

ve  uglnin karisimini
ve uygulamalar icin priming én calismas1 yapilmistir. On
calismalar sonucunda Tablo 1’de yer alan organik
priming uygulama ve oranlari se¢ilmistir.
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2.1. Priming Uygulamalar

Priming uygulamalarinda domates ve biberde 25'er g
tohum kullanilmistir. Priming sivisi hesaplanmasinda
farkli arastirmalardan ve 6n ¢alismalardan faydalanarak
domates ve biberde 1 kg tohuma 600 ml ¢6zelti orani
olarak hesaplama yapilmistir. Priming sivisi konulan
domates ve biber tohumlar1 250ml'lik kapakli plastik
kutulara konularak siirekli olarak belirli bir hizda zincir
seklinde yatay yapan
konulmustur. Priming calismasi 25 °C sicaklik ve %70

olarak  hareket sisteme
nem Kkosullarinda yapilmistir. Calismada domates ve

Tablo 1. Arastirmada yapilan priming uygulamalari

biberde 72 saat siireyle priming uygulamasi yapilmistir.
Priming uygulamasi sonucunda domates
kurutulduktan
calismalarina gecilmistir.
kosullarda 25-30 °C
gerceklestirilmistir. Arastirmada ¢imlendirme calismalari
petri kutusunda kurutma kagidinda, petri kutusunda
torfta ve fidelik kosullarinda viyolde ¢imlendirme olmak
iizere 3 farkl yerde uygulama (viyolde 3:1:0.5 torf: perlit:
vermikulit karisimi) yapilmistir.

ve biber

tohumlari sonra ¢imlendirme

Kurutma eleklerde golge

sicaklikta sera ortaminda

50g defne meyvesi 500 ml distile su iceren beher i¢ine konularak blender ile

parcalanmistir. Parcalanan karisim kaynayincaya kadar 1sitilmistir. Daha sonra sogumaya
birakilmistir. Karisimdan 10ml’lik alinarak ayri1 bir beherde 90 ml’lik su ile 100ml’ye
tamamlanarak seyreltilmistir. 100ml'lik son c¢o6zelti organik priming ¢alismasinda

5g kuru kekik 500 ml su icine konmustur. 500ml’'lik karisim kaynatilip sogutulmustur.

Cozeltiden 25ml alinmis ve 175 ml’lik su ilave edilerek karisim hazirlanmis ve uygulama

No Uygulamalar Uygulama Icerigi
1 Defne
kullanilmistir
2 Kekik
yapilmistir
3 Deniz Yosunu
uygulamasinda kullanilmistir
4 Defne, Kekik ve
Deniz Yosunu g¢li karisim hazirlanmistir
Karigimi
5 Kontrol

testleri ve dl¢limleri yapilmistir.

1g hazir deniz yosunu 6ziitii 1 It suda ¢oziilmiistiir. Cézelti dogrudan organik priming

i1k 3 uygulamada kullanilan kekik, defne ve deniz yosununun oranlari yariya diisiiriilerek

Sadece su kullanilarak yapilan priming c¢alismasi sonucunda tohumlarda ¢imlenme

2.2. Olgiilen Ozellikler ve Degerlendirme

Petri kutularinda ¢imlendirme ¢alismalari her petride 50
tohum olacak sekilde 4 tekerriirlii (her uygulamada 4
petri  kullanilmistir) olarak yiriitiilmustiir. Petri
kutusunda yapilan ¢alismalar 24-25 °C sicaklik %68-70
nem kosullar1 bulunan biiyiitme kabininde yapilmistir.
Petrilerde ¢imlendirme g¢alismalarinda domateste 3.
glinden baslayarak, biberde ise 4.giinden baslayarak
cimlenen fideler  sayilarak
hesaplanmistir (Demirkaya, 2016). Cimlenme oranlari,

¢imlenme  oranlari
biber ve domateste petri kutusunda hem torf hem de
kurutma kagidinda ¢imlenen ve gelisen fide sayisi
sayllarak hesaplanmistir. Cimlenme oranlarimin farklh
glinlerde
petride torfta ve viyolde ¢imlenme oranlarinin farklilik

sayllmasinda petride kurutma kagidinda,

gostermesi dikkate alinarak yapilmistir. Domates ve
biber
hesaplanirken anormal fide oranlari diisiiriilerek oranlar
Pratik
degerlendirmek i¢in viyollerde tohumlar ¢imlendirilerek

tohum wuygulamalarinda ¢imlenme oranlar

belirlenmistir. ticari uygulama agisindan
cimlenme oranlar1 bulunmustur. Cimlendirme ¢alismalari
her iki bitki tlirlinde 15 giin sonunda tamamlanmis ve
¢imlenme oranlan grafiklerle gosterilmistir. Petride
kurutma kagidi ve torf uygulamalarinda bitki boyu, kdk
uzunlugu ve bitki yas agirligi degerleri belirlenmistir.
Viyollerde cimlendirme ¢alismalarinda 128 adet tohum
ekilebilen viyollerde, her uygulama icin 2’ser viyol olarak

yapilmistir. Arastirmada tiim uygulamalarda petri

kutusunda kurutma kagitlarinda gelisen bitkilerde 12.
glinde 6rnek olarak secilen 5’er bitkide bitki boyu, kék
uzunlugu ve bitki yas agirhgr degerleri belirlenmis,
ortalama degerler bulunmus ve grafiklerle gosterilmistir.
Petri kab1 torf ortami ve viyollere ekilen tohumlarda
cimlenme oranlar1 belirlenmistir. Bitki boyu, kok
uzunlugu ve bitki yas agirhigr oOzellikleri MSTAT-C
istatistik programi kullanilarak analiz yapilmis ve 6l¢iilen
6zelliklere ait ortalama degerler bulunmustur ve LSD
degerleri verilmistir (Freed ve ark., 1989).

3. Bulgular

3.1. Cimlenme ve Cikis Oranlari

Arastirmada ¢imlenme oranlar1 kurutma kagidinda, petri
kutusunda torfta ve viyolde olarak ayr1 ayr1 grafiklerle
verilmistir. Calismada priming uygulamalarinin genel
olarak her iki bitki tiiriine ait tohumlarinda kontrole gore
daha iyi ¢imlendigi goriilmektedir. Domateste ¢imlenme
oranl en yiiksek ticlii karisim uygulamasinda bulunurken,
defne ve yosun uygulamalar: da yiiksek ¢cimlenme orani
degerleri vermistir (Sekil 1).
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Sekil 1. Domateste petride kurutma kagidinda ¢imlenme
oranlar1.

Calismada domateste petri kutusunda torfta ¢imlendirme
¢alismasinda 7. giin sonunda yosun uygulamasinda %100
cimlenme gerceklesmis, bu uygulamay1 diger organik
materyal uygulamalar1 takip etmistir (Sekil 2). Viyol
uygulamasinda 10. giinde kontrolde, kekik ve yosun
uygulamasinda %99, defne ve karisimda ise %98
¢imlenme orani saglanmistir.  Organik  priming
uygulamalarinda daha hizli ¢ikis ve gelisme saglanmistir
(Sekil 3).

120

98 9% 93 9% 1lea1o0 33 93 g 98
100

80 -
60 -
40 -
20 -

o -

Karisim Kontrol

Cimlenme Orani (%)

Sekil 2. Domateste petride torfta ¢cimlenme oranlari.
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Sekil 3. Domateste viyolde ¢cimlenme oranlari.

Biberde petri kutusunda kurutma kagidinda ¢imlenme
oranlar1 4. giinden itibaren sayilmaya baslamis ve 12.
giine kadar sayllmaya devam etmistir. 12. giin sonunda
en yliksek cimlenme orani degerleri 3'lii karisim ve defne
uygulamasindan elde edilmistir. Petride torfta
cimlendirme uygulamasinda ise en yiliksek c¢imlenme
orani degeri 12. giinde kekik uygulamasinda saptanmistir
(Sekil 4, 5). Biberde viyolde ¢imlendirme ¢alismasinda en

yliksek cimlenme orani, yosun uygulamasinda elde
edilmistir ve tiim uygulamalar kontrole gore daha iyi
cimlenme oram1 ve daha gicli, saghkl fideler
vermislerdir. Kontrol uygulamasinda anormal fide orani
(kotiledon yapragimni atamayan, yapagini
gelistiremeyen) ¢ok yiiksek bulunmustur (Sekil 6).

3.2. Bitki Boyu, K6k Uzunlugu ve Bitki Yas Agirhigi
Degerleri

Cimlenmenin 12. giinlinde petrilerde kurutma kagidinda
gelisen fidelerde bitki boyu, kok uzunlugu, bitki yas
agirhg Olciilmiistiir. Biberde bitki boyu
degerleri incelendiginde 12. giin sonunda en yiiksek bitki

normal

degerleri

boyu degerleri kekik uygulamasinda gerceklesmis, bunu
yosun ve karisim uygulamalari takip etmistir (Sekil 7a).

100 95 o394 5495 94
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Sekil 4. Biberde petride kurutma kagidinda ¢imlenme
oranlar.
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Sekil 5. Biberde petride torfta ¢cimlenme oranlari.
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Sekil 6. Biberde viyolde ¢cimlenme oranlari.
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Sekil 7a. Biberde ¢imlenmenin 12. gliniinde bitki boyu
degerleri (Lsd 0.05: 034).

Uygulamalar arasinda istatistiki olarak énemli farkliliklar
elde edilmistir. Fide gelisiminde biiyiiyen fidelerin hem
standart boyda hem de giiglii bir bitki yapisinda olmasi
istenmektedir. Dolayisiyla bitki boyu bakimindan biberde
priming uygulamalar ile kontrole goére hem uzun boyluy,
hem de daha kaliteli fideler elde edilmistir. Cimlenme hizi
da uygulamalarda kontrole gére daha yliksek
bulunmustur. Biberde bitki yas agirhg1 degerleri
incelendiginde 12. giin sonunda en yiiksek agirlik
yosunda bulunmus, bu degeri kekik ve karisim
uygulamasi takip etmistir (Sekil 7b). Biberde kok
uzunlugu degerleri incelendiginde, istatistiki olarak
onemli bir farklilik bulunmustur. 12. giin sonunda en
yluksek deger yosunda bulunurken bu degeri kekik
uygulamasi takip etmistir. Defne ve karisim uygulamalari
ise kontrole yakin degerler vermistir (Sekil 7c).

016 1 0.143
0.139a -i%aa
0,14 1 0.130a 0.134a
0.116ab
0,12
01
0,08 -
0,06 -
0,04 -
0,02 -
0 - T T T T
Defne Kekik Yosun Karisim Kontrol

Sekil 7b. Biberde ¢imlenmenin 12. giinlinde bitki yas
agirligi degerleri (Lsd 0.05: 0.0243).

62 -
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56 5.5ab
54 -
52

5.1b
5 4
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44 T T

Defne Kekik Yosun Karizim

6a
5.1b
I :

Kentrol
Sekil 7c. Biberde c¢imlenmenin 12. giiniinde kok

uzunlugu degerleri (Lsd 0.05: 0.89).

Domates bitki boyu degerleri en yiiksek kontrolde
bulunurken, uygulamalarda en yiiksek degerler kekik ve

defnede bulunmustur. 3’li karisim uygulamasi ise en
diistik degeri vermis ve bitki boyu farkhliklar: istatistiki
olarak 6nemli bulunmustur (Sekil 8a). Bitki yas agirlhigi
bakimindan en yiiksek deger yosun uygulamasinda
bulunmus diger uygulamalar ise birbirine yakin degerler
vermistir (Sekil 8b). Bitki yas agirhgr farkliliklan
istatistiki olarak Onemsiz bulunmustur. Domates kok
uzunlugu degerleri incelendiginde 3’lii karisim harig
istatistiki olarak 6nemli ve birbirine yakin degerler elde
edilmistir. En yiliksek kdk uzunlugu yosun uygulamasinda
bulunmustur. Yosun uygulamasin kontrol takip etmistir.
(Sekil 8c).

58 -

5.56a
5,6 -
5.4z
5.4 - 53a
5,2 -
4.98b
5
48 1 4.64b
45 -
4.4
47 |
4 A T T T T
Defne Kekik Yosun Karizim Kontrel

Sekil 8a. Domateste ¢cimlenmenin 12. giintinde bitki boyu
degerleri (Lsd 0.05: 0.53).
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Sekil 8b. Domateste ¢cimlenmenin 12. giiniinde bitki yas
agirhigi degerleri (Lsd 0.05: 0.076).
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Sekil 8c. Domateste ¢imlenmenin 12. giinlinde kok
uzunlugu degerleri (Lsd 0.05: 1.92).

3.3. Organik Priming Materyalleri Maliyet Hesabi

Arastirmada priming uygulama maliyeti Tablo 2’de
verilmistir. Tablo’da defne, deniz yosunu ve kekik
uygulama maliyetleri Kkarsilagtirilmistir. Tohumda
kimyasal priming uygulamalarinda genelde birkag¢ farkl
priming kimyasali (potasyum nitrat+PEG 6000+borik asit
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vb.) belirli oranlarda Kkaristirilarak kullanilmaktadir.
Priming karisimina fungal hastalik
bulasmalarini  engellemek i¢in  tohum ilaclarn
konulabilmektedir. Dolayisiyla 100 kg domates ya da
biber tohumunu priming yapabilmek i¢in alt yapi
maliyetleri (distile su, biliylime Kkabini, terazi, tohum
kurutma firni, tohum koyma bidonlar1 vb.) haric¢
kosullara gore degismekle birlikte yaklasik 50.000 TL’lik
bir maliyet gerekebilmektedir (Yiksel
basilmamis veri). Tohum firmalari yillara, domates, biber,
hiyar, marul, kavun gibi bitki tiirlerine gore degismekle
birlikte sebze tiirlerinde yilda 1000-2000 kg tohumda
priming uygulamasi yapabilmektedirler. Hiyar, karpuz

bakteri ve

Tohum

Tablo 2. Priming materyalleri maliyet hesabi*

gibi biiylik tohumlu sebze tiirlerinde miktar daha da
artabilmektedir. Kimyasal maddelerle 1000 kg tohumda
priming uygulamasi yapan bir firmanin yilhik maliyeti
500.000 TL gibi bir rakama denk gelmektedir. Ayni
miktarda sebze tohumu (1000 kg) organik ftriinler
kullanilarak  yilik  50-500 TL’lik bir maliyetle
yapilabilmektedir. Priming kimyasallarinin maliyeti ile
kekik, maliyetleri
degerlendirildiginde bu triinlerin maliyetleri neredeyse
sifira yakindir. Organik priming materyallerinin dogadan
kolaylikla saglanarak maliyetsiz kullanilabilecek iiriinler
oldugu Tablo 2’de ayrintili olarak gériilmektedir.

deniz  ve  defne  yosunu

Priming Materyalleri Maliyeti (TL)

Kullanilan Konsantrasyonu (g/1kg tohum)

100 kg Tohum Maliyeti (TL)

Kekik (50g) 13
Defne (50g) 26
Deniz Yosunu (1kg) 78

1g 26
4g 78
1g 7.8

*: Maliyet hesab1 domates ve biber ortalamasi olarak hesaplanmistir.

4. Tartisma

Iyi bir domates ya da biber cesidi gelistirildikten sonra o
cesidin tiretiminde kullanilan tohumunun da istiin bir
cimlenme giiciine ve iyi bir fide gelistirme kapasitesine
sahip olmasi gerekmektedir. Ciinkii bitkisel
tohumla baslar ve tohumdan gelistirilecek iyi bir fide iyi
bir bitki ve iyi bir {iretim anlamina gelmektedir. Iyi tohum
kapasitesi icin de farkl yapmak
gerekebilmektedir. Iste bu asamada tohumda genetik
potansiyeli yliksek, yeterli olgunluga sahip, listiin kaliteli
tohumlar1 elde etmek ilk asama, ¢imlenme seviye ve
kalitesini artirmak i¢in priming (6n ¢imlendirme)
uygulamasi ikinci asama olarak devreye girmektedir.
Arastirmada domateste en yiiksek ¢imlenme oranlari
petri icinde torfta cimlendirme uygulamasinda elde
edilmistir. Bu uygulamayi petride kurutma kagidinda ve
viyolde c¢imlendirme oranlar1 izlemistir.
petride torfta ¢imlendirme g¢alismasinda torfun su tutma
kapasitesi daha ytiksek oldugu icin ¢cimlenme oranlar1 7.

uretim

uygulamalar

Domateste

giinde % 98-100 seviyelerine ulasirken petride kagitda
cimlendirme uygulamasinda daha erken ¢imlenme
gerceklesmistir. Biberde c¢imlenme orani en iyi petri
kutusunda torfta gergeklesirken, bu uygulamay1 viyolde
ve petride kagitda ¢imlendirme uygulamasi izlemistir. Her
3 uygulamada (petride kagitta ve torfta ve torfta
c¢imlendirme) da kontrol suyla priming uygulamasi
organik materyallere gore daha diisiik ¢imlenme oram
degerleri vermistir.

Bitki boyu, kék uzunlugu ve bitki yas agirhgi degerleri
hem domates ve biber tohumlarinda hem de farkh
priming uygulamalarinda (kekik, yosun, defne, kontrol)
farkliliklar goéstermistir. Uygulamalarin ortak noktasi ise
priming uygulamalarinda bitkiler
kullanilan suda c¢imlendirmeye gore daha erken, daha
hizli, daha homojen ve daha gii¢cli bir fide gelisimi
saglamislardir. Sivritepe ve Sivritepe (2008), biber

kontrol olarak

tohumda deniz yosunu kullanarak yaptiklar1 calismada;
en iyi sonucu 1:500 deniz yosunu konsantrasyonunda
elde etmislerdir. Demirkaya (2010) biberde, deniz yosunu
oziitii kullanarak farkli biber tiplerinde (Demre Sivri,
kandil Dolma ve Yalova Carliston) yaptigi calismada
sonucunda ekim dncesi yapilan priming uygulamalarinda
deniz  yosunu kullanilabilecegi  ortaya
konmustur. Mavi ve ark, (2013) biberde yaptiklari
¢alismada organik priming uygulamalarinin (patula ¢igegi
¢ay yapraklari, c¢ay atign ve leonardit) laboratuvar
kosullarinda ¢imlenmeyi gelistirecegini ve uygulamayan
tohumlara gore daha yiiksek bitki yas agirligi elde
edilecegi sonucuna varmiglardir. Arastirmada biberde
deniz yosunu kullanilarak elde edilen sonuglar Sivritepe
ve Sivritepe (2008) ve Demirkaya (2010) sonuglar;
organik priming yoniinden ise Mavi ve ark, (2013)

ozutlinin

sonuglari ile uyum igindedir.

Demir ve ark, (2006), domates ve biber farkli deniz
yosunu tiirleri (yesil, kirmizi ve kahverengi yosunlar)
kullanarak 15 ve 25 °Clerde priming uygulamasi
yapmiglardir. Calismada yesil ve kahverengi yosun
cozeltileri biberde ¢imlenme oranini artirmis, domateste
ise yosun uygulamalar1 ¢gimlenme oranina kontrole gore
onemli bir etki yapmamistir. Demirkaya (2012), 1:500
oranindaki deniz yosunu kullanarak bazi sanayilik
domates cesitlerinde petri kaplarinda 1, 2 ve 3 giin
siireler ile priming uygulamalari yapmistir. Calisma
sonucunda, li¢ domates cesidinde c¢imlenme oranlari
artarken; ¢ikis siireleri de kisalmistir. Yaptigimiz
calismada da yosun uygulamalar1 domates ve biberde
ve ark, (2006) ve Demirkaya (2012)'nin

calismalarina benzer sekilde basarili sonuglar vermistir.

Demir

5. Sonug
Calismada pratik anlamda viyollerde ¢imlenme, ¢ikis ve

gelisme durumlar incelendiginde organik priming
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uygulamalarinin  kullanilan tohum partileri 6zelinde
biberde daha etkili oldugu sdylenebilir. Biberde organik
priming uygulamalarinda en iyi sonuglar1 yosun ve defne
uygulamasi vermistir. Domateste ise yosun ve kekik
uygulamasi daha basarili olmustur. Tohumda priming
uygulamalarinda biiytik kimyasallar
kullanilmaktadir. Kullanilan kimyasallar yurt disindan
getirilmekte ve yliksek maliyetli olmaktadir. Kimyasal
priming uygulamalarinda genellikle tek bir kimyasal ya da
sistem kullanilmamakta birka¢ kimyasal belirli dozlarda
karistirilarak Organik  priming
uygulamalarinda kekik, defne ve deniz yosunu basarili bir
sekilde priming calismalarinda kullanilabilir. Kullanilan
bitkisel materyallerin dogal olmasi, kolaylikla temin
edilebilmesi, maliyetinin priming kimyasallarina goére ¢ok
diisiitk olmasi 6nemli avantajlardir. Organik priming
triinleri  ayni cikisina, gliciine ve
erkenciligine olumlu etki yapmalari, homojen standart
fide gelisimi saglamalarl, tohuma ve fideye bilinen
olumsuz bir etkisinin olmamasi yoniinden de son derece
onem arz etmektedir. Domates, biber gibi farkl tiirlerde
etkili bir sekilde kullanilabilmesi, ayn1 zamanda yoniinden
pratikte ticari sebze fidesi lretiminde etkili bir sekilde
kullanilabilecek priming materyalleri oldugu sonucuna
varilmistir. Sonraki ¢alismalarda bu materyallerin tohum
hastalilk ve zararllar
belirlenmesi tohum uygulamalarindaki
arttirabilecektir.

oranda

kullanilmaktadir.

zamanda fide

etkilerinin de
kullanimlarini

tizerindeki

Cikar iliskisi
Yazarlar bu c¢alismada higbir ¢ikar iliskisi olmadigini
beyan etmektedirler.
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Ozet

Bu calismada; leblebi iiretiminde yan iiriin (elek alt1) olarak agiga ¢ikan ve tiiketiciler tarafindan kabul edilebilirligi
diisiik olan kirik leblebinin ogiitiilmesi ile elde edilen kirik leblebi ununun (KLU) mufin kalitesi lizerine etkisi
arastirilmistir. KLU mufin iiretiminde kek unu ile yer degistirme prensibine gore 4 farkl oranda (%0, %10, %20, %30)
kullanilmistir. KLU eklenerek iiretilen mufinlerin bazi kimyasal ve besinsel ozellikleri ile birlikte fiziksel, yapisal,
tekstiirel ve duyusal 6zellikleri de belirlenmistir. KLU orani arttik¢a mufinlerin protein, kiil ve toplam diyet lif icerikleri
artmis; hacim, spesifik hacim, simetri indeksi gibi yapisal nitelikleri ile dis ve i¢ renk degerlerinde 6nemli bir degisiklik
meydana gelmemistir. %20 KLU kullanim diizeyine kadar mufinlerin tekstiirel ve duyusal 6zelliklerinde olumsuz bir
etki saptanmamis, hatta KLU ilavesinin mufinlere hosa giden bir tat ve lezzet kazandirdigi belirlenmis ancak %30
diizeyine ¢ikildig1 zaman bu 6zelliklerde sinirl diizeyde bir gerileme tespit edilmistir. Bu ¢alismada leblebi iiretiminde
yan irln olarak agiga ¢ikan ve katma degeri diisiik olan kirik leblebilerin un haline getirildikten sonra %20 diizeyine
kadar mufin ve farkl kek tiretimlerinde basari ile kullanilabilecegi, boylece tiiketicilere farkl tat ve lezzette, fonksiyonel
alternatif bir mufin ¢esidi sunulabilecegi sonucuna ulasilmistir.

Anahtar kelimeler: Leblebi, Mufin, Mufin kalitesi, Diyet lif

The Effect of Broken Roasted Chickpea Flour as a By-Product in Roasted Chickpea
Production on Mufin Quality

Abstract: In this study; the effects of broken roasted chickpea flour (BRCF) on mufin quality were investigated. BRCF
was obtained by grinding the broken chickpea which are the by-product (under the sieve) of leblebi production process
and has low acceptability by consumers. BRCF was used in muffin production in 4 different ratios (0%, 10%, 20%, 30%)
according to the principle of displacement with cake flour. Physical, structural, textural and sensory properties of the
muffins produced by adding BRCF have been determined along with some chemical and nutritional properties. As the
BRCF ratio increased; protein, ash (mineral matter) and total dietary fiber content of the mufins increased and there
were no significant changes in crust and crumb colors with their structural properties such as volume, specific volume
and symmetry index. There was no negative effect on the textural and sensory properties of the mufins when BRCF was
used up to 20% level. Furthermore the addition of the BRCF was determined to bring a pleasant taste and flavor to the
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mufins, but a limited deterioration was detected in these properties when the usage level of BRCF was increased to 30%
level. It has been concluded that broken chickpeas, which are produced as a by-product in roasted chickpea production
and have low added value, can be successfully used in the production of muffins and different cakes up to 20% addition
level, so that consumers can be offered a functional alternative muffins with different taste and flovour.

Keywords: Chickpeas, Muffin, Muffin quality, Dietary fiber
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1. Giris

Nohut zengin besin icerigine sahip bir baklagil olup cerez
Nohut
taneleri proteinler, esansiyel aminoasitler,
karbonhidratlar, kalsiyum, fosfor, magnezyum ve
potasyum gibi mineraller, vitaminler, diyet lif, folat, beta
karoten ve yag asitleri bakimindan miikemmel bir
kaynaktir (Gul ve ark., 2018). Bununla birlikte nohut
diger baklagillere oranla daha fazla protein ve kalsiyum
oranina sahiptir (Azkan, 1999).

Gecmisten gliniimiize insan beslenmesinde 6nemli rol
oynayan nohutun protein ve mineral iceriginin de yiiksek
olmas1 beslenmede ve viicut fonksiyonlarinda biiyiik
fayda saglamaktadir. Nohutta tane nohutun
kimyasal yapis1 hakkinda bilgi vermektedir. Renkli
kalin kabuklu ve hayvan yemi olarak
degerlendirilirken renksiz nohutlar iri taneli olup
yemeklik olarak degerlendirilmektedir (Celebi, 2015).
Barisik ve Tavman (2018) yaptiklar1 ¢alismada nohutun
kimyasal birlesimini incelemis; pH degerini % 6,63,
protein degerini %19,11, nem degerini %10,59, su
aktivite degeri %0,618 ve kiil degeri ise %2,84 olarak
belirlenmistir.

Baklagil tiriinleri bir¢ok asamadan (kabuklarin ayrilmasi,
kaynatma, kavurma, ayiklama ve 6glitme vb.) gecirilerek
cesitli hazirlanmasinda kullanilir.
Baklagillerin kavrulmasi veya pisirilmesi Asya, Orta Dogu
ve Giiney Amerika'da uzun yillar boyunca uygulanmistir.
‘Leblebi’ olarak adlandirilan kavrulmus nohut iiriind,
Farsca bir kelimedir. Akdeniz Boélgesi ve Ortadogu’da
yaygin olarak tiiketilen leblebi Tiirkiye'de de geleneksel

olarak tiliketilen leblebinin hammaddesidir.

rengi,

nohutlar

yiyeceklerin

bir aperatif cerezdir. Iki farkli leblebi tiirii vardir;
kabuklar1 soyulmus leblebi (Sar1 Leblebi ve Girit Leblebi)
ve kabuklar1 ayrilmamis leblebi (Beyaz Leblebi ve Sakiz
Leblebi). Ayrica, leblebi diisiik nem igeriginden dolay1
uzun bir raf dmriine sahiptir (Coskuner ve Karababa,
2004).

Leblebi iiretiminde kabuk ayirma asamasindan sonra elek
alt1 denilen kirik leblebiler olugsmaktadir. Kabuk ayirma
asamasinda kirilan bu leblebiler biitiin leblebiye gore
tiiketiciler tarafindan daha az kabul gérmektedir. Besin
degeri yiiksek, ucuz ve tiiketiciler tarafindan kabul ve
satin alinma orani ¢ok diisiik olan kirik leblebinin
kullanim alaninin arttirilmasi bu irtne katma deger
kazandirilmasi agisindan 6nem arz etmektedir.
Giiniimiizde tlketiciler hem besin agisindan zengin hem

de insan saghgina olumlu etkileri bulunan gidalara ilgi
gostermektedir. Tahil ve triinlerinin glinliik beslenmede
onemi oldukca biliyiikk olup giinlik diyetin biiyiik bir
béliimii tahil ve {iriinlerinden karsilanmaktadir. Uretilen
tahil driinlerinin lezzetli ve tiiketimlerinin pratik olmasi
nedenleriyle o6zellikle kek, biskiivi gibi
tiiketicilerin dikkatini ¢ekmektedir. Tiiketicilerin bu
talepleri karsisinda tahil iriinlerinde iiretim ve iiriin
cesitliligi de her gecen giin artmaktadir. Yapilan literatiir
taramasinda ulusal ve uluslararasi diizeyde gerek bilimsel
gerekse sanayi bazinda leblebi ununun mufin tretiminde
kullanimina yonelik bir ¢alismaya rastlanmamistir. Bu
nedenle bu calismada; leblebi iiretiminde yan {iriin olarak
aciga cikan kirik leblebilerin 6giitiilmesi ile edilen kirik
leblebi ununun mufin {retiminde kullanilabilirliginin
arastirilmasi, tretilen mufinlerin bazi kimyasal, fiziksel
besinsel, tekstiirel ve duyusal kalite 6zellikleri tizerindeki
etkisinin arastirilmasi, boylece
edilmeyen/satilmayan bir yan {riin olan ancak besin
degeri acisindan olduke¢a yiliksek olan kirik leblebinin
biitiin yas gruplarinin severek tiiketebildigi firincilik

drinler

tercih

lriinii olan mufine ilavesi yapilarak hem lezzetli hem
besleyici fonksiyonel bir gelistirilmesi
amaglanmistir.

urin

2. Materyal ve Metod

2.1. Materyal

Ozel amach bugday unu (Tiirk Gida Kodeksi [TGK], 2013),
Hediye Un Fabrikasi’'ndan (Isparta)’dan temin edilmistir.
Seker (TSE, 2017), margarin (TSE, 2014), yagsiz siit tozu
(TSE, 2007), kabartma tozu (TSE, 2019), pastorize
yumurta (TSE, 2009) ve tuz (TSE, 2003)
piyasasindan satin alinmistir.

Leblebi iiretim prosesi sirasinda kirilan ve ekonomik
degeri daha diistik olan kirik leblebiler Badez Kuruyemis
(Isparta)’den temin edilmistir. Kirik leblebi 6rnekleri
Badez Kuruyemis’de bulunan siiper mikser (SMP-104)

Isparta

marka 6giitiicii kullanilarak égiitiilmiistiir. Ogiitiilen kirik
leblebi o6rnekleri laboratuvarda elenmis ve 200 pm
partikiil boyutunun altinda olan kirik leblebi unu (KLU)
mufin liretiminde kullanilmistir.

2.2. Metod

Mufin iiretimi ipek ve Dizlek (2018) tarafindan kullanilan
yonteme gore yapilmistir. Mufin iretiminde kullanilan
formiilasyon Tablo 1’de verilmistir. Pastorize yumurtalar
el mikserinde (Tefal Smart, Tirkiye) 1. devirde 2 dakika
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cirpilmistir. 35 ml su ilave edilerek 1. devirde 1 dakika,
daha sonra seker ilave edilip 1. devirde 1 dakika,
margarin ilave edilerek 1. devirde 1,5 dakika daha
cirpildiktan sonra kuru bilesenler eklenerek 1. devirde 1
dakika olmak tizere 2. devirde 1 dakika daha ¢irpilmis ve
elde edilen hamurdan 35 g mufin pisirilme kagitlarina
tartilarak 12’li mufin kaliplarina konulmustur. Siemens
marka set stii firinin orta katinda 210 °C 'de 20 dakika
pisirilmistir. Firindan ¢iktiktan sonra laboratuvar
kosullarinda 20 dakika kalipta, 40 dakika kalip disinda
sogumaya birakilmistir. Soguyan mufin 6rneklerine
asagida belirtilen analizler uygulanmistir.

Tablo 1. Mufin iiretiminde kullanilan formiilasyon

Bilesenler Miktar (g)
Un 100
Seker 80
Yumurta 60
Margarin 60
Su 35
Yagsiz siit tozu 7,5
Kabartma tozu 3
Tuz 0,5

Leblebi unu Mufin 6rneklerinde leblebi
unu 6zel amagh bugday unu
ile yer degistirme
prensibine gore %10, %20
ve %30 oranlarinda ilave

edilmistir.

2.2.1. Ozel amach bugday unu, kirik leblebi unu ve
mufin érneklerinde yapilan bazi kimyasal ve fiziksel
analizler

Ozel amagh bugday ununda, kirik leblebi ununda ve mufin
orneklerinde; nem (AACC Method, 44-01.01, 2000), kiil
(AACC Method, 08-01.01, 2000), protein (AOAC Method,
950.36, 2000), toplam yag (AOAC, 1990), toplam diyet lif
(AACC Method, 32-07.01, 2000), su aktivitesi ( Novasina,
Lab Touch-aw, Lachen, Isvigre)(Ulutiirk,2018), renk
degerlerinden L, a ve b degerleri (Minolta CR-410, Minolta
Co Ltd., Tokyo, Japonya) saptanmistir.

Mufin 6rneklerinde yapilan fiziksel analizleri

KLU'nun 6zel amag¢h bugday unu ile yer degistirme
prensibine gére %0, %10, %20, %30 oranlarda ilave
edilmesi ile tiretilen mufin 6rneklerinin hacim, simetri ve
tekdiizelik indeksleri ile biiziilme degeri ve toplam hacim
indeksi degerleri belirlenmistir (AACCI Metot 10-91.01;
AACCI, 2000; ipek ve Dizlek, 2018). Tim bu degerlerin
Olciilebilmesi icin Sekil 1'de verilen kek 6l¢iim sablonu,
mufin kek kalibinin ebatlar1 dikkate alinarak modifiye
edildikten sonra kullanilmistir (Giritlioglu, 2017). Mufin
orneklerinin hacim degerleri kusyemi ile yer degistirme
metoduna (Uludz, 1965) gore hesaplanmistir.

Hacim indeksi degeri (HI), keklerin tepe noktasi ile tabani
arasindaki fark ile kenarlarinin tepe noktasi ile alt
noktalar: arasindaki farklarin toplamini bilerek hacimleri

hakkinda fikir vermektedir. Mufin o6rneklerinde HI

degerleri asagidaki (1 numarali) esitlikle hesaplanmistir.

HI (mm) = IBB'| + ICC'| + IDD'l (1)

Sekil 1. Mufinlerin yapisal analizinde kullanilan 6l¢iim
sablonu (Giritlioglu, 2017).

Kek endistrisinde simetri indeksi (SI), keklerin {ist
kisimlarinin  yiizey  profillerini  belirlemek igin
kullanilmaktadir. Simetri indeksi degerinin pozitif bir
degere sahip olmasi kek iist yiizeyinin bombeli oldugunu
yani kekin kabarik oldugunu, negatif bir deger almasi ise
kekin ¢oktigiinii gosterir. Simetri indeksi, asagida
gosterilen (2 numarali) esitlik yardimiyla hesaplanmstir.

SI (mm) =2 ICC'l - IBB'l - IDD'| )

Tekdiizelik indeksi (TI), kekin yanal olarak simetrisini
gosterir. Kek merkezine esit uzakliktaki 2 ayr1 noktadan
alinan bu oélglimlerin birbirine esit olmasi yani bu indeks
degerinin 0 olmasi istenir. TI asagidaki esitlik (3
numarali) yardimiyla hesaplanmistir.

TI (mm) = IBB'l - IDD'| 3)

Biiziilme degeri (BD), doldurulan hamur tabani ¢apinda
meydana gelen kiiciilmeyi ifade etmek icin kullanilir. Ust
ve alt biiziilme degeri asagida verilen 4 ve 5 numaral
esitlikler ile belirlenmistir.

Ust BD (mm) = Kek kalibinin iist ¢ap1 (62 mm) - Kekin iist
cap1 (IA'E'l) 4)

Alt BD (mm) = Kek kalibinin alt ¢ap1 (48 mm) - Kekin alt
cap1 (IAEl) 5)

Toplam hacim indeksi (THI) biitiin degerlerin toplanmasi
ile elde edilmektedir. Toplam hacim indeksi asagidaki
esitlikle (6) hesaplanmistir.

THI (mm) = |AA'l + IBB'l + ICC'l + IDD'l + |EE'l + |AEl +
IA'E'l (6)
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Pisirme kaybi (PK) kekin pisirilmesi sirasinda kaybettigi
agirhgin belirlemesini saglar. Pisirme kayb1 asagidaki
esitlikle (7) hesaplanmistir.

Kek verimi= (Kek agirligi/Hamur agirlig1)*100
PK =100-Kek verimi (7)

Mufin érneklerinde yapilan renk analizleri

Mufin 6rneklerin L, a ve b degerleri ii¢ farkli bolgeden
renk ol¢im cihaz1 (Minolta CR-410, Minolta Co Ltd,
Tokyo, Japonya) ile o6l¢iim yapilarak tespit edilmistir.
Renk skalasy; L degeri [(0)Siyah - (100) Beyaz], a degeri
[(+) kirmizy, (-) yesil] ve b degeri [(+) sar,(-) mavi] olarak
kullanilmistir (Ulutiirk, 2018).

Tekstiir profil analizleri (TPA)

Mufin 6rneklerinin TPA degerleri TA-XT PLUS cihaz1 (TA-
XT Plus, Ingiltere)nda 36 mm’lik silindir prob
(TA4/1000) kullanilarak belirlenmistir. Mufin 6rnekleri
elektrikli bicak kullanilarak enine kesilmis ve iist kabuk
kisimlar1 atilarak o6l¢limler taban kisminda yapilmistir.
TPA parametrelerinden; sertlik, elastikiyet, yapiskanlik,
sakizimsilik, c¢ignenebilirlik ve esneklik degerleri
élctilmistiir. Olctimler ii¢ paralel ve ii¢ tekerriir seklinde
yapimis ve elde edilen ortalama degerler verilmistir.
Doku parametrelerinin hesaplanmasi icin 5 kg yik
hiicresi kullanilmigtir. Analiz parametreleri: On test hizi
1,0 mm/s, test hiz1 1.0 mm/sn, test sonrasi hiz 1.0 mm/sn,
mesafe mufin yiiksekliginin yaris1 kadar olacak sekilde
ayarlanmistir.

Mufin 6rneklerinin duyusal olarak degerlendirilmesi
Mufin 6rnekleri 20-32 yas arasindaki Gida Miihendisligi
Bolimii personel ve o6grencilerinden olusan 15 Kkisilik
egitilmis bir panelist grubu tarafindan duyusal olarak

degerlendirilmistir. Duyusal degerlendirme 6ncesinde
panelistlere mufinlerin duyusal degerlendirme kriterleri
hakkinda bilgi verilmistir. Rastgele numaralandirilan
ornekler panelistlere ayr1 ayri sunulmus, bir mufin
orneginden digerine gecerken panelistlere soguk igcme
suyu verilmistir. Duyusal kalite kriterleri 1'den 5’e kadar
puanlama sistemine gore yapilmistir (5 puan: ¢ok iyi, 4
puan: iyi, 3 puan: kabul edilebilir, 2 puan: yeterli degil, 1
puan: koétii). Mufin o6rnekleri dis ve i¢ renk, gozenek
yapisy, yapisal /tekstiirel 6zellikler, ¢ignenebilirlik, agizda
dagilma, kumlu/kuru olma, koku, aroma, tat/lezzet ve
genel begeni o6zellikleri agisindan degerlendirmeye tabi
tutulmustur (Ulutiirk, 2018).

2.3. Istatistiksel Analizler

Mufin 6rneklerinin tiim 6zelliklerine iliskin olarak elde
edilen verilere, “SPSS” paket programi (SPSS, version 18.0
for Windows, SPSS Inc., Chicago, ABD) kullanilarak
oncelikle varyans analizi (ANOVA) uygulanmis, analiz
sonrasl degerler ¢oklu
karsilastirma testine tabi tutulmustur.

6nemli bulunan Duncan

3. Bulgular ve Tartisma

3.1. Ozel Amach Bugday Unu ve Kirik Leblebi Ununun
Bazi Kimyasal ve Fiziksel Ozellikleri

Kirik leblebi unu ve 6zel amagh bugday ununun kimyasal
ve fiziksel 0Ozelliklerine iliskin veriler Tablo 2'de
verilmistir. Kirik leblebi ununun nem degeri %2,87, kiil
miktar1 %2,40, protein degeri %22,76, toplam diyet lif
icerigi %4,55, toplam yag degeri %4,2, su aktivitesi 0,137
olarak bulunmustur. Bilindigi ilizere baklagiller yiiksek
protein, aminoasit ve diyet lif icerikleri ile ekmek biskiivi,
vb unlu mamullerin fonksiyonelliginin arttirilmasinda
siklikla kullanilmaktadir.

Tablo 2. Kirik Leblebi Unu ve Ozel Amach Bugday Ununun Ozellikleri

. Nem Kl Protein TDL Toplam Yag SA
Un Tipi El b
(%) (%) (%) (%) (%) (aw)
Kirik leblebi
u::l ebiebt 2,87 2,40 2276 455 42 0137 5982 762 22,49
Ozel amagh
12,49 0,19 7,9 - 0,02 - 85,72 -2,34 9,7

bugday unu

TDL= toplam diyet lifi, SA= su aktivitesi

Nohut da yiiksek protein igerigi ile unlu mamuller
alaninda genis bir kullanim alanina sahiptir. Bizim
calismamizdaki sonuglar ile uyumlu olarak Gomez ve ark
(2008) bugday unu-nohut unu karisimlarinin kek kalitesi
lizerine etkisini arastirdiklar1 ¢alismalarinda; beyaz ve
tam tane olarak kullandiklari nohut unlarinin protein
%22,48g -
bildirmislerdir.

Bu calismada leblebi {iretiminde istemsiz olarak agiga
cikan tiiketici begenisinin az olmasi nedeniyle ekonomik
degeri diisiik olan kirik leblebilerin un haline getirildikten
sonra fonksiyonel kek
amaclanmistir. Calismada

iceriginin %?25,18g arasinda oldugunu

iretiminde  kullanilmasi

kullanilan leblebi ununun

protein ve diyet lif icerigi dikkate alindiginda kek
tiretiminde kullanilan farkl katkilara gére daha avantajli
oldugu ve sanayide fonksiyonel keklerin iiretilmesinde
kullanilabilecegi sonucuna ulasilmistir. Nitekim KLU nun
protein icerigi (%22,76), Baltacioglu ve Uyar (2017)
tarafindan kek iiretiminde kullanilan kabak tozunun
(%8,5), protein iceriginden daha yiiksek bulunmustur.
KLU'nun L degeri bugday ununa goére daha diisiik yani
daha koyu, kirmizilik ve sarilik degerleri ise daha ytliksek
oldugu bulunmustur (Tablo 1).

3.2. Mufin Orneklerinin Bazi Kimyasal Ozellikleri
Uretilen mufin érneklerinin baz kimyasal ézelliklerine ait
sonuclar Tablo 3’de verilmistir. Mufin érneklerinin nem
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icerikleri KLU ilavesi ile kontrol ornegine gore artis
gostermistir. Ancak farkli oranlarda KLU ilavesi nem
degeri fark
olusturmamustir (p<0.05). Uretilen mufinlerde kiil yani
toplam mineral madde orani kontrol grubu ve %10 KLU

uzerinde istatistiksel olarak  bir

ilaveli mufinlerde istatistiksel olarak ayni grupta yer
alirken mineral madde igerigi %20 KLU ilavesi ile birlikte
artmaya baslamistir. Protein icerigi ise KLU orani arttik¢a
onemli diizeyde artis gostermistir (p<0.05). %30 KLU
ilavesi ile kontrol érnegine gére mufinlerin protein igerigi
yaklasik %32,5 oraninda artmistir. Tahil proteinleri bazi
esansiyel amino asitlerden yoksun oldugu icin baklagiller

konsantre protein kaynaklar1 oldugu icin o6nemlidir
(Tharanathan ve Mahadevamma, 2003). Nohut unu
emilstifiyer ozellige ve iyi su tutma kapasitesine de

sahiptir (Kohajdova ve ark, 2011). Arastiricilarin
sonuglar1 ile karsilastirildiginda bizim ¢alismamizda
kullandigimiz formiilasyon ve KLU ilavesi ile yag

iceriginde bir miktar azaltma yapilarak sanayi tipi protein
icerigi ytliksek kekler iiretilebilecegi kanisina varilmistir.

Yag degerleri bakimindan KLU ilavesi 6nemli bir degisime
neden olmamis ve KLU iceren ornekler ile kontrol 6rnegi
arasinda anlaml bir fark tespit edilmemistir. Su aktivitesi

de KLU oranma bagh olarak dogru orantili olarak

tahillar ile birlikte kullanihir. Baklagillerin kullanimi  artmistir.

Tablo 3. Mufin 6rneklerinin bazi kimyasal 6zellikleri
KLU ilavesi Nem Kiil Protein Yag TDL SA
(%) (%) (%) (%) (%) (%) (aw)
0 (kontrol) 16,42+1,18b 1,25+0,072 13,99+0,0034 37,660,082 4,65+0,084d 0,72+0,02b
10 18,01+0,292 1,240,122 14,79+0,018¢ 36,94+1,832 5,05£0,02¢ 0,73+0,03b
20 17,87+1,642 1,29£0,01b 16,27+0,009® 37,33+0,822 5,65+0,10b 0,75+0,062b
30 17,150,792 1,38+0,08¢ 18,51+0,0952 38,47+2,192 6,43+0,012 0,78+0,042

Ayni siitunda ayni harfle gosterilen ortalamalar arasinda istatistiksel olarak fark yoktur (p<0,05).

TDL= toplam diyet lifi, SA= su aktivitesi

Protein iceriklerinde oldugu gibi diyet lif degerlerinde de
KLU ilavesindeki artisa paralel olarak artis saptanmistir.
Kontrol érneginde %4,65 olarak belirlenen toplam diyet
lif icerigi %10,%20 ve %30 KLU ilaveli mufinlerde
sirastyla %5,05, %5,65 ve %6,43 olarak belirlenmistir.
Salehi ve ark. (2016) %5,%10 ve %15 oraninda kiltiir
mantar1 tozu ilave ederek irettikleri keklerin nem
iceriklerini %18,40-%19,65, yag igeriklerini %23,34-
%?23,19, kiil igeriklerini %0,81-%1,32, protein iceriklerini
%5,95-%7,66 arasinda oldugunu rapor etmislerdir. Bizim
¢alismamiz ile karsilastirildiginda KLU ilavesinin keklerin
ozellikle protein ve diyet lif iceriginin arttirilmasi
anlaminda daha fazla katkida bulunabilecegi s6ylenebilir.
%100 japon dar1 (Echinochloa frumentacea) unu ile
tretilen mufinlerin nem igerigi %22,40, protein icerigi
%6,05, toplam mineral madde igerigi %1,75, ham lif
icerigi ise % 2,09 olarak bildirilen ¢alisma (Goswami ve
ark.,, 2015) ile karsilastirildiginda; %30 KLU ilavesi ile bile
mufinlerin besin iceriginin arttirilmasi anlaminda daha iyi
sonuclar elde edildigi s6ylenebilir.

3.3. Mufin Orneklerinin Fiziksel ve Yapisal Ozellikleri
Uretilen mufinlerin fiziksel 6zelliklerinden spesifik hacim,
hacim indeksi, tekdiizelik indeksi, simetri indeksi, tist ve
alt biiziilme ve toplam hacim indeksi degerleri Tablo 4’de
verilmistir. KLU ilavesi mufin 6rneklerinin hacim, spesifik
hacim ve hacim indeksi degerleri iizerinde istatistiksel
olarak 6nemli bir fark olusturmamistir (p>0.05). Kontrol
ornegi ile artan oranlarda KLU iceren mufinlerin soz
konusu degerleri ayni smirlar igerisinde kalmigtir.
Ekmekte oldugu gibi kek gibi firin iiriinlerinde kalitenin
en O6nemli gostergesi hacim ve/veya spesifik hacimdir.
Hacim indeksi ve toplam hacim indeksi degerleri ile

keklerin gercek hacmi o6l¢iilmemektedir ancak bu

degerler keklerin hacmi ile ilgili fikir vermektedir (Ipek ve
Dizlek, 2018). Calisma sonucunda elde edilen veriler
KLU’nun %30 gibi yiiksek oranlarda kullanildiginda bile
kekin hacim, hacim indeksi ve spesifik hacim degerlerini
olumsuz yonde etkilemedigi dolayisiyla sanayi tipi farklh
keklerin tliretiminde de kullanilabileceginin gostergesidir.
Benzer sonuglar Gergekaslan ve Boz (2018) tarafindan da
elde edilmis, arastiricilar kegiboynuzu unu ilavesinin
kakaolu keklerin hacim ve spesifik hacim degerlerinde
olumsuz bir etki olusturmadigini bildirmislerdir.
Aydogdu ve ark. (2018) %5 ve %10 oranlarinda bezelye,
elma, yulaf ve limon lifi ilave ederek trettikleri keklerin
spesifik hacim degerlerinin kontrol
azaldigimmn ve 1,32-1,87 ml/g
bildirmislerdir.

Pisme kaybi1 degerinde, en yiiksek deger %20 KLU ilaveli
mufinde goriliirken en diisiitk deger %30 KLU ilaveli
mufinde bulunmustur. Benzer sonuglar Giritlioglu (2017)

Ornegine gore
arasinda degistigini

tarafindan yapilan calismada da bulunmustur. Bugday
unu yerine kinoa unu kullanilmasi keklerin pisme
kayiplarin1 azaltmistir. En yiliksek pisme kayb1 degeri
(%12,9) bugday unu ile seker otu preparat,
pisme kayb1 degeri (%11,4) ise kinoa unu ile Seker otu
preparati iceren formiilde bulunmustur.

en diisiik

Keklerin iist kisimlarinin yiizey profillerini belirlemek i¢in
kullanilan bir 6l¢iit olan simetri indeksinin pozitif bir
degere sahip olmasi kekin bombeli oldugunu yani kekin
kabarik oldugunu, tam tersine negatif bir deger almasi ise
kekin ¢oktiigiinii gosterir (ipek ve Dizlek, 2018). KLU
ilavesi ile iretilen mufin 6rneklerinin simetri indeksi
degerlerine bakildig1 zaman %20 ve %30 oranlarinda
KLU igeren mufinlerin simetri indekslerinin daha yliksek

oldugu dolayisiyla artan oranlarda KLU ilavesinin
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olumsuz bir etkide bulunmadigl tam aksine mufinlerin
daha bombeli olmasini sagladig1 saptanmistir. Tekdiizelik
indeksi, kekin yanal olarak simetrisini gosterir. Kek
merkezine esit uzakliktaki 2 ayri noktadan alinan bu
Olciimlerin birbirine esit olmasi yani bu indeks degerinin
0 olmas istenir.
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Tablo 4 incelendigi zaman kontrol 6rnegine goére KLU
iceren mufinlerin daha ¢ok sifira yakin tekdiizelik indeksi
degerine sahip olduklari, yani KLU ilaveli kelerin yanal

simetrilerinin kontrol kekine gore daha iyi oldugu
Artan oranlarda KLU
tekdiizelik indeksi degerleri lizerinde belirgin bir farklilik

sonucuna ulasilmigtir. ilavesi
olusturmamistir. Elde edilen sonuglar dogrultusunda KLU
ilavesi %30 gibi yiiksek oranlarda kullanildiginda bile
tekdiizelik yonde
etkilemedigini bu nedenle sanayi tipi farkli keklerin

keklerin indeksini  olumsuz
tiretiminde yapisal bir fark olusturmaksizin kullanilabilir
oldugunu gostermistir.

Mufin kalibina doldurulan hamurlarin alt taban ¢apinda
meydana gelen kiiclilmeyi ifade etmek i¢in “alt biiziilme
degeri”, st capinda meydana gelen Kkiiciilmeyi ifade
etmek icin ise “list biiziilme degeri” ifadeleri kullanilir
(Dizlek ve ark., 2008). Mufin iiretiminde %10 ve %20
oranlarinda KLU kullanilmas1 kontrol oOrnegine gore
mufinlerin ist kisimlarinda ve tabanlarinda daha az
biiziilmeye neden olmus, ancak KLU kullanim oraninin
%30’a ¢ikarilmasi ile keklerin iist ve taban kasimlarinda
daha fazla biiztilme tespit edilmistir (Tablo 4).

3.4. Mufinlerin Renk Ozellikleri

Mufin 6rneklerinin renk degerleri Tablo 5’te verilmistir.
Farkli oranlarda KLU ilavesi mufin oérneklerinin kabuk
renk degerlerinden olan L, a, b ve AE degerleri {izerinde
istatistiksel olarak onemli bir fark olusturmamistir
(p>0.05). Ancak i¢ renk degerleri incelendigi zaman KLU
ilavesinin mufinlerin renk degerlerini cok 6nemli diizeyde
(p<0.05) etkiledigi goriilmektedir. Mufin 6rneklerinin L
degeri kontrol orneginde 71,17 iken %10,%20 ve %30
oranlarinda KLU katkili érneklerde sirasiyla 68,17, 64,53
ve 60,92 olarak belirlenmis yani KLU ilave orani arttik¢a
i¢ renkte koyulasma meydana gelmistir. KLU ilavesi ile a
degeri artmis, KLU orani arttikca mufinlerin a degeri yani
kirmizilik degerleri de artmistir. Sarilik degerlerinde (b
degerlerinde) artis meydana gelmis ancak artan
oranlarda KLU ilavesi “b” degeri iizerinde istatistiksel bir
farka neden olmamistir (p<0.05). KLU ilavesi ile mufin
orneklerinin i¢ renk degerlerinden AE degeri azalmistir.
Bu renk degisimlerinin KLU’'nun ytiksek lif iceriginden,
ayrica pisirme sirasinda sekerin karamelizasyonundan ve
aminoasitler ile sekerler arasinda meydana gelen Maillard
reaksiyonlarindan kaynaklandig1 diisiiniilmektedir
(Gomez ve ark, 2011; Chahdoura ve ark, 2018). Elde
edilen renk degerleri toplu olarak degerlendirildiginde;
KLU’nun mufinlerin dis ve i¢ renk degerlerinde negatif bir
etki olusturmadigi ve fonksiyonel kek iiretimlerinde
kullanilabilecegi kanaatine varilmistir. Nitekim farkh
arastiricilar tarafindan yapilan c¢alismalarda da kek
tretiminde kullanilan farkli katkilarin; o6rnegin kabak
tozu (Baltacioglu ve Uyar, 2017), kahve c¢ekirdegi zari
(Ates ve Elmaci, 2018), patates unu (Jeddou ve ark., 2017)

keklerin renk degerleri iizerinde farkli derecelerde
etkilerde bulundugu rapor edilmistir.

3.5. Mufinlerin Tekstiirel Ozellikleri

Firin {riinlerinin tiiketici begenisini kazanmasinda

tekstiir 6nemli bir kalite kriteridir. KLU ilaveli mufinlerin
tekstiirel olarak TPA’leri yapilmis ve sertlik (hardness),
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elastikiyet (resilience) degerleri Tablo 6’da verilmistir.
Mufinlerin sertlik degerleri 812,48 g ile 941,56 g arasinda
degisim gostermistir. %10 ve %20 oranlarinda KLU
ilavesi mufinlerin kontrol 6rnegine gore daha yumusak
olmasini saglarken, %30 katki diizeyine ¢ikildig1 zaman
sertligin 6nemli Ol¢lide arttigr belirlenmistir. Bu durum
artan KLU ilavesi ile birlikte mufinlerin lif igeriklerinin ve
protein iceriklerinin de artmasi ile birlikte her ikisinin de
serbest suyu baglayarak daha doku
olusturmasindan ve aralarindaki hava bosluklarinin
azalmasindan kaynaklanmis olabilir. Jeddou ve ark.
(2017) %2, %5 ve 10% oranlarinda patates kabugu tozu
ilave ederek yaptiklar1 ¢alismalarinda; patates kabugu
ilavesinin keklerin sertlik degerini olciide
azalttigini1 vurgulamislardir.

Mufinlerin esneklik ve elastikiyet degerleri de sertlik
degerleri ile paralel bulunmustur. Yani %20 KLU ilave
oranina kadar gerek esneklik gerekse elastikiyet degerleri

sert bir

onemli

Tablo 5. Mufin érneklerinin renk degerleri

bakimindan kontrol 6rnegi ile aralarinda 6énemli bir fark
bulunmazken %30 KLU iceren mufinlerde aynen sertlik
degerinde oldugu gibi elastikiyet ve esneklik degerlerinde
sinirh diizeyde bir azalma saptanmistir.

Bir diger tekstiir parametresi olan yapiskanlik degeri
incelendiginde; kontrol keki ve %10 ve %20 KLU katkil
keklerin benzer yapiskanlik 6zelligi gosterdigi ancak %30
KLU ilavesinin keklerin yapiskanlik degerinde sinirh
diizeyde bir azalmaya yol actig1 belirlenmistir. Artan KLU
orani ile birlikte lif oraninin da artmasi ortamda mevcut
suyu da kendisine baglamakta ve olusan mufinlerin daha
sert, daha kuru ve dolayisiyla daha az yapiskan olmasina
neden olmustur. Baltacioglu ve Uyar (2017); kabak tozu
ilavesinin keklerin sertlik degerlerinde standart keke gore
azalma, yapiskanlik degerlerinde %30 kabak tozu oranina
kadar diisme, esneklik ve ¢ignenebilirlik degerlerinde de
azalma oldugunu bildirmislerdir.

KLU Kabuk Rengi i¢ Renk
ilavesi L a b AE L a b AE
(%)
0 51,68+4,542 15,72+1,212 24,3242,622 14,37+0,782 71,17£1,062 -0,44+0,214 23,25+0,52b 19,78+1,252
10 50,733,922 16,11+1,332 24,252,002 14,530,842 68,17+0,83P 1,36+0,34¢ 24,22+0,512 16,81+1,30°
20 47,084,182 16,49+0,502 22,5342,502 15,18+1,072 64,53+1,13¢ 2,55£0,22b 24,33+0,712 14,16+1,24¢
30 47,67+5,452 15,621,752 22,93%3,242 14,832,682 60,92+1,514 3,670,372 24,04+0,582 10,88+1,284
abAyni siitunda ayni harfle gosterilen ortalamalar arasinda istatistiksel olarak fark yoktur (p<0,05).
Tablo 6. Mufinlerin Tekstiirel Ozellikleri
KLU ilavesi Sertlik Esneklik Yapiskanhk Sakizimsilik Cignenebilirlik Elastikiyet
(%) (g) (gxs)
0 924,49+195,36? 0,9058+0,0282 0,5655+0,0272 519,36+91,032 470,92+86,36% 0,2437+0,0192
10 812,48+172,922 0,9143+0,0262 0,5537+0,0092 449,91+95,702 412,47+94,772 0,2392+0,0092b
20 858,44+185,022 0,8880+0,0092 0,5307+0,019> 454,56+94,602 404,10+87,782 0,2275+0,0162b
30 941,56+183,912 0,8906+0,0182 0,5138+0,005" 483,40+91,892 431,78+89,882 0,2230+0,006°

abAyni siitunda ayni harfle gosterilen ortalamalar arasinda istatistiksel olarak fark yoktur (p<0,05).

Sakizimsilik degeri kontrol 6rneginde en yiiksek (519,36)
bulunmus, KLU ilavesi ile énemli diizeyde azalmistir
(p<0.05). Farkh KLU ilave oranlar1 birbiri ile
kiyaslandiginda ise %10 ve %20 KLU ilaveli keklerde
sakizimsilik degerinin istatistiksel olarak ayni oldugu,
%30 keklerde ise bir miktar arttif1 tespit
edilmistir. Bir gidanin agiz igerisinde nasil kolay
kirilabildiginin  bir gdstergesi olan ¢ignenebilirlik
degerleri bakimindan mufin o6rnekleri incelendiginde,

ilaveli

KLU ilavesi ile mufinlerin ¢ignenebilirlik degerleri azalmig
yani agiz icerisinde uygulanmasi gereken kuvvet azalmis
bir bagka ifade ile sertlik degerleri ile paralel olarak
mufinler daha yumusak hale gelmislerdir. %10 ve %20
KLU iceren mufin 6rnekleri cignenebilirlik bakimindan
birbirleriyle benzer 6zellikler gosterirken, KLU oram %30
a ciktiginda diger tim TPA degerlerinde oldugu gibi
cignenebilirlik bir miktar artis gostermistir. Ancak
cignemek icin uygulanmasi gereken kuvvet kontrol 6rnegi
kadar yiiksek bulunmamistir. Tim tekstlir analizleri
birlikte degerlendirildiginde %20 ilave diizeyine kadar

KLU ilavesinin tekstiirel o6zellikleri olumlu yoénde
etkiledigi %30 gibi yiiksek bir ilave diizeyine ¢ikildig
zaman ise bazi tekstiirel degerlerde siirh diizeyde bir
gerilemeye neden oldugu sonucuna varilmistir.

3.6. Mufin Orneklerinin Duyusal Ozellikleri

Mufinlerin duyusal olarak degerlendirilmesi sonucu elde
edilen degerler kullanilarak olusturulan grafik Sekil 2'de
verilmistir. KLU eklenen mufinlerde ilave orani arttikca
kekte istenilen dis renkten uzaklastig1 tespit edilmistir.
Begenilen ve istenilen dis renk kontrol grubu mufinlerde
tespit edilmisgtir. I¢ renk degerleri bakimindan en
begenilen %20 KLU ilaveli mufin olmustur. Mufinlerde
istenilen gézenek yapisina en yakin olarak bulunan grup
%10 KLU ilaveli mufin, tekstiir ve yapisal 6zellikler
bakimindan %30 KLU ilaveli mufin 6rnekleri daha ¢ok
begenilmistir.

Mufinlerin ortalama ¢ignenebilirlik puani 3,8 ile 4,06
arasinda degismistir. %20 oranindaki KLU katkili mufin
cignenebilirlik ve agizda dagilma agisindan daha fazla
begenilmistir. Kumlu ve/veya kuru olma, koku aroma, tat
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ve lezzet degerleri bakimindan panelistlerce kontrol
ornegi ile KLU ilaveli 6érnekler arasinda ihmal edilebilir
diizeyde minimum farklar gorilmiistiir. Genel begeni
%10 ve %20 KLU
digerlerine gore daha fazla begenilmistir. Duyusal
degerlendirme sonuglari bir arada incelendiginde leblebi
tiretiminde yan {riin olarak ac¢iga ¢ikan ve katma degeri
diistik olan kirik leblebilerin un haline getirildikten sonra

bakimindan ise ilaveli mufinler

mufin ve farkli kek {retimlerinde basar1 ile
kullanilabilecegi, keklerin duyusal niteliklerini olumsuz
yonde etkilemeden dretilen keklerin fonksiyonel

ozelliklerinin arttirilabilecegi, farkli bir lezzet, aroma ve
tat arayisinda olan tiiketici gruplarinin ihtiyaglarina cevap
verebilecegi kanaatine ulasilmistir. Gergekaslan ve Boz
(2016), keciboynuzu kakaolu kekin duyusal
degerlendirilmesinde kontrol grubu kekler begenilirken
%10 ve %20 keciboynuzu ilaveli keklerin de begenildigi
gorilmustiir. Keciboynuzu ilaveli %20 ve tizeri orandaki
keklerin begenilmedigi tespit edilmistir. KLU ilaveli
mufinlerde ise %30 oranlardaki mufinler bile
panalistlerce begenilmistir.

Celik (2018), duyusal degerlendirmede iiziim posasi
ilaveli mufinlerde genel kabul edilebilirlik acisindan en
ylksek puani kontrol grubu dérnekler alirken KLU ilaveli
mufinlerde %10 ve %20 oranindaki mufinler daha ytiksek
puan almistir.

ilaveli

4. Sonug

Mufin diinyanin ¢esitli bolgelerinde yaygin olarak
tiketilen mamiil bir driindir. Tuketime hazir, ucuz,
besleyici olmasi, farkhh tatlar ile
zenginlestirilebilen ve uzun siire depolanabilmesi yaygin
kullanim nedenlerinden bazilaridir. Ozellikle cocuklar,
hastalar tarafindan yaygin tiiketilen ve ara o6giinlerin
vazgecilmezi olan kek, icerisinde bulunan un, yumurta,
seker gibi bilesenlerce besleyici degeri yiiksektir. Bu tahil
triiniiniin icerisinde leblebi gibi zengin besin icerigine
sahip bir iiriiniin kullanilmasi {iriin kalitesini arttirdigini
ve besin degerini iyilestirdigi goriilmektedir.

Sonug olarak kirik leblebi unu mufin kek iiretiminde
kullanilmasiyla fonksiyonellik 6zelliklerde iyilesmeler
saglandig1 belirlenmis ve protein degeri, diyet lif oram

ozelliginin  iyi

yuksek; tretimi kolay ve ucuz, besin degeri ytiksek yeni
bir iiriin gelistirilmistir.
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Ozet

Seker pancari (Beta Vulgaris L.) iki y1llik bir endiistri bitkisidir. Insanlar icin énemli bir besin kaynagi olan sekerin yam
sira melas, alkol, maya, antibiyotik ve biyoetonol gibi bir¢ok iiriiniin ham maddesini olusturmaktadir. Seker pancari
tariminda ekimden fabrikasyona kadar gecen dénemde, biyotik ve abiyotik bir¢ok etmen degisik boyutlarda ekonomik
zararlara neden olmaktadir. Bu etmenlerden birisi olan Karadrina [Spodoptera Exigua (Hiibner)] da zaman zaman
onemli ekonomik kayiplar meydana getirmektedir. Zararli; Afrika, Asya, Avrupa, Kuzey Amerika ve Okyanusya’da
toplam 152 iilkede 35 familyadan 170’den fazla bitki tiiriinii igeren genis bir konuk¢u dizinine sahiptir. Sicakliga bagh
olarak zararli yasam dongiisiinii 21 giin gibi kisa bir siirede tamamlayabilmektedir. [liman yerlerde 5, bazen 6 dol
verirken, daha soguk bolgelerde ise iki, bazen de ti¢ dol verebilmektedir. Zarar, larvalarin seker pancari yapraklari ve
pancar koklerinin ist kismi ile beslenip, gelismekte olan bitkileri tamamen yok etmesi ile meydana gelmektedir.
Zararlinin miicadelesinde lireme kapasitesine ve populasyon yogunluguna bagh insektisit kullanimi dnerilmektedir.
Ulkemizde Karadrina'nin seker pancarindaki zarar ile ilgili calismalar sinirh diizeydedir. Bu derleme ile zararlinin
cografi dagilimi, ekonomik 6nemi, biyolojisi, zarar belirtileri, zarari, konukgular1 ve miicadelesine ait giincel bilgilerin
verilmesi amacglanmis ve iilkemizde bu zararlinin seker pancarindaki zarar ile ilgili yapilmas1 gerekenlere iliskin
oneriler sunulmustur.

Anahtar kelimeler: Seker pancari, Karadrina, Spodoptera exigua (Hiibner)

A Seasonal Threat for Sugar Beet (Beta Vulgaris L.) Production, Beet Armyworm
[Spodoptera exigua (Hiibner)] (Lepidoptera: Noctuidae)

Abstract: Sugar beet (Beta Vulgaris L.) is a two-year industrial plant and it is an important human food source as
sugar besides the raw material of many products such as molasses, alcohol, yeast, antibiotic, and bioethanol. Many
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biotic and abiotic factors cause economic losses with different dimensions in the period from plantation to fabrication in
sugar beet cultivation. Beet armyworm [Spodoptera Exigua (Hiibner)], which is one of these factors occasionally causes
significant economic losses. Pest; It has a large host directory that contains more than 170 plant species from 35
families in a total of 152 countries in Africa, Asia, Europe, North America, and Oceania. Depending on the temperature, it
can complete its harmful life cycle in as short as 21 days. It may produce 5, or 6 generations in warm places, while two
or three generations in colder regions. Damage usually occurs as a result of feeding the larvae on the sugar beet leaves
and the upper part of the beetroots, which completely destroys growing plants. In terms of pest management, it is
recommended to use insecticides depending on the reproductive capacity and population density. The studies about the
damage of the Beet armyworm in sugar beets are limited in our country. It was aimed to provide the latest information
on the geographical distribution, economic importance, biology, damage symptoms, damage, host and management of
the pest with this review, and suggestions regarding the damage of this pest in sugar beet in our country were

presented.

Keywords: Sugar beet, Beet armyworm, Spodoptera exigua (Hiibner)
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1. Giris

Seker pancar1 (Beta vulgaris L.) Chenopodiaceae
familyasinda yer alan, Orta Avrupa orijinli, iki yillik bir
endiistri bitkisi olup sekerin yani sira melas, alkol, maya,
antibiyotik, biyoetonol gibi bir¢ok {iriiniin ham maddesini
olusturmaktadir (Sunulu ve Sunulu, 2016). Seker pancari,
Diinyada 4.8 milyon ha alanda, 301 milyon ton,
Tiirkiye’de ise, 338.826 ha alanda 20.8 milyon ton
tiretilmektedir (Anonim, 2020a).

Seker pancar1 iiretiminde biyotik ve abiyotik bircok
etmen cesitli dlciilerde zararlar meydana getirmektedir.
Bu biyolojik etmenlerden Dbirisi olan Karadrina
[Spodoptera exigua (Hiibner)] da zaman zaman 6nemli
ekonomik kayiplara
Gilineydogu Asya’ya 06zgli, tropikal ve en iyi bilinen
tarimsal zararlilardan birisidir (Capinera, 2008; Anonim,
2020b). Konukg¢usunun bulundugu her yere yayilmistir.

neden olmaktadir. Karadrina

Diyapoz mekanizmas1 olmadig1 icin sadece 1liman

yerlerde ve  seralarda Giindiiz
sicakliklarinin 10 2C’nin altinda oldugu ve donun konuke¢u
bitkilerini o6ldiirdiigii yerlerde nadiren kislamaktadir
(Capinera, 2008; Anonim, 2020b; Anonim, 2020c).

Go¢ boceklerin mevsimsel adaptasyonunda kisin hayatta

kislamaktadir.

kalmasi icin 6nemli stratejidir ve Karadrina da gé¢ eden
yaptig populasyon
yogunlugunun kaynagini giiney illerden gé¢ eden veya
lokal olarak kis1 geciren erginler olusturmaktadir.
Karadrina'nin kislama ve go¢ gelismelerini, populasyon
dinamiklerini anlamak amaciyla populasyon kaynagin

bir  tiirdlir.  Salgin yillarda

analiz etmek, izlemek ve tahmin etmek gerekmektedir
(Zheng ve ark, 2011). Zararli; pamuk, misir, seker
pancari, aycicegi basta olmak iizere 35 familyadan
170’den fazla bitki tiiriinli iceren genis konukgu dizinine
sahiptir (Anonim, 2020d; Talaee ve ark,, 2017; Zhang ve

ark, 2011).

Karadrina tlkemizin farkli bélgelerinde birgok kiiltiir
bitkisinde, ozellikle de endiistri bitkilerinden pamuk,
seker pancari, aycicegi, misir, patates ve yer fistiginda
zaman zaman onemli zararlara neden olmaktadir. Kis
mevsiminin 1iman gectigi baz1 yillarda da I¢ Anadolu
Bolgesi seker pancar1 ekim alanlarinda epidemi yaparak
onemli zararlar yapmistir. Zararlinin epidemi yaptig
2014 yilinda 57.906 hektar alanda Tirkiye Seker
Fabrikalar1 A.S. tarafindan zamaninda ve etkin miicadele
yaptirilmis ve o©nemli bir zarara sebebiyet vermesi
onlenmistir (Anonim, 2014). Kaya (2019), Ilgin (Konya)
ilcesinde 2017-2018 yillarinda seker pancar tarlalarinda
Karadrina’'nin ilk ergin ¢ikisini, ergin-larva populasyon
gelisimini, erginlerin dogada aktif oldugu siireyi ve
bulasiklik oranini tespit etmek amaci ile feromon
tuzaklar1 ile zararlinin populasyon gelisimini takip
etmistir. Calismada; tarlalarin ortalama bulagsiklik oranini
2017-2018 yillarinda sirasiyla Merkez'de % 0,0-% 0,1,
Diiger'de % 0,1-% 0,1 ve Karakdy'de % 0,2-% 0,2
oraninda saptamis, zararlinin populasyonunun her yil
artmamakla birlikte bazi yillar salgin olusturabilecegini,
salgin olan yillarda zararlh ile miicadelede basari
saglayabilmek icin Onceden tahmin ve erken uyari
sistemleri ile ilgili ¢alismalarin yapilmasi, iireticilerin
zararlinin salgin yapmasin1 6nleyebilmek i¢in zararh
populasyonunu feromon tuzaklariyla takip etmeleri
gerektigini bildirmistir.

Ulkemizde Karadrina’nin cografi dagilimi, ekonomik
onemi, biyolojisi, zarari, konukgular1 ve miicadelesi ile
ilgili temel bilgiler Tarim ve Orman Bakanlig1 tarafindan
hazirlanan “Teknik Talimatlar” ve “Bitki Koruma Uriinleri
Veri Taban1” ndan elde edilmekte olup; bu kaynaklarda
konu seker pancar1 boyutunda ele alinmamis, misir ve yer
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fistig1 6zelinde irdelenmistir. Zararlinin seker pancari
ozelinde ele alinarak, zararh ile ilgili giincel bilgilerin derli
toplu bir sekilde sunulmasi Seker sektorii ve paydaslarina
katki saglayacaktir.
Bu derleme ile seker sektoriinde c¢alisan teknik
personellere ve sektdriin paydaslarina bazi yillar salgin
yaparak seker pancarinda o6nemli verim kayiplarina
neden olan Karadrina'nin cografi dagilimi, ekonomik
onemi, biyolojisi, zarar belirtileri, zarari, konukgular1 ve
miicadelesi ile ilgili giincel bilgilerin
amaclanmis ve seker pancari iiretim sahalarinda zararliya
kars1 yapilmasi gerekenlere iliskin seker sektoriine

oneriler sunulmustur.

verilmesi

Yeri ve
(Hiibner)

2. Karadrina’min Sistematikteki
Tanim1 [Spodoptera exigua
(Lepidoptera: Noctuidae)]
Karadrina; Animalia alemi, Artropoda subesi, Insecta
sinifl, Lepidoptera takimi,  Noctuidae

Spodoptera cinsinde yer alan zararli bir bocek tiiridir
(Anonim, 2020Db).

familyas:,

larva toprakta pupa olur}gwa,\
siiresi 7-8 giindiir )

Sib-nstar

larvanin ikinci segmentinde
her iki tarafta yer alan siyah
nokta karakteristiktir

2.1. Biyolojisi

Zararlinin mevsimsel faaliyetleri, iklime gore O6nemli
Olciide degisiklik gostermektedir. Iliman yerlerde, yil
boyunca zararlinin tiim dénemlerini bulmak miimkiindiir.
Ancak kis aylarinda sicakliga bagl olarak gelisme hizi
azaldignr icin tiim
zorlasmaktadir. Bundan dolay1 belirgin bir kislama
dénemi yoktur (Anonim, 2008; Anonim, 2020c). Sicakliga
baglh olarak zararl yasam déngiisiinii 21 giin gibi kisa bir
siirede tamamlayabilmektedir. Iliman yerlerde bes bazen
alu dol verirken (Capinera, 2008), Konya gibi Orta
Anadolu sartlarinda iki bazen de ii¢ ddl verebilmektedir
(Kaya, 2019). Zararlinin yasam dongisii Sekil 1'de
verilmistir.

Dai ve ark, (2017); Karadrina’nin sicaklik ve konukcuya
baghh  gelisme, hayatta kalma ve populasyon
parametrelerini inceledikleri calismada 20, 25, 27, 30, ve
35 °C sicakliklarda sirayla 37,61, 30,78, 22,40, 18,57 ve
13,74 giinde zararlinin 1 doliinii tamamladigini, 27 °C'de
Lactuca sativa, Raphanus sativus ve Allium fistulosum ile
beslendiklerinde ise; sira ile 18,86, 20,10, 22,67, ve 22,50
glinde yasam doéngiistinii tamamladiklarini, zararlinin 38
°C’ de hayatta kalamadigin bildirmistir.

evrelerin bir arada bulunmasi

ergin ¢ikigtan 3-4 giin sonrayapraklarin alt
lizeyine yumurta birakir,

yumurtalar
sicakliga bagh
olarak 2-3 giinde
agilir

yumurtadan ¢ikan
larvalar imm
boyunda ve toplu
halde bulurlar,
once yumurta
kabuklar ile
beslenirler

Sekil 1. Karadrina, Spodoptera exigua'nin yasam déngiisti (Bandoly ve Steppuhn, 2016; Anonim, 2020c; Anonim, 2020d

ve Anonim, 2020g’den uyarlanmistir).

2.2.Ergin

Zararlinin genel goriniisi gri kahve ve Kkursuni
kahverengidir. Orta biiyiiklikte bir Karadrina'nin kanat
aciklig1 25-30 mm ve boyu 20-25 mm’dir. On kanatlar gri

kahverengi benekli zikzakl ¢izgilere sahip olup, iizerinde
biri kahverengi bobrek digeri agik kahverengi daire
seklinde iki leke vardir. Arka kanatlar daha diizgiin agik
kahverengi gri veya beyaz renkte ve kenar1 koyu bir ¢izgi
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ile cevrelenmistir. Disi bireyler, erkeklere gore daha
biiyilik ve daha koyu renklidir. Ergin 6mrii yaz déneminde
6-8 giin, bahar déneminde ise 15-20 gilindiir (Capinera,
2008; Anonim, 2017; Anonim, 2020c).

2.3. Yumurta

Disi kelebekler yumurtalar1 paketler halinde genellikle
yapragin alt ylizeyine birakir. Yumurtalar 0,4 mm ¢apinda
yukaridan bakildiginda dairesel, listten hafifce basik bir
noktaya dogru sivri, yesilimsi beyaz renktedir. Uzerleri
bulanik veya pamuksu bir goriiniimde beyazimsi pullarla
kaplidir. Disi kelebekler yasamlari boyunca 1200°den
fazla yumurta birakabilseler de, ortalama yumurta
tiretimi 300-600 kadardir. Yumurtalar sicak havalarda 2-
3 giinde soguk havalarda 4-10 giinde acilmaktadir.
Yumurtalarin gelisme esigi 12,4 °C’dir (Anonim, 2008;
Capinera, 2008; Anonim, 2020c).

2.4.Larva

Yumurtadan ¢ikan larvalar seffaf goriintislii, basi viicuda
oranla biiytik ve siyahtir. Birinci ve ikinci donem larvalar
soluk yesil veya sarimsi renktedir. Larvalarin 3.
déneminde boydan boya uzanan soluk bir serit olusur. 4.
doénem larvalarda bu serit daha da belirginlesmis ve koyu
bir renk almistir. 5. dénem larvalarin goriiniisii oldukca
degiskendir. Dorsal ve ventrali yesile meyilli pembe veya
sar1 renkte iken, lateralinde uzanan beyaz bir serit vardir.
Bazen larvalar ¢ok koyu renkte olabilmektedir. Larvalar
kilsiz olup, dokunuldugu zaman dénem fark etmeksizin
kivrilip kendilerini yere atmalar1 ile karakteristiktir.
Larvalar 5. déonemin sonunda pupa olurlar. Yumurtadan
¢ikan larva 1 mm boyunda iken sirasiyla larva
doénemlerinde 2,5, 5,8, 8,9, 13,8 ve 22,3 mm boyundadir.
Larva doénemlerindeki bas genisligi sirasiyla 0.25, 0.45,
0,70, 1,12 ve 1,80 mm’dir. Larvalarin basinin arkasindaki
ikinci segmentin her iki tarafinda tipik olarak kii¢iik birer
siyah nokta bulunmaktadir. Larva dénemleri 30 2C sabit
sicaklikta 2,5, 1,5, 1,2, 1,5 ve 3 giin siirmektedir. Larvanin
gelisme esigi 13,6 °C olup, toplam larva gelisme siiresi
besin Kkalitesinden etkilenmektedir. (Anonim, 1997;
Capinera, 2008; Anonim, 2020c; Anonim, 2020d).
Yumurtadan ¢ikan larvalar 6nce yumurta kabugunu
yiyerek beslenirler ve bir arada bulunurlar. Olgunlastik¢a
hareketli ve yalniz olup, bitkiden bitkiye gecerler. Larva
yogunlugunun yiliksek ve beslendigi bitkinin azot orani
diistik oldugunda, larvalar arasinda kannibalizm goriiliir.
Kannibalizm 6zellik gdsteren disi larvalar, ergin
oldugunda digerlerinden daha fazla yumurta birakirlar
(Capinera, 2008).

2.5. Pupa

Olgunlasan larva toprakta 1-2 cm derinlikte yiiksiik
seklinde bir odacik yapar ve orada pupa olur. Pupa
mumya tipinde ac¢ik kahverenginde, 15-20 mm
uzunlugundadir ve ug tarafinda birbirlerinden uzakta iki
sivri ¢ikint1 bulunmaktadir. Sicak havalarda pupa evresi
5-7 gilindiir (Capinera, 2008; Anonim, 2008; Anonim,
2020c¢).

3. Zarar sekli ve Ekonomik Onemi
Yumurtadan ¢ikan larvalar énce yumurta kabugunu

yiyerek beslenirler ve bir arada bulunurlar. Olgunlastik¢a
hareketli ve yalmiz olup bitkiden bitkiye gecerler.
Karadrina larvalar1 obur besleniciler olarak bilinmektedir.
Larvalar biiylidiik¢ce beslenme hizlar1 6nemli 6l¢iide artar
ve sicak havalarda sadece birkag glinde bitkinin biiyiik bir
kismini tiiketebilirler. Glindiizleri bitkinin golgeli ve serin
kisimlarina (seker pancarimmin bas kisminda, yaprak
saplarinin baglandig1  yerde) yerlesip,
beslenirken, geceleri aktif sekilde hareket ederek, tiim
bitki yapraklarla beslenirler (Sekil 2)
(Capinera, 2008; Anonim, 2020d). Damarlar harig
yapraklarin parankima dokusunu yer, yaprak zarini
birakip yapraklar iskelet sekline cevirirler. Zamanla
yaprak zar1 yirtilir ve yapraklar dantel seklini alir (Sekil
3) (Anonim, 2020d). Larvalar seker pancarinin yapraklari
ve koklerinin iist kismi ile beslenip kiigiik bitkileri
tamamen yok ederek ekonomik zarara neden olmaktadir.
Diger yandan pancar koklerinin st kismi ile beslenmesi
sonucu patojenlerin girisine olanak saglayarak da verim
kayiplar1 meydana getirmektedir (Darsouei ve ark., 2017;
Talaee ve ark., 2017).

Karadrina larvalar1 6zellikle populasyonunun yogun
oldugu yillarda seker pancarinin yapraklariyla beslenerek
onemli verim ve kalite kayiplarina neden olmaktadir.
Bununla birlikte seker pancarimin yapraklar1 bitince
koklerinde de zarara neden olarak, patojenlerin girisine
imkan saglayip verim ve kalite kayiplari meydana
getirmektedir (Talaee ve ark., 2017).

govdeye

aksamindaki

4. Cografi Dagilimi

Karadrina diinyada konuk¢usunun bulundugu her yere
dagilimi olan istilaci tiir olarak kabul edilmektedir (Zheng
ve ark, 2011). Commonwealth Agricultural Bureaux
(CAB); Karadrina'nin diinyada Afrika, Asya, Avrupa,
Kuzey Amerika ve Okyanusya’da toplam 152 iilkede
bulundugunu bildirmistir (Anonim, 2020e). Zararh
tilkemizde bulundugu her
goriilmektedir (Anonim, 2008).

konuke¢usunun yerde

5. Konukgulan

Karadrina’'nin tarla bitkileri, siis bitkileri, sebzeler, meyve
ve orman agagclari ile yabanci otlari igeren 35 familyadan
170’den fazla konukgusu bulunmaktadir (Dai ve ark,
2017; Zhang ve ark, 2011). Sebzelerden; kuskonmaz,
fasulye, pancar, brokoli, lahana, karnabahar, kereviz,
boriilce, patlican, marul, sogan, bezelye, biber, patates,
turp, 1spanak, tath patates, domates ve salgam, tarla
bitkilerinden; yonca, musir, pamuk, yer fistigi, aspir,
sorgum, soya fasulyesi, nohut, seker pancar1 ve tiitilin,
yabanci otlardan; kopek iiziimi, sirken, horozibigi, soda
otu, semizotu tiirleri, kasimpati cinsleri ve sigirkuyrugu
tirleri 6nemli konukgularidir (Capinera, 2008).

6. Miicadelesi

Zararlinin ¢ok sayida dogal diismaninin varligi; epidemi
yapmadigl ve insektisit baskisinin olmadigi durumlarda
zorunlulugunu kaldirmaktadir.

miicadele ortadan
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Kiiltiirel 6nlem olarak erken ekim, c¢apalama ve asir1
azotlu giibrelemeden kaginilmasi énemli uygulamalardir.
Insektisitlere kars1 direng sorunu, insektisitlerin gevre ve
dogal diismanlar tlizerindeki olumsuz etkileri, zararlinin
yonetiminde biyolojik miicadeleyi 6n plana ¢ikarmistir
(Darsouei ve ark., 2017). Karadrina'nin Ichneumonidae,
Braconidae, Eulophidae ve Tachinidae familyasina ait
parazitoitleri ve entomopatojenlerinin (bakteriler,
viriisler, nematodlar1 ve funguslar) farkli yasam
evrelerinde zararlinin biyolojik kontroliinde 6énemli rol
aldigr bildirilmistir (Darsouei ve ark, 2017). Ayrica
zararlinin bakuloviriis ve ascovirus tiirleri tarafindan
enfekte edildigi, ozellikle bakuloviriislerden Multiple

Sekil 3. Karadrina,Spodoptera exigua'nin belirtileri ve zarari.

Karadrina'nin sekerpancarinin 6zellikle fide donemindeki
populasyon yogunlugu, 6énemli verim kayiplarina neden
olmakta, bu durum ise insektisit kullanimini tesvik
etmektedir. Zararlinin miicadelesi i¢cin seker pancarinda
ekonomik bir zarar esigi belirlenmemistir. Ancak bitki

Nucleopolyhedrovirus'in  Karadrinaya spesifik oldugu
ortaya konmustur (Darsouei ve ark., 2017). Karadrinanin
tilkemizdeki dogal diismanlar1 Geocoris spp. (Hem.:
Lygaeidae) Nabis spp. (Hem.: Nabidae), Orius spp. (Hem.:
Anthocoridae), Deraeocoris spp. (Hem.: Miridae) predator
olarak, Apanteles ruficrus (Steph.) (Hym.: Braconidae),
Exorista xanthapsis (Wiedemann) (Dip.: Tachinidae),
Microbracon spp. (Hym.: Braconidae), Nemorilla maculosa
(Meigen)  (Dip.: Tachinidae), Palesisa  maculosa
(Villeneuve) (Dip.: Tachinidae) ve Drino imberbis
(Wiedemann) (Dip.: Tachinidae) parazitoit olarak tespit
edilmistir (Anonim, 2017).

basina ortalama 3 adet larvanin zararh miicadelesi i¢in
uygun olacagl disiiniilmektedir (Capinera, 2008).
Miicadelede feromon tuzaklarla zararlinin ergin c¢ikislari
(ilk ergin yakalanincaya kadar her giin, ilk erginden sonra
haftada iki giin tuzak Kkontrolleri yapilmali) takip
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edilmelidir. Tarlay: temsil edecek sekilde en az 5 noktada,
sira lizerinde 5 tane yan yana bitkide, toplamda 25
bitkide, bitki basi ortalama 3 adet larva tespit edildiginde,
larvalar toplu halde iken ilagh miicadele yapilmalidir
(Anonim, 2008).

Kimyasal miicadelede, zararli hizli bir sekilde direng
kazandigl i¢in, tekrar eden uygulamalar etki mekanizmasi
ve grubu farkli olan insektisitlerle yapilmalidir. Seker
pancarinda Karadrina miicadelesi i¢in ruhsatlandirilmis
az sayida bitki koruma iirtinii bulunmaktadir. Sunulu ve
ark. (2014), Kayseri'de faaliyet gosteren bitki koruma
triinleri bayilerinin mevcut durumlar1 ve bitki koruma
triinlerinin
calismalarinda; il genelinde Karadrina miicadelesinde,
ilkemizde sekerpancarinda ruhsat almamis olmasina
ragmen % 30 Indoxacarb, 240 gr/lt Metaflumizone, % 25

kullanim durumlarini inceledikleri

Spinetoram, 480 g/l Spinosad, % 5 Emamectin benzoate,
200g/1 Chlorantraniliprole, % 90 Methomil etken maddeli
driinlerin  bayiler  tarafindan edilerek
kullandirildigini bildirmistir.

Karadrina miicadelesinde tlkemizde ruhsath olan etkili

tavsiye

maddeler ve oOnerilen dozlari Tablo 1’de verilmistir.
Zararlinin miicadelesinde Bacillus thuringiensis aizawai,
thuringiensis  kurstaki,
subtsugae ve Burkholderia spp. gibi biyolojik insektisitler
(Fastac),
(Lannate),
triphenyltin-
etken

Bacillus Chromobacterium
ile azadirachtin,
chlorantraniliprole
methoxyfenozide,
hydroxide ve zeta-cypermethrin maddeli
insektisitler ise yurt disinda ruhsath sekilde
kullanilmaktadir (Anonim, 2020g; Anonim, 2020d).

alpha-cypermethrin
methomyl
spinosad,

(Coragen),
pyrethrins,

Tablo 1. Karadrina, Spodoptera exigua'nin miicadelesinde iilkemizde ruhsath olan etkili maddeler ve 6nerilen dozlari

(Anonim, 2020f)

Aktif Madde Dozu Son ilaglama ile hasat arasindaki siire
100 g/1 Cypermethrin 75 ml/da 7
200 g/1 Cypermethrin 30 ml/da 7
250 g/1 Cypermethrin 30 ml/da 7
500 g/1 Cypermethrin 15 ml/da 7
25 g/1 Deltamethrin 30 ml/da 3
% 5 Emamectin benzoate 30 g/da 7
50 g/1 Esfenvalerate 30 ml/da 7

7. Sonug ve Oneriler

Seker pancari tariminda ekimden fabrikasyonuna kadar
gecen donemde, canli ve cansiz bir¢ok etmen degisik
boyutlarda zarar yapmaktadir. Bu zararllar icerisinde
Karadrina o6zellikle fide doneminde o6nemli ekonomik
kayiplara neden olmaktadir. Zararli Gilineydogu Asya’ya
0zgli, goc edebilen ve polifag bir tiir olup igerisinde
yabanal otlar, tarla bitkileri, sebzeler, meyve ve orman
agaclarinin bulundugu genis konukcu dizinine sahiptir.
Zararli, konuk¢usunun oldugu her yerde bulunmaktadir.
Dol sayis1 iliman yerlerde 5 bazen 6 iken, soguk yerlerde
iki bazen de ii¢ olabilmektedir. Zararlinin generasyon
siiresi sicakliga bagl olarak degismektedir. Yumurtadan
¢ikan larva 5 donem gegirdikten sonra toprakta 1-2 cm
derinlikte ytiksiik seklinde bir odacik yapmakta ve orada
pupa olmaktadir. Larvalar seker pancarinin yapraklari ve
koklerinin iist kismi ile beslenip kiigiik bitkileri tamamen
yok ederek zarara neden olmaktadir. Zararlinin ¢ok
saylda dogal diismani bulunmaktadir. Epidemi yapmadigi
ve insektisit baskisinin olmadig1 durumlarda miicadeleye
gerek duyulmamaktadir. Kis mevsiminin iliman gectigi
yillarda, seker pancari yapilan
orneklemede bitki basina ortalama 3 adet larva tespit
edildiginde kimyasal miicadele yapilmalhdir.

ekim alanlarinda

Ulkemizde Karadrina'nin seker pancarindaki zarar ile
ilgili ¢alismalar simirh diizeydedir. Bu nedenle dncelikli
olarak;

e Tim seker fabrikalar1 her yil kendi iiretim sahasinda,
bolgelerini temsil edecek sekilde o6rnekleme ile
zararlinin  populasyon gelisimini eseysel ¢ekici
feromon tuzaklarla takip etmeli ve erken uyar1 sistemi
kurmaly,

e Zararl go¢ eden bir tiir oldugu igin, iilke icindeki go¢
yollar1 ortaya konmali, populasyon kaynagi analiz
edilmeli, izlenmeli ve tahmin edilmeli,

e Zararlimin seker pancari iiretim alanlarindaki dogal
diismanlari tespit edilmeli,

e Seker
insektisitlere karsi zararlinin diren¢ durumu ortaya
konmall,

pancart iretim alanlarinda uygulanan

e Seker pancari liretim alanlarindan izole edilen zararh
larvalarindaki entomopatojen varlig1 ve tiirleri tespit
edilmeli,

e Ulkemizde en ¢ok ekimi yapilan seker pancari
tlirlerinin zararhya karsi reaksiyonlari tespit edilmeli,

e Bolge bazinda zararlinin seker pancar1 ile
beslenmesine bagh olarak gelisme, hayatta kalma ve
populasyon parametreleri incelenmeli,

e Zararlnin miicadelesinde yurtdisinda kullanilan

biyolojik insektisitler iilkemizde de seker pancari i¢in

ruhsatlandiriimali,

gibi calismalarin yapilmasi 6nerilmektedir.

Cikar iliskisi
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Yazar bu calismada higbir ¢ikar iliskisi olmadigin1 beyan
etmektedirler.
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Abstract

Tiger nut or Cyperus esculentus originated from Africa and tropical Asia considered some authors, while other authors
consider that it is native to tropical and subtropical regions throughout the world. It belongs to the Cyperaceae family,
which produces rhizomes and spherical tubers. This plant is fast growing up with 20 to 70 cm tall. It lives in a moderate
climate with a temperature between 20 °C and 30 °C in all soil types except saline soil. It can be eaten; dry, raw, roasted,
or grated, also it can be transformed into milk called “Horchata”. With the use of Tiger nut for food purposes mainly in
raw consumption (gluten-free flour, ice-cream milk type extract) due to its unique sweetness, as well as, a valuable
source for vegetable oils, add to that it has a lot of medicinal benefits (reduces the risk of colon cancer, used as a heart
stimulant, effective remedy for diarrhea and anti-inflammatory) and used as high added value compound such as starch,
glucose, protein, and minerals. Despite all these previously mentioned benefits and advantages, a low focus had been
putting into Tiger nut’s researches. Therefore, this work has an aim to review the work done before and mention the
great importance of valorizing Tiger nuts. This study gives a brief introduction about Cyperus esculentus and describes
its morphology and its world distribution.

Keywords: Tiger nut, Cyperus esculentus, Nutrition, Oil, Health

*Corresponding author: Ondokuzmayis University, Faculty of Agriculture, Department of Field Corps, 55139, Samsun, Turkey
E mail: farslanoglu@omu.edu.tr (S. F.. MEHRNO)

Taha BAZINE https://orcid.org/0000-0002-6473-4025

Sahane Funda ARSLANOGLU https://orcid.org/0000-0001-5773-2665

Cite as: Bazine T, Arslanoglu SF. 2020. Tiger nut (Cyperus esculentus); morphology, products, uses and health benefits. BS] Agri, 3(4):
324-328.

1. Introduction ago and it was an important food in Egypt where they

Tiger nut “Cyperus esculentus Lativum” belongs to  used their tubers as sweetmeat (Zohary, 1986).

Cyperaceae and it is known by other names like chufa, Tiger nut is erect, with yellowish-green leaves, triangular
yellow nutsedge, earth almond and ground almond. Itisa  Stem about 20 to 60 cm tall, superficial rhizomes that
perennial crop cultivated extensively in Asia, East Africa, store proteins, starches and other nutrients to lead to the
parts of Europe particularly Spain as well as in the production of many tubers and golden-brown flower
Arabian Peninsula (Abdelkader et al, 2017). Tiger nutisa  head. The plant forms a complex, shallow underground
crop of early domestication, its dry tubers have been  System composed of fine fibrous roots, thin scaly

found in tombs from predynastic times about 6000 years ~ rhizomes, and spherical tubers appear somewhat long or
round with a dimension of 8 mm to 16 mm (Abdelkader
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et al,, 2017). Because of its fast growing is often confused
with weeds in some areas. It is ideally developed in well-
drained soils, sandy or loamy, with a pH range of 5.0-7.5
and grows best when temperatures over 20 °C (Dyer,
2009).

Tiger nuts are appeared to have more prospective usage
as nourishment and industrial materials; it can be used to
produce beverage, milk or yogurt, flour, nougat, jam, beer,
chocolate, a feed source, edible oil and as soaps (Achoribo
and Ong, 2017). Tiger nuts are rich in minerals such as
phosphorus, potassium, calcium, magnesium, and iron.
It’s also rich in vitamins E and C, and a good quantity of
vitamin B1 (Maduka and Ire, 2018). Tiger nut assists in
stabilizing the central nervous system and helps the body
to adapt to stress (David, 2005). Moreover, it defends the
internal mechanisms and prevents constipation and
diarrhea (Maduka and Ire, 2018).

2. World Distribution

C. esculentus grows almost in all temperate, tropical and
subtropical regions of the world like a weed. It’s located
in the Mediterranean region, Africa, India, North America,
Mexico, Peru, and others (CABI, 2020). Most growers of
the tiger nut are the West African countries such as
Nigeria, Senegal and Ghana. Also Spain is a good producer
and exporter of Chufa which is popular there (Ezeh et al,
2014). In Turkey, Tiger nut, which called ‘Yer bademi’, can
be founded as a weed in Northwest of Turkey and
Northeast of Anatolia (Tubives, 2020). Two varieties are
registered ‘SARI SEKER’ (Figure 1) and ‘BALYUMRU
(Figure 2) by Eastern Mediterranean Agricultural
Research Institute in Turkey (TTSM, 2020).

§ Lo

Figure 1. Tiger nut tubers: ‘Sari Seker’ variety.
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Figure 2. Tiger nut tubers: ‘Balyumru’ variety.

3. Morphology

Cyperus esculentus is classified in order “Graminales” in
class “Angiospermae”, subclass, “Monocotyledonae”, and a
family of Cyperaceae which consists of about 75 genera
and over 4000 species. Tiger nut can be produced
annually by seeds or perennially by corm like solid bulbs
at the base of a leaf fascicle or by rhizomes. It is a
perennial which reproduces annually by seeds and
perennially either by corm like solid bulbs at the base of a
leaf fascicle. Yellow nutsedge is a grass perennial fast-
growing plant; it is erect, robust and smooth (Figure 3)
(Gene, 1987).

Figure 3. Cyperus esculentus (original drawing by
Rosaria Manco): (a) habit of the flowering plant; (b)
mature tuber; (c) spikelet; (d1) achene: dorsal view; (d2)
achene: ventral view; (e) details of flower and rachilla
(Follak et al,, 2016).
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The rachis, 2 to 9 cm long, is terminated by an umbel
which is an inflorescence with golden-brown flower-
bearing rays in a cluster springing from the same level.
The umbel consists of several erect short rays and two to
nine strongly ascending longer rays. The umbel is
surrounded at the same level with three to nine leaves
(Gene, 1987). The inflorescence consists of 5 to 10
unequal stalks bearing terminal spikes with pinnate
spikelets and golden-brown flower heads. The small
seeds are yellowish, 3 sided achenes that are often not
viable (Wilma and Chester 0., 1986). Flowers are bisexual
and borne in spikelets along a rachilla at the axils of

distichous scales, rachilla is persistent, with hyaline
wings, 0.3-0.5 mm wide (Figure 4) (Follak et al, 2016).
Bright green basal leaves, with a distinctive mid-vein, a
waxy surface, gradually pointed tip, arranged in 3, form a
sheath around the stem, 4 to 9 mm wide and 20 to 90 cm
long (Figure 5).

In most cases, this plant is wind pollinated. Individual
seeds, often not viable, are borne as achenes with a thin
outer covering that remains intact after maturity. The
achenes are yellowish-brown, three angled, and 1.2 to 1.5
mm long (Wilma and Chester, 1986). C. esculentus is
characterized by white and superficial rhizomes with a
segmented aspect which are connected to small tubers. At
the end of the growing season and near maturity stage the
color of tubers changed from white to yellow and the
dimension is increased. Vegetative colonies of plants are
often produced from the tubers and their rhizomes.
Tubers are 6 to 10 mm long and located at the end of
slender rhizomes which when mature become wiry and
hard to break (Figures 6 and 7). Chufa is usually highly
productive, and one plant may produce hundreds of
tubers (Bamishaiye and Bamishaiye, 2011).

Figure 4. Tiger nut in the flowering period (Follak et al,,
2016).

Figure 5. Tiger nut leaf.

Figure 7. Dried tiger nut tubers (Maduka and Ire, 2018).

4. Climate and Soil Requirements

Tiger nuts can take only 90 to 110 days to mature if it is
properly managed according to the plant’s requests
mentioning by researchers, it is planted in April-July and
harvested in September-November (Maduka and Ire,
2018). Chufa can't grow up well on sites that are
intensely wet or flooded; also it can’t endure drought or
salinity. It develops best in slightly acid to neutral soils
(pH 5.0 to 7.5) of fine texture and high moisture content
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(Merrell, 1975., Wilma and Chester, 1986). The ideal
germination is initiated at temperatures at or above 20°C
but optimal germination accumulates when temperatures
alternate between day and night are 30 °C and 20 °C
respectively (Wilma and Chester, 1986). Pascual-Seva et
al (2016) reported that planting C. esculentus in raised
beds with drip irrigation increases yield compared to the
traditional crest planting system without reducing the
average size of the tubers. Also, they find that sowing
rhizomes in beds with three plant rows using two drip
lines lead to the highest irrigation water-use productivity.

5. Usage and Products

Tiger nut tubers can be eaten snacked, roasted, fried or
baked, also it can be used in food product to make flour,
starch, cakes, and biscuits. It can also be an aroma of ice
cream and cookies for its particular sweetness (Gambo
and Da'u, 2014). About 4000 years ago, Tiger Nut Oil
(TNO) has been used by Egyptians in medicine. Besides, It
has thought been identified to be suitable as frying oil and
cosmetic products (Mohdaly, 2019). Tubers must be
sorted, cleaned and dried after harvesting in order to be
used. The drying method is different according to the
producer’s wishes (milk, oil, flour etc.) it can be a natural
or an artificial drying (Asante et al., 2014; Kareem et al,,
2015). In Spain especially in Valencia where chufa is
frequently used there, tubers can be made into a
refreshing beverage to make a kind of milk called
“Horchata” (Mohdaly, 2019). The caramel extracted from
malted tubers of tiger nut can be used to make, flavor, or
color to some baked products. Moreover, it may be added
for non-alcoholic malt beverages and dark beers, and in
condiment products (Bamishaiye and Bamishaiye, 2011).

6. Health and Benefits

For 4000 years, tiger nut has been used as a healthy plant
because of its content of several minerals, energy, and
oleic acid. It has a high content of arginine which liberates
the hormone that produces insulin, besides its content of
carbohydrates with a base of sucrose and starch
(Bamishaiye and Bamishaiye, 2011). Tiger nut tubers are
benefit for bones, tissue repair, muscles, the bloodstream
and body development due to its richness in phosphorus,
potassium, calcium, magnesium and iron necessary
(Mohdaly, 2019). Phosphorus and calcium, as basic
elements in tiger nut tubers, constitute the bulk of the
mineral substance of the bones and teeth. It has an impact
in the formation of ATP, a vitality compound imperative
for “activating” glucose, unsaturated fats, etc. (Achoribo
and Ong, 2017). Potassium plays a role in many enzymatic
responses and significant physiological processes such as
nerve conduction, heart rhythm, and muscle contraction
(Mohdaly, 2019). Also, tiger nut is thought to have a
preventive effect against cardiovascular diseases and
cancer because of its content on vitamin E which plays a
role on the formation and functioning of the red blood
cells. (Gambo and Da’u, 2014).

Vitamin C in tiger nut is a good antioxidant, promotes iron
absorption and helps in maintaining vitamin E levels
essential for the immunological system and tissue
preservation (Rosell6-Soto et al, 2019). Because it
contains a high amount of vitamin B1, tiger nut assists in
adjusting the central nervous system and encourage the
body to adapt to stress (David, 2005). Tiger nut was
reported to be high in dietary fiber content, which is
effective in the treatment and prevention of many
diseases such as colon cancer, coronary health diseases,
gastro intestinal disorders, obesity and diabetics
(Achoribo and Ong, 2017). Besides, it is aphrodisiac,
carminative, diuretic, emmenagogue, stimulant and tonic.
It is used also in the treatment of flatulence, indigestion,
diarrhea, dysentery and excessive thirst (Adejuyitan,
2011). Tiger nut oil has a golden brown color and a rich
nutty taste, is one of the highest oleic acid contents that it
has a lipid and fatty acid profiles very similar to the olive
oil. It has a high oleic acid and low polyunsaturated fatty
acid and low acidity, which make it excellent for the skin.
It has higher oxidation stability than other oils, due to the
presence of polyunsaturated fatty acids and gamma-
tocopherol (Mohdaly, 2019). Also, it is recommended for
cooking over other oils since it is more resistant to
decomposition at high temperatures.
Furthermore, in the textile industry, oil is used to
waterproof textile fibers. It is additionally a potential
source of biodiesel (Bamishaiye and Bamishaiye, 2011). C.
rich mineral content, especially
phosphorus and potassium and a high quantity of vitamin
E (alpha-tocopherol) (Mohdaly, 2019; Rosell4-Soto et al,,
2019). Tiger nut oil is reported to be an; antioxidant,
anti-arthritic, anti-inflammatory, analgesic, antibacterial,
atherosclerotic and anticonvulsant (Krichéne et al., 2016).
The milk extracted from tubers "Horchata", as they call in
Spain, is extracted by cleaning and soaking the batches of
fresh tiger nut samples in cold water for 24 hours, wet
milled with about two liters per kilogram of water, using a
clean sterilized blender. This was followed by filtration
using a muslin cloth to remove the chaff from the milk.
The tiger nut milk is very nutritive and serves as a good
source of energy (Oyetoro et al,, 2019). It is a rich source
of minerals such as iron, magnesium, and carbohydrates
more than the cow's milk, in addition to phosphorus,
potassium, calcium, unsaturated fats, proteins and some

chemical

esculentus oil is

enzymes which help in digestion. On the other side, it’s
not containing lactose, casein, sugar or proteins of the
milk, or cholesterol and is, therefore, an ideal drink for
people who do not tolerate gluten or cow’s milk
(Bamishaiye and Bamishaiye, 2011). Tiger nut milk
contains vitamin E which delays cell aging, increases skin
elasticity and helps relieve the appearance of wrinkles.
Besides, it is essential for fertility in both men and
women, besides it is considered as a heart stimulant, liver
tonic, drank to heal serious stomach pain, to promote
normal menstruation and is a powerful aphrodisiac
(Mohdaly, 2019). The Milk is recommended for those who
suffer from indigestion, flatulence, and diarrhea because
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it provides digestive enzymes like the catalase, lipase, and
amylase (Adejuyitan, 2011).

7. Chemical Composition of Tiger Nut Tuber
The researches done to identify the chemical composition
of tiger nut tubers indicated that the moisture content of
tiger tubers was (8.50%). The carbohydrate was found to
be the first component in these tubers (45.73%) followed
by oil content (30.01%). Moreover; protein, ash and crude
fiber of tiger nut tubers were (5.08%), (2.23%) and
(14.80%) respectively. The starch content of tiger nut
tubers was (293.50 g/kg) followed by sucrose content
(99.35g/kg) and reducing sugar (27.61g/kg) (Arafat,
2019; Roselld-Soto et al,, 2019).

The high quantity of minerals in tiger nut tubers was
potassium, phosphor, magnesium calcium, sodium which
were 267.18 mg/100g, 158.86 mg/100g, 118.14
mg/100g, 43.36 mg/100g and 17.02 mg/100g
respectively (Suleiman et al,, 2018).

8. Conclusion

Due to the attempts to change many sources of alimentary
products such as ash, gluten, protein, sugar, etc., by other
healthy sources, tiger nut is one of the best solutions. Its
high content of nutrients and minerals, also the high oil
quality makes it an important alimentary and medicinal
plant. Therefore, Tiger nut should have broader research
and more use regarding its important benefits for human
health. For this reason, it will be beneficial to carry out
studies, especially in marginal areas where agricultural
production is limited and to increase research on
production and medicinal uses.
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Ozet

Dogada kalic1 ve toksik bir kirletici olarak kursunun canli organizmalar i¢in bilinen biyolojik bir fonksiyonu olmadigi
gibi yiiksek kursun konsantrasyonlar: bitkiler i¢cin zararhdir. Bitkiler tarafindan kék yoluyla alinan kursunun biiyiik
kismi koklerde tutulurken ¢ok az bir kismi bitkinin toprak iistii organlarina tasinir. Bdylece kursunun besin zincirine
katilmas: kisitlanmis olur. Kursun bitkilerde aktif oksijen tiirlerinin birikim hizim1 artirarak oksidatif strese neden
olmaktadir. Sonugta tohum ¢cimlenmesi, fide biiytimesi, proteinler, fotosentez, solunum, mineral madde beslenmesi ve
su iligkileri lizerinde olumsuz etkilere neden olur. Bitkiler kursunun dokularindaki dagilimini engelleyerek, 6zellikle
vakuollerde depo ederek ve antioksidant sistemin cesitli bilesenleri ile kursun toksisitesine karsi tolerans gostermeye
calisir. Bu ¢alismada kursun toksisitesinin bitkilerde neden oldugu metabolik bozukluklar ve tolerans mekanizmalari
tartisimistir.

Anahtar kelimeler: Antioksidant, Kursun, Pb, Toksisite, Tolerans
Lead Toxicity and Lead Tolerance in Plants

Abstract: As a persistant and toxic pollutant in nature, lead does not have any known biological importance for living
things and higher lead concentrations are harmful for plants. Lead enters plants mainly through the roots. A
considerable amount of lead is sequestered in the roots while small amount is translocated to the leaves. Thus
contamination of the food chain by lead is restricted. Lead causes oxidative stress in plants by accelerating the
formation rate of active oxygen species. As a result, it leads to some noxious effects on plants such as germination,
seedling growth, proteins, photosynthesis, respiration, mineral nutrition and water relations. Plants try to acquire
tolerance by preventing translocation of lead, sequestering it in vacuoles and antioxidant system. In this study,
metabolic anomalies caused by lead toxicity and tolerance mechanisms in plants are discussed.

Keywords: Antioxidant, Lead, Pb, Toxicity, Tolerance
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1. Giris

Bitkiler konsantrasyonu, tipi ve toksik etkileri farkl olan
cok cesitli kirletici maddelere maruz kalabilmektedir. Bu
tip kirleticiler bitkisel sistemlere toprak ve atmosfer
yoluyla girmektedir (Arshad ve ark. 2008; Uzu ve ark,
2010; Afify ve Abdel-Satar, 2020). Bitkileri etkileyen
kirleticiler arasinda bulunan kursun elementi digerlerine
gore bitkilerin en ¢ok karsilastiklar1 ve toksisitesi en fazla
olanidir (Checci ve ark, 2008; Grover ve ark, 2010;
Shadid ve ark., 2011). Kursun bir¢ok endiistriyel proseste
yaygin olarak kullanilmakta ve bu nedenle toprak, su
atmosfer ve canli organizmalara kolayca kontamine
olmaktadir. Cevresel kursun kontaminasyonunun énemi
bu elementin bir¢cok kaynaginin bulunmasindan ve
dogada c¢ok wuzun varligini
kaynaklanmaktadir (Islam ve ark., 2008; Andra ve ark,
2009; Punamiya ve ark, 2010). Bu kaynaklar arasinda
metal dokiim faaliyetleri, iceren yakitlarin
kullanilmasi, kursun kontaminasyonuna neden olan lagim
sular1 ve giibreler sayilabilir (Piotrowska ve ark., 2009;
Gupta ve ark, 2009; Sammut ve ark., 2010; Steffan ve ark,,
2018).

Insanlik icin faydali kullamim alanlarina sahip olmasina
ragmen kursunun canli organizmalar icin bilinen bir
biyolojik fonksiyonu yoktur (Maestri ve ark, 2010).
Kursun ayrica dogada bulunma yogunlugu, toksisite
derecesi ve canllarin maruz kalma sikligina gore
arsenikten sonra  en faktor
tanimlanmaktadir. Bu nedenle Kkursunun kontamine
olmus alanlardan bitkilere tasinmasi genis o6lc¢lide
calisilmaktadir.

Kursunun canli organizmalarda morfolojik, fizyolojik ve
biyokimyasal anlamda bir¢ok degisime neden olarak
toksik etkisini gdsterdigi bilinmektedir. Kursun elementi
bitkilerde tohum g¢imlenmesini, kdk biiyimesini, gévde
Kklorofil
organizasyonunu ve hiicre

slire stirdiirmesinden

kursun

zararl olarak

gelisimini, transpirasyonu,
kloroplastlarin lamellar
boliinmesini inhibe etmektedir (Sharma ve Dubey, 2005;
Krzeslowska ve ark., 2009; Gupta ve ark.,, 2010; Maestri
ve ark, 2010; Dogru, 2019). Ancak bu etkilerin derecesi
maruz kalinan kursun konsantrasyonuna, maruz kalma

sentezini,

sliresine, bitkinin gelisim evresine ve kursuna maruz
kalan organ tipine gore degismektedir (Dogru, 2020).
Bitkiler toksik metal konsantrasyonlarina farkli sekilde
cevaplar gelistirmislerdir. Ornegin secici metal alimimy,
metallerin bosaltimi, spesifik ligandlarla
komplekslestirilmesi ve kompartimantasyonu internal
detoksifikasyon mekanizmalar1 bu cevaplar arasindadir
(Gupta ve ark., 2009; Krzeslowska ve ark., 2010; Maestri
ve ark., 2010; Singh ve ark, 2010; Jiang ve Liu, 2010).

Bitkilerin kursun toksisitesine verdikleri cesitli cevaplar
cevresel kalite degerlendirmeleri bakimindan bir kriter
Ancak ekotoksikolojik
arastirmalar icin uygun Kkriterlerin gelistirilmesi i¢in
bitkilerdeki kursun alinimi, tasinimi ve toksisitesi ile ilgili
mekanizmalarin iyi anlasilmasi gerekmektedir. Bu durum
ozellikle kontamine olmus topraklarda yetistirilecek bitki

metallerin

olarak kullanilmaktadir.

tirlerinin ~ secimi  bakimindan 6nemlidir. Ornegin
Umbellifera, Liliaceae, Chenopodiaceae ve Compositae
familyalarina ait bitki tiirleri ile Kkarsilastirildiginda
kursunla kontamine olmus topraklarda baklagillerin
yetistirilmesi daha uygun gorilmektedir. Ciinki
baklagillerde kursun elementinin alimimi dogal olarak
sinirlandirilmis durumdadir (Alexander ve ark., 2006;
Martinez ve ark., 2020).

Tarimsal bitkilerde kursun aliniminin sinirlandirilmasi
ayni zamanda kursun elementinin besin zincirine katilma
riskini de azaltmaktadir. Ancak fitoekstraksiyon islemi
icin fazla miktarda kursunu yapilarina alan ve temel
fizyolojik fonksiyonlar1 bakimindan zarar gérmeyen bitki
tiirleri gerekmektedir (Arshad ve ark., 2008; Zaier ve ark,,
2010). Ornegin Pelargonium ve Brassica napus kursun
hiperakiimiilatorleri olarak karakterize edilmistir ve
kontamine olmus topraklardan asir1 miktarda kursunu
dokularinda biriktirmelerine ragmen morfofitotoksisite
semptomlar1 gdstermezler (Arshad ve ark., 2008; Zaier ve
ark, 2010). Bu bitkiler kursun toksisitesi etkilerini
azaltan etkili dogal detoksifikasyon mekanizmalarina

sahiptir. Bu calismada bitkilerde kursun alinimi, birikimi,

tasinimi, toksisitesi ve kursun toleransi arasidaki
etkilesimler ele alinmistir.
2. Kursunun Topraklarda Tutulmasi,

Mobilitesi ve Biyoyararlanimi

Kursun yerkabugunda dogal olarak bulunan bir
elementtir ve miktar1 yaklasik 50 mg/kg’dir (Arias ve ark.,
2010; Pais ve Jones, 2000). Ancak antropojenik aktiviteler
toprakta bulunan kursun bilesiklerinin miktarin1 ve
tiplerini degistirmektedir. Kursun toprakta HCOs-, COs2,
S04+2 ve CI- gibi inorganik iyonlarla veya humik asit,
amino asitler ve fulvik asitler gibi organik ligandlarla
baglanmis bulunabilecegi  gibi  partikiil
ylizeylerinde adsorbe edilmis olarak da bulunabilir (Uzu
ve ark., 2009; Tabelin and Igarashi, 2009; Sammut ve ark.,
2010; Vega ve ark., 2010).

Antropojenik kaynakli kursun genellikle toprak yiizeyinde
birikim gosterir ve konsantrasyonu derinlige bagl olarak
azalir (Cecchi ve ark, 2008). Organik ve kolloidal
materyallere  baglanma yeteneginin ¢ok yliksek
olmasindan dolay1 kursunun ¢ok az bir kismi toprakta
¢Oziiniir olarak bulunmaktadir (Kopittke ve ark., 2008;
Punamiya ve ark, 2010). Ancak kursun bilesiklerinin

olarak

topraktaki tipi, mobilitesi, ¢6ziiniirligii ve biyoyararlanim
derecesi bir¢cok jeobiyokimyasal faktére bagl olarak
degisim gdstermektedir (Punamiya ve ark., 2010) (Sekil
1).

Topragin pH degeri, redoks durumu, katyon degisim
kapasitesi, mineralizasyonu, biyolojik ve mikrobiyal
kosullar, kursun miktari, organik ve inorganik ligandlarin
varligl ve miktari, katyonlar arasindaki rekabet ve bitki
tiri bu faktdrler arasindadir (Lawal ve ark, 2010;
Tabellin ve Igarashi, 2009; Vega ve ark., 2010; Dumat ve
ark, 2006; Arias ve ark, 2010; Bi ve ark, 2010;
Padmavathiamma ve Li, 2010; Komjarova ve Blust, 2009;
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Liu ve ark. 2010). Bu faktorler tek tek veya birbirleriyle  bitkiler tarafindan alinimini etkilemektedir.

etkilesime girerek topraktaki kursunun davranislarini ve

l Kararsiz Pb
-

= 9 __/_\< Uzaklagtirilmis Pb
- ) - i Gl
e e ﬁ Topragin (o0 \*
Kararh Pb =% Tg ..
_ ® ¥ ykanmasi N
Uzun siireli
inkiibasyon

Kararli Pb — KararsizPb |

Biyolojik olarak

kullanilabilir Pb

Kararsiz Pb’nin
filtrasyonu

Sekil 1. Kursunun topraklarda bulunusu ve biyolojik olarak kullanilabilirligi (Chen ve ark., 2016).

3. Kursunun Bitkiler Tarafindan Alinimi

Endiistriyel faaliyetlerin yogun olarak stirdirildiagi
bolgelere yakin konumda bulunan alanlarda kiiltiire
alinmis bitkiler icin gecerli olan 6zel kosullar disinda,
metallerin bitki dokularinda birikim géstermesine neden
olan temel mekanizma koklerle gerceklestirilen alinimdir
(Uzu ve ark., 2009). Toprakta bulunan kursunun bir kismi
kok yiizeylerine adsorbe olur ve daha sonra ya misilaj
yapisindaki uronik asitlerdeki karboksil gruplarina ya da
rizoderm hiicrelerinin bulunan
polisakkaritlere direkt olarak baglanir (Seregin ve Ivanov,
2001). Vigna ungiuculata, Festuca rubra, Brassica juncea,
Lactuca sativa ve Funaria hygrometrica gibi bitkilerde
kursunun kok yiizeylerine adsorbe oldugu rapor
edilmistir (Kopittke ve ark., 2007; Ginn ve ark, 2008;
Meyers ve ark. 2008; Uzu ve ark, 2009; Krzeslowska ve
ark, 2010). Rizoderm hiicre yiizeylerine adsorbsiyon
gerceklestikten sonra kursun pasif olarak koke girer ve
transpirasyon akimi ile toprak lstii organlara tasinir.

ylizeylerinde

Ancak kursunun koék boyunca gozlenen absorbsiyon hizi
farkli bolgelerde esit degildir (Tung ve Temple, 1996;
Seregin ve ark., 2004). Ornegin kok uclarinda belirlenen
kursun miktar1 maksimum seviyededir. Ciinki kokiin bu
bélgesinde bulunan hiicreler, kalpitra hiicreleri harig,
genctir ve ince c¢eperlere sahiptir. Bu da alinan kursun
miktarinin kokiin diger bolgelerine gore daha fazla
olmasina neden olur (Tung ve Temple, 1996; Seregin ve
ark, 2004). Ayrica kokiin apikal bolgesindeki pH degeri
minimum degerdedir ve bdylece toprak ¢ozeltisindeki
kursunun ¢ézlniirligi artar.

Kursunun koklere nasil girdigi konusunda molekiiler
seviyede yeterli bilgi yoktur. Ancak kursunun koklere
katyon kullanarak  girdigi
belirlenmistir. Bitki kokleri tarafindan kursun alinimi

ozellikle kanallarim
secici olmayan bir siire¢ olmasina ragmen, rizoderm
hiicrelerinde kuvvetli bir negatif membran potansiyeli
saglayan H+*-ATPaz pompalarinin fonksiyonuna bagh
oldugu bildirilmistir (Hirsch ve ark., 1998; Wang ve ark.,,

2007). Koklerle gerceklesen kursun aliniminin kalsiyum
iyonlar1 tarafindan inhibe edildigi ve bunun kalsiyum
kanallar1 i¢in iki katyon
kaynaklandigi belirlenmistir (Kim ve ark., 2002; Huang ve
Cunningham, 1996). Bir¢cok arastiricc  kalsiyum
kanallarinin kursun iyonlarinin koklere girmesi igin
gerekli oldugunu bildirmistir (Wang ve ark, 2007;
Pourrut ve ark., 2008). Transgenik bitkilerin kullanimi ile
kursunun bitki koklerine siklik niikleotid iyon kanallar:
veya distik afiniteli katyon tasiyicilari gibi segici olmayan
alternatif mekanizmalarla alinabilecegi ortaya
cikarilmistir (Arazi ve ark, 1999; Kohler ve ark., 1999;
Wojas ve ark., 2007).

Kursunun tarimsal bitkilerde toprak iistii organlara

arasindaki rekabetten

allnim ve tasimiminin smirlandirilmasinin, kursunun
besin zincirine girisinin engellenmesi bakimindan faydal
oldugu disiinilmektedir. Ancak kursunla kontamine
olmus topraklarin fitoremediasyonu icin kullanilan
bitkilerde bu durum biiylik bir problemdir. Bu amagla
kullanilacak olan bitkilerin kursun aliniminin ve bunun
toprak istli organlarda birkiminin yiliksek oranda
gerceklesmesi ve bitkideki
minimum seviyede olmasi gerekmektedir. Topraktan
bitkilere pantere olan kursunun miktar1 “transfer faktorii”
ile belirlenebilir. Bu faktor bitki dokularindaki kursun
miktarinin

toksisite  belirtilerinin

toprakta  bulunan kursun miktarina
oranlanmasi ile belirlenebilir (Arshad ve ark., 2008; Bi ve
ark., 2010; Liu ve ark.,, 2010). Transfer faktérii hem farkl
bitki tiirlerine hem de topragin fiziksel ve kimyasal
ozelliklerine bagl olarak degisiklik gostermektedir. Genel
olarak transfer faktorii 1’'den biiyiikk olan bitkiler
hiperakiimiilator bitki olarak tanimlanmaktadir (Arshad

ve ark., 2008).

4. BitKkilerde Kursun Birikimi

Kursun bitkilerde kok sistemine panetre olduktan sonra
ya bu bolgede birikim gostermekte ya da bitkinin toprak
lstii organlarina tasinmaktadir. Ancak Vicia faba,
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Phaseolus vulgaris, Pisum sativum, Vigna ungiuculata,
Nicotiana tabacum, Lathyrus sativus, Zea mays, Avicennha
marina, Sedum alfredii, Allium sativum gibi bir¢ok bitki
tirtinde kursunun yaklasik %95'i koklerde birikim
gosterirken c¢cok az bir kismi toprak istii organlara
taginmaktadir (Shadid ve ark, 2011; Kopittke ve ark,
2007; Gichner ve ark. 2008, Brunet ve ark.,, 2009, Gupta
ve ark,, 2009; Yan ve ark., 2010; Gupta ve ark.,, 2010; Jiang
ve Liu, 2010; Dogru, 2019). Ancak bu tasinim sinirlamasi
tlim agir metaller i¢in gecerli degildir.

Kursun koklere girdigi zaman apoplasta gecer ve su akimi
ile endodermise kadar gider (Lane ve Martin, 1977).
Kursunun bitkilerde koklerden toprak {iistii organlara
tasiniminin sinirlandirilmasina neden olan birgok sebep
vardir. Kursunun hiicre ¢eperindeki negatif ytkli
pektinlerle immobilizasyonu, hiicreler arasi alanlarda
¢oziinmez kursun tuzlar1 olarak presipitasyonu, plazma
membraninda akiimiilasyonu ve rizodermal veya kortikal
hiicrelerin vakuollerinde tecrit edilmesi bu nedenler
arasinda sayilabilir (Arias ve ark., 2010; Malecka ve ark.,,
2008; Jiang ve Liu, 2010; Kopittke ve ark., 2007). Ancak
bu nedenler kursunun koklerden gévdeye tasinim hizinin
diisiik aciklamakta yetersiz kalmaktadir.
Koklerde fiziksel bir bariyer olusturan endodermis bu
konuda 6nemli bir role sahiptir. Koklerde apoplastik
olarak gerceklesen kursun tasinimi
kaspari seridi tarafindan bloke edilir ve bu noktadan
sonra simplastik olarak tasinmak zorundadir. Kursunun
biiyiik kism1 endodermis hiicrelerinde tutulur ve bitkinin
sahip oldugu detoksifikasyon sistemi ile etkisiz hale
getirilir (Dogru, 2019).

Brassica  pekinensis ve Pelargonium gibi birgok
hiperakiimiilatér bitki tiirii yliksek miktarda kursunu
toprak istii organlara tasir ve bundan metabolik olarak
zarar gérmez (Xiong ve ark,, 2006; Arshad ve ark., 2008).
spesifik  hiperakiimiilatéor  bitki
dokularindaki kursun konsantrasyonu 1000 ppm’e kadar
ulasabilir (Maestri ve ark., 2010). Aslinda bu bitki tiirleri
koklerinden topraga bazi maddeler salgilayarak
metallerin ¢dzlinmesini saglar ve bu da metallerin hem
bitki kokleri ile alinimini hem de taginimini artirmaktadir
(Arshad ve ark., 2008). Ayrica bu tip bitkiler secici metal
alinimi, salgilama, spesifik ligandlarla komplekslestirme
ve kompartimantasyon gibi detoksifikasyon
mekanizmalarina sahiptir ve bu yiizden yiiksek kursun

olmasini

endodermisteki

Bazi tiirlerinin

konsantrasyonlarini tolere edebilir.
Bunlara ek olarak, kursunun toprak iistii organlara
tasinimi etilendiamintetraasetik asit (EDTA) gibi organik
selatoler ve bazi bakteri tiirleri ile hizlandirilabilir
(Baruttia ve ark. 2010; Punamiya ve ark., 2010). Otuz
farkli Brassica pekinensis genotipi ile yapilan bir
calismada topraktaki ylksek kursun
konsantrasyonlarinin, kursunun toprak iistii organlara
taginim ylizdesini artirdigl ortaya cikarilmistir (Liu ve
ark, 2010). Yiksek kursun konsantrasyonlarinin
koklerdeki endodermis tabakasinda bulunan kaspari
seridini de pargaladig1 bilinmektedir.
Metallerin  koéklerden  govdeye

tasmimi  Kksilemle

gerceklesir ve  transpirasyon akimini  gerektirir
(Verbruggen ve ark., 2009; Liao ve ark., 2006). Govdenin
merkezi silindirine ulasan kusun buradan yine apoplastik
olarak tasinir ve iletim demetleri ile yapraklara ulasir
(Krzeslowska ve ark., 2010). Kursun ksileme girdikten
sonra bazi organik asitlerle veya amino asitlerle
kompleksler olusturabilir (Vadas ve Ahner, 2009; Maestri

ve ark., 2010).

5. Kursunun Bitkiler Uzerindeki Genel

Etkileri

5.1. Cimlenme ve Biiyiime Uzerindeki Etkileri

Bitkiler mikromolar seviyesinde bile kursuna maruz
kaldiklarinda tohum c¢imlenmesi ve biiylime tizerindeki
olumsuz etkileri gdzlenebilmektedir (Kopittke ve ark,
2007). Cimlenme olaymin ¢ok diisik kursun
konsantrasyonlarinda bile inhibe oldugu bildirilmistir
(Tomulescu ve ark. 2004; Islam ve ark. 2007). Kursun
toksisitesinin tohum ¢imlenmesi tizerindeki inhibe edici
etkisi Hordeum vulgare, Elsholtzia argyi, Spartina
alterniflora, Pinus halepensis, Oryza sativa ve Zea mays’ da
rapor edilmistir (Tomulescu ve ark., 2004; Islam ve ark.,
2007; Sengar ve ark, 2009; Zhang ve ark, 2018).
Kursunun tohum c¢imlenmesi {izerindeki inhibe edici
etkisinin, kursunun proteaz
tizerindeki  olumsuz  etkilerinden  kaynaklandig
belirtilmistir (Sengar ve ark., 2009).
Kursun toksisitesi bitkilerde fide
gelismesini de belli oranda inhibe etmektedir (Dey ve
ark.,, 2007; Gopal ve Rizvi, 2008; Ghani ve ark, 2016).
Kursun diisiik konsantrasyonlarda bile bitkilerde kok ve
govde biiylimesini inhibe etmektedir (Islam ve ark,
2007). Bu inhibisyonun ozellikle koklerde ¢ok daha
belirgin oldugu belirlenmis bunun nedeni olarak da
koklerdeki yiiksek kursun birikimi goésterilmistir (Liu ve
ark, 2008). Kursun toksisitesi bitki koklerinde sisme,
kivrilma, kisalma ve birim kék uzunlugu basina daha
yogun sekonder kok olusumuna da neden olmaktadir
(Kopittke ve ark. 2007). Jiang ve Liu (2010) 48-72 saat
kursun toksisitesine maruz birakilmis Allium cepa
koklerindeki sisme,
kaybolmasi, endoplazmik retikulum ve diktiyozomlarda
vakuolizasyon, plazma membraninda fiziksel hasarlar ve
nukleusda renk koyulasmasi gibi semptomlarin ortaya
ciktigini rapor etmistir.

Yiiksek  kursun

amilaz ve enzimleri

biiylimesini ve

mitokondrilerde kristalarin

konsantrasyonlar1 ayni zamanda
bitkilerde biyokiitleyi de olumsuz yonde etkilemektedir
(Gopal ve Rizvi, 2008; Piotrowska ve ark., 2009; Singh ve
ark, 2010). Siddetli kursun toksisitesi altinda hem
bitkilerde yaprak sayisi ve boyutlar1 azalmakta, hem de
morumsu renge sahip olan daha kirilgan yapraklar
olugsmaktadir (Gupta ve ark., 2009). Kursun toksisitesi
altindaki bitkilerde biliylime hizinda gozlenen azalmanin
nedeni olarak mineral madde beslenmesinin bozulmasi ve
fotosentetik aktivitenin yavaslamasi oldugu rapor
edilmistir (Gopal ve Rizvi, 2008; Islam ve ark., 2008).

Bir¢ok durumda kursun toksisitesinin bitkiler tizerindeki
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olumsuz etkisi zamana, tiire ve konsantrasyona baghdir
(Gupta ve ark., 2010).

5.2. Proteinler Uzerindeki Etkileri

Diger agir metaller gibi kursun da sitoplazmik
proteinlerle  etkilesime  girebilmektedir.  Kursun
toksisitesinin bitki hiicrelerindeki protein havuzunun
boyutlarini azalttigi bilinmektedir (Chatterje ve ark,
2004; Mishra ve ark., 2006; Garcia ve ark, 2006;
Piotrowska ve ark. 2009). Kursunun protein miktarinda
meydana getirdigi bu degisikliklerin sebepleri arasinda
aktif oksijen tiirlerinin olusumuna neden olmasi, gen
expresyonunda oldugu  modifikasyonlar,
riboniikleaz aktivitesinin artmasi, proteinlerin kursun
detoksifikasyonu icin kullanilmasi ve serbest amino asit
miktarinin azalmasidir (Gupta ve ark., 2009; Kovalchuk ve
ark., 2005; Gopal ve Rizvi, 2008). Ancak kursun toksisitesi
kosullarinda bitki kursun toksisitesine
tolerans konusunda dnemli rol oynayan prolin gibi amino
asitlerin miktar1 artmaktadir (Qureshi ve ark, 2007).
Mishra ve ark. (2006) ise disik
konsantrasyonlarinin bitki hiicrelerindeki toplam protein
miktarin artirdigin1 ve 6zellikle redoks regiilasyonu ile
ilgili olan proteinlerin birikiminin kursun toksisitesine
kars1 hiicresel yapilari korudugunu belirtmistir. Ayrica bu
proteinlerin bitki hiicrelerinde kursun toksisitesine karsi
askorbik asit, glutatyon ve fitoselatinlere benzer bir
koruma mekanizmasinin pargasi olabilecegi bildirilmistir
(Brunet ve ark, 2009, Liu ve ark, 2009; Yadav, 2010;
Jiang ve Liu, 2010). Kantitatif degisimlere ek olarak
kursun toksisitesi protein profilinde kalitatif degisimlere
de yol agmaktadir (Beltagi, 2005).

5.3. Su Miktar1 Uzerindeki Etkileri

Kursun uygulamasindan sonra bitkilerde su iliskilerinin
bozulmasi konusunda birgok ¢alisma yapilmistir (Brunet
ve ark, 2009; Kohli ve ark, 2018). Patra ve ark. (2004)
kursun toksisitesinin bitkilerde hem su miktarini hem de
transpirasyon hizini azalttigini rapor etmistir. Elzbieta ve
Miroslawa (2005) de transpirasyon hizinda meydana
gelen azalmanin,
sonucunda yaprak alaninda meydana gelen azalmadan
kaynaklandigin1 rapor etmistir. Ancak stoma yogunlugu
yliksek olan bazi bitki tiirlerinin kendilerini kursun
toksisitesinin  bu tip etkilerinden koruyabildigi
bilinmektedir (Kosobrukhov ve ark., 2004). Kursun bitki
hiicrelerinde ¢eper plastisitesini

neden

hiicrelerinde

kursun

yaprak biiylimesinin yavaslamasi

azaltarak hiicrenin
turgor durumunu degistirebilmektedir. Sekerler ve amino
asitler gibi hiicre turgorundan sorumlu olan bilesiklerin
konsantrasyonlarinda meydana gelen azalma kursun
toksisitesinin turgor basinci Uzerindeki etkisinin bir
kanit1 olarak goriilmektedir (Barcelo ve Poschenrieder,
1990). Ozellikle stoma bekgi turgor
basincinda meydana gelen degisim stoma hareketlerini

hiicrelerinin

etkiler. Bitkiler hiicrelerinin turgor basincini korumak
icin kursun toksisitesi kosullarinda prolin gibi ozmolitleri
sentezler (Qureshi ve ark, 2007). Stoma hareketleri
bitkisel bir hormon olan absisik asit tarafindan kontrol
edilir (Roelfsema ve Hedrich, 2005). Kursun toksisitesine
maruz kalan hiicrelerin koklerinde ve toprak {stl

organlarinda yogun bir absisik asit birikimi ve stomalarin
kapanmasi s6z konusudur (Parys ve ark. 1998; Atici ve
ark., 2005). Stomalarin kapanmasi da hem transpirasyon
hizinin azalmasina hem de bitki ile atmosfer arasindaki
gaz degisiminin smirlandirilmasma yol agar (Parys ve
ark, 1998). Elzbiate ve Miroslawa (2005) kursun
toksisitesine birakilan  bitkilerde kiitikiila
tabakasinin kalinlastigini ve yapraklarin solunum hizinin
azaldigin1  bildirmistir.

maruz

Ayrica kursun toksisitesi
sonucunda oksidatif fosforilasyon ve solunum olayinda
meydana gelen aksakliklar sonucu bitkilerde oksijen ve
karbondioksit arasindaki denge bozulmakta ve hiicrelerin
su durumu olumsuz etkilenmektedir.

5.4. Mineral Beslenme Uzerindeki Etkileri

Yapilan bir¢ok arastirma kursun toksisitesinin farkl bitki
tirlerinde mineral madde beslenmesini belirgin sekilde
etkiledigini gostermistir (Chattarjee ve ark. 2004; Sharma
and Dubey, 2005; Gopal ve Rizvi, 2008; Orenes, 2018).
Zea mays, Oryza sativa,
oleraceae, Vigna ungiuculata ve Raphanus sativus’'da
yapillan  ¢alismalar, toksisitesinin  bitki
dokularindaki ¢inko, mangan, magnezyum, kalsiyum ve
demir gibi divalent katyonlarin miktarim1 azalttigini
gostermistir (Seregin ve ark., 2004; Chattarjee ve ark,
2004; Sinha ve ark. 2006; Lopez ve ark. 2007; Kopittke
ve ark., 2007; Gopal and Rizvi, 2008). Bu azalmanin kesin
nedeni bilinmemekle birlikte, kok absorbsiyonunun bloke
edilmesi, bu elementlerin kéklerden

Medicado sativa, Brassica

kursun

toprak sti
organlara tasiniminin engellenmesi veya bitki dokular:
arasindaki sebeplerden
kaynaklanabilecegi ileri siirtilmiistir (Lopez ve ark,
2007).

Kursun toksisitesi altindaki bitkilerde mineral madde
alinimindaki azalmanin kursunla benzer atomik boyuta

dagiliminin degismesi gibi

sahip olan diger iyonlar arasindaki rekabetten veya
bitkilerin  fizyolojik  aktivitesindeki  degisimlerden
kaynaklanabilecegi belirtilmistir. Ornegin Sharma ve
Dubey (2005) kursun ve potasyum arasindaki etkilesimin
her iki elementin benzer iyon ¢apina sahip olmasindan
kaynaklanabilecegini ve bu iyonlarin bitki hiicrelerine
alinim bakimindan ayni potasyum kanallar1 i¢in rekabete
girebileceklerini rapor sekilde
kursunun hiicre membranlarindaki K-ATPaz ve membran
proteinlerindeki stilfidril gruplarini

hiicrelerin potasyum kaybetmesine yol

etmislerdir. Benzer
etkileyerek
actigt  da
bildirilmistir. Tiim bitki kisimlarindaki inorganik azot
konsantrasyonundaki  azalma, nitrat asimilasyon
stirecindeki hiz simirlayici enzim olan nitrat rediiktaz
aktivitesindeki azalmadan kaynaklanabilir (Xiong ve ark.,
2006; Sengar ve ark., 2009). Xiong ve ark. (2006) Brassica
pekinensis’de kursun uygulamalarinin govdedeki nitrat

ve serbest amino asit miktar1 ile nitrat rediiktaz

aktivitesini  belirgin  derecede azalttigini  ortaya
cikarmistir.

5.5. Fotosentez Uzerindeki Etkileri

Kursun toksisitesi altindaki bitkilerde fotosentetik

aktivitenin inhibe edildigi bilinmektedir (Hu ve ark,
2007; Liu ve ark., 2008; Piotrowska ve ark., 2009; Singh
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ve ark, 2010; Dogru, 2019). Kursun toksisitesinin bu
inhibe edici etkisinin direkt degil dolayli mekanizmalarla
ortaya ciktig1 ileri siiriilmiistiir. Ornegin kursun toksisitesi
bitkilerde kloroplast
olabilmektedir (Elzbieta ve Miroslawa, 2005; Islam ve
ark., 2007). Gupta ve ark. (2009) kursun toksisitesinin
ferrodoksin NADP+ rediiktaz ve A-aminoleviilinik asit

yapisinin  bozulmasina neden

dehidrataz aktivitesini azalttigim1 ve sonugta klorofil
sentezinin inhibe edildigini bildirmistir. Bunun disinda
kursun toksisitesi bitkilerde plastokinon ve karotenoid
sentezinin inhibisyonu, elektron tasinim
stomalarin kapanmasi sonucunda CO:
kisitlanmasi, demir gibi

aliniminin bazi

sisteminin
inhibisyonu,
aliniminin mangan ve
engellenmesi,

enzimlerinin ve

elementlerin Calvin

dongiisii klorofillaz  aktivitesinin
inhibisyonu gibi etkilere sahiptir (Liu ve ark, 2008;
Dogru, 2019; Romanowska, 2006, Gopal ve Rizvi, 2008;
Liu ve ark, 2008). Ancak bu tip etkiler kursun
toksisitesine kalan  bitki gore
degismektedir. Genel olarak klorofil b molekilii kursuna
klorofil a molekiiliine gore daha duyarlidir (Xiong ve ark.,
2006).

5.6. Solunum Uzerindeki Etkileri

Fotosentetik  Dbitkiler toksisitesine
kaldiklar1 zaman hem solunum reaksiyonlar1 hem de ATP
miktar1 olumsuz etkilenmektedir (Alamri ve ark., 2018).
Ancak kursun toksisitesinin solunum aktivitesi lizerindeki
etkileri fotosentez kadar ayrintili ¢alisiimamistir (Seregin
ve Ivanov, 2001). Benzer sekilde kursun toksisitesi ile
solunum arasindaki etkilesimler de koklerden ¢ok
yapraklarda arastirilmistir. Kursunun C3 bitkilerinde CO2
asimilasyonunu kontrol 1,5 bisfosfat
karboksilaz/oksigenaz enziminin sadece karboksilasyon
aktivitesini inhibe ettigi bildirilmistir (Assche ve Clijsters,
1990). Bu sonug¢ bitkilerde fotorespirasyon olaynin
kursun toksisitesinden etkilenmeksizin fotosentetik
aktivitenin inhibe edildigini gostermektedir. Parys ve ark.
(1998), Pisum yapraklarindaki CO2
konsantrasyonunun, kursun uygulamalari
muhtemelen fotosentetik aktivitenin azalip solunum
aktivitesinin artmasindan dolay1 artis gdsterdigini rapor
(2002)
mitokondriyal

maruz tlirune

kursun maruz

eden rubiloz

sativum
sonucunda

etmistir.  Romanowska ve ark kursun

toksisitesinin sadece solunum
reaksiyonlarini inhibe ettigini ancak fotorespirayonu
etkilemedigini ileri siirmiistir. Pisum sativum ve Hordeum
vulgare'nin  yaprak protoplastlarinda yapilan bir
arastirmada ise kursun toksisitesinin mitokondriyal
solunumu ve ATP iiretim hizim artirdigl rapor edilmistir
(Romanowska ve ark., 2006). Bu sonu¢ muhtemelen
kursun toksisitesine verilen metabolik cevaplarin ATP’ye
bagiml olabilecegini gostermektedir.

Kursun, ¢inko, kadmiyum, kobalt ve nikel gibi divalent
katyonlarin meitokondriyal membranlara baglanarak
elektron tasinimim ve fosforilasyon olayimi inhibe ettigi
belirlenmistir (Romanowska ve ark., 2006). Romanowska
ve ark. (2002) 5 mM Pb(NOs3)2 uygulanan baz C3 ve C4
bitkilerinin yapraklarinda %20-50

oraninda arttifin1  goézlemlemistir. Kursun uygulanan

solunum hizinin

bezelye bitkilerinden izole edilen mitokondrilerde,
kontrol bitkilerinin mitokondrileri ile karsilastirildiginda
glisin, siiksinik asit ve malik asit gibi substratlarin daha
fazla oksitlenmis durumda bulundugu da belirlenmistir
(Romanowska ve ark., 2002).

5.7. Genotoksik Etkileri

Kursunun bitkilerdeki toksisitesi belirli oranda sahip
oldugu antimitotik etkisinden kaynaklanmaktadir (Shadid
ve ark, 2011; Lyu ve ark.,, 2020). Kursunun Allium cepa
kok hiicrelerinde konsantrasyona bagli olarak antimitotik
etkiye sahip oldugu uzun siire 6nce Hammet (1928)
tarafindan ortaya ¢ikarilmis, daha sonra ise ayrintili bir
sekilde agiklanmigtir (Patra ve ark., 2004). Vicia faba
koklerinde kursunun mitotik evreyi kisalttigl, interfazin
ve hiicre siklusunun uzamasina yol ac¢tig1 belirlenmistir
(Patra ve ark., 2004). Bitkilerde kursun toksisitesinin ilk
evresi kursun iyonlarinin hiicresel membranlara ve
ceperlere baglanmasidir. Boylece bu yapilar mekanik
olarak daha kat1 bir hale doniisiir ve hiicre bolinmesi
belli oranda inhibe edilir. ikinci basamak ise mitoz icin
olduk¢a ©nemli olan mikrotibillerin bozulmasidir.
Kursun toksisitesi ayn1 zamanda hiicre bdliinmesinin G2
ve M evrelerini inhibe ederek anormal hiicrelerin
olusumuna neden olur. Bu durum kursun iyonlarinin
siklinler gibi hiicre siklusu ile ilgili olan proteinlerle
dogrudan veya dolayh etkilesimlerinden
kaynaklanmaktadir.

Antimitotik mekanizmanin tersine kursunun genotokosik
etkilere yol a¢tifi mekanizmalar olduk¢a komplekstir ve
anlagilamamistir.  Kursunun  disiik
konsantrasyonlarda mitoz boéliinme iizerinde belirgin bir
etkisi yoktur. Ancak anafaz evresinde kromozomal
kopriilerin  olusumu (aberasyon), sirasinda
asentrik fragmentlerin kaybi, kromozomal fragmentasyon

tam  olarak

mayoz

ve mikronukleus olusumu gibi etkileri s6z konusudur
(Patra ve ark. 2004; Marcato ve ark., 2009; Barbosa ve
ark,, 2010). Kursunun bitki hiicrelerinde mikrotiibiil agin
bozarak aberasyonlarina  yol actigl
sanilmaktadir. Yapilan in vitro arastirmalar kursunun
DNA zincirlerinde kirilmalara yol ac¢tigini da ortaya
cikarmistir (Rucinska ve ark., 2004; Gichner ve ark., 2008,
Shadid ve ark., 2011). Malecka ve ark. (2008) kursunun
niikleusa girerek direkt olarak DNA’ ya ya da dolayh
olarak proteinlere baglandigini belirlemistir. Kursun
iyonlar1 DNA’ya baglandiktan sonra DNA'nin onarim ve

kromozom

replikasyon mekanizmasini bozmaktadir.

5.8. Oksidatif Stres ve Lipid Peroksidasyonu Uzerine
Etkileri

Bitki hiicrelerinin kloroplastlarinda normal hiicresel
metabolizmanin bir sonucu olarak molekiiler oksijenin
indirgenmesi ve pigmentlerin eksitasyonu
cesitli  aktif (AOT)
gelebilmektedir. Cesitli cevresel stres faktdérlerine maruz

sirasinda

oksijen tiirleri meydana
kalan bitkilerde siiperoksit radikali, hidroksil radikali ve
hidrojen peroksit gibi AOT’lerin olusum hizinda artis
meydana gelmektedir. Aerobik canlilarin hiicrelerindeki
AOT olusumu oksidatif strese neden olmaktadir. Kursun

da dahil bir¢cok agir metal bitkilerde oksidatif strese yol
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acabilmektedir (Pourrut ve ark. 2008; Yadav, 2010; Sinhg
ve ark., 2010; Dias ve ark, 2019). Ancak olusan oksidatif
stresin  boyutu bitki tipine,
konsantrasyonuna ve maruz kalma siiresine bagh olarak
degismektedir. AOTlerin olusum hizi
sistemin kapasitesini astigi zaman bu AOT’ler niikleik
asitler, proteinler ve lipidler gibi cesitli
bilesenlerle reaksiyona girmeye baslamakta ve sonugta
onarilamaz metabolik hasarlar ve hatta hiicre oliimleri

tirine, metal metal

antioksidant

hiicresel

meydana gelmektedir (Reddy ve ark. 2005; Hu ve ark,
2007; Yadav, 2010).

Kursun farkl lipid
kompozisyonunda o6nemli degisimlere yol acmaktadir
(Liu ve ark., 2008; Singh ve ark, 2010). Polidoymamis yag
asitleri ve bunlarin esterleri AOT’lere karsi oldukca
duyarli molekiillerdir (Dey ve ark, 2007). AOTler
doymamis yag asiterinin yapisindan bir hidrojen atomu
cikararak lipid radikallerinin ve reaktif aldehitlerin
olusumuna ve sonugta hiicresel membranlarin yapisinda
bozulmalara neden olmaktadir (Mishra ve ark, 2006).
Malkowski ve ark. (2002) kursunun musir bitkilerinin
hiicre membranlarinda lipid igerigini degistirdigini ve
hiicrelerin potasyum kaybetmelerine yol actigin1 rapor
etmistir. Kursun toksisitesinin bir¢ok bitki tiiriinde lipid
peroksidasyonunu  indiikledigi  ve
doymamis yag asidi igerigini artirdigr belirlenmistir
(Singh ve ark., 2010).

Kursun elementinin bitkiler tizerindeki etkileri Sekil 2’de
0zetlenmistir:

hiicre membranlarinin

membranlarin

Lipid
peroksidasyom

Kursunun

bitkiler
tizerindeki
etkileri

Fotosentezin
P m—

Sekil 2. Kursun elementinin bitkiler tizerindeki genel
etkileri (Sharma ve Dubey, 2005).

6. Bitkilerde

Mekanizmalari
6.1. Pasif Mekanizmalar

Kursun Tolerans

Az miktarda kursun bile kok hiicrelerinin membranlarina
pantere oldugunda, kursun cesitli hiicresel bilesenlerle
etkilesime girerek ceperlerin kalinliginin artmasina yol
acmaktadir (Krzeslowska ve ark., 2010). Pektin bitkilerde
ceperinin  yapisal Dbilesenlerinden  biridir.
Pektinlerin yapisinda bulunan karboksil gruplar ile

hiicre

kursun arasinda meydana gelen komplekslesmenin
bitkilerin kursun toksisitesine tolerans gelistirmesini
saglayan en o©nemli etkilesim oldugu belirtilmistir
(Meyers ve ark., 2008; Jiang ve Liu, 2010).

6.2. Indiiklenebilir Mekanizmalar
Yapilan bir¢ok arastirma bitki hiicrelerinde metal
detoksifikasyonu konusunda o6nemli role sahip olan
tasiyicl proteinlerin varligini ortaya cikarmistir (Meyers
ve ark., 2008; Vadas ve Ahner, 2009; Maestri ve ark.,,
2010). Mayada ekspreslenen
tasiyicisinin  (DMT1) bitkilerde pH degerine bagh bir
prosesle kursun iyonlarini tagidigi gosterilmistir (Bressler
ve ark, 2004). Benzer sekilde AtATM3 ve AtADPR12 gibi
Arabidopsis bitkisinin ATP baglayic1 bolgesindeki ATP
baglayic1 kaset (ABC) proteinlerinin kursun toleransi ile
ilgili oldugu da ortaya ¢ikarimistir (Kim ve ark. 2006;
Cao ve ark., 2008). Liu ve ark. (2009) bu tasiyicilara ait
genlerin ekspresyonunun kursunla stimiile edildigini
rapor etmistir.

Bitkilerde hiicresel tecrit ya da alikoyma mekanizmasinin
agir metal detoksifikasyonu ve homeostasisinin
saglanmasinda olduk¢a oOnemli oldugu bilinmektedir
(Maestri ve ark, 2010). Bu mekanizmaya gore kursun
iyonlar1 bazi organik maddelere baplandiktan sonra
vakuol, diktiyozom ve endoplazmik retikulum vesikiilleri
gibi bolgelerde alikonulmaktadir (Piechalak ve ark., 2002;
Vadas ve Ahnar, 2009; Wierzbicka ve ark., 2007).

Sistein ve glutatyon bitkilerdeki enzimatik olmayan
antioksidant molekiiller arasindadir. Kursun toksisitesi
altindaki Arabidopsis bitkilerinde
miktarinin arttigl belirlenmistir (Liu ve ark, 2009).
Glutatyon bitkileri kursunun neden oldugu AOT’lerin
zararl etkilerine kars1 korumaktadir (Verbruggen ve ark,,
2009). Ayrica glutatyonla ilgili proteinler agir metal
detoksifikasyonu ve homeostasisinin saglanmasinda
Onemli fitoselatinlerin icin
substratlardir (Liu ve ark, 2009). Kursun toksisitesi
altindaki bitki tiirlerinde glutatyon peroksidaz, glutatyon
rediiktaz, glutatyon sentetaz ve glutamilsistein sentetaz
gibi enzimlerin genlerinin indiiklendigi belirlenmistir.
Glutatyon ayni zamanda membran ve proteinlerin
ugradigl hasarin azaltilmasindan sorumlu olan prolin
sentezinin de stimiilasyonunu saglamaktadir (Liu ve ark.,
2009). Gupta ve ark. (2010) glutatyon molekiiliiniin
kaldiklar1 bitki
toksisitesine koruma

insan divalent metal

thaliana sistein

olan sentezi onemli

fitoselatinlerin  etkisiz durumlarda

hiicrelerinde  kursun kars1
sagladigin bildirmistir.

Fitoselatinler ve metalotioneinler bitki hiicrelerindeki
metal baglayici ligandlar olarak karakterize edilmistir. Bu
ligandlar sistein bakimindan zengin olan ve agir metal
baglayan disiik molekiiler agirliga sahip olan protein
molekiilleridir (Maestri ve ark., 2010; Brunet ve ark,
2009; Gupta ve ark., 2010). Tiol yapisindaki biyolojik
olarak aktif olan bu molekiller bitki
oksidatif stresin yol actigi hasarlara karsi koruyucu
fonksiyona sahiptir (Gupta ve ark, 2010). Kursun

toksisitesinin bitki hiicrelerinde fitogelatin sentez hizini

hiicrelerinde

ve fitoselatin sentaz aktivitesini artirdigi belirlenmistir
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(Vadas ve Ahner, 2009; Singh ve ark., 2010). Fitoselatinler
¢Oziiniir kursunu baglayarak vakuollere ve kloroplastlara
tasinmadan sitoplazmada
saglamaktadir (Jiang ve Liu, 2010).
6.3. Antioksidant Enzimler

Bitkiler AOT’lerin neden oldugu oksidatif hasardan
korunmalarini saglayan ve hiicrelerin belirli bolgelerinde
bulunan antioksidant enzimlere sahiptir (Gupta ve
ark.,2010). bu tip
enzimlerin sentezini ve aktivitesini, kursun bilesiginin
tipine, bitki tiiriine, stresin siiresine ve yogunluguna bagh
olarak indiikleyebilir veya inhibe edebilir (Singh ve ark,
2010; Dogru, 2020). Kursun iyonlarinin enzimlerin
yapisindaki stlfidril gruplarina olan yiiksek afinitesi
enzim inhibisyonunun temel sebepleri arasindadir (Gupta
ve ark, 2009). rubiloz 1,5 bisfosfat
karboksilaz/oksigenaz ve mitrat rediiktazi da igeren
ylzden enzim  i¢cin  gecerlidir.
inaktivasyonunun diger bir sebebi ise kursun iyonlarinin
enzim proteinlerinin Kkatalitik boélgesine baglanarak
proteinin tersiyer yapisini degistirmesidir. Kursun ayni
zamanda proteinlerin karboksil gruplarina baglanarak
enzim inaktivasyonuna yol acmaktadir (Gupta ve ark,
2009, 2010). Kursun ayni zamanda bakir, ¢inko ve
mangan gibi bazi enzimler icin gerekli olan mineral
maddelerin bitkiler tarafindan alinmasini inhibe ederek
metaloenzimleri inhibe edebilir. Kursun ve diger bazi
divalent katyonlar bu metallerle yer degistirerek
enzimleri inaktif hale getirebilir (Gupta ve ark., 2009).
Mekanizmasi hentliz tam olarak bilinmemesine ragmen,
kursun toksisitesi
aktivitesini artirabilir. Seregin ve Ivanov (2001) kursunun
gen ekspresyonunu artirarak veya inhibitér molekiillerin
etkisini ortadan kaldirarak aktivitesini
artirabilecegini bildirmistir. Antioksidant enzimler agir
altindaki
AOT’lerin detoksifikasyonundan sorumludur (Mishra ve
ark., 2006). Bu enzimlerden biri olan siiperoksit dismutaz
bir metaloenzimdir ve siiperoksit radikallerinin hidrojen
peroksit ve  oksijene saglayan
reaksiyonu Kkatalizlemektedir (Gupta ve ark, 2009).
Boylece bitki hiicrelerindeki siiperoksit konsantrasyonu
kontrol altinda tutulmaktadir. Olusan hidrojen peroksit
olduk¢a kuvvetli oksidant bir bilesiktir ve askorbat-

once alikonulmasin

Kursun toksisitesi antioksidant

Bu durum

fazla Enzim

bazi durumlarda bu enzimlerin

enzimlerin

metal stresi bitkilerde t{retim hiz1 artan

dismutasyonunu

glutatyon dongiisiindeki askorbat peroksidaz ve
sitoplazmadaki katalaz enzimi ile detoksifiye edilir
(Mishra ve ark., 2006).

7. Sonug¢

Kursun en yaygin cevresel Kirleticilerden biridir. Bu
nedenle birgok arastirma Kkursunun biyojeokimyasal
davranislarini ve biyosfer lizerindeki etkilerini ortaya
cikarmayr hedeflemektedir. Kursun toprakta stabil
kompleks bilesikler halinde bulunur. Kursunun
topraktaki  akibeti  toprakta formuna,
¢oziinlirligline, mobilitesine, topragin pH degerine,
katyon degisim kapasitesine, topraktaki diger katyonlara
ve ligandlarin varligina baghdir. Kursun bitki dokularina

bulunma

kok vasitasiyla apoplastik yolu veya kalsiyum kanallarini
kullanarak girer. Bitkiler topraktan aldiklar1 kursunun
biiyiik kismini koklerde ¢ok az kismini ise yapraklarinda
Kursun elementinin acisindan
herhangi bir biyolojik fonksiyonu yoktur. Yiiksek kursun
konsantrasyonlar1 bitkiler icin toksik etkiye sahiptir.
Kursunun bitki dokularindaki birikimi bitki dokularinda
cesitli AOT’lerin birikimine neden oldugu icin toksik
etkiye sahiptir. Bitkiler toksisitesine karsi
sakinma ve detoksifikasyon mekanizmalarini kullanarak
tolerans gostermeye calisir. Bu mekanizmalarin etkinligi
bitkilerin kursuna tolerans ve duyarlilik derecesini
gostermektedir.

bulundurur. canlilar

kursun

Cikar iliskisi
Yazar bu ¢alismada hi¢bir ¢ikar iliskisi olmadigini beyan
etmektedirler.
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Abstract

Climate change is widely considered to be one of the greatest challenges to modern human civilization that has
profound socioeconomic and environmental impacts. The main objective of this is paper is to review climate change
adaptation and mitigation measures or practice in agricultural sector (crop farming, agroforestry, fishing and
aquaculture). Ethiopia has been identified as one of the most vulnerable countries to climate variability and change, and
is frequently faced with climate-related hazards, commonly drought and floods. So there are so many climate change
adaptation measures from those building defenses to protect coastal areas from rising seas, switching to drought or
flood resistant crop varieties, and improving systems to warn of heat-waves, disease outbreaks, droughts and floods
and also the migration measures are efforts to switch from fossil fuels to renewable energy sources such as wind and
solar, or to improve energy efficiency. It also includes efforts to plant trees and protect forests, or to farm land in ways
that prevent greenhouse gases from entering the atmosphere. Climate change mitigation generally involves reductions
in human (anthropogenic) emissions of greenhouse gases (GHGs) Mitigation may also be achieved by increasing the
capacity of carbon sinks, e.g., through reforestation. Impacts of climate change to crop sector include decreasing in both
productivity/yield and cultivable land (in some crops like maize shifted from lowland areas to highland areas; while,
barley since it is a highland crop, due to climate change its cultivable land diminished and productivity decreased) due
to high temperature and water deficit. In addition, the water sector of the country gets impacted negatively by climate
change by decreasing soil water, ground water and stream flow due to high evaporation in some areas. To alleviate
these negative impacts of climate change, different climate change adaptation and mitigation strategies practiced in
different areas of the country. Extreme weather events, combined with a low capacity to adapt to the adverse impacts of
climate change, aggravate food security risks, due to shortage of rainwater/changes in rainfall patterns, exposed to
flooding /erosion, declining soil fertility, decline in productivity, reduced yield, food insecurity.
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1. Introduction

Climate change is widely considered to be one of the
greatest challenges to modern human civilization that has
profound socioeconomic and environmental impacts.
Rapidly raising greenhouse gases, enhanced land and sea
temperatures and increased frequency and magnitude of
extreme events pose enormous risks to various economic
activities and freshwater availability and affect the
sustainability of agriculture and food security of billions
of people around the world, especially in most developing
countries where agriculture is the dominant sector of the
economy (Sivakumar and Stefanski, 2018). Ethiopia is one
of the developing counties in which agriculture is the
main source of the economy (Kide, 2014).

According to IPCC (2007a) and Gashaw et al. (2014),
developing countries like Ethiopia will
vulnerable to climate change since its economy is depend
on agriculture. Similarly, Kide (2014) states that Ethiopia
is highly vulnerable to climate change and low capacity to
adopt and perceived. High levels of poverty, rapid
population growth, high level of reliance on rain-fed
agriculture, high levels of environmental degradation,
chronic food insecurity and frequent natural drought
cycles increase climate change wvulnerability in the
country; and the most vulnerable sectors are agriculture,
water and human health (Aklilu et al,, 2009).

Ethiopia has been identified as one of the most vulnerable
countries to climate variability and change, and is
frequently faced with climate-related hazards, commonly
drought and floods. The variability of rainfall and the
increasing temperature were a cause for frequent drought
and famine, and putting disastrous impact on the
livelihood of the peoples (Nathnael and Gustavsson, 2017;
Gashaw et al,, 2014).

Ethiopian agriculture sector is negatively affected by
climatic related disasters with drought and flood being
the major one. Increasing temperature and rainfall
variability in different parts of the country adversely
affect the agricultural production of farmers. The country
is highly depending on agriculture which had failed to
meet the growing food demand because of the negative
effect of climate changes on agricultural production
(World Bank and Deressa Kebede, 2007).

To cope up and reduce the impact of climate change and
security, mitigation and adaptation
measures are meaningful strategies in Ethiopia where the
impact of climate change on agriculture is high. Mitigation
to any activities that
concentration of greenhouse gases in the atmosphere.

be more

enhance food

refers reduce the overall
While, adaptation refers to activities that make people,
ecosystems and infrastructure less vulnerable to the
impacts of climate change (Gashaw et al, 2014; IPCC,
2007Db).

Different studies have been carried out on the adaptation
and mitigation practices in agriculture sector around the
world in general (Sivakumar and Stefanski, 2018) in
Ethiopia in particular (Gashaw et al, 2014) and different
adaptation and mitigation measures to climate change in
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agriculture are identified (Nathnael and Gustafson, 2017).
And in Ethiopia in particular; and different adaptation
and mitigation measures to climate change in agriculture
are identified. Thus, the main objective of this review
paper is to review the climate change adaptation and
mitigation practices in Ethiopian agriculture sector.

2. Climate
Mitigation
Agriculture Sector

2.1. Basic Definitions and Concepts

2.1.1. Climate change

Climate change refers to a change in the state of the
climate that can be identified by changes in the mean
and/or the variability of its properties and that persists
for an extended period, typically decades or longer (IPCC,
2007c).

Similarly, FAO (2009) defines climate change as a change
of climate which is attributed directly or indirectly to
human activities that alter the composition of the global
atmosphere and which are in addition to natural climate
variability observed over comparable time period.

2.1.2. Climate change adaptation

Adaptation refers to activities that make people,
ecosystems and infrastructure less vulnerable to the
impacts of climate change. This includes things like
building defenses to protect coastal areas from rising
seas, switching to drought or flood resistant crop
varieties, and improving systems to warn of heat-waves,
disease outbreaks, droughts and floods (Gashaw et al,
2014).

Climate change adaptation is a response to global
warming and climate change, that seeks to reduce the
vulnerability of social and biological systems to relatively
sudden change and thus offset the effects of global
warming. According to (IPCC, 2007d) Adaptive capacity is
closely linked to social and economic development The
economic costs of adaptation to climate change are likely
to cost billions of dollars annually for the next several
decades, though the amount of money needed is
unknown. Donor countries promised an annual $100
billion by 2020 through the Green Climate Fund for
developing countries to adapt to climate change.

2.1.3. Climate change mitigation

Change Adaptation and
Practices in Ethiopian

According to Gashaw et al. (2014), mitigation refers to
any activities that reduce the overall concentration of
greenhouse gases in the atmosphere. This includes efforts
to switch from fossil fuels to renewable energy sources
such as wind and solar, or to improve energy efficiency. It
also includes efforts to plant trees and protect forests, or
to farm land in ways that prevent greenhouse gases from
entering the atmosphere.

IPCC (2007d) defines Mitigation as the technological
change and substitution that reduce resource inputs and
emissions per unit of output. Although several social,
economic and technological policies would produce an
emission reduction, with respect to climate change,
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mitigation means implementing policies to reduce GHG
emissions and enhance sinks.

Climate change mitigation consists of actions to limit the
magnitude or rate of long-term climate change. Climate
change mitigation generally involves reductions in human
(anthropogenic) emissions of greenhouse gases (GHGs)
Mitigation may also be achieved by increasing the
capacity of carbon sinks, e.g, through reforestation.
Examples of mitigation include phasing out fossil fuels by
switching to
renewable and nuclear energy, and expanding forests and
other "sinks" to remove greater amounts of carbon
dioxide from the atmosphere Energy efficiency may also
play a role for example, through improving the insulation
of buildings. Another approach to climate change
mitigation is climate engineering (IPPC, 2007).

2.2. Impact of Climate Change on Agriculture in
Ethiopia

According to Bezu and Holden (2008) as cited in Kide
(2014), agriculture is the back bone of the Ethiopian
economy. In line with this climate is the key determinant
factor for economic growth and development. This is due
to the fact that most of population in Ethiopia is the
dependence of rain-fed agriculture sector. Ethiopia is one
of the countries that most vulnerable to climate change
with the least capacity to respond. Food shortage and
famine associated with rainfall variability cause a
situation of high dependency on international food aid,
and Ethiopia is one of the biggest food aid receipt
countries in Africa. This is because of that agricultural
production in

Ethiopia is adversely affected by climate change and
weather variability’s, which is decreasing crop yield,
decrease in livestock feed availability, affecting animal
health, expansion of tropical dry and expansion of
desertification.

Nathnael and Gustavsson (2017) found that there are
direct impacts of climate change to crops, livestock, and
water as compared to other economic sectors in Ethiopia.
Impacts of climate change to crop sector include
decreasing in both productivity/yield and cultivable land
(in some crops like maize shifted from lowland areas to
highland areas; while, barley since it is a highland crop,
due to climate change its cultivable land diminished and
productivity decreased) due to high temperature and

low-carbon energy sources, such as

water deficit. In addition, the water sector of the country
gets impacted negatively by climate change by decreasing
soil water, ground water and stream flow due to high
evapotranspiration in some areas. To alleviate these
negative impacts of climate change, different climate
change adaptation and mitigation strategies practiced in
different areas of the country as reviewed below. Extreme
weather events, combined with a low capacity to adapt to
the adverse impacts of climate change, aggravate food
security risks, due to shortage of rainwater/changes in
rainfall patterns, exposed to flooding /erosion, declining
soil fertility, decline in productivity, reduced yield, food
insecurity (Aster, 2010).

2.3. Climate Change Adaptation and Mitigation
Practices in Ethiopian Agriculture Sector

2.3.1. Climate change adaptation practices

Climate changes in response to rising temperatures,
adaptation will be vital to reduce the impact of climate
change (Aster, 2010). Climate change adaptation is a
response to global warming and climate change, that
seeks to reduce the vulnerability of social and biological
systems to relatively sudden change and thus offset the
effects of global warming promotion of alternative crops;
developing new drought and heat-resistant varieties;
more use of intercropping; using sustainable fertilizer and
tillage practices; improved crop residue and weed
management, use of water harvesting techniques; better
pest and disease control for crops; implementing new or
improving existing irrigation systems; improved livestock
management; and more use of agroforestry practices are
the adaptation measures that the agricultural sector can
undertake to cope with future climate change (Sivakumar
and Stefanski, 2018).

According to Kide (2014), changing crop variety, changing
planting dates, mixed cropping, decrease number
livestock, moving animals/temporary migration, change
livestock feeds, soil and water management, planting
trees, change animal breeds, seek off-farm employment,
planting irrigation/water
harvesting are some of climate change adaptation
strategies that the farmers used to reduce the impact of
climate change on agriculture.

Nathnael and Gustavsson (2017) found that changing
planting dates, planting trees, adoption of drought
tolerant and early maturing crops/varieties, increased
use of soil and water conservation techniques and/or soil
erosion prevention programs, diversification into non-
farming activities, increased use of irrigation and/or use
of irrigation techniques, the herd composition, applying
different feed techniques, temporary or permanent
migration, home-garden agriculture are the micro-level
(farm level) climate change adaptation strategies to the
agriculture sector in Ethiopia.

Similarly Gashaw etal. (2014) found that mobility,
adoption of drought-tolerant livestock species, and fodder
production saving, diversification, wood sell, mobility,
social interconnectedness and credits are the local coping
mechanisms that are used to reduce the impacts of

short season crop, and

climate change in Ethiopia particularly in West Arsi Zone.
According to MoA (2008) of Ethiopia, livestock mobility;
developed and improved water sources such as ponds,
protect and manage dry season rangelands through
customary institutions; promoting flood and rain water
harvesting to address chronic water shortages; small
scale irrigation schemes for fodder production and
livestock watering; and rotation grazing and changing of
the traditional feeding practices (cut and carry system)
are the climate change adaptation mechanisms in water
stress and feed shortage pastoralists areas in Ethiopia.
Similarly, Kide (2014) found that crop diversification and
the use of soil and water conservation practices,
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integrated crop and livestock diversification, engaging in
off-farm income activities and rain water harvesting are
the climate variability and climate change adaptation
strategies in Doba district, western Hararghe, Ethiopia.
2.3.2. Climate change mitigation practices

Climate change mitigation practices consist of actions to
limit the magnitude or rate of long-term climate change.
Climate change mitigation generally involves reductions
in human (anthropogenic) emissions of greenhouse gases
(GHGs). Mitigation may also be achieved by increasing the
capacity of carbon sinks, e.g. through reforestation
(Sivakumar and Stefanski, 2018).

According to Sivakumar and Stefanski (2018), improved
crop and grazing land management to increase soil
carbon storage; restoration of cultivated peaty soils and
degraded lands; improved rice cultivation techniques and
livestock and manure management to reduce CH4
improved nitrogen fertilizer application
techniques to reduce N2Oemissions; and improved
energy efficiency are the key mitigation technologies in

emissions;

agriculture.

Nathnael and Gustavsson (2017) found that reducing
expansion of cultivated land through agricultural
intensification (increasing productivity by reducing Green
House Gas (GHG) emission: conservation agriculture,
compost, wise use of inorganic fertilizers, proper crop
management); improving animal productivity through
breeding; feedlots practice by smallholder farmers;
improving feed and feeding management; diversification
toward lower emitting animal species (small ruminants);
manure management; and agroforestry are climate
change mitigation strategies in Ethiopia.

3. Conclusion

Ethiopia is one of the most vulnerable countries to
climate variability and change since its economy is
depending on rain-fed agriculture (the most vulnerable
sector). Increasing temperature and rainfall variability in
different parts of the country adversely affect the
agricultural production of farmers. To alleviate the
negative impacts of climate change, different climate
change adaptation and mitigation strategies are practiced
in different areas of the country. Thus, the main aim of
this article was to review the climate change adaptation
and mitigation practices in Ethiopian agriculture sector;
and reviewed that changing planting dates; adoption of
drought tolerant and early maturing crops/varieties;
increased use of soil and water conservation techniques
and/or soil erosion prevention programs; diversification
into non-farming activities; increased use of irrigation
and/or use of irrigation techniques for crop production,
fodder production and herd
composition; applying different feed techniques (rotation
grazing and changing of the traditional feeding practices);
temporary or permanent migration and
mobility; flood and rain water harvesting to address

livestock watering;

livestock

chronic water shortages; developed and improved water
sources such as ponds; and home-garden agriculture are
the climate change adaptation strategies in Ethiopian
agriculture sector. On the other hand, conservation
agriculture, composting, wise use of inorganic fertilizers,
proper crop management; improving animal productivity
through breeding; feedlots practice by smallholder
farmers; improving feed and feeding management;
diversification toward lower emitting animal species
(small  ruminants); management;  and
agroforestry were reviewed as the major climate change
mitigation practices in Ethiopian agriculture sector.
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