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Abstract

Paracontact geometry is in many ways an odd-dimensional counterpart of symplectic geometry. Both
paracontact and symplectic geometry are motivated by the mathematical formalism of classical, analytical
and dynamical mechanics. A formulation of classical mechanics is Hamiltonian mechanics. The purpose of
this paper is to study Weyl-Hamiltonian differential (move) equations using Weyl theorem for mechanical
systems on 3-dimensional normal almost paracontact metric manifolds and is to get a general form for
any movement of the object.

Keywords: Symplectic geometry, paracontact manifold, Hamiltonian formalism, mechanical system,
dynamic equation.

Ozet

Paracontact geometrisi bircok yonden semplektik geometrinin benzer boyutlu bir karsiligidir. Hem
paracontact hem de semplektik geometri, klasik, analitik ve dinamik mekanigin matematiksel
formiilasyonu tarafindan motive edilir. Klasik mekanigin bir formiilasyonu Hamilton mekanigidir. Bu
makalenin amaci, Weyl teoremini kullanarak 3 boyutlu normal hemen hemen paracontact metrik
manifoldlar tizerinde Weyl teoremini kullanarak Weyl-Hamiltonian diferansiyel (hareket) denklemlerini
incelemek ve nesnenin herhangi bir hareketi i¢in genel bir form elde etmektir.

Anahtar Kelimeler: Semplektik geometri, paracontact manifoldu, Hamilton formalizmi, mekanik sistem,
dinamik denklem.

1. Introduction

One way of solving problems in classical and analytical mechanics is through use of the
Hamilton equations. The Hamiltonian formulation is an important tramplen from which
to develop another useful formulation of classical mechanics known. Classical field theory
utilizes traditionally the language of Hamiltonian dynamics. This theory was extended to
time-dependent classical mechanics. A Hamiltonian space has been certified as an
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excellent model for some important problems in relativity, gauge theory and
electromagnetism.

Symplectic and paracontact geometry are theories such that naturally emerged from the
mathematical description of classical physics. They were revolutionized in the early
1980s with the discovery of new rigidity phenomena and properties satisfied by these
geometric structures. They have been very useful in the development of many areas of
mathematics and modern mathematical physics. Paracontact manifolds are the natural
framework for geometric optics. Paracontact structures arise naturally on energy levels
of autonomous Hamiltonian systems.

Tripathi et al submitted the concept of e-almost paracontact manifolds of e-para-Sasakian
manifolds [1]. Kr. Srivastava et al introduced the concept of (g)-almost paracontact
manifolds [2]. Atceken introduced the existence of warped product semi-invariant
submanifolds in almost para contact metric manifolds [3]. Shukla and Verma investigated
the notion of paracomplex paracontact pseudo-Riemannian submersions from almost
para-Hermitian manifolds onto almost paracontact metric manifolds [4]. Gunduzalp and
Sahin first defined the concept of paracontact semi-Riemannian submersions between
almost paracontact metric manifolds [5]. Erken and Murathan completed study of three-
dimensional paracontact metric (i, z,0) -manifolds [6]. Manev and Staikova studied a

classification with eleven basic classes of almost paracontact Riemannian manifolds of
type (n,n) [7]. Bucki shown that for an almost r-paracontact manifold of P. Sasakian type
there exists a product submanifold [8]. Acet et al gave canonical paracontact connection
on a para-Sasakian manifold [9]. Ahmad et al defined a quarter symmetric semi-metric
connection in an almost r-paracontact Riemannian manifold and consider invariant, non-
invariant and anti-invariant hypersurfaces [10]. Nakova and Zamkovoy considered
almost paracontact pseudo-Riemannian manifolds with indefinite metric g [11]. Kasap
and Tekkoyun found Lagrangian and Hamiltonian formalism for mechanical systems
using para/pseudo-Kahler manifolds [12].

2. Preliminaries

Definition 1. Let M be a differentiable manifold of dimension (2n+1) and suppose ] is a
differentiable vector bundle isomorphism J:-TM—TM such that J:TM—TM is a almost
complex structure for TM. An almost complex structure ] on M assigns to each peM a
linear map Jp:T,M—T,M that is smooth in p and satisfies ]J,%=Id for all p. The pair (M,]) is
called an almost paracomplex manifold. Any paracomplex manifold M is also an almost
paracomplex manifold.

A celebrated theorem of Newlander and Nirenberg [13] says that an almost paracomplex
structure is a paracomplex structure if and only if its Nijenhuis tensor or torsion
vanishes. The almost paracomplex structure ] on M is integrable if and only if the tensor
Nj vanishes identically, where Nj is defined on two vector fields X and Y by

NJ[XY]=0XJY]- X Y] UXY]-[XY]. (1)

The tensor (2,1) is called the Nijenhuis tensor (1). We say that ] is torsion free if Nj=0. An
almost product structure is integrable if its Nijenhuis tensor vanishes. An almost complex
manifold (M,]) is complex if and only if ] is integrable.

Definition 2. A (2n+1)-dimensional manifold M is said to be a contact manifold if it
admits a global 1-form 1, such that nA(dn)"#0.

Given such a form 1, there exists a unique vector field &, called the characteristic vector
field, such that n(§)=1 and dn(§, )=0. A semi-Riemannian metric g is said to be an
associated metric if there exists a tensor ¢ of type (1,1), such that
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@*X=X-n(X)3,

¢&=0,n(9X)=0,n(8)=1,

g(@X,0Y)=g(X,Y)n(X)n(Y),

n(X)=g(X.g),

dn(,)=g(@). (2)

Then, (¢,5n,g) (more briefly, (n,g)) is called a paracontact metric structure, and
(M,,§n,g) or M a paracontact metric manifold [14].

Definition 3. Let M be an almost paracontact manifold with almost paracontact structure
(@,&n,g) and consider the product manifold MxR, where R is the real line. A vector field
on MxR can be represented by (X,f(d/dt)), where X is tangent to M, f a smooth function
on MxR, and t the coordinates of R. For any two vector fields (X,f(d/dt)) and (Y,h(d/dt)),
it is easy to verify the following:

[(X,f(d/d8)),(Y,h(d/d))]=([X,Y],(Xh-Yf)(d/dD)). (3)
If the induced almost product structure ] on MxR defined by
J(X.f(d/dt))=(@X+fEn(X)(d/d)), (4)

is integrable, then we say that the almost paracontact structure (¢,§n,g) is normal. Let M
be an almost paracontact manifold and for any vector fields X,Y on M if it is additionally
endowed with a pseudo-Riemann metric g of signature (n+1,n) and such that

g(eX,@Y)=-g(X,Y)(XIn(Y). (5)

3. Almost Paracontact 3-Structure on A Differentiable Manifold

Theorem 1. Let (M,,§,n) bean almost paracontact manifold, and let u#0 be (1,1) tensor
field defined on M. If we put

@'X=p"opX, n'(X)=n(uX) and pg'=g, (6)

then we observe that (¢’, &, ') is also an almost paracontact structure defined on M,
thereby indicating that an almost paracontact structure on a differentiable manifold is
not unique. This leads us to define an almost paracontact 3-structure on a differentiable
manifold.

Proof: Suppose a differentiable manifold M admits three almost paracontact structures
(@i,&i,m1), i=1,2, satisfying

i (&)=n;(&)=0,

¢i(§)=9;(§)=0,

Ni°Qi=N;°Qi=8k,

and

@i°@;+N;QTi=@jo@i+Ni QF=@k. @)

for a cyclic permutation (i,j,k) of (1,2,3), then M is said to have an almost paracontact 3-
structure.
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Theorem 2. If a differentiable manifold M admits two almost paracontact structures
(i,8i,m1),1=1,2, satisfying

N1(82)=m2(8§1)=0,
01(82)=92(81),
Ni°c@P2=N2°@1,

and

P10921M2Q8:=@2001+N1QE,. ®
then it admits an almost paracontact 3-structure.
Proof: Define a triplet (¢3,§3,n3) on M by
@3=@1°02+N2881,8=01(2) and nz=n1°0>. €)]

We can be easy shown that (¢3,83,13) is also an almost paracontact 3-structure on M.

Theorem 3. Suppose a differentiable manifold M admits two almost paracontact
structures (@i,§i,Mi), i=1,2, and let there be given a Riemannian metric on M associated to
both the structures and if

@102+ N2Q81=(200:1 1118, (10)
then
(@) n1(82)=n2(8)=0,
(b) @1(82)=2(81),
(©) N1o@2=nz0@y, (11)
Proof: Since g is associated metric for the structure we have
8(81,82)=11(82)=n2(80)- (12)

Using the given condition, we have

8(@102X+12(X)81,Y) = g(@20:X,Y) +n1(X)n2(Y),
g(@2X,01(Y))+M2X)M1(Y) = g(@1X,@2Y) M1 (X)2(Y). (13)
Put X=§&, and Y=¢; in the above equation and using (12) we obtained

8(9281,901(82))=8(81,81)-8(81,82)N1(82) =8 (81,81 M1(82)82)
=g(51,81M2(81)82) =8(81,02°61) =8(0251,0251.). (14)
This gives @15,=@,8;. Using (14) we get

01(82)=02(81)=02(51) M1(0152)51=02(51) M1(0281)51=01% (¢2(81)), (15)
which gives §;=@1¢925:1=@1918:=5,11(§2)81. Hence 141(§2)8:=0, giving n1(82)=0 and by
(12) we have n; (§2)=n2(&)=0 [15].
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Theorem 4. For an almost paracontact 3-structures (¢i,&i,ni), i=1,2,3, on a differentiable
manifold M there exist a Riemannian metric g such that

g(X,%)=ni(X),i=1,2,3, Xex(M). (16)
Proof: Let g, be the associated Riemannian metric to (¢1,§1,11) and define a metric g, by

82(X,Y)=81(X12(X)§2,Y-N2(Y)E2) +12(X)n2(Y). 17
Now define g by

g(XY)=g2(X-n3(X)%3,Y3(Y)&3)+ns(X)nz(Y). (18)

Then clearly g is Riemannian metric defined on M, and we have

8(X,81)= 82(XM3(X)%3,51) =81 (X-n3(X)E3-M2(XN3(X)€3)52,81)

= g1(X81) M3(X)81(83,51) M2(X) 81 (82,81) =n1(X). 19)
Further we have
g8(X,52)=g2(X-M3(X)&3,52)=n2(X). (20)
and
g2(X,83)=g2(X-n3(X)&3,83)="3(X). (21)

Lemma 1. In differentiable manifold M with almost paracontact 3-structures (¢i,&ini),
i=1,2,3, and associated metric g we have

8@ X@)=g(@X) i (XOm(Y)  (proof see[16]). (22)

4. Gauge Theory and Weyl Geometry

A conformal manifold is a differentiable manifold equipped with an equivalence class of
(pseudo) Riemann metric tensors, in which two metrics g, and g; are equivalent if and
only if

g=¥%gy, (23)

where W>0 is a smooth positive function. An equivalence class of such metrics is known
as a conformal metric or conformal class and a manifold with a conformal structure (23)
is called a conformal manifold.

Hermann Weyl (1885-1955) made many fundamental and important contributions to
physics. Weyl's gauge theory sprang from an even earlier (1918) theory in which Weyl
demanded that Einstein's theory of general relativity should be invariant with respect to
the similar replacement

g ()~ Mg (%), (24)

which we shall call a metric gauge transformation (24) and it has emerged effect of these
transformations on Riemannian and non-Riemannian geometry. Weyl, using this gauge
principle, was able to derive all of electrodynamics from a generalized Einstein-Maxwell
Lagrangian. Today, the gauge principle is arguably the most powerful concept in all of
modern physics. This gauge principle underlies all of the Yang-Mills theories and is a key
component in string theory and its more recent variant, M theory.
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Two Riemann metrics g; and g, on M are said to be conformally equivalent iff there exists
a smooth function :M—R with

efg1=ga. (25)

In this case, g;~g». Let M be an n-dimensional smooth manifold. A pair (M,G), a conformal
structure on M is an equivalence class G of Riemann metrics on M, is called a conformal
structure [17].

Theorem 5. (a) Let V be a connection on M and g€G a fixed metric. V is compatible with
(M,G)& there exists a 1-form w with Vxg+w(X)g=0. A compatible torsion-free
connection is called a Weyl connection. The triple (M,G,V) is a Weyl structure.

(b) To each metric geG and 1-form w, there corresponds a unique Weyl connection V
satisfying Vxg+w(X)g=0. Define a function F:{ 1-forms on M }xG—{Weyl connections} by
F(gw)=V, where V is the connection guaranteed by Theorem 5. We say that V
corresponds to (g,w) (poof see [16]).

Proposition 1.
(a) Fis surjective.
Proof: F is surjective by Theorem 5.
(b) F(gw)=F(e'gn) iff n=w-df. So
F(e'g)=F(g)-df. (26)

Where G is a conformal structure. Note that a Riemann metric g and a one-form w
determine a Weyl structure, namely F:G—A*M where G is the equivalence class of g and
F(efg)=w-df.

Proof: Suppose F(g,w)=F(efgn)=V. We have

Vx(efg)+n(X)efg=X(eH)g+eVxg+n(X)efg=df(X)efg+eVxg+n(X)efg=0. 27)

Therefore Vx(efg)=-(df(X)+n(X)). On the other hand Vxg+w(X)g=0. Therefore w=n+df.
Set V=F(g,w). To show V=F(efgn) and Vx(efg)+n(X)efg=0. To calculate

Vx(efg) I (X)efg=efdf(X)g+eVxg+(w(X)-df(X))efg=ef(Vxg+w(X)g)=0 [17]. (28)

Definition 4. Kdhler geometry can be thought of as a compatible intersection of complex
and symplectic geometries. Indeed, the triple (M**],w), with 2n the real dimension of M,
is a Kdhler manifold if

(i) (M?~)) is a complex manifold, i.e. the automorphism J:TM—TM, J?=-], is an integrable
complex structure

(ii) (M?",w), is a symplectic manifold, i.e. the 2-form w is closed and nondegenerate

(iii) ] and w are compatible in the sense that the bilinear form w(:,J-) is a Riemannian
metric, i.e. symmetric and positive definite [18].

Definition 5. Consider a triple (M,g,V) where g is a pseudo Riemannian metric on a
smooth n dimensional manifold M and where V is a torsion free connection on the
tangent bundle TM of M. We suppose n=>2 henceforth. We say that (M,g,V) is a Weyl
manifold if the following identity is satisfied: Vg=-2¢&®g for some @€eC*(T*M). This
notion is conformally invariant. If (M,g,V) is a Weyl manifold, then (M,e%g,V) is again a
Weyl manifold where @:=@-df. The simultaneous transformation of the pair (g) is
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called a gauge transformation, properties of the Weyl geometry that are invariant under
gauge transformations are called gauge invariants [19].

Let V be a torsion free connection on the tangent bundle of M and m=>6. If (M,g,V,]) is a
Kahler-Weyl structure, then the associated Weyl structure is trivial, i.e. there is a
conformally equivalent metric

gi1=e?fg, (29)
so that (M,g1,]) is Kahler and so that V=V [20].
Let (M,g) is conformally flat if for each point x in M, there exists a neighborhood U of x

and a smooth function f defined on U such that (U,e%g) is flat. The function f need not be
defined on all of M.

Let m>6. If (M,g],V) is a (para)-Kdhler-Weyl structure, then the associated Weyl
structure is trivial, i.e. there is a conformally equivalent metric

g1=e’g, (30)
so that (M,g4,]) is (para)-Kahler and so that V=Ve: [21].

Weyl transformation is a local rescaling of the metric tensor: ga»(x)—e ~2*®ga, (x) which
produces another metric in the same conformal class. A theory or an expression invariant
under this transformation is called conformally invariant, or is said to possess Weyl
symmetry. The Weyl symmetry is an important symmetry in conformal field theory.

Also, in three dimensions, the vector from the origin to the point with Cartesian
coordinates (x,y,z) can be written as:

r=x?+yj’+zE=x(6/(6x)) +y(9/(0y))+z(0/(0z)).

Example 1. Let R® be the Cartesian space and (x,y,z) be the Cartesian coordinates in it
define the standard almost paracontact structure (¢,£1) on R? by

©(01)=0,-2x03,

¢(02)=01,

¢(93)=0,

§=03;, n=2xdy-+dz. (31)

We research "almost paracontact 3-structure on a differentiable manifold" conditions
and features of (31) for d,=0/0%, 0,=0/0y, 03=0/0z;

1. g&= ¢(3/92)=0,
2.1(9X)=[2x(3/dy)+0/02] (¢X)=0,
3. n(®)=[2x(d/dy)+08/0z](8/0z)=1 [22]. (32)

Proposition 2. ¢* homomorphic structure is the dual of ¢ homomorphic structure. We,
using (29), transferred to Weyl structure of the system (31).

1. p*dx)=efdy-2xe?fdz,
2. @*(dy)=e?fdx,
3. ¢*(dz)=0. (33)
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Proof: 1. @-2(dx)=eZfp*(dy)-2xe? @*(dz)=dx,
2. @2(dy)=e(e?dy-2xe?dz)=dy-2xdz,
3. ¢*?(dz)=0. (34)
As seen above (33) provided for the condition (2) @*2X=X-n(X)Z.

5. Hamilton Dynamics Equations

The vector field X on T*M given by ixw=dH is called the geodesic flow of the metric g.
Suppose that € is a vector field: that is, a vector-valued function with Cartesian
coordinates (§,,..,.&n); and x(t) a parametric curve with Cartesian coordinates
(%,(®),-..xn(t)). Then x(t) is an integral curve of € if it is a solution of the following
autonomous system of ordinary differential equations:

dx;/dt=8&;(X1,..Xn),...,dXn/dt=8&n(X1,...Xn). Such a system may be written as a single vector
equation:

§(x(0)=x'()=(9/9) (x(1)- (35)

Let M is the configuration manifold and its cotangent manifold T*M. By a symplectic form
we mean a 2-form @ on T*M such that:

(i) @ is closed , that is, d®=0; (ii) for each zeT*M , &:T*MXT*M-R is weakly
nondegenerate. If @ in (ii) is nondegenerate, we speak of a strong symplectic form. If (ii)
is dropped we refer to @ as a presymplectic form. Let (T*M,®) be a symplectic manifold.
A vector field Xu:T*M—T*M is called Hamiltonian if there is a C* function H:T*M-R such
that dynamical equation is determined by

ix«d=dH [23]. (36)

We say that Xu is locally Hamiltonian vector field if ixu® is closed and where ® shows the
canonical symplectic form so that ®=-d(}, Q=]*(w), J* a dual of ], w a 1-form on T*M. The
trio (T*M,®,Xn) is named Hamiltonian system which it is defined on the cotangent bundle
T*M. Recall from elementary physics that momentum of a particle, pi, is defined in terms
of its velocity gi by pi=migi. In fact, the more general definition of conjugate momentum,
valid for any set of coordinates, is given in terms of the Lagrangian: pi=dL/dq;,
pi=0dL/0qi. Note that these two definitions are equivalent for Cartesian variables. In
terms of Cartesian momenta, the kinetic energy is given by T=Y-, (p?)/(2m;). Then, the
Hamiltonian, which is defined to be the sum, H=T+V, expressed as a function of positions
and momenta, will be given by H(qi,p)=V+T=3X", (p?)/(2mi)+(q,--qn) where
P=p.,...pDn. The function H is equal to the total energy of the system. In terms of the
Hamiltonian, the equations of motion of a system are given by Hamilton's equations:

Gi=0H/dp:, pi=-0H/dq: [24]. (37)
6. An Example for Contact Manifold

Differential geometry provides and mathematical physics a good workspace for studying
Hamiltonians of classical mechanics and field theory. The dynamic equations for moving
bodies are obtained for Hamiltonian mechanics. Contact geometry has a practical usage
in physics, geometrical optics, classical mechanics, analytical mechanics, mechanical
systems, thermodynamics, geometric quantization, applied mathematics and differential
geometry. The some examples of the Hamiltonian are applied to model the problems
include harmonic oscillator, charge Q in electromagnetic fields, Kepler problem of the
earth in orbit around the sun, rotating/spherical/plane pendulum, molecular and fluid
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dynamics, LC networks, Atwood's machine, symmetric top etc. In this section, an
oscillator is given as an example for contact Hamiltonian system.

Lemma 2. Assume that H(t,q,p,S) is a C* contact Hamiltonian function and (q,p,S) are the
coordinates of a point of a contact manifold with the one form n=dS-p(dq). Let A be the
number by which we must multiply to n obtain the given point of the symplectified space.
In these coordinates, we have w=AdS-Ap(dq).

A Hamiltonian system with Hamiltonian function on a contact manifold:
dq/dt=0H(t,q,p)/dp,
dp/dt=-0H(t,q,p)/dq, (38)
describes reversible systems such as in mechanics and electromagnetism, where
dissipation effects are neglected. Hamiltonian system (38) extends to the contact

Hamiltonian system on contact manifold with a contact Hamiltonian function
H:RXT*R"XR—R defined by

0q/0t=0H(t,q,p,S)/dp,
dp/0dt=-0H(t,q,p,S)/dq-p.(OH(t,q,p,5)/0S),
0S/0t=p.(0H(t,q,p,S)/0p)-H(t,q,p.S). (39)
In the coordinates (q,p,S) of phase space, the contact form is @ =dS —Zin:l p;.(dg,) (proof
see [25]).
Time-dependent Harmonic oscillators:

Cha at al introduced the damped harmonic oscillator with a time-dependent damping
constant and a time dependent angular frequency, which is the generalization of

Caldirola-Kanai Hamiltonian. Then, the equation of motion reads X +y(t) X
+wo%(t)x=0,where y(t) and w,(t) imply a time-dependent damping constant and a time-
dependent angular frequency respectively, and the mass of a particle is determined in

unity. The corresponding Lagrangian then reads L=(1/2)g(t)( x° -wo?t?), where

g(t)=exp[[ty(t")dt']. The canonical momentum is given by p=g(t). X . The corresponding
Hamiltonian is obtained via a Legendre transformation: H=p?/2g(t)+(1/2).g(t)wo*x*
[26].

Consider the one-dimensional damped oscillator with changing-sign damping coefficient
y(t), mass g(t) and time-dependent frequency w(t), whose contact Hamiltonian is

H(t,q,p,S)=p?/2g(t)+(1/2).g(Hw* () q*+y(1)S. (40)

The contact Hamiltonian system of motions reads
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dq/dt=p/g(v),
dp/0t=-g(t) w*(t)q-py(1),
8S/0t=p/2g(1)-(1/2) gD (DQ*-Y(DS. (41)

7. Hamiltonian Mechanical Systems

We, using (36), present Hamilton equations and Hamiltonian mechanical systems for
quantum and classical mechanics constructed on 3-dimensional normal almost-
paracontact metric manifolds (¢*§n,g).

Proposition 3. Let (M,g,*) be the for (33) on 3-dimensional normal almost paracontact
metric manifolds. Suppose that the structures, a Liouville form and a 1-form on 3-
dimensional normal almost-paracontact metric manifolds are shown by ¢*®=-dqQ,
Q=0¢*(w) and w=(1/2)[dx+dz] is a 1-form. If (36) is used, the Hamilton equations below
are obtained.

dif1. dx/dt=-(C/(2-A-B))-(8H/dx)+(1/A)(dH/dy)+(1/(2-B))-(9H/dz),
dif2. dy/dt=(1/A)(dH/dx)-(B/(2-C.A))-(8H/dy)+(1/(2-C))-(dH/dz),
dif3. dz/dt=((-1)/(2-B))-(8H/dx)-(1/(2-C))-(8H/dy)+(A/ (2-B-C))-(8H/0z)).

(42)

The equations introduced in are named Weyl-Hamilton equations on 3-dimensional
normal almost-paracontact metric manifolds (¢*&1,g) and then the triple (M,®,w) is said
to be a Hamiltonian mechanical system on (M,g,¢*).

Proof: The steps in the Hamilton dynamic equation section will be followed for proof. We
obtain the Liouville form as follows:

0= ¢*(w) = (1/2)[¢(dx)+¢*(d2)]= (1/2)[e?dy-2xe¥dz]. 43)

It is well known that if @ is a closed on 3-dimensional normal almost-paracontact metric
manifolds (M,g,¢@*), then @ is also a symplectic structure on (M,g,¢*). Therefore the 2-
form @ indicates the canonical symplectic form and derived from the 1-form Q to find to
mechanical equations. Then the 2-form is calculated as:

d=[-(0f/0x) e dxAdy+(e*+2x(0f/0x)e*)dxAdz
+2x(0f/dy)e?’dyAdz-(0f/0z)e? dzAdy]. (44)

Take a vector field Xu so that called to be Hamiltonian vector field associated with
Hamiltonian energy H and determined by

Xu=X(0/0x)+Y(9/0y)+Z(0/0z). (45)
So, we have
ixip = @(Xn)
= X{ [-(0f/0x)e?] (dx(8/0x)dy-dy(8/0x)dx)
+[e?+2x(0f/0x)e?] (dx(0/0x)dz-dz(0/0x)dx)+[2x(0f/dy) e
+(3f/02)e](dy(8/0%)dz-dz(d/dx)dy)] |
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+Y| [-(3f/0x)e2(dy(3/y)dx-dx(3/dy)dy)
+(e2+2x(df/0x)e?) (dx(d/dy) dz-dz(d(dy) dx)
+[2x(0f/dy)e*'+(0f/0z) e (dy(9/dy)dz-dz(d/dy)dy)] }
+2| [-(3f/0x)e?(dy(997) dx-dx(3/0z) dy)
+[e2+2x(3f/0x) 27| (dx(9/0z) dz-dz(d/0z)dx)
+[2x((2F/9y)e?+(2F/32)e?] (dy (3/02)dz-dz(3/d2)dy)] |-

(46)

Kronecker delta and external product characteristics are used here to obtain the
following equation.

ixip=¢(Xn)
=X[-(0f/0x)e?f|dy+X[e?+2x(0f/0x)e?|dz
+Y[-(0f/0x)e?f|dx+Y[2x(0f/dy) e+ (0f/0z) e*]dz
-Z[e?+x2(0f/0x)e?f|dx-Z[2x(0f/dy) e+ (0f/0z) e dy. 47)
Also, the differential of Hamiltonian energy H is obtained by
dH=(0H/dx)dx+(0H/dy)dy+(0H/0z)dz. (48)
From ix«®=dH, the Hamiltonian vector field is found
Y[-(0f/0x)e?|dx-Z[e*+x2(0f/0x)e*|dx = (0H/0x)dx,
X[-(0f/0x)e?|dy-Z[2x(0f/dy)e?+(0f/0z)e*|dy = (OH/dy)dy,
X[e*+x2(0f/0x)e|dz+Y[2x(0f/dy)e?+(0f/0z)e*|dz = (0H/0z)dz,
(49)
and for A=[-(9f/0x)e?], B=[e?+x2(0f/0x)e?f], C=[2x(0f/0y)e?+(0f/0z)e? ] as follows:
X = (1/A)(0H/dy)-(A/(2-B-))[C-(9H/0x)-A-(0H/0z)+B-(9H/dy)],
Y = (1/A)(0H/0%x)-(1/(2-A-C))[C-(0H/0x)-A-(0H/0z)+B-(dH/0dy)],
Z=((-1)/(2:B-:0))[C:(0H/0x)-A-(0H/0z)+B-(0H/ay)].
(50)
So, we obtain
Xu = [(1/A) (9H/dy)-(A/(2'B))[C-(8H/3x)-A-(8H/02)+B-(9H/dy)]1(3/3x)
+[(1/A)(0H/0x)-(1/(2-A-C))[C-(9H/0x)-A-(0H/0z)+B-(9H/dy)]](9/dy)

(5 ;—[((-1)/(2'3'@)[C'(aH/f?X)-A'(0H/02)+B'(0H/5Y)]](0/62)-
1

Consider the curve and its velocity vector is
a:IcR-M, a(t)=(x(t),y(t),z(t)),
a(t) = (dx/dt)(9/0x)+(dy/dt)(d/dy)+(dz/dt)(d/0z). (52)
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An integral curve (35) of the Hamiltonian vector field Xu, ie,
Xu(a(t))=(9/0t)(a(t))=a(t) , t€l, t shows the time. Then, we can be find the following
equations;

dif1. dx/dt=-(C/(2-A-B))-(8H/8x)+(1/A) (8H/dy)+(1/(2-B))-(H/0z),
dif2. dy/dt=(1/A)(dH/dx)-(B/(2-C.A))-(dH/dy)+(1/(2-C))-(8H/dz),
dif3. dz/dt=((-1)/(2-B))-(dH/8x)-(1/(2-C))-(8H/dy)+(A/(2-B-C))-(dH/dz)).

(53)

Hence, the equations introduced in are named Hamilton equations on 3-dimensional
normal almost-paracontact metric manifolds (¢*§n,g) and then the triple (M,®,w) is said
to be a Hamiltonian mechanical system on (M,g,¢*).

8. Conclusion
By this study the above mentioned forms:

(a) Weyl's structure (29) on 3-dimensional normal almost-paracontact metric manifolds
($*8n,g) were transferred (33) the mechanical system for dynamical systems.

(b) Hamiltonian motion equations on 3-dimensional normal almost-paracontact metric
manifolds were found using the dynamic equation (36) introduced by Klein in 1962.

(c) So, the Hamilton mechanical equations (42) with Weyl theorem (29) derived on a
generalized on 3-dimensional normal almost-paracontact metric manifolds.

9. Discussion

A classical field theory explain the study of how one or more physical fields interact with
matter which is used in quantum and classical mechanics. Our universe is three-
dimensional such that Einstein added time as the fourth dimension in 1905.

Time-dependent moving Hamiltonian equations gives a model for both the gravitational
and electromagnetic field in a very natural blending of the geometrical structures of the
space with the characteristic properties of these physical fields.

The obtained time-dependent equations system (42) on 3-dimensional normal almost-
paracontact metric manifolds are very important to explain and solve the rotational

spatial mechanical-physical problems.

Hamilton's equation system (42) may be suggested to deal with problems in electrical,
magnetically and gravitational fields force of defined space moving objects [27-29].

In addition, using these equations, the route and needs of moving of the object/system on
3-dimensional normal almost-paracontact metric manifolds can be determined.
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Abstract

The main purpose in this study is to create the adjoint curve of a curve according to the modified
orthogonal frame created by torsion in Euclidean and Minkowski 3-space. Besides, it is another purpose to
reveal the relationships between the modified orthogonal frame of these curves.
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1. Introduction

Creating another curve from one curve with the help of frenet vectors is an interesting
topic in differential geometry. An example is adjoint curve (or conjugate mate ) which is
defined in [4, 5, 9] as the integral of binormal vector with any parameter s of a curve. On
the other hand, using different frames instead of the Frenet frame creates new ideas for
mathematicians. Sasai decribed new frames, called modified orthogonal frame, with help
of the frenet frame. These frames are created both curvature and torsion of a space curve
in E3 [10]. Moreover Bukcu and Karacan studied space curves and spherical curves with
respect to the modified orthogonal frame in Minkowski and Euclidean space [2, 3].
Recently, Lone et al. obtained some characterization results for helices, Bertrand curves
and Mannheim curves with respect to the modified orthogonal frame [7, 8].

Considering all these studies, the idea of constructing the adjoint curve of a curve
according to the modified orthogonal frame formed by torsion was born in this study.
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2. Preliminaries
We recall some basic notions about classical differential geometry of space curves in E3.

Let B:1 — E3be a curve and {t,n, b} denote the Frenet frame of §. t(s) = B'(s) is called
the unit tangent vector of § at s. B is a unit speed curve (or parametrized by arc-length s)
if and only if ||’'(s)|| = 1. The curvature of 8 is given by x(s) =[|8"(s)||. The unit
principal normal vector n(s) of B at s is given by 8" (s) = k(s)n(s). Also the unit vector
b(s) = t(s) x n(s) is called the unit binormal vector of f ats. Then the famous Frenet
formula holds as;

t'(s) = k(s)n(s)
n'(s) = —k(s)t(s) + t(s)b(s)
b'(s) = —t(s)n(s)
where 7(s) is the torsion of § at s and calculated as 7(s) = (n'(s), b(s)).

Also the Frenet vectors of a curve 8, which is by arc-length parameter s, can be
calculated as;

t(s) = B'(s)
e
n(s) =i

b(s) = t(s) x n(s).

Now, we would like to give a brief summary of basic definitions, facts and equations in
the theory of curves in Minkowski 3-space.

Let E; denote the Minkowski 3-space with canonical Lorentzian metric tensor given by
(,.)=—dx? +dx + +dx2
where (x4, x5, x3) are rectangular coordinates of the points of E3 .

The causality of a vector in Minkowski space is defined as follows: A non-zero vector v
in E3 is said to be space-like, time-like and light-like (null) regarding to (v,v) > 0,
(v,v) < 0and(v,v) = 0, respectively. We consider the zero vector as a spacelike vector.
Note that v is said to be causal if it is not space-like. Two non-zero vectors u and v in E}
are said to be orthogonal if (v, v) = 0. A set of {e4, e,, e3}of vectors in E} is called as an
orthonormal frame if it satisfies that

<epe>= '1, < ejz,e, >=< e3,€3 >=1,
<ei,e]- >= —0, l;t]

For two non-zero vectors u = (U, Uz Us) and v = (vy, U, ¥3) in E3, we define the
Lorentzian product of u and v as in the following:
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u X v = (UsVz — UpVs, UsVy — U1V3, UsV2 — UgVy).
One can check that the vector product is skewsymmetric, i.e. u X v = —v X u.

A curve B = S(s) in E} is said to be space-like, timelike or light-like (null) if its tangent
vector field B'(s) is space-like, time-like or light-like (null),respectively, for all s.

Let 8 be a non-null curve in E;* parametrized by arclength, i.e., |< 8,8’ >| = 1, and we
suppose that | < 8", 8" > | # 0. Then this curve induces a Frenet frame

g

t= B’ n=— —
(<B".8">)

b=tx n] satisfying the following Frenet equations:

t'(S) 0 K&q 0 t(S)
n'(s)| = |—keo 0 —18081] n(s)
b'(s) 0 —T&; 0 b(s)

where < t,t >=¢,, <nn>=¢ < b,b>=—¢5¢,<t')n>=kand <n',b >=1. The
vector fields t,n,b and the functions k,t are called the tangent, principal normal, binormal
and curvature and torsion of 3, respectively. Accordingly, the Frenet frame of f satisfies

txXn=bhb, nxXb=-—-g.t, bXt=—¢g.n

In the frenet equations, if ¢, =1 or ¢g = —1, then f is space-like or time-like,
respectively. A space-like curve f is said to be typel or type2 ife; = 1 oreg; = —1.

Let a be a unit speed curve in E3 with torsion 7 # 0 and the Frenet frame of a be {t,n, b}
Now we define an orthonogal frame {T, N, B} as follows:

_ da ar

T=—, N=—, B=TXN
ds ds

where T X N is the vector product of T and N. The relations between those and the
classical Frenet frame {t, n, b} at non-zero points of x are

T =t
N =kn
B = kb

By the definition of {T, N, B}, a simple calculation shows that

o] [, L Oire
N |[=17% % T[N
B'(s) 0 -t K;' B(s)

where a dash denotes the differentiation with respect to the arc length s and

det(al, alI‘ alll)
T=1(5) =—————=
K
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is the torsion of a. From the Frenet-Serret equation, we know that any zero point of x? is
a removable singularity of 7. The Eq. corresponds to the Frenet-Serret equation in the
classical case. Moreover, {T, N, B} satisfies:

<T,T>= 1,<N,N >=<B,B >= k?
<T,N>=<T,B>=<N,B>=0

where <,> denotes the inner product of E3 . The orthogonal frame is called as a modified
orthogonal frame (10). We see that for k=1, the Frenet-Serret frame coincides with the
modified orthogonal frame. The modified orthogonal frame is studied by Bukcu and
Karacan in Minkowski 3-space (see for details(2,3)).

Now let's talk about the modified orthogonal modified frame with torsion.

Let a and {t,n, b} be a unit speed curve in Euclidean 3-space and the Frenet frame along
the curve, respectively . The relations between orthogonal frame {T,N,B}and the
classical Frenet frame {t, n, b} at non-zero points of 7 are

where
<T,T>= 1,<N,N>=<B,B >= 12
<T,N>=<T,B>=<N,B>=0

In this case, the following modified orthogonal frames hold:

K
0 - 0
T'(s) o T(s)
N'()|=|-kt — 1 [|N()|.
B'(s) to B
0 -7 7

Let @ and {t, n, b} be a unit speed curve in Minkowski 3-space and the Frenet frame along
the curve, respectively . The relations between orthogonal frame {T,N,B}and the
classical Frenet frame {t, n, b} at non-zero points of 7 are

T=t,N=1m,B = 1h.
In this case, the following modified orthogonal frames hold:

If  is timelike curve, then the orthogonal frame is
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K
0 — 0
T'(s) f T(s)
N'(s)| =kt — 1 [|[N(s)].
B'(s) tBG
0 —T _T

If a is a spacelike curve with a spacelike principal normal n, then the the orthogonal
frame is

K
0 = 0
T'(s) o T(s)
N'(s)|=|-kt — 7 [|N(@)|.
B'(s) B
0 T _‘I.'

If a is a spacelike curve with a spacelike binormal b, then the orthogonal frame is

0 £ 0
T'(s) f, T(s)
N'(s)| = |kt - 7 N(s)|.
B'(s) o |LB (s)
l 0 T 7]

3. Adjoint Curve According to Modified Orthogonal Frame with
Torsion in Euclidean 3-space

Definition 3.1: Let a be a unit speed regular curve with curvature k # 0 and torsion 7 #
0. If the modified orthogonal frame with torsion of a is {T, N, B} then the adjoint curve of
«a is defined as

B(s) = [ B(s) ds.

Theorem 3.2: Let a be a unit speed regular curve in E2 and 8 be the adjoint curve of a
according to modified orthogonal frame with torsion. If the modified orthogonal frames
of @ and B are {T,N, B} and {T, N, E}, the curvature and torsion are x, T and k, T
respectively, then the following relations hold:

- ()
v - ()

B = (%)T

k=1
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_ K
T = —.
T

Proof: Letais a curve with arc length parameter s and 8 is a curve with arc length
parameter s, then the Frenet apparatus of @ and g are {t,n, b, k, 7} and {f,ﬁ ,Z VK, T }
By the definition of adjoint curve we know that

B(s) = [ B(s))ds.

Differentiating this equation with respect to s and using modified orthogonal frame with
torsion rules, we get

dp(s)

s = B(s)
dp(s) dpes)\
< ds ' ds >_(B'B)_T'

Now, we rewrite this equation with respect to s, we have

d ds
RO =B

_ds
tE = B(S)

ds
ds_T
_ 1
t=—B.

T

From the relation between frenet frame and modified orthogonal frame we see

In order to determine the first curvature and principal normal of the curve 5, we
formalize

dde_ d (13)
dsds ~ ds\t

£ g0+

If we take the norm from both sides of this equation
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[z = J(E%.Cm)

s

2

B(s)

and we obtain

So, we have

N:—G)N.

Here we have to find the torsion of § and write it down.

On the other hand, we express

b=txn
1 1
- (o)< ()
T T
=T.
Hence we get
B=7T.

Similarly, here we have to find the torsion of f and write it down.

For the torsion of §; from the definition of torsion, we can find the following calculations

simply;

which completes the proof.

Using the above theorem, the following results are obtained.
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Corollary 3.3: If ¢ is a general helix, parametrized by arc-length parameter s, then the
adjoint curve of a according to modified orthogonal frame with torsion is a circular helix.

Proof: From the Lancret's theorem we know that « is a general helix, then the ratio of its
torsion and curvature is constant. From the relation between modified orthogonal frames
of @ and B ( the adjoint curve of @) ,we know

k=1

NS

_‘[:

which completes the proof.

Corollary 3.4: If 8 is the adjoint curve of a (not a general helix) according to modified
orthogonal frame, then S is a Salkowski curve.

Proof: From the equations in theorem 3.2, we see that curvature of § is constant and
torsion of  is f If the curve a is not a general helix, then E is not constant. So the proof

is complete.

4. Adjoint Curve According to Modified Orthogonal Frame with
Torsion in Minkowski 3-space

Definition 4.1: Let a be a unit speed regular curve with curvature k # 0 and torsion 7 #
0in E3}.If the modified orthogonal frame with torsion of a is {T, N, B} then the adjoint
curve of « is defined as

B(s) = [ B(s) ds.

Theorem 4.2: Let a be a unit speed time-like Frenet curve in E3 and § be the adjoint
curve of a according to modified orthogonal frame with torsion. If the modified
orthogonal frames of @ and g are {T, N, B} and {T, N, E}, the curvature and torsion are k, T
and x, T respectively, then the following relations hold:

T =—B
T
— K
N=T_2N
— K
B =-T
T
k=1
_ K
T =——
T

and £ is a unit speed space-like Frenet curve of typel.
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Proof: Let the Frenet apparatus of  and f are {t,n,b,x,t} and {t, ®, b, %, T }.

By the definition of adjoint curve we know that

B(s) = f B(s))ds

Differentiating this equation with respect to s , we get

<dﬁ (s)

d(s) ) = B(s)

dp(s) dp(s)
ds ' ds

> = (B,B) = 12.

From the last equation we see that the tangent vector of § is a spacelike vector. So the
adjoint curve f is a spacelike curve.

Now, in order to determine the modified orthogonal frame with torsion of 8, we make
some appropriate calculations. Then we have

which completes the proof.

Theorem 4.3: Let a be a unit speed space-like Frenet curve of typel in EZ and g be the
adjoint curve of a according to modified orthogonal framewith torsion. If the modified
orthogonal frames of a and § are {T, N, B} and {T, N, E}, the curvature and torsion are k, T
and x, T respectively, then the following relations hold:

T =-B
T
— K
N = _T—ZN
K
B =—--T
T
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k=1

_ K
T=—=
T

and £ is a unit speed time-like Frenet curve.

Proof: The proof can be made in exactly the same way as the previous theorem. It is
easily seen that the adjoint of the space-like Frenet curve of typel is a time-like curve.

Theorem 4.4: Let a be a unit speed space-like Frenet curve of type2 in E¥ and f8 be the
adjoint curve of a according to modified orthogonal frame with torsion. If the modified
orthogonal frames of a and f are {T, N, B} and {T, N, B}, the curvature and torsion are k, T
and k, T respectively, then the following relations hold:

_ 1
T =28
K
N =—-N
B=—--T

K
_ T
K =-
K
T= -1

and £ is a unit speed space-like Frenet curve of type2.

Proof: The proof can be made in exactly the same way as the theorem 4.2. It is easily seen
that the adjoint of the space-like Frenet curve of type2 is a space-like curve of type2.
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Abstract

Urbanization has brought concretization with it. In recent years, the importance of parks and gardens in
the city for recreation and sports has increased. Plants found in these areas can be of both natural and
exotic origin. The parks contain many landscape plants. In order for these plants to survive in the planted
area, their adaptation, homeland, soil requirements, adaptation to the climate, water needs and flowering
time are very important. In Atapark Park in the center of Usak, there are all of the landscape plant taxa in
the parks in Usak. 99 taxa have been identified in Atapark Park and these taxa have been evaluated in
terms of their ecological demands and characteristics.

Keywords: Ecology, Landscape Flora, Urban Ecology, Atapark Park, Usak.
Ozet

Kentlesme, betonlasmay1 da beraberinde getirmistir. Son yillarda sehir icindeki park ve bahgelerin
dinlenme ve spor yapma amagl 6nemi artmistir. Bu alanlarda bulunan bitkiler, hem dogal, hem de egzotik
kokenli olabilmektedir. Parklar bir¢ok peyzaj bitkisini icermektedir. Bu bitkilerin dikilen yerde hayatlarini
devam ettirebilmeleri i¢in, adaptasyonlari, anavatanlari, toprak istekleri, iklimle uyumu, su ihtiyaglari,
ciceklenme zamanlari ¢ok onemlidir. Usak ili merkezinde bulunan Atapark Parki'nda Usak ili'nde
parklarinda bulunan peyzaj bitkileri taksonlarinin tiimi bulunmaktadir. Atapark Parki'nda 99 takson
tespit edilmis ve bu taksonlar, ekolojik istekleri ve 6zellikleri bakimindan degerlendirilmistir.

Anahtar Kelimeler: Ekoloji, Peyzaj Florasi, Kent Ekolojisi, Atapark Parki, Usak.

©2020 Usak University all rights reserved.
1. Giris

Diinya lzerinde sanayi devriminden sonra insan niifusu kentlerde artis gostermistir.
Artan niifusla beraber kentlerde ekolojik sorunlar ortaya ¢ikmistir. Kent ekolojisi i¢indeki
dogal ve yapay ekosistemlerde, hava, su, toprak, bitkiler, mikroorganizmalar, yollar,
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binalar, turizm hizmetleri bulunmaktadir. Kent ekosisteminde dogal unsurlarin, dogal
yapisinin bozulmasi ve giderek yapay ekosistemlerin cevrelerinde artis gostermesi
nedeniyle, insanlar dogal ekosistemin stirdiiriilebilirliginin ihtiyaci ve Onemini
kavradiklari i¢in, kentlerde park ve bahcelere 6nem verip, yer ayirmislardir [1].

“Park, sozlik anlamiyla, bir yerlesim merkezinde halkin gezip hava almasi ic¢in
diizenlenmis agach ve cicekli bahg¢e olarak” tanimlanmigtir [2]. Kent icerisinde park ve
bahceler, genellikle bircok bitki taksonu iceren, betonlasmalar arasinda yesil alanlar,
kenti sogutan hava akimlarinin dolasmasina izin veren yerler, hava temizleme ve
sogutma, 15181 sogurma, biytkliiklerine gére su dongiisii ve yer alti suyuna katkida
bulunan yerlerdir [3]. Ayrica 6zellikle de arilara ve kuslar basta olmak iizere hayvanlara
da ev sahipligi yapan alanlardir. Dogal yapisi geregi, doganin bir pargasi olan insanin,
moral buldugu, stres attig), dinlendigi, ytlriiylis yaptigl, insanin ihtiyaci olan yerlerdir. Bu
alanlarin en biiyiik bileseni bitkilerdir.

Park ve bahgelerin peyzajinda kullanilan bitkilerin 6zellikleri vardir. Bu 6zellikleri soyle
siralayabiliriz; fazla bakim istememeleri, sicaga ve kurakliga dayanikli olmalari, estetik
glizellikleri olmasi, dis yapilari, yaprak, cicek, meyveleri itibariyle y1l boyunca farkli renk
goriniimde olmalaridir [4].

Cesitli nedenlerle kent niifusunun giderek arttig1 giinlimiize, insanlar dinlenme, eglenme,
spor yapma amagli park ve bahgelere ihtiya¢ duymaktadir. Bu nedenle de park ve bahge
gereksinimi ve dnemi de artmistir. Park ve bahgelerde bulunan bitkiler peyzaj amacgh
bitkilerin hava kirliligine, insan baskisina, sulama azligina dayanikli, estetigi ve kokusu
glizel, kalicy, iklimle uyumlu olmasi istenir ve beklenir [5].

Usak il Merkezinde 200 adet park vardir. Usak’ta kisi basina diisen yesil alan miktar 8,
33 m?dir. Atapark Usak il merkezinde, etrafinda otoyol ve bisiklet yolunun, dogu
kisminda alisveris merkezi ve Atatiirk Kiiltiir Merkezinin, icerisinde spor aletleri ve
yliriime yolunun, otopark, c¢ay bahcelerinin ve havuzun bulundugu, her giin binlerce
kisinin ziyaret ettigi daire seklinde parktir. Parkin bitkilerin bulundugu alan yaklasik
80.000 m? dir. Usak ili Parklarinda bulunan biitiin taksonlar Atapark’ta bulunmaktadir

[6].

Bu arastirmay1 yapmaktaki amacimiz, Usak’ta Atapark nezlinde, peyzajda kullanilan
bitkiler, iklimle uyumlumudur? Gelecekte kiiresel iklim degisikligi ile sicakligin ve
kurakligin arttigyn dénemde peyzajda kullanilan bitkiler hala varliklarin1 devam
ettirebilecek midir? Yoksa simdiden peyzaj florasini degistirmek mi gerekir? sorularina
yanit aramak ve daha 6nce hi¢ ¢alisilmamis olan, Usak ili peyzaj florasini tespit ederek,
Usak ili biyocesitliligini kayit altina almaktir.

1.1. Aragtirma Bélgesinin iklimi

38°41”K ve 29°41”D boylaminda bulunan Usak li rasat istasyonu 919 m yiiksekliktedir.
Usak’ta yillik sicaklik 13 °C dir. Usak ili yagis rejim tipi mevsimlere gére, Kis (%40,6),
flkbahar (%29,7), Sonbahar (%21,4), Yaz (%8,3) olarak siralanir demek, KISY
seklindedir. Meteoroloji verilerinden ¢ikan verilere gore Usak ili biyoiklim kati, Emberger
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fomiiliine gore hesap edildiginde(Akman, 1990), Q=58,41 ve m=-1,5 degeriyle Usak ili
iklimi kis1 soguk, yar1 kurak, Akdeniz iklimi 6zelliklerini gésterir [7,8].

Sicakhk (°C) Yagis mm.
90
40 2 b ° d - 80

Usak 919m. 59 123(C) 5344mm

70
B0
N\ ¥ 50

l.

3 30

Sekil 1. Usak ili'nin ombrotermik iklim diyagrami [7]

a-Meteoroloji istasyonunun yeri ve yiiksekligi, b-Istasyonun rakimi, c-Rasat siiresi, d-
Yillik ortalama sicaklik (2C ), e-Yillik ortalama yagis (mm), f-Sicaklik egrisi (aylik
ortalamalara gore), g-Yagis egrisi (aylik ortalamalara gore), h-Kurak periyot i-Yagish
periyot, k-Donlu gilinler, m-Don olma ihtimali olan aylar

2. Materyal ve Metot

2.1. Toprak Analizleri Metodu

Topraklarin fiziksel ve kimyasal 6zelliklerini arastirmak ve topraklarla cesitli bitki
birlikleri arasindaki iliskileri tesbit etmek amaciyla parklardan genis muhtelif yerlerden
0-20 cm ile 20-40 cm’ye kadar olan derinliklerden toprak oérnekleri alinmistir. Toprak
analizleri, Ege Universitesi, Ziraat Fakiiltesi, Toprak Boéliimii Laboratuvarlarinda
yapilmistir. Toprak analizlerinde, fiziksel analizler ve kimyasal analizler yapilmistir.
Fiziksel analizlerde, kil, silt, kum, tekstiir, kimyasal analizlerde, Elektriksel iletkenlik,
toplam tuz, kireg, fosfor, organik madde, ph tespiti yapilmistir [9,10].

2.2. Bitki Toplama Metodu

Atapark Parki Usak ili, kent merkezinde bulunan, bakimi Usak ili Usak belediyesine bagh
parktir. Bu parktan, 2019 yillarinda farkli mevsimlerde arastirma alanindan toplanan
bitki érnekleri herbaryum tekniklerine gére kurutulmustur [11]. Daha sonra ilgili flora
kitaplarinin 1s181nda teshisleri yapilmistir. Usak Belediyesi park ve bahgeler birimi
yetkileri ile goriisiilmiis, en fazla Atapark parkinda bitki taksonu bulundugu ve biitiin
parklarda bulunan bitkilerin Atapark parkinda bulundugu teyidi alinmistir.
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3. Bulgular

3.1. Toprak Analizi Bulgulari

Tablo 1. Arastirma alaninin toprak analizleri bulgular:

Fiziksel Analizler Kimyasal Analizler
Derinlik Mil organik | toplam.N | alinabilir
cm Kum % | % Kil% Biinye Ph | Kireg mad.% | % Kppm
Kumlu-
0-20 46,4 22 31,6 Killi-Tin | 7,64 8,87 1,32 0,084 421,4
Kumlu-
20-40 52,4 14 33,6 Killi-Tin | 7,67 8,38 1,32 0,078 2989

Arastirma alaninda bitkilerin bulundugu topraktan alinan st (0-20 cm) ve alt (20-40 cm)
topraklar, Ege Universitesi, Ziraat Fakiiltesi, Toprak Béliimiinde yapilan toprak analizler
ettirilmistir. Analiz sonug¢larina bakildiginda, alt ve iist topragin biinyesinin Kumlu-Killi-
Tin oldugu gorilmektedir. Topraklarin asitlik derecelerine bakildiginda iki katman
topragin da hafif alkali oldugu gériilmektedir. Kire¢ bakimindan degerlendirildiginde iki
katman toprak ta orta kiregli simifindadir. Organik madde bakimindan
degerlendirildiginde toprak katmanlarinin ikisi de, organik madde bakimindan fakirdir.
Toplam N bakimindan degerlendirildiginde, toprak katmanlarinda bulunan N un az
oldugu gorilmektedir. Alinabilir K bakimindan toprak katmanlarin analiz sonuglarina
bakildiginda da, alinabilir K (ppm) un fazla oldugu degerlendirilmesi ilgili parametrelere
bakildiginda gérilmiistiir (Tablo 1) [9,10].

3.2. Flora Analizi Sonug¢lar1

Usak ili merkezinde bulunan Atapark Parki'ndan bitkinin formuna gore toplanan yaprak,
cicek, kok, govde, meyve iceren bitki drnekleri, herbaryum metoduna goére kurutulmus ve
Dr. Ogretim Uyesi Mehtap Dénmez Sahin tarafindan, ilgili flora kitap ve literatiir kaynagi
yardimiyla teshis edilmistir [11,12,13,14].

Usak ili Atapark parkinda bulunan bitki taksonlari tabloda verilmistir.
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LATINCE
ADI- - SU CICEK-
. — DOGAL . TOPRAK .
ALANDAN TURKCE ADI TURU Y:Y(';ILI FAMILYA i S(')I‘E Gi ISTE LENME
TOPLAMA 5 Gi ZAMANI
TARIHI
Acer
platanoides
L.“crimson Cinar ya Trakya,
1 sentry” Ak aa}”’ap- Agag Marmara, Ege Acereceae Kumlu-killi Orta Nisan
“bushy”, saagag. ve Karadeniz
4.05.2019,
MD$1520.
Acer
il('z‘g?rflls({)erf Cinar yaj Trakya,
2 e }: P Agag Marmara, Ege Acereceae Kumlu-killi Orta Nisan
king Akgaaga ve Karadeniz
5.05.2019,
MDS$ 1525.
Acer
palmatum
Thunb.
“di Ki Kumlu-killi- Haziran-
3 dissectum ]aponv Agag ]apo-nya, ore Acereceae ur.n u. 1. i Fazla aziran
atropurpur akcaagaci ve Cin hafif asitli Temmuz
eum”
5.05.2019,
MD$ 1526.
Acer
palmatum
Thunb.
K Humuslu - Nisan-
4 "atro;:urpu Alev akcaagag Agag {/Zpgirrl]ya’ ore Acereceae asl;g;lts " Fazla MI:;I;
reum
7.05.2019,
MDS$ 1527.
Acer Dogu -Ve orta
, Amerika
saccharinu Seker Birlesik
5 mL. ~kcaaBac Agag Devl:tleri ve Acereceae Kumlu-Killi Orta Mart
4.05.2019, §2ag gimeydog
MD$ 1521.
3 Kanada
Aesculus x
carnea Kirmiz gigekli
6 Briotti o ] Agag Kuzey Amerika | Hippocastanaceae Killi Fazla Mayis
at kestanesi
7.05.2019,
MDS$ 1528.
Aesculus
hippocastan . .
B Kkl Asya, . s
7 um L. a]fy;:falce ! Agac U‘S[?I? distan) Hippocastanaceae Kumlu-killi Orta Mayis
7.05.2019, faagas
1529.
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Betula alba

L Kuzey Avrupa,
8 4: 05.2019, Akhusg Agag Kuzey Asya, Betulaceae Kumlu-Killi Az Nisan
MDS 1521. Tiirkiye
Betula alba
L E:;f;?:r;gzu Hafif asitli-
9 pendula” Sarkik hus Agac ve Kuzey’ Betulaceae kumlu- Orta Nisan
4.05.2019, Anadolu balgikl
MD$ 1522.
Betula
pendula
Roth. . i a1
10 w con Sarkik hug Agag Ingiltere Betulaceae Kumlu-killi Orta Mart
'Youngii
9.05.2019,
MD$ 1529.
Carpinus Iran, Kafkasya,
betulus L. Stitun formlu N Tiirkiye(Marm Kumlu-Killi- .
1 5.05.2019, giirgen Agag ara, Kzradeniz, Betulaceae hafif asidik Orta Eylil
MDS§ 1535. Trakya)
Catalpa
bignonoides .
12 Walter Buz agaci Agac Q;Zr:;a' Bignonaceae Humuslu Orta Haziran
4.05.2019,
MD$ 1523.
Cercis
siliquastru
13 mL. Erguvan Agag gz:i}sii:lfpa Leguminosae Kozmopolit Orta Mayis
10.05.2019,
MDS 1536.
Cotinus
coggygria .
14 Scop. fg;::llt(duman) Agag Yaygin Anacardiaceae Kiregli Az ;‘l:rzr:rmaz;
10.05.2019,
MDS$ 1557.
Crataeagus
laevigata . .
15 DC. ’ Kirmuz gigekli Agag Avrupa Rosaceae Kozmopolit Orta Mayis
10.05.2019, | ¢
MD$ 1537.
Crataegus
monog)g/na Tiirkiye,
16 Jacq. Alig Agag Avr'upa, kubrs, Rosaceae Kozmopolit Orta Mayis
Suriye ve
4.05.2019, Kuzey Irak
MDS 1524.
Eleagnus
angustifolia
17 L. igde Agag Yaygin Elaeagnaceae Kumlu, Killi Az Haziran
10.05.2019,
MDS$ 1530.
Fraxinus
americana American Amerika, Balgikh Nisan-
18 L. disbudak Agag Avrupa, Oleaceae topraklar Cok Mayis
10.05.2019, Kafkasya
MDS$ 1539.
Fraxinus
excelsior L. . . Avrupa, Kirim, Akarsu Nisan-
19 10.05.2019, Disbudak Agag K?ﬂ(:?sya Oleaceae Kenarlar Cok Mayis
MDS 1538. Tarkdye
20 :;:j;;gi L S?rklk adi Agac B:ftl %\sya, Oleaceae Kumlu-tinh Cok Nisan-
M ” disbudak Tiirkiye. toprak Mayis
pendula
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10.05.2019,
MDS§ 1540.

21

Ginkgo
biloba L.
10.05.2019,
MDS 1531.

Mabed agaci

Agag

Cin, Japonya

Ginkgoaceae

Kumlu-tinlt
topraklar

Orta

Nisan

22

Gleditsia
triacanthos
L.
12.05.2019,
MDS 1558.

Gledigya

Agag¢

Kuzey Amerika

Leguminosae

Kumlu- tinli
topraklar

Orta

Mayis-
Haziran

23

Hibiscus
syriacus L.
10.06.2019,
MD$ 1560.

Agag hatmi

Agag

Giiney Kore.

Malvaceae

Kumlu-Killi
topraklar

Orta

Haziran-
Temmuz

24

Koelreuteri
a
paniculata
Laxm.
10.06.2019,
MDS§ 1565.

Giivey kandili
Fener agaci

Agag

Cin, Kore.

Sapindaceae

Kumlu

Az

Haziran -
Temmuz

25

Laburnum
vulgare
J.Presl.
10.06.2019,
MDS 1561.

Dag sar1
salkimi

Agag

Gliney Avrupa

Genisteae

Kozmopolit

Orta

Mayis-
Haziran

26

Liquadamb
er
styraciflua
L.
5.05.2019,
MDS$ 1563.

Sigla agaci

Agag

Amerika

Hamamelidaceae

Killi-Tinl

Orta

Nisan-
Mayis

27

Liriodendro
n tulipifera
L.
04.05.2019,
MDS 1570.

Lale agaci

Agag

Kuzey, dogu
Amerika

Magnoliaceae

Killi-Tinl

Yiiks
ek

Nisan-
Mayis

28

Malus
adams L.
04.05.2019,
MDS 1566.

Siis elmasi

Agag

Kuzey Anadolu

Rosaceae

Kumlu-tinl

Orta

Mayis

29

Malus
floribunda
L.
8.04.2019,
MDS 1568.

Siis elmasi

Agag

Avrupa, Asya
ve Kuzey
Amerika

Rosaceae

Kumlu-Killi

Orta

Nisan

30

Morus alba
L.“pendula”
08.04.2019,
MDS$ 1575.

Sarkik dalli dut

Agag

Cin

Moraceae

Kumlu-tinl

Mart-
Nisan

31

Platanus
acerifolia L.
10.05.2019,
MDS 1559.

Beyaz govdeli
¢inar

Agag

Kuzey
Amerika,
Giiney ve Dogu
Avrupa

Platanaceae

Humuslu

Fazla

Nisan

32

Platanus
orientalis L.
05.05.2019,
MDS 1562.

Dogu ¢inar1

Agag

Tiirkiye

Planaceae

Kumlu

Fazla

Mart-
Nisan-
Mayis

33

Prunus
cerasifera
Ehrh.

Alttan dalli
kirmizi erik

Agag

Avrupa

Rosaceae

Killi-tinli,
hafif alkali

Orta

Nisan-
Mayis
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piss.nigra
“bushy”
5.05.2019,
MDS$ 1589.

34

Prunus
cerasifera
Ehrh piss.
nigra
5.05.2019,
MD$ 1588.

Kirmizi
erik(dallr)

Agag

Avrupa

Rosaceae

Killi-tinl1,
hafif alkali

Orta

Nisan-
Mayis

35

Prunus
serrulata
Lindl. “kiku
shidare
sakura”
4.04.2019,
MDS 1590.

Siis kirazi

Agag

Asya

Rosaceae

Killi-tinl

Orta

Nisan

36

Prunus
serrulata
Lindl
“kanzan”
04.05.2019,
MDS 1564.

Japon ¢icek
kirazi

Agag

Cin

Rosaceae

Kozmopolit

Frta

Nisan-
Mayis

37

Quercus
robur L.
8.04.2019,
MDS$ 1579.

Mese

Agag

Avrupa,
Kafkasya, Cin,
Kuzey Amerika

Fagaceae

Humuslu

Fazla

Nisan

38

Quercus
rubra L.
15.03.2019,
MDS§ 1591.

Mese

Agag

Kuzey
Amerika,
Kanada

Fagaceae

Kumlu-tinl

Az

Mart

39

Rhus
typhina L.
“laciniata”
10.06.2019,
MDS 1567.

Sumak

Agag

Kuzey
Amerika,
Kanada.

Anacardiaceae

Kiregli

Az

Haziran-
Temmuz

40

Robinia
hispida L.
9.06.2019,
MDS 1580.

Pembe cicekli
akasya

Agag

Kuzey
Amerika,
giineydogu
Amerika.

Leguminosae

Kumlu-Tinh

Az

Haziran-
Temmuz

41

Robinia
pseudoacaci
al.
9.06.2019,
MD$ 1581.

Yalanci akasya

Agag

Turkiye
Karadeniz,
Avrupa, Gliney
Afrika ve
Amerika.

Leguminosae

Kumlu-Killi

Az

Haziran-
Temmuz

42

Robinia
pseudoacaci
a
L.“umbracu
lifera”
06.06.2019,
MDS 1625

Top akasya

Agag

Amerika

Leguminosae

Kumlu-Killi

Haziran-
Temmuz

43

Salix
babylonica
L.
04.05.2019,
MDS 1626

Salkim ségiit

Agag

Cin, Tirkiye

Salicaceae

Kumlu-Killi

Fazla

Nisan-
Mayis

44

Salix caprea
L.
04.05.2019,
MDS$ 1627

Sarkik kegi
sogudi

Agag

Asya, Avrupa
ve Tiirkiye

Salicaceae

Kumlu-Killi

Fazla

Mart-
Nisan
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Sophora
Jjaponica L. N Japonya, Kore Temmuz-
45 06.07.2019, Japon soforasi Agag ve Gin Fabaceae Humuslu Az Agustos
MDS$ 1629
Sophora
Jjaponica L. Temmuz-
46 “pendula” Sarkik sofora Agag Japonya Fabaceae Humuslu Orta N
06.07.2019, Agustos
MDS$ 1628
Tilia
arglentea e Gilineydogu .
47 Desf.Ex DC. 33:::;3; Agag Avrupa, Bati Tiliaceae Kumlu-Killi Orta ?23;?:;
06.07.2019, Asya
MDS$ 1630
Tilia
tomentosa Giineydogu Haziran-
48 Moench. Thlamur Agag Avrupa ve Bati Tiliaceae Kumlu-Killi Orta Temmuz
06.07.2019, Asya
MDS$ 1624
Abies
nordmanni Bafra-Uludag
ana ssp. ibreli arasi, Orta
49 bornmiilleri | Uludag goknari Az Karadeniz, Pinaceae Kumlu Fazla | Nisan?
ana Mattf. Sl Kuzeybati
3.06.2019, Anadolu
MDS$ 1541.
Cedrus‘ Himalayalar,
atlantlc.zft . . . Afganistan, .
50 Mar:ettl. gla MaYl .atlas Ibvreh Kuzey Afrika, Pinaceae K}Jmlg—Kllll— Az Nisan?
uca sediri Agag ) Kirecli
9.04.2019, Fas, Cez:jylr ve
MDS 1582. Atlas daglari
Cedrus
deodora Himalaya Ibreli Afganistan’dan Kumlu-Killi-
51 G.Don. sediri Agac  Nepal'e kadar Pinaceae Kireli Orta Nisan?
04.04.2019,
MDS$ 1620
Cedrus
atlantica
Manetti. . . Kuzey .
52 “glauca” Sar}-qk atlas Ibvreh Afrika’daki Pinaceae kozmopolit Orta Ey?ul-
sediri Agag o Ekim?
pendula Atlas daglari
08.09.2019,
MDS 1622
Cedrus
libani ibreli iirki liil
53 ARich. Toros sediri ‘qure ! T?r yeve Pinaceae Kiregli Az Ey.u 7_
08.09.2019, gac Liibnan Ekim?
MDS$ 1621
Cupressus
arizonica Meksika ve
Greene Mavi Arizona Ibreli Arizona’nin . Subat-
54 “Glauca” servisi Agac daghk Cupressaceae Kiregli Az Mart
3.06.2019, bolgeleri
MDS 1546.
Cupressus
sempervire ; . .
55 ns L. Mavi adi servi Ibvreh Guney Avrupa, Cupressaceae Killi-Kumlu Az Nisan
" " Agag Bat1 Asya
Glauca
04.04.2019,
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MDS 1623

56

Cupressocy
paris
leylandii
ML.Green
9.04.2019,
MDS$ 1583.

Melez servi

Ibreli
Agag

Yaygin

Cupressaceae

Kumlu
balgik
topraklar

Orta

Nisan

57

Cupressus
sempervire
ns L.
“Stricta”
04.04.2019,
MDS§ 1598.

Siitun servi

ibreli
Agag

Akdeniz
Bolgesi

Cupressacea

Kumlu
balgik
topraklar

Orta

Nisan

58

Ilex
aquifolium
L. “aurea
marginata”
7.05.2019,
MDS$ 1547.

Coban puskdli

Cali

Avrupa, Bati
Asya ve Kuzey
Afrika

Aquifoliaceae

Kumlu-
Kiregli

Orta

Mayis

59

Juniperus
virginiana
L.
“Skyrocket”
04.05.2019,
MDS$ 1599.

Sttun ardig

Ibreli
Agag

Yaygin

Cupressaceae

Kirecli

60

Picea
glauca
(Moench.)V
oss. Conica
04.05.2019,
MDS 1600.

Konik ladin

ibreli
Agag

Kuzey Amerika

Pinaceae

Kumlu-Killi

Cok

61

Picea
excelsa
(Lam.)Link.
04.05.2019,
MDS 1601.

Bati ladini

Ibreli
Agag

Avrupa

Pinaceae

Humuslu

Orta

Mayis

62

Picea
pungens
Engelm.“Gl
auca
Hopsii”
04.05.2019,
MDS$ 1602.

Mavi ladin

Ibreli
Agag

Bat1 ve Kuzey
Amerika

Pinaceae

Humuslu

Orta

Mayis

63

Pinus nigra
J.F.Arnold.
6.05.2019,
MD$ 1584.

Karagam

[breli
Agag

Akdeniz, Ege,
i¢ Anadolu
Bolgesi

Pinaceae

Kumluy, killi,
kiregli

Az

Mayis

64

Taxus
baccata L.
“fastigiata”
8.06.2019,
MDS 1548.

Siitun porsuk

Ibreli
Agag

irlanda,
Karadeniz ve
Amanos
Daglar1

Taxaceae

Humuslu

Orta

Nisan

65

Thuja
orientalis L.
4.04.2019,
MDS 1585.

Mazi

Cali

Kuzey Cin,
Hindistan,
Kore, Japonya,
fran

Cupressaceae

Balgikh

Fazla

Mart,Nisa
n

66

Thuja
orientalis L.
“Compacta”
15.03.2019,
MDS 1617

Altuni top
dogu mazisi

Ibreli
Agag

[ran, Cin,
Japonya, Kore

Cupressaceae

Kozmopolit

Orta

Mart
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67

Thuja
orentalis L.
“Pyramidali
s aurea”
15.03.2019,
MDS 1618

Altuni piramit
mazi

ibreli
Agag

Dogu Asya,
Kuzey Amerika

Cupressaceae

Kumlu, Killi

Orta

Mart

68

Berberis
thunbergii
DC. var.
atropurpur
ea
05.05.2019,
MDS§ 1603

Kirmizi
yaprakli
kadintuzlugu

Cali

Cin, Japonya

Berberidaceae

Kumlu-Killi

Mayis

69

Berberis
veitchii
C.K.Schneid

05.05.2019,
MDS 1616

Herdemyesil
kadintuzlugu

Cali

Hubei, Cin.

Berberidaceae

Kumlu-Killi

Mayis

70

Buddleja
davidii
Franch.
05.06.2019,
MDS$ 1619

Kelebek ¢alisi

Cali

Cin, Japonya

Scrophulariaceae

Kumlu-Killi

Orta

Haziran-
Temmuz

71

Cornus alba
L. Sibirica
05.06.2019,
MDS§ 1604

Kizilcik

Cali

Sibirya,Kuzey
Kore,
Mangurya

Cornaceae

Humuslu

Orta

Haziran

72

Cotoneaster
franchetii
Boiss.
9.05.2019,
MD§ 1548.

Dag musmulasi

Cali

Kuzey Myanma
rve

kuzey Tayland'
da,gilineybati Ci
n

Rosaceae

Kumlu-Killi

Orta

Temmuz

73

Cotoneaster
horizontalis
Decne.
05.06.2019,
MDS 1593.

Dag musmulasi

Cali

Cin

Rosaceae

Kozmopolit

Orta

Mayis-
Haziran

74

Cydonia
Jjaponica
Thunb.
05.05.2019,
MDS$ 1597.

Siis
ayvasli,Bahar
dali

Cali

Japonya

Rosaceae

Humuslu

Orta

Nisan

75

Forsythia
intermedia
Zab.
15.03.2019,
MDS§ 1606.

Altinganak

Call

Cin

Oleaceae

Kozmopolit

Orta

Mart

76

Juniperus
horizontalis
Mnch.
15.03.2019,
MDS 1605.

Yatik ardig

Cali

Kuzey Amerika

Cupressaceae

Kozmopolit

77

Juniperus
sabina L.
10.05.2019,
MDS 1549.

Sabin ardici

Cali

Tiirkiye'de
Kuzey ve
Giiney
Anadolu'nun
yanisira, Orta
ve Giiney
Avrupa, Kirim,
Bati1 Kafkasya

Cupressaceae

Kirecli

Orta

75
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ve Iran
Ligustrum
Jjaponicum . .
78 Thunb. }ljj:g)e:gl:lew Gal1 {?:llnya ve Oleaceae Humuslu Orta ?:2:2;
05.06.2019,
MDS 1607
Mahonia
aquifolium Mart-
79 Nutt. Mahonya Call Kuzey Amerika | Berberidaceae Humuslu Orta Nisan
15.03.2019,
MDS 1615
Pyracantha
coccinea Tiirkiye ve Humuslu- Haziran-
80 Roem. Ates dikeni Call Giiney Avrupa Rosaceae Kumlu-Killi Orta Temmuz
05.06.2019, (Karisik)
MDS 1614
Rosa sp. L. .
81 05.06.2019, | Gil Cah Dogu Asya Rosaceae ll;llllllrln]?jrltllll’u Orta l::i:::;
MDS 1608. ’
Sambucus
nigra L. . Kuzey Avrupa, Caprifoliaceae Kumlu- May.lS-
82 | 45062019, | Murver Gah Kuzey Amerika Balgikli Fazla | Haziran-
MDS 1610 Temmuz
Spiraea x
bumalda . . . .
83 Burv. E:?:;k;?ekh Cal {(a;lnya' Ginve Rosaceae Kumlu Fazla ;‘l:rzr:rmazz
05.06.2019,
MDS 1620.
Spiraea
vanhouttei Beyaz cigekli Kanada, Kiregli Mayis-
84 Zab. kecisakall Gal Amerik’a Cin Rosaceae Kumlu‘ orta Haziran
05.06.2019, I
MDS 1609
Syringa
85 gilf)ir;ﬂli 9, Leylak Cal i::jg:()gu Oleaceae Kozmopolit Az I\I\jII:;:
MDS 1613
Weigela sp.
86 Il;lg;bz 019, Gelin taci Cali Dogu Asya Caprifoliaceae Kumlu, killi Orta B:;Zil:;n
MDS 1611
Viburnum
opulus L. Avrupa, Kuzey Mays
87 “sterile” Kartopu Gall Afrika, Orta Adoxaceae Humuslu Orta Hazira’m
15.05.2019, Asya
MDS 1622.
Viburnum IS\/}:it'
88 ;131:)5;2 019, E:rrii;r:yesll Call ::rrilliza’ Kuzey Adoxaceae Humuslu Orta E;ssallrl;
MDS 1549. Aralik
Agaﬁ;nthus Cok Haziran,
89 ;[; 06 ;;'19 Agapanthus yilhk Afrika Amaryllidaceae Humuslu Fazla | Temmuz,
MDS 1592. otsu Agustos
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Carex sp. L. Cok Bataklik,
90 5.05.2019, Biiytik gol saz1 yillik Yaygin Cyperaceae kiregli, sulu Fazla Mayis

MDS 1587. otsu topraklar

f:]’)”‘imca”" Gok Cin, Kore, Mayis

- H Kalli ik P Asphodel KumluKilli i

91 10.06.2019, emerokallis thS; Japonya sphodelaceae umlu,Killi Orta Agustos

MDS 1550.

Iris sp. L. Cok

K . Mart-

92 5.05.2019, Stisen yillik :rzlen}l,kﬁre Iridaceae Kumlu,Killi Orta Niasl;m

MDS 1556. otsu |7V :

Lavandula

angustifolia Cok Ispanya, Haziran,
93 Miller Lavanta yillik Fransa, italya, Lamiaceae Kozmopolit Orta Temmuz,

6.05.2019, otsu Hirvatistan Agustos

MDS 1586.

i([r:illz/lh(fgﬁ:h Gok Haziran,
94 6.06.2019, Kniphofia f)lltllek Afrika Asphodelaceae Humuslu Az Temmuz

MDS 1553.

;V?;’Zp:aea Gok Haziran,
95 6.06.2619, Niliifer yltlhk Misir Nymphaeaceae Humuslu Fazla Temmu’z

MDS 1551. ot

Typha

angustifolia Cok Mavis
96 L. Saz yillik Yaygin Typhaceae Bataklik Fazla A“l}llstos

10.05.2019, otsu &

MDS 1555.

Festuca Tek

ovina L. . veya .
97 C:;g{?;] un cok ?E;‘l;pi Poaceae Kozmopolit Orta i];::lm

6062019, | Y% yillik y

MDS§ 1557. otsu

Poa

. . Cok Anadolu,

pratensis L. Cim(Cayir . May1s,
% | 6062019, | salkimory | YK | Avrupa Asya, | Poaceae Kozmopolt | Ofta | 1o

MDS 1558. ¥

Festuca

arundinace Cok

im(K M

99 a Schreb. Clr:](aka;mlsm yillik Avrupa Poaceae Kozmopolit Orta H:Zil:a;n

10.06.2019, | 7" otsu

MDS 1552.
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4, Sonuglar, Tartisma ve Oneriler

Usak ili Atapark Parki nezlinde Usak Peyzaj florasini arastirmak amaciyla yapilan bu
arastirmada, 39 familyaya ait 99 takson tespit edilmistir. Familyalarin icerdigi takson
sayilari soyledir; Aceraceae 5, Hippocastanaceae 1, Betulaceae 4, Bignonaceae 1, Fabaceae
8, Anacardiaceae 1, Rosaceae 15, Elaeagnaceae 1, Oleaceae 3, Gingkgoaceae 1, Malvaceae
1, Sapindaceae 1, Hamamelidaceae 1, Magnoliaceae 1, Moraceae 1, Platanaceae 2,
Fagaceae 2, Salicaceae 2, Tiliaceae 2, Pinaceae 5, Cupressaceae 10, Aquafoliaceae 1,
Pinaceae 4, Taxaceae 1, Berberidaceae 3, Scrophulariaceae 1, Cornaceae 1, Oleaceae 2,
Caprifoliaceae 2, Adoxaceae 2, Amaryllidaceae 1, Cyperaceae 1, Asphodelaceae 1, Iridaceae
1, Lamiaceae 1, Asphodelaceae 1, Nymphaeaceae 1, Typhaceae 1, Poaceae 4 takson
icermektedir. Bu taksonlardan 26 s1 kiiltivar, 70 i tiir, 2 alt tiir, 1 varyete katagorisindedir.
Bitki taksonlarinin bitki formasyonlarina gére dagilimi ise soyledir: Yaprak doken agag
48, fbreli agac 17, Calh 23, Gok yillik otsu 11 taksondur. Bitki taksonlarin toprak istegine
gore dagilimi ise; Kumlu-killi 32, kumlu 4, humuslu 14, kozmopolit 14, kiregli 5, bal¢ik
topraklar 10, kumlu balgik topraklar 3, humuslu 2, killi, kumlu 2, kumlu, kiregli 2, Su
kenari, sulu ortam 2 taksondur. Bitki taksonlarinin anavatanlarina gore dagimi; Asya
kokenli 25, Tiirkiye-Avrupa kokenli 23, Amerika kokenli 18, Yaygