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ABSTRACT

This paper presents a comprehensive laboratory investigation into the workability, permeability and unconfined
compressive strength of powdered-steel-slag, lime-amended cement-bentonite backfills using several series of
mixtures. Prepared mixtures comprise various proportions of cement, bentonite, powdered steel slag, and lime,
tested for particle size distribution (PSD), liquid limit, plastic limit, permeability, and unconfined compressive
strength (UCS). For each mixture, the effect of different curing times was investigated. The results show that the
permeability of the powdered steel-slag, lime-amended cement-bentonite backfill is near enough to the 10° m/s
(107 cm/s) required by standards. The laboratory observations clearly show that cement-bentonite-steel slag
(CBS) backfill strengthens with time. When placed, the backfill is viscous liquid; later, it is a material strong
enough to stand vertically. Amended mixtures, including 9% of bentonite content, give higher strength values
and present lower permeability consider to other mixtures in slurry wall construction. In addition, the stiffness
characteristics of the samples were investigated by determining the secant modulus of elasticity at 50%.
Therefore, it is concluded that CB—powdered steel slag—lime blended mixtures are superior materials for

constructing slurry walls.

Keywords: Cement-Bentonite; Permeability; Powdered Steel Slag; Secant Modulus; Slurry Wall; Unconfined

Compressive Strength

Cimento-Bentonit Bulamac¢ Duvar Insaatinda Toz Celik Ciiruf Kullanimi
OZET

Bu makalede, ¢imento-bentonit-toz ¢elik ciirufu-kire¢ karisimlarinin, bulamag hendegi duvarlarda dolgu maddesi

olarak kullanilabilmesi igin, islenebilirlik, gecirgenlik ve serbest basing dayanimi o6zelliklerinin arastirildigi
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kapsamli bir laboratuvar ¢aligmasi sunulmaktadir. Cesitli oranlarda hazirlanan ¢imento-bentonit-toz ¢elik ctirufu-
kire¢ karigimlarinin, tane boyu dagilimi (PSD), likit limit, plastik limit, gecirgenlik ve serbest basing
dayaniminlarina (UCS) bakilmigtir. Her karisim igin, kiir siiresinin etkisi incelenmistir. Sonuclar, ¢imento-
bentonit-toz celik ciirufu-kire¢ dolgu maddesinin gegirgenliginin standartlarin gerektirdigi 10° m/saniye (107
cm/saniye) yakin oldugunu gostermektedir. Laboratuvar goézlemleri, bu calismada degerlendirilen ¢imento-
bentonit-toz celik ciirufu-kire¢ (CBS) dolgu maddesinin mukavemetinin zamanla arttigin1 gostermektedir. Dolgu
maddesi hendege yerlestirildiginde viskoz bir sivi kivamindadir; daha sonra, diisey olarak durabilecek kadar
giiclii bir malzemeye doniismektedir. %9 bentonit igeren karisimlar, sadece daha yiiksek mukavemet degerleri
vermekle kalmayip, ayni zamanda bulamag duvari i¢in 6nemli olan, bu ¢alismada test edilen diger karigimlara
gore daha diisiik gegirgenlik degeri vermislerdir. Ayrica, numunelerin rijitlik 6zellikleri, sekant elastisite
modiiliilin %50’sinde belirlenerek arastirilmistir. Cimento-%9 bentonit-toz ¢elik ciirufu- kire¢ karigimlarinin

bulamag duvari olusturmak i¢in uygun karisimlar oldugu sonucuna varilmistir.

Anahtar Kelimeler: Cimento-Bentonit; Gegirgenlik; Toz Celik Ciirufu; Sekant Modiilii; Bulamag¢ Duvar;

Serbest Basing Mukavemeti.

1. INTRODUCTION

Unlike soil-bentonite, cement-bentonite slurry walls harden in place and need no other
backfill. This means self-hardened properties of CB are referred to as one-step construction
and meanwhile as a final barrier wall. In this method, cement and typically other additives
such as attapulgite or slag are used to improve slurry walls stability and overcome adjacent
weaker ground soils. Hardening progression of CB takes several months and long-term
investigations have revealed gradual permeability reduction with time (https://www.geo-
solutions.com, 2017). The steel slag recycling rate in the world, on average, is over 80%. In
addition, Steel Slag (BOF and EAF Slag) amount in Europe in 2012 was 24.7 Mt; however,
about 13% of steel slag was not used and stored (TSPA, 2015).

In Turkey in 2014, 5.4 million tons of steel slag was produced as a by-product
throughout steel making industry, 37% of it was recycled (as a cement additive, parquet, curb,
rain gutter, ready-mixed concrete products, micronized granular products, asphalt aggregate,
and as various sizes of filler material, etc.) and 63% was stored (TSPA, 2015). Therefore,
alternative use possibilities should be investigated. In US, steel slag usage in cement
production is common (PCA, 2005). There are also studies on the use of steel production slag
as top cover in waste landfills, and it has been determined that fine steel slags can be used in
impermeable top cover layer (Andreas et al., 2005). Khajeh et al. (2020) revealed that when
basic oxygen furnace slag (BOFS) known as Steel Slag used for soil stabilization, gave the

same environmental classification compared those provided by cement-lime-stabilized soils.


https://www.geo-solutions.com/
https://www.geo-solutions.com/
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The above studies have strengthened the possibility that the powdered steel slag can be
used in slurry wall construction as an additive and may give positive results. Therefore, the
use of powdered steel slag in the slurry walls will eliminate both the storage costs and the
need for natural mineral material. The slurry wall is a sealing method used in hydraulic
earthworks to create an impermeable barrier to water. This sealing technique is often used in
dykes, retention dams, and levees for leakage control. Cement-bentonite (CB) slurry walls
using backfill comprising cement and Na-bentonite are used in construction projects to
achieve low permeability. Amendments to this backfill, powdered steel slag and lime, may
further decrease permeability. However, studies on the workability (the slump), permeability
and strength of such powdered steel slag-amended cement-bentonite backfills for slurry walls
are limited. The construction procedure involves trench excavation into the subsurface to the
desired depth. Generally, k < 107 cm/s is required for slurry walls used in containment

applications (LaGrega et al., 2001).

Since CB slurry walls are being used as low-permeability barriers to groundwater flow,
the value of permeability k of CB backfill materials plays an important role in constructing the
wall (D’ Appolonia, 1980; Millet & Perezz, 1981; Spooner et al., 1984; Ryan, 1987; Evans &
Dawson, 1999; Bodocsi et al., 1995; Filz, 1996). In the last two decades, slag-CB slurry walls
have been used extensively in the U.K. Due to the intrinsic variability of material mixes, the
U.K. National Specification (ICE, 1999) requires a laboratory permeability value of no more
than 107 cm/s for a 90-days-cured specimen. For slag-CB slurry walls, permeability changes
with curing times. Opdyke & Evans (2005) and Jefferis (2008) reported on the change in
permeability during the early stages of curing. The horizontal deflection of the cured vertical
CB slurry wall relies on the permeability and strength parameters of the wall (Ruffing et al.,
2010). Manassero et al. (1995) stated that fly ashes, furnace slags, minerals and other by-
products could be used for cement bentonite mixtures, and when these materials are used in
backfill sealing mixtures, unit weight and chemical resistance increases, void ratio,

permeability, diffusion coefficient and unit cost decreases.

The behavior of slurry walls for short-term and long-term has been studied by
researchers (Carreto et al., 2015). Du et al. (2015) proved that sodium bentonite and calcium
bentonite reduce permeability if used in barrier walls. Xu et al. (2016) reported that
permeability results could be improved with appropriate bentonite content. According to
Sreedharan & Puvvadi (2013), in the long-term, pozzolanic cementitious material reaction and

cement hydration not only improve slurry wall strength but also cause to gradual reduction in
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permeability. Carreto (2014) investigated that the pozzolanic reaction during cement
hydration occurring in the hardened specimens enable the slurry to endure considerable plastic
deformation before cracking at substantial shear stress levels. This paper describes an
experimental study on powdered steel slag and lime as stabilizers for cement-bentonite (CB)
slurry used in building vertical barrier walls. The key element is developing a mixture of
materials that can reduce the permeability and improve the strength of CB slurry walls. Time-
dependent behavior of the backfill and, in particular, the change in shear strength and
permeability with aging were also investigated. Modulus of elasticity Esow) at 50% of ultimate

stress-strain rate was obtained based on unconfined compression strength test results.

2. MATERIALS AND METHODS
2.1 Materials

In this study, cement type I, powdered steel slag, lime, and sodium bentonite were used
as the main materials. Karakaya sodium bentonite produced in Turkey was used for bentonite-
water slurry preparation. The mineralogical and index/composition properties of Karakaya
bentonite are given in Tables 1 and 2, respectively. Cement production, however, leads to
carbon dioxide (CO.) emission up to 8% annually in the world. Aiming to reduce cement
utilization in construction projects, more studies need to be done to use cementitious waste
materials as a partial replacement of cement. Steel slag is produced as a by-product of steel

production.

Table 1. Mineralogical properties of the Karakaya bentonite.

Mineralogical By weight
Component (%)
Quartz 5
Smectite 71
Zeolite 19.50
Others 4.50
Table 2. Index and compaction properties of the Karakaya bentonite.
Parameter Quantity
Dry density(Mg/m?) 0.8
Natural density(Mg/m3) 0.87
Water content (%) 8
Specific gravity 2.17
Void ratio (%) 1.89
Porosity (%) 65
Liquid limit (%) 320
Plastic limit (%) 50
Plasticity Index (%) 270
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Parameter Quantity

Cation exchange capacity
(meq/100 g)

Steel slag naturally contains magnesium and free lime. These two ingredients never

55-60

react with silicate in other materials and can expand and hydrate after mixing with water or
even in humid environments. The partial replacement of cement with slag is now widely
accepted in geotechnical practices (Joshi et al., 2010). Steel Slag’s tendency to expand is
beneficial in some geotechnical applications. This expansion, for instance, can prevent
undesired cracks that would increase permeability. Therefore, this characteristic of steel slag,
when mixed with enough water to create a 20% powdered steel-slag slurry, could be helpful
for slurry wall construction. The steel slag for this study was produced in the Erdemir Iron
and Steel Plant in Turkey. The steel slag had been gravel-sized before it was grinded by
mechanical grinding into fine particles in the laboratory (Figure 1). The chemical composition
of the steel slag is given for comparison in Table 3. Compared to cement, the hydration rate of
steel slag at the early ages is much slower (Shi, 2004). However, this rate intensifies at either

90 days of curing time or later, even more than cement (Wang et al., 2018). Slag basicity can

Ca0

be extracted from (R=——————
(Si024P205)

). Mason (1944) represented that steel slag cementitious

activity based on its basicity can be divided into three categories: smaller than 1.8 for lower

alkalinity, 1.8-2.5 for medium alkalinity and larger than 2.5 for high alkalinity.

(a) (b)

Figure 1. Utilized steel slag, gravel size (a), powdered steel slag (b).
In this study, the chemical composition of steel slag indicates that the R-value is 2.89,
which represents high alkalinity steel slag. Relationship between chemical composition and

basicity of steel slag whereas alkalinity is greater than 2.5 represents main minerals as tri-
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calcium silicate slag. The greater the steel slag’s basicity value is, the more cementitious
properties it owns (Dhoble & Ahmed, 2018). Besides, lime saturation factor (LSF) must be
evaluated on cementitious material (based on chemical properties) where hydration rate and
further strength achievement at early ages are assigned. Unless steel slag has (LSF) value of

greater than one, the addition of lime content is needed to improve the early strength of the

Ca0
(2.85i05+1.2A1,03+0.6Fe503) ’

mixtures. Where LSF= the steel slag’s (LSF) value in this study is

0.8. Therefore, adding a few proportions of lime content to the mixtures not only can improve

the initial hydration rate but also it may accelerate early strength gain.

2.2 Methods

Index properties, slump, permeability, and unconfined compressive strength values of
the mixtures were evaluated to contemplate whether they meet the minimum requirements.
The permeability and unconfined compressive strength of cement-bentonite—powdered steel-
slag—lime mixtures for various curing times were investigated. Wang et al., (2013) indicated
that powdered-steel slag produces more hydration rate than coarse aggregate steel slag at the
early age of curing time. The consistency required the backfill-slurry mixture to displace the
trench slurry correlates to a slump ranging from 100 mm to 150 mm (4 to 6 in.) (Opdyke &
Evans, 2005). Prepared fresh mixtures also have a slump of 100 mm to 150 mm. In this study,
the slurry was 20% cementitious material content by dry mass and 80% bentonite-water slurry
(Figure 2). Opdyke & Evans, (2005) gave the Slag-CB slurry preparation with 20% of
cementitious material (75-80% of slag-20-25% of cement) mixed in 80% of bentonite water
slurry (5% Bentonite+ 95% Water). The percentages of supplementary cementitious materials
replaced by Portland cement for this experiment were 0%, 20%, 50%, and 80%. All samples
were cured in a room at 100% humidity. Samples were tested at 7 days, 28 days, and 90 days
of curing time. Cured specimens were subjected to permeability and unconfined compression

tests.

Table 3. Chemical composition ranges of steel slag.

Constituent Steel Slag Composition

(%)
Aluminium Oxide (Al20s) 1.76
Calcium Carbonate (CaCO:s) 67
Calcium Oxide (CaO) 47
Iron (I111) Oxide (Fe20s3) 20
Magnesium Oxide (MgO) 7.20
Manganese Oxide (MnO) 6.50
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Constituent Steel Slag Composition

(%)
Silicon Dioxide (SiOy) 15.57
Sulphur (S) <0.1
P20s 0.68

2.2.1 Sample Preparation

In this experimental study, four types of material (i.e., sodium bentonite, cement, steel
slag, and lime) in different mixture designs were examined. Index tests (Atterberg limit,
specific gravity, and particle size distribution) were carried out for all samples. Specimens
were prepared for permeability and unconfined compressive strength tests. Mixture designs
have three series (Figure 2). For the first series, cement was replaced by powdered steel slag
at 0%, 20%, 50%, and 80%, respectively. In the second series, the mixture included cement
replacement of 50% (B5-C50-S50) was amended with 5% lime. Aiming to increase the
strength of a mixture, a lime content of 5% in one instance was replaced by 5% portion of
powdered steel slag, and in another instance replaced by a 5% portion of cement (i.e., B5-
C50-S45-L5 and B5-C45-S50-L5, Mixtures). In the third series, in order to reduce
permeability, bentonite content in batch slurry preparation for the same mixture design of the
second series has increased from 5% to 9% (i.e., B9-C50-S45-L5 and B9-C45-S50-L5,
Mixtures). Since the reaction rate of slag is inappreciable, an alkaline activator such as lime
would have some ability to speed up the reaction rate (Talefirouz et al., 2016). A bentonite
content of 9% in the batch slurry was used to improve the mixtures, including 5% lime
content in the third series. For all series, specimens cured for 7 days, 28 days, and 90 days
were subjected to permeability and strength tests.

2.2.2 Preparation of Batch Slurry

The batch slurry portion in the samples was 80% of the total mixture weight, while the
remaining 20% of the mixtures was cementitious material. Two mixtures of batch slurry were
prepared with different bentonite contents. First, a mixture was prepared using 5% bentonite
by dry weight mixed with 95% distilled water. For the second, 9% bentonite by dry weight
was mixed with 91% distilled water. Distilled water at 22°C has a pH value of 6.69.
Bentonite-water slurry at 19.5°C with 5% and 9% bentonite content has pH values of 9.1 and

8.87, respectively.
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2.2.3 Preparation of Test Specimens

Cementitious material and bentonite were put into the oven to dry a day before sample
preparation. During the mixing days, cementitious materials were mixed according to the mix
design. Dry materials were mixed by hand using a steel spatula for five minutes in a plastic
pan then passed through a number 40 sieve (particle size 0.420 mm) at least for five times to
obtain a uniform mixture. The total mixture was 20% cementitious material by weight. For
instance, 5 kg of prepared slurry comprised 1 kg of cementitious material and 4 kg of batch
slurry. Plastic cylindrical molds of 5 cm in internal diameter, 6.3 cm in external diameter, and
10 cm in height were used. Prepared specimens were placed in the 100% humidity room at a
temperature of 20 2 °C. A pair of undamaged specimens were used for the permeation and

strength tests.

Bentonite + Distilled Water Slurry (Contains Cemetitious Material Total Mixture
80% of The Total Mixture) (Contains 20% of the Total Mixture) (100%)
NO Mixture
Bentonite Content (B5%) . (C100-S0) 1. (B5-C100-S0)
For Bentonite (C80-S20) 2. (B5-C80-520)
* [ | Slurry (B5%) (C50-550) :
(C20-580) 3. (B5-C50-S50)
Distilled Water (95%) 4. (B5-C20-S80)
OR T OR =
[ Bentonite Content (B9%) T For Bentonite (C50-S45-L5) 5. (B5-C50-545-L5)
Slurry (B5%) (C45-S50-L5) 6. (B5-C45-550-L5)
+
| | For Bentonite [(gig'gggtg) ] 7. (B9-C50-S45-L5)
Distilled Water (91%) | Slurry (B9%) (C45-850-L5) 8. (B9-C45-50-L5)

Figure 2. Mixture Design (B: Bentonite, C: Cement, S: Powdered Steel slag, L: Lime).

2.2.4 Test Procedure

2.2.4.1 Index Tests

In geotechnical practice, the conventional hydrometer test method is typically used to
determine the particle size distribution (PSD) of fine particles. It takes 24 hours. However,
cementitious material starts to flocculate within five minutes. Thus, the PSDs of mixtures in
this experiment were determined by the laser diffraction method. A laser diffraction system
with a wavelength of about 633 nm was used for PSD analysis in this study. It was adjusted to
measure particle sizes between 0.001 and 2 mm. An electrical instrument having a capacity of
1 L was used for sample preparation. The specific gravity (Gs) of cementitious material
cannot be determined using ASTM D854-10 because it covers the determination of the
specific gravity of soil solids by pycnometer—the procedure takes more than 3 hours, so that

flocculation can occure. Thus, Gs test was determined according to ASTM C188-09. For this
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method, kerosene was placed in a graduated flask to determine volume change. To determine
the Gs of cement, the standard specifies that 64 g of cement be used, and for other mixtures
including pozzolanic material, 50 g were used. Around 200 g of the dry mixture was set aside
for Atterberg limit tests. The liquid limit and plastic limit of the mixtures were determined by
wet preparation methods according to ASTM D4318-10. Since the initial setting time
(hydration) of the cementitious material is not more than 15 minutes, the test procedure could
not adhere to the standard’s requirement of a hydration time of at least 16 hours in a humid
room. As soon as the shape of the Casagrande cup was attained by fresh mixtures, the

Atterberg limit was tested within ten minutes of mixing.

2.2.4.2 Permeability and Strength Tests

The permeability tests were carried out according to ASTM D5084-03 Method E—
Constant Volume-Constant Head, using a triaxial cell permeameter system. The value of the
hydraulic gradient was 10 in the flexible-wall permeability test. Cured samples were taken
from the humid room on test days, and specimens of similar size were used for permeability
and strength tests. The specimens were tested for unconfined compressive strength according
to ASTM D2166-06.

3. RESULTS AND DISCUSSION

Index properties of the mixtures are given in Table 4, which shows PSD, Gs, and
Atterberg limit test results of the mixtures prepared as 20% cementitious material. The Gs
values of cement, bentonite, steel slag, and lime are 2.89, 2.17, 3.40, and 2.27, respectively. In
the proposed mixtures of B9-C50-S45-L5 and B9-C45-S50-L5, compared to the CB reference
mixture (C-S with 5% B), the amounts of clay and silt-sized material are decreased, and the
amount of sand-sized material is increased. In addition, Gs is increased, and Atterberg limit

values are decreased.

3.1 Permeability (k)

Backpressure of 100 kPa and cell pressure of 200 kPa was kept constant during
permeability measurement. Permeability values were founded under 100 kPa effective
confining stress consistent with the same value provided by (Opdyke & Evans, 2005).
Effluent and influent volumes were recorded. All specimens were subjected to permeability
tests after 7 days, 28 days, and 90 days of curing time. Naturally, permeability tests for each

sample took two or three days,but never more than four days. Permeability values of the
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mixtures are given in Table 5. Sample with cement replacement of 50% was also examined by
adding 5% lime and 9% bentonite content to the batch slurry. Changing the mixture to 9%
bentonite shows that permeability reduces between 28 days and 90 days of curing time. It
reduced from 5.4x107 cm/s to 4.3 x107 cm/s and from 4.3x107 cm/s to 3 x107 cm/s,
respectively. The permeability of samples containing batch slurry of 5% bentonite increased
between 28 days and 90 days. It should be noted that the permeability test results in the
laboratory are lower than those measured in the field (Oweis & Khera, 1990).

Table 4. Index properties of the mixtures.

) Clay size Silt size Sand size LL PL I

NO Mixture (%) (%) (%) S ) (%) (%)
1 B5-C100-S0 24 76 0 2.82 39 25 14
2 B5-C80-520 10 76 14 3.10 39 18 21
3 B5-C50-5S50 13 76 11 3.00 37 22 15
4 B5-C20-S80 15 77 8 2.89 44 24 20
5 B5-C50-5S45-L5 12 76 12 2.94 37 23 14
6 B5-C45-5S50-L5 13 81 6 2.97 31 21 10
7 B9-C50-S45-L5 12 75 13 2.85 30 19 11
8 B9-C45-S50-L5 12 73 15 2.95 31 21 10

Note: C=cement, S= powdered steel slag, L= Lime B*: Bentonite % in batch slurry

In the proposed mixtures (B9-C50-S45-L5) and (B9-C45-S50-L5), compared to the CB
reference mixture (C with 5% B), permeability decreased by 6.8 times in 28 days of curing
and by 8.6-12 times in 90 days of curing. Low permeability criterion is the initial design
consideration in slurry walls utilized for groundwater control application. A permeability of
1x10~7 cm/s is generally required. However, a value of 1x107® or higher may be sufficient

for some groundwater control purposes (Opdyke & Evans, 2005).

3.2 Unconfined Compressive Strength (qu)

In this study, the freshly placed mixtures had low shear strengths. This is not surprising
since the slurry is placed as a viscous liquid. The results shown in Table 5 reveal a detectable
change in the shear strength of the backfill during one week, one month, and three months.
The loading rate of the compression machine was adjusted to 0.5 mm/min. Since steel slag
has a high creation temperature, CsS is utterly advanced in steel slag those in cement along
with highly compacted structure, which cause to reduce in hydration rate of steel slag (Wang
et al., 2018). Powdered steel slag used in the mixtures affects hydration rate. The hydration
rate of the samples has a particular effect on strength development. The higher the hydration
rate is, the quicker the strength achievement is possible. Cementitious activity of steel slag
shows that strength gaining of this material takes more than other pozzolanic materials like

class C of fly ash and ground granulated blast furnace slag (GGBFS). Results presented in this

10
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paper clearly illustrate that gaining strength of samples, including powdered steel slag needs

several months to satisfy the required results due to lower hydration rate at the initial months.

Providing appropriate curing situation for concrete and mortar samples, ordinary
Portland cement gains at least 90% of its ultimate strength at the age of 28 days. While
cement associated with steel slag shows lower strength progression at the first month, qu

increases in proportion between 90 days and 28 days’ age can be considered as the strength

growth rate (SGR) for amended mixtures in which SGR:%X 100. The SGR for all

samples, including cement replacement of 50% or more, was 117% to 457% (Table 5). The
idea behind of the strengthening of the mixture, including cement replacement of 50%, is that;
the SGR of 330% at 90 days of aging was achieved. Since this mixture did not provide the
minimum strength requirement of 100 kPa at 28 days of aging, it was decided to amend it
with 5% of lime, and with the addition of bentonite by dry mass. It is apparent from this study
that the highest value was achieved for cement replacement of 50% with 9% of bentonite
content. In the proposed mixtures of B9-C50-S45-L5 and B9-C45-S50-L5, compared to the
CB reference mixture (C with 5% B), Unconfined Compressive Strength increased
significantly. It should be noted that the amount of cementitious component substances like
C2S and CsS would definitely be lessened due to the partial replacement of cement by
powdered steel slag, and the powdered steel slag slightly increases the strength of the

specimens.

Table 5. Permeability and Strength test values.

Unconfined

Permeability Compressive Strength

_ k (cm/sec) Strength Growth
NO Mixture qu (kPa) Rate

(SGR)
Curing Time (day) (%)
7 28 90 7 28 90
1 B5-C100-S0 8.09x10®  3.65x10° - 100 132 - -

2 B5-C80-S20 1.14x10®  7.68x107  4.90x10° 35 71 72 101
3 B5-C50-S50 1.00x10% 1.69x10®  1.80x10° 10 13 43 331
4 B5-C20-S80 7.00x107  9.92x107  8.70x107 6 18 25 139
5 B5-C50-S45-L5 6.65x107  2.98x107  3.30x10° 11 20 42 210
6 B5-C45-S50-L5 7.90x107  3.43x107  1.60x10° 14 23 105 457
7 B9-C50-S45-L5 4.00x107  5.39x107  4.24x107 29 105 123 117
8 B9-C45-S50-L5 4.62x107  4.30x107  3.00x107 35 95 189 199

Note: C=cement, S= powdered steel slag, L= Lime, B*: Bentonite % in batch slurry
Shi (2004) provided comprehensive investigation on long-term strength development of
cement-powdered steel slag mortar, which strength achievement for the same sample at 5000
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days of curing age was two times greater than those obtained at 90 days’ age. This is to say,
existing a few amounts of lime content (5%) significantly affects the early strength gain of
powdered steel slag where a lower hydration rate at initial months would be problematic.
Such a phenomena is esteem from the pozzolanic reaction between powdered-steel slag and
lime. Furthermore, incorporating further bentonite content in batch slurry until 9% by dry
mass reduces wi/c ratio and causes to increase in strength directly. It should be noted that in
slurry wall construction, bentonite content of more than 9% in batch slurry preparation leads

to delivering unworkable mixture.

3.2.1 Stiffness Parameters

The stiffness characteristics of the proposed mixtures are represented by Esow), the
secant modulus of elasticity at 50% of deviator stress at failure (undrained). The stiffness
determined from the UCS tests is the secant Young’s modulus at 50% of the maximum shear
stress. Eso) is the secant modulus of elasticity at 50% of deviator stress at failure (undrained).
It can be seen from Figure 3 that amended mixtures give a higher Eso) value compared to
untreated samples. The maximum value of Esow) = 37000 kPa is observed at C45-S50-L5,
including B9% in batch slurry. The relationship of Esoq) against qu is shown in Figure 4. The
plot of Esow Vversus unconfined compressive strength for powdered steel slag specimens is
given in Figure 4(a). Esow) Vvalues increase as qu increases and are in the soft-to medium-
consistency range Figure 4(b). By using of curve fitting technique, a linear function of Esow) =

195.5 qu, is founded to define the correlation of Esg,) vs. qu.

40000
< 30000
o
<
—. 20000
>
N
8 10000
L
0 B5-C100-S0 B5-C80-S20 B5-C50-S50 B5-C20-S80 B5-C50-S45-L5 B5-C45-S50-L5 B9-C50-S45-L5 B9-C45-S50-L5
m 7Days 13150 4812 599 300 1882 1198 2338 4276
=28Days 15603 10020 2218 1039 2224 3098 10264 7698
= 90Days 0 20631 6038 4790 10265 24440 35224 36953

Figure 3. Effect of curing ages on Esq) values.
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Figure 4. Relationship between Es, and unconfined compressive strength (qu).
4, CONCLUSION

This paper presents a laboratory investigation into the workability (slump),
permeability, and unconfined compression of powdered steel-slag, lime-amended, cement-

bentonite backfills. The following conclusions were derived from this experimental research:

Powdered steel slag mixtures gave acceptable permeability values in 28 days of curing

time. Mixture having 9% bentonite content, gave lower permeability at 90 days.

Esow) values increased as qu increased and were in the soft-to medium-consistency
range. For the 90-day curing period, the Eso) value was in the medium consistency range (35-
37 MPa). For designed mixtures, the secant modulus Esow) values are 196-287 times greater
than compressive strength. The enhancement of secant modulus has a suitable agreement with
strength test results along with a linear function of Esow) = 195.5 qu and correlation coefficient
of R2=0.82.

The laboratory observations clearly show that the cement-bentonite-slag (CBS) backfill
evaluated in this study strengthens with time. When placed, the backfill is a viscous liquid;

later, it is material strong enough to stand vertically.

Overall, the laboratory tests result reveal that significant improvements to the properties
of CB slurry can be made by adding powdered steel slag and lime. Thus, a mixture of
powdered steel slag and lime is suggested to improve the engineering characteristics of CB
slurry wall as amended mixtures with 9% of bentonite illustrate better engineering value (i.e.,
B9-C50-S45-L5 and B9-C45-S50-L5, Mixtures).

13
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The above study has shown that the powdered steel slag can be used in slurry wall
construction as an additive, and the use of powdered steel slag in the CB slurry wall
eliminates the storage costs of steel slag and the amount of cement needed in CB slurry wall
construction is reduced by 50%. Moreover, the steel slag utilization as an additive should be

given precedence from environmental protection and economic perspective consideration.
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OZET

Ulkemizde her bolgede yetistirilebilen elma, kazang bakimindan meyveler igerisinde ilk siralarda yer almaktadir.
Her gegen yil Sirnak’ta elma yetistiriciligi artmaktadir. Bu artigla birlikte zararli boceklerin olusturdugu zararla
birlikte deger kaybi olusmaktadir. Bu calisma, Sirnak ili ve Cizre, Idil, Uludere ve Beytiissebap ilgeleri elma
alanlarinda bulunan faydali ve zararli bocek tiirlerini tespit etmek amaciyla 2019-2020 yillart arasinda yapilmistir.
Yapilan g¢alisma neticesinde 16 zararli ve 11 faydali bocek tiirii belirlenmistir. Belirlenen bdcekler igerisinde
zararlilardan Archips rosana L., Cydia pomonella L. (Lepidoptera.: Tortricidae), Tropinota (Epicometis) hirta Poda
(Coleoptera: Scarabaeidae) ve Tetranychus urticae Koch.(Acarina: Tetranychidae)’nin, faydalilardan ise
Chrysoperla carnea Stephens (Neuroptera: Chrysopidae), Coccinella semtempunctata Linnaeus, Apanteles sp.
(Hymenoptera: Braconidae) ve Eupeodes corollae Fabricius (Diptera: Syrphidae)’nin en yogun ve yaygin tiirler

oldugu belirlenmistir.

Anahtar Kelimeler: Elma; Yararli; Zararli; Bocek; Sirnak

Determination of Benefical and Harmful Arthropod Species in the Apple (Malus

domestica Bark. (Rosaceae)) Orchards in Sirnak Province
ABSTRACT

Apple, which can be grown in every region of our country, ranks first among fruits in terms of earnings. Every
year, apple cultivation in Sirnak is increasing. With this increase, there is a loss of value with the damage caused
by harmful insects. This study was carried out between 2019-2020 to determine the beneficial and harmful insect

species found in apple fields in Sirnak province and Cizre, 1dil, Uludere and Beytiissebap districts. As a result of
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the study, 16 harmful and 11 beneficial insect species were determined. Among the determined insects, Archips
rosana L., Cydia pomonella L. (Lepidoptera.: Tortricidae), Tropinota (Epicometis) hirta Poda (Coleoptera:
Scarabaeidae) and Tetranychus urticae Koch.(Anych. ) and beneficial ones are Chrysoperla carnea Stephens
(Neuroptera: Chrysopidae), Coccinella sesempunctata Linnaeus, Apanteles sp. (Hymenoptera: Braconidae) and

Eupeodes corollae Fabricius (Diptera: Syrphidae) was determined to be the most dense and common species.

Keywords: Apple, Harmful, Beneficial, Insect, Sirnak
1. GIRIS

Insan saghg agisindan hem saglikli yasam igin hem de beslenme acisindan ¢ok dnemli
bir meyve olan elma tarimsal sanayide kullanilan 6nemli bir hammaddedir. Sofralarda taze
olarak tiiketilmesinin yan1 sira meyve suyu, recel, konserve ve marmelat olarak
degerlendirilen bir iiriindiir. Ulkemizin her bélgesinde farkli gesitlerinin yetistirildigini
gorebilmekteyiz. Bunun nedeni ise elmanin farkli cesitlerinin farkli ekolojilere uyum
saglayabilmeleridir. Bu uyumdan dolay1 diinyanin her bdlgesine de yayilmistir. Bu kadar
farkli ekolojilere yetistirilebildigi i¢in tretim bakimindan yaklasik %13'lik payla meyveler
icerisinde 4. sirada bulunmaktadir. (Karamiirsel, 2009). Uretim kayitlar1 degerlendirildiginde
2016 yili verilerine bakildiginda diinyada firetilen elma miktarinin %3’tiniin Tirkiye’de
iretildigi ve bu verilere gore Tiirkiye’nin diinyada 4. sirada yer aldigi goriilmektedir
(Anonim, 2018). Uretiminin bu kadar fazla olmasi ekonomik anlamda &nemli olan bir ihracat
irtinii olmasindan kaynaklanmaktadir. Glineydogu Anadolu Bdlgesinde yer alan Sirnak illi
onemli bir elma iireticisi olabilecek potansiyele sahiptir. Sirnak ilinde 42.000 civarinda elma
agaci bulunmakta ve 750 ton elma iiretimi yapilmaktadir (Anonim, 2019). Elma agaclarinda
karsilasilan problemlerin basinda zararli bocekler gelmektedir. Bu bocekler agaclarinin gévde
ve dallarinda zarar yaparak agaclarin zayiflamasina hatta 6liimlerine sebep olabilmektedirler.
Ayrica ¢icek, yaprak ve meyveler iizerinde beslenmek suretiyle ekonomik kayiplar
olusturmaktadirlar (Mamay ve Yanik, 2013). Tarimsal iiretimde zararlilarla miicadelede
oncelikli olarak kimyasal miicadeleye yonelmek pestisit kullanimin artmasma ve bu
kullannmdan kaynakli ¢evre ve saglik problemlerinin ortaya ¢ikmasina neden olmaktadir.
Ortaya ¢ikan bu sorunlari azaltabilmek igin entegre miicadele yonteminin benimsenmesi
gerekmektedir. Entegre miicadelenin basarili olabilmesi i¢in de miicadele yapilacak bdlgenin
flora ve faunasinin ¢ok iyi bilinmesi gerekmektedir. Bu ¢alisma, Sirnak ili ve ilgeleri elma
bahgelerinde yararli ve zararli bocek tiirlerini ortaya koymak icin yapilan ilk alisma
niteligindedir. Elma alanlarinin ve iiretiminin artmasina yonelik bir potansiyeli bulunan
Sirnak ilinde ekonomik anlamda zararli olabilecek tiirlerin ve bunlarin dogal diismanlar1 olan

yararl tilirlerin belirlenmesi Onemlidir. Calisma sonucunda elde edilen veriler ilaglama
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programlarinin dogru bir sekilde olusturulabilmesine katki saglayarak insan ve ¢evre

sagliginin korunmasini ve kaliteli iirlin alinabilmesini desteklemektedir.

2. MATERYALLER VE METOTLAR

Sirnak ili elma alanlarinda yiiriitiilen ¢aligmanin ana materyalinin yararli ve zararh
bocekler olusturmustur. Calismada eseysel ¢ekici tuzaklar, japon semsiyesi, agik mavi renkli

legen, ile ¢esitli ebatlarda kavanozlar ve diger laboratuvar materyalleri kullanilmstir.

Arazi ¢alismalar1 2019 ve 2020 yillarinda Sirnak ilinin Beytiissebap, Cizre, Idil ve
Uludere ilgelerinde yapilmistir. Arazi ¢alismalari bir iiretim sezonu boyunca ortaya yararli ve
zararli bocek tiirlerini belirleyebilmek igin ¢igeklenme ile birlikte arazi ¢ikislarina baglanilmig
ve meyvelerin hasadina kadar iki haftada bir, agaglarin dinlenme déneminde ise toplamda iki

kez ¢ikilarak tamamlanmistir.

Stirvey calismalari ildeki toplam elma agaglarinin %0,1°ni kapsayacak sekilde tesadiifen
yapilmistir (Bora ve Karaca, 1970). Siirvey yapilan bahgelerin 6zellikle bakimsiz ve ilaglama
yapilmamig olmalari tercih edilmistir. Calismanin yiriitiildiigii bahgelerde kontrol edilecek
agac sayis1 Grigorov (1974)’a gore belirlenmistir. Arazi ¢alismalarinda feromon tuzagi, darbe,

gdzle kontrol ve kiiltiire alma metotlar1 kullanilmistir.
2.1. Gozle Kontrol Metodu

Bu metot nisan-ekim aylari arasinda bahgelerde bulunabilecek zararli ve yararl tiirleri
belirlemek amaciyla kullanilmistir. Calismanin yiiriitiildiigli alanlarda bahgeyi temsilen
se¢ilmis olan 10 agactan 10’ar tane olacak sekilde fenolojik doneme gore 100 bitki pargasi
gozle ya da lup ile incelenmis ve tlizerinde bulunan bocek tiirleri alinmistir. Ayrica
laboratuvara getirilen bitki pargalar1 stereoskop mikroskop ile incelenerek tespit edilen tiirler

sayilarak kaydedilmistir.
2.2. Darbe metodu

Darbe metodunda genisligi 2 metrekare cergeveye gegirilmis bir torba ve altinda genis
agizli bir kavanoz bulunan steiner hunisi kullanilmistir. Caligsmalar, nisan-ekim ayalari
arasinda agaclarin iizerinde hareketli olarak bulunan zararli ve yararl tiirleri tespit edebilmek
amaci ile iki haftada bir uygulanmistir. Siirveyler biitiin bahgeyi kapsayacak sekilde rastgele
secilmis olan agaclarin dort tarafinda bulunan her bir dala ucuna plastik hortum takilmis sopa

ile 2’ser kez (toplamda 100 darbe) vurulmak suretiyle yapilmistir (Steiner, 1962). Elde edilen
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bocekler oldiirme sisesine alinarak oldiiriilmiis ve laboratuvara getirilerek tiirlere gore

ayrimstir.
2.3. Dal sayimu ve kiiltiire alma metodu

Bu yontemde, nisan-ekim aylar1 arasinda 6rneklemeler yapilarak kabuklubit, kosnil gibi
zararlilarin bulundugu goriilen yaprak, siirgiin, dal ya da meyve ornekleri alinarak

laboratuvarda kiiltiire alinmistir.
2.4. Tuzak metodu

Calismanin yiritildigi alanlarda Synanthedon myopaeformis Borkh. Ve Cydia
pomonella L. Varligin1 ve ilk ¢ikis tarihlerini tespit edebilmek igin monitér amagl olarak her
ilgede birer bahgeye birgok bilimsel ¢alismada 6nerildigi gibi yerden 1.5-2 metre yiikseklige
bahge genisligine gore bir veya iki adet eseysel g¢ekici feromon tuzak asilmistir (Mamay ve

Yanik, 2013; Mamay ve ark., 2014).

3. BULGULAR VE TARTISMA

3.1. Zararh Tiirler

Sirnak ili elma bahgelerinde 2019-2020 yillarinda yiiriitiilen ¢aligmalarda 5 takima bagli
12 familya igerisinde yer alan 16 zararl: tiir tespit edilmistir. Bu tiirlerden yayilis ve yogunluk
acisindan en Onemli tiirler olarak Archips rosana L., Cydia pomonella L. (Lepidoptera.:
Tortricidae), Tropinota (Epicometis) hirta Poda (Coleoptera: Scarabaeidae), Aphis pomi Deg.
(Hemiptera: Aphididae) ve Tetranychus urticae Koch. (Acarina: Tetranychidae) gézlenmistir
(Tablol).

Tablo 1. Sirnak ili elma bahgelerinde 2019-2020 yillarinda tespit edilen zararl: tiirler

Takim Familya Tiir
Acarina Tetranychidae Tetranychus urticae Koch.
Coleoptera Curculionidae Polydrusus ponticus Faust
Scarabaeidae Tropinota (=Epicometis) hirta Poda
Scolytidae Scolytus rugulosus Miiller
Hemiptera Aphididae Aphis pomi (DeGeer)
Cicadellidae Empoasca sp.
Macrosteles sp.
Coccidae Palaeolecanium bituberculatum (Targ)
Diaspidiae Lepidosophes ulmi (L.)
Tingidae Stephanitis pyri (F.)
Lepidoptera Tortricidae Cydia pomonella Lin.
Archips rosana Lin.

19




Sirnak University Journal Of Sciences 2(2):16-22 (2021) http://dergipark.gov.tr/sufbd

Takim Familya Tiir

Cossidae Zeuzera pyrina L.

Coccus cossus L.

Sessidae Synanthedon myopaeformis B.

Thysanoptera Thripidae Thrips sp.

Ulkemiz elma alanlarinda daha &nce yapilan galismalari degerlendirdigimizde, Yigit ve
Uygun (1982) Adana, Kahramanmaras ve Mersin illerinde elmalardaki bocek tiirlerini ortaya
koymak i¢in yirtttiikleri calismada 6 takima bagli 38 zararl tiirii belirlemislerdir. Cift¢i ve
ark., (1985) ise Antalya’da yaptiklar siirveylerde, C. Pomonella, A. Pomi, D. Plantaginea, E.
Lanigerum, T. Viennensis ve C. Pulcher’i zararl tiirler olarak belirtmislerdir. Ayaz ve Yiicel
(2010) Elaz1g’da yaptiklar1 ¢aligmada 6 takimdan 30 familya igerisinde yer alan 31 zararl: tiir
ile 3 takimdan 4 familya icerisinde yer alan 7 yararh tiir tespit etmislerdir. Kiigiikballi ve
Karaca (2018) Isparta’da yaptiklar1 ¢calismada C. Pomonella, A. Pomi, D. Plantaginea, T.
Urticae ve Pananychus ulmi (Koch.)’nin 6nemli zararli tiirler oldugunu belirtmiglerdir.
Alaserhat (2019) Erzincan’da yaptigi ¢calismada elma alanlarinda 25 zararli bocek tiirii ve bir
akar ile 21 yararh tiir saptamistir. Kaplan (2020) Malatya ili elma bahgelerinde yurittigii

stirvey calismasinda 28 zararli ve 19 faydali bocek tiirli belirlemistir.
3.2. Yararh Tiirler

Sirnak ili elma alanlarinda 2019-2020 yillarinda yiiriitiilen 5 takimdan 7 familyaya ait
11 faydal1 bocek tiirii belirlenmistir (Tablo 2).

Tablo 2. Sirnak ili elma bahgelerinde 2019-2020’de tespit edilen faydal: tiirler

Takim Familya Tiir

Coleoptera Coccinellidae Adalia bipunctata (Linnaeus)

Coccinella semtempunctata Lin.

Coccinella quatuordecimpustulata Lin.

Scymnus sp.

Stethorus punctillum Weise

Diptera Syrphidae Eupeodes corollae

Hemiptera Anthocoridae Anthocoris nemoralis (Fabricus)
Miridae Deraecoris lutescens (Schilling)

Hymenoptera Aphelinidae Aphelinus mali (Haldeman)
Braconidae Apanteles sp.

Neuroptera Chrysopidae Chrysoperla carnea Step

Sirnak ilinde calismanin yiiritiildiigii bahcelerden elde edilen verilere gore birgok
faydal1 bocek tiiriiniin yogun olarak bulundugu goriilmektedir. Yayilis ve yogunluk agisindan

bakildiginda C. carnea, C. semtempunctata, E. corollae ile Apanteles sp. (Hymenoptera:
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Braconidae) tiirlerinin en ¢ok tespit edilen tiirler oldugu belirlenmistir. Elma alanlarinda
yapilan caligmalara bakildiginda; Yigit ve Uygun (1982) Kahramanmaras, Adana ve
Mersin’deki elma bahgelerinde 7 takimdan 21 familyadan 67 yararli tiir belirlemislerdir.
Ciftei ve ark. (1985) Antalya’daki elma bahgelerinde 16 yararli bocek tiirii belirlemislerdir.
Yardim ve ark. (2003) Van ili elma alanlarinda yiiriittiikkleri ¢alismalarda 13 yararli bocek
tirtinii tespit etmislerdir. Alaserhat (2015) Erzincan ve Giimiishane illerinde yiiriittigii
calismada elma alanlarinda 46 faydali bocek tiirii belirlemistir. Porcel ve ark., (2018) Isvec
Scania’da elma alanlarinda Forficulidae, Anthocoridae, Chrysopidae, Coccinellidae,

Cantharidae ve Cecidomyiidae familyalarina giren 18 yararli bocek tiirii belirlemislerdir.

4. SONUCLAR

Sirnak ili elma bahgelerinde 2019-2020 yillar1 arasinda yapilan ¢alismada 16 zararli ve
11 faydali bocek tiirii tespit edilmistir. Tespit edilen tiirlerden C. pomonella, A. rosana, A.
pomi, T. hirta ve T. urticae’nin diger zararh tiirlere, C. semtempunctata, C. carnea, E.
corollae ile Apanteles sp. ise diger yararl tiirlere gore daha yaygin ve yogun olduklari

belirlenmistir.

Giin gectikge insan ve g¢evre sagliginin korunmasi igin gerekli tedbirlerin alinmasinin
onemi artmaktadir. Zararli boceklerle savasimda biitiin etkenlerin bir arada degerlendirilmesi
gerekmektedir. Elma alanlarinda yararli bocek tiirleri de yogun olarak bulundugundan
bahgelerde zararlilarla yapilacak miicadelede secici ilaglar kullanilmali ve gereksiz
ilaclamalarin Oniine gecilmelidir. Ancak bu sekilde yararli bocekler korunabilecek ve

etkinlikleri artirilabilecektir.

Elma bahgelerindeki zararli boceklerin aga¢ organlarinda beslenmesi sonucunda hem
verimde hem de kalitede kayiplar meydana gelmektedir. Elma alanlarinda zararli ile
miicadelede kontrolsiiz kimyasal ila¢ kullanilmasiyla var olan dogal denge bozulacaktir.
Zararli ve yararli tiirlerin bilinmesi, yapilacak miicadelede dogru ilacin dogru zamanda
kullanilmasma katki saglayacaktir. Boylece gereksiz ilagclamalar Onlenmis olacak ve
zararlardan kaynaklanan kayiplarin 6nlenmesinin birlikte kimyasal ilag kalintilar1 nedeniyle

ortaya cikabilecek sorunlarin 6niine gecilebilecektir.
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OZET

Bu calisma kapsaminda 2014-2106 yillart arasinda Hakkari yoresinde yetisen c¢iiriik¢iil makromantarlar
tizerinde rutin arazi ¢alismalart gergeklestirilmistir. Daha sonra laboratuvara taginan 6rneklerin mikroskobik
incelemeleri de yapilarak tiirler teshis edilmistir. Sonug¢ olarak Hakkari ilinde yetisen toplam 30 c¢iiriikgiil
makromantar tiirli ve bu tiirlerin sebep olduklari ¢iiriikgiil tipleri belirlenmistir.

Anahtar kelimeler: Odun ¢iiriimesi; ¢iiriik¢iil makrofungus; Hakkari; Tiirkiye.

Some Wood-Decaying Macrofungi Determined in Hakkari Province

ABSTRACT

Within the scope of this study, routine field studies were carried out on rot macrofungi growing in
Hakkari region between 2014-2106. Then, microscopic examinations of the samples transported to the laboratory
were made and the species were identified. As a result, a total of 30 rot macrofungi species growing in Hakkari
province and the rot types caused by these species were determined.

Key words: Wood-decaying; lignicolous macrofungi; Hakkari; Tiirkiye.
1. GIRIS

Agac ve odun kalintilar1 izerinde yetisen mantarlar genellikle ciirlik¢iil mantarlar olarak
tanimlanir. Ancak c¢liriik¢lil mantarlar taksonomik bir kategoriyi temsil etmemekte ve bu

mantarlar bircok sinif ve takima dahil olabilmektedir. Bu tiir mantarlar lignin, seliilloz ve
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hemiseliilozu parcgalayabilme yetenegine sahiptir. Bu yetenek genellikle insanlar agisindan
olumsuz olarak degerlendirilir. Ciinkii ciirlitiici mantarlar hem ekonomik degere sahip
odunlar1 hem de canli agaglar1 yok etmektedir. Ayrica bu mantarlar tarimsal amagl kullanilan
ve orman ekosisteminde bulunan agaglarda ciddi zararlara yol a¢maktadir. Bu durum

iilkelerin ekonomisi i¢in oldukca onemlidir.

Hakkari dogudan Tiirkiye-iran devlet simir1 ve giineyden Tiirkiye-Irak devlet smnr ile
cevrelenmistir. 1ki ayr1 devletle sinir1 olan ilin, kuzeyinde Van ilinin Baskale ve Giirpmnar
ilgeleri, batisinda Sirnak ilinin Beytlissebap ve Uludere ilgeleri yer almaktadir. 42°,10" ve
44°,50" dogu boylamlar ile 36°,57' ve 37°,48' kuzey enlemleri arasinda yer alan Hakkari,
7228 km? yiiz olciimiiyle Tiirkiye topraklarmmin yaklastk 9%0,92'sini olusturur. Genel
karakteristigini yiiksek daglarin belirledigi ilin denizden yiiksekligi ortalama 1720 metredir.
Hakkari ilinde iklim, yorelere gore de degisiklikler gostermektedir. Ilin vadi tabaninda
Akdeniz ikliminin etkisi ve yiiksek kesimlerinde Dogu Anadolu Bolgesi'nin sert karasal
iklimine yakin bir iklim tipi egemendir. Sonug¢ olarak yorelere gore degisiklikler
gostermektedir. Boylece hem karasal hem de Akdeniz iklim kosullarina uygun bitki Ortiisii
sekillenmektedir (Anonim, 2021).

Ulkemizde daha énce ormanlik alanlarin genis yer kapladign Karadeniz Bolgesi basta
olmak tizere farkl yorelerde ¢iiriik¢iil veya odun tahripgisi olarak ifade edilen makromantarlar
iizerine cesitli caligmalar yapilmistir (Selik, 1973; Siimer, 1977, 1982; Abatay, 1983, 1985;
Demirel ve Uzun, 1996; Afyon ve ark., 2005).

Mantarlar, odun gibi bitkisel kalintilarin ¢iiriitiiliip dogaya geri donlisiimiinii saglayan
baslica organizmalardir. Her y1l muazzam miktarda odun ve ahsap iiriin ¢ilirlime, ¢6ziinme ve
bozulma nedeniyle yok olmaktadir. Mantarlar odunlar iizerinde gelismeye baslayinca, siireg
basta seliiloz ve/veya lignin olmak iizere karmasik kimyasal bilesiklerin parcalanmasini igerir.
Mantarlarin, sindirim enzimlerini organizma digina salgilayarak yiyeceklerini pargalamak
suretiyle gelistirdikleri harici bir sindirme yontemleri vardir (Srivastava ve ark. 2013).

Cirtikgil mantarlarin  birgogunun miko-medikal o6zellikleri bulunmaktadir. Beyaz
ciiriik¢iil etmeni olan Ganoderma lucidum (Curtis) P. Karst. ve Trametes versicolor (L.)
Lloyd gibi tiirlerden elde edilen 6ziitler, bitkisel ilaglarin mikolojik esdegeridir. Bu mantarlar,
farmasotik ve endiistriyel bilesikler i¢in iyi bir arastirma konusudur (Tang ve Zhong, 2004,
Pop ve ark., 2018).

Mantarlar tarafindan meydana getirilen odun giiriikliikkleri, gevsek ciirtikliik, kahverengi

ciiriikliik ve beyaz ciiriikliik olmak {izere tipik olarak {i¢ grupta smiflandirilir. Kahverengi
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ciiriiklikte odun hem enzimatik hem de enzimatik olmayan sistemler yoluyla tipik olarak
ufalanir ve kahverengine doniigiir. Kahverengi ¢iiriiklilk mantarlar1 tarafindan ¢iiriitme
isleminde bir dizi seliilolitik enzim kullanilir, ancak tipik olarak higbir lignin pargalayici
enzim dahil edilmez. Beyaz ¢iirtiklilk mantarlar1 tipik olarak lignin igerigi daha yiiksek olan
sert yapili agaglarin cliriitiilmesi ile iligkilidir ve odun c¢iliriime modelleri farkli bigimler
alabilir ve odundan geriye genellikle beyazimsi renkte kalintilar kalir. Gevsek ¢iiriikliik
mantarlart tipik olarak daha yiiksek neme ve daha diisiik lignin icerikli odunlara saldirir ve
hiicre duvarinda belli belirsiz bosluklar olusturarak gevsek yapili bir kalint1 olustururlar
(Srivastava ve ark., 2013; Rodriguez-Couto, 2017).

Bu c¢alismanin temel amaci Hakkari yoresinde dogal olarak yayilis gosteren bazi
ciiriik¢iil makromantarlar tespit ederek, bu tiirlerin yararli veya zararli olabilecek yonlerinin

belirlenmesidir.

2. MATERYAL ve METOT

Calismanin materyalini 2014-2016 yillar1 arasinda Hakkari ilinde ¢iiriik¢iil olarak
yetisen makrofungus ornekleri  olusturmaktadir.  Orneklerin  dogal habitatlarinda
fotograflarinin ¢ekiminde Canon EOS 60D dijital fotograf makinesi ve Tokina 100mm {/2.8
Makro AT-X Pro D makro lens, matematiksel konumlarmni belirlemek amaciyla Garmin
GPSmap 76CSX GPS cihazi, orneklere ait mikroskobik yapilarin incelenmesi ve spor
boyutlariin dl¢iimii i¢in Leica DM500 151k mikroskobu, mikroskoba bagli Leica ICC50 HD
kamera ve laboratuvar bilgisayarina yiiklenmis Leica LAS EZ (versiyon 3.0) yazilimi
kullanilmigtir. Araziden morfolojik ve etnomikolojik 6zellikleri kaydedilerek toplanan
ornekler, laboratuvar ortamina tasinmis ve oda sicakliginda kurutulmustur. Daha sonra bu
ornekler Kilitli polietilen posetlere yerlestirilip etiketlenerek fungaryum materyali haline
getirilmistir. Orneklerle ilgili arazi ve laboratuvar ¢aligmalarindan elde edilen bilgiler;
Hayashi (1974); Phillips (1981; 1991; 2006), Breitenbach ve Kranzlin (1986; 1991), Buczacki
(1989), Jordan (1995), Hrouda (2001), Binion ve ark. (2008), Sotome ve ark. (2008), Kirk ve
ark. (2008), Ryvarden ve Melo (2014), Kuo ve Methven (2014), Antonin ve ark. (2013),
Desjardin ve ark. (2015), Akata (2010) ve Uzun (2010) tarafindan hazirlanmis eserler ile
karsilastirilarak orneklerin teshisleri yapilmistir.

Calisma neticesinde tespit edilen makrofungus tiirleri Van Yiiziincii Y11 Universitesi,

Fen Fakiiltesi, Biyoloji Boliimii Fungaryumu’nda (VANF) muhafaza edilmektedir.
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3. BULGULAR

Hakkari ilinde gergeklestirilen arazi ve sonrasinda laboratuvarda yapilan teshis ve
ciiriik¢iil tipi belirleme ¢alismalari neticesinde arastirma alaninda toplam 30 makrofungus tiirii
sebep olduklar ¢iiriikgiil tipleri ile birlikte tespit edilmistir. Tirlerin gegerli isimleri ve
sistematikleri online veri tabanlar1 (http://www.indexfungorum.org ve
https://www.mycobank.org) yardimiyla belirlenmis ve sinif, takim ve familya gibi st
taksonomik kategoriler de dikkate alinarak alfabetik olarak siralanmistir. Bu tiirler sebep

olduklar ¢iirtikgiil tipi ve referanslariyla birlikte Tablo 1.’de sunulmustur.

Tablo 1. Hakkari ilinde belirlenen baz ¢iiriikgiil makrofunguslar ve sebep olduklar ¢iirtikgiil tipleri

Ciiriik¢iil makrofungus tiirii Sebep oldugu ciiriikliik tipi

1. Mycena galericulata (Scop.) Gray Kahverengi (Kuo ve Methven, 2014)
2.Mycena galopus (Pers.) P. Kumm. Beyaz (Ghosh, 2002)

3.Mycena polygramma (Bull.) Gray Beyaz (Barrasa ve ark., 2014)

4.Gymnopus aquosus (Bull.) Antonin & Noordel. Beyaz (Barrasa ve ark., 2014)

5.Gymnopus dryophilus (Bull.) Murrill Beyaz (Barrasa ve ark., 2014)

6.Gymnopus ocior (Pers.) Antonin & Noordel. Beyaz (Barrasa ve ark., 2014)

7.Armillaria gallica Marxm. & Romagn. Beyaz (Kuo ve Methven, 2014)

8.Armillaria mellea (Vahl) P. Kumm. Beyaz (Coetzee ve ark., 2001; Phillips, 2006)
9.Flammulina velutipes (Curtis) Singer Beyaz (Mallerman ve ark., 2015)
10.Coprinopsis  lagopus (Fr.) Redhead, Vilgalys & Beyaz (Badalyan ve ark., 2011)

Moncalvo

11.Pleurotus dryinus (Pers.) P. Kumm. Beyaz (Cohen ve ark., 2002)

12.Pleurotus eryngii (DC.) Quél. Beyaz (Cohen ve ark., 2002)

13.Pleurotus ostreatus (Jacg.) P. Kumm. Beyaz (Cohen ve ark., 2002)
14.Schizophyllum amplum (Lév.) Nakasone Beyaz (Kirk ve ark., 2008)

15.Schizophyllum commune Fr. Beyaz ve Kahverengi (Kirk ve ark., 2008; Anonim, 2016a)
16.Lepista nuda (Bull.) Cooke Beyaz (Barrasa ve ark., 2014)

17.Auricularia mesenterica (Dicks.) Pers. Beyaz ve Kahverengi (Phillips, 1991)

18.Hygrophoropsis rufa (D.A. Reid) Knudsen Kahverengi (Holec ve Kolafik, 2013)

19.Neolentinus cyathiformis (Scheeff.) DellaMagg. & Trassin.  Kahverengi (Zmitrovich ve Kovalenko, 2016)

20.Fuscoporia torulosa (Pers.) T. Wagner & M. Fisch.  Beyaz (Kirk ve ark., 2008; Ryvarden ve Melo, 2014)

21.Laetiporus sulphureus (Bull.) Murrill Kahverengi (Anonim, 2016b)
22.Ganoderma adspersum (Schulzer) Donk Beyaz (Phillips, 2006)

23.Fomes fomentarius (L.) Fr. Beyaz ve Kahverengi (Anonim, 2016a)
24.Lentinus arcularius (Batsch) Zmitr. Beyaz (Barrasa ve ark., 2014)
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Ciiriikg¢iil makrofungus tiirii

Sebep oldugu ciiriikliik tipi

25.Lentinus tigrinus (Bull.) Fr.

Beyaz (Quintero ve ark., 2008)

26.Trametes hirsuta (Wulfen) Lloyd

Beyaz (Phillips, 1991)

27.Trametes versicolor (L.) Lloyd

Beyaz (Giicin, 1983; Breitenbach ve Krénzlin, 1986; Buczacki,
1989)

28.Peniophora incarnata (Pers.) P. Karst.

Beyaz (Hayashi, 1974)

29.Stereum complicatum (Fr.) Fr.

Beyaz (Kuo ve Methven, 2014)

30.Stereum gausapatum (Fr.) Fr.

Beyaz (Binion ve ark., 2008)

4. TARTISMA ve SONUC

Hakkari ilinde yetisen bazi ¢iiriik¢iil makrofunguslar tizerine gergeklestiren bu ¢alisma
sonucunda yorede toplam 30 ciirlik¢iil tiir belirlenmistir. Belirlenen tiirlerin hepsinin Fungi
aleminin Basidiomycota boliimiinde yer alan Agaricomycetes smifina dahil oldugu tespit
edilmistir. Aragtirma alaninda belirlenen tiirlerin dahil oldugu toplam 7 takim ve 15 familya

ise Sekil 1. ve Sekil 2.”de sunulmustur.
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Sekil 1. Tespit edilen ciirtik¢iil makrofungus tiirlerinin ordolara gére dagilimi.
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Mycenaceae
Omphalotaceae
Physalacriaceae
Psathyrellaceae
Pleurotaceae
Schizophyllaceae
Tricholomataceae
Auriculariaceae
Hygrophoropsidaceae
Gloeophyllaceae
Hymenochaetaceae
Laetiporaceae
Polyporaceae
Peniophoraceae s 1
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Sekil 2. Tespit edilen ¢iiriik¢iil makrofungus tiirlerinin familyalara gore dagilima.

Yukarida sunulan sekiller incelendiginde Hakkari yoresinde tespit edilen ciliriikgiil
makrofungus tiirlerinin yaridan fazlasinin Agaricales ordosunda yer aldigi goriilmektedir. Bu
durum, Agaricales takiminin yeryiiziinde bulunan makrofunguslarin biiylik ¢ogunlugunun yer
aldigi Agaricomycetes siifinin en kalabalik takimi olmasinin yani sira, arastirma alaninin
ekolojik ve iklimsel 6zelliklerinden de kaynaklanmaktadir. Polyporales ise ikinci kalabalik
ordo ve Polyporaceae familyast da en ¢ok tiire sahip familya olarak karsimiza ¢ikmaktadir.
Bu durum da saprofit porlu mantarlarin substrat olarak daha c¢ok canli aga¢ veya odun
kalintilarin1 segtigini gostermektedir. Yorenin ekolojik ve iklimsel ozellikleri nedeniyle
Mycenaceae, Omphalotaceae, Physalacriaceae ve Pleurotaceae familyalar1 da arastirma
alaninda belirlenen clirlik¢iil tlirler bakimindan nispeten daha fazla {iyeyle temsil

edilmektedir.

Canli agag
% 10

Odun kalintis1
% 70

Toprak
% 20

Sekil 3. Tespit edilen ¢iiriik¢iil makrofungus tiirlerinin substrat se¢imlerine gore dagilimai.
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Arastirma yoresinde belirlenen ¢liriikglil makrofunguslar farkli substrat tercihleri
gostermektedirler. Ciiriik¢iil tiirlerin biiylik cogunlugu (%70) kiitiik veya diismiis gévde ve dal
pargalar1 gibi 6lii odun kalintilar1 iizerinde tespit edilmistir. Ozellikle canli agaclar iizerinde
yetisen tiir sayisinin sadece 3 oldugu goze carpmaktadir. Bu durum arastirma yo6resinde dogal
olarak yayilis goOsteren agaclarin mantar ¢iiriikliigi bakimindan daha az tehlike altinda
oldugunu gostermektedir. Arastirma alaninda belirlenen toplam 6 tiiriin ise toprak iizerinde
yetistigi tespit edilmistir. Bu durum bu tiirlerin iizerinde yetistigi topraklarin bitkisel kalintilar

gibi organik maddeler bakimindan zengin oldugunu gostermektedir.

Cirtik¢iil makrofunguslar, ekolojik kapsamda bitkisel atiklarin ortadan kaldirilip dogaya
geri kazandirilmasint saglayarak yeryliziiniin bir ¢opliik haline donlismesini Onlemeleri
bakimindan ¢ok onemlidirler. Ayrica aralarinda besin olarak tiiketilen ve terapotik 6zelliklere
sahip bir¢ok degerli tiir bulunmasina ragmen bu tiirler canli aga¢ ve ekonomik degere sahip
odunlarda tahribata neden olarak ciddi kayiplara da yol agmaktadirlar. Bu bakimdan ciirtik¢iil
makrofunguslarin taninmasi ve yayilis alanlarinin belirlenmesi biiyiik 6nem arz etmektedir.
Bu ¢alisma neticesinde Hakkari ilinde yetisen ciirtitiici 6zelliklere sahip bazi makrofungus

tiirleri belirlenerek yorenin ¢iiriik¢iil makrofungal cesitliligine katki sunulmustur.
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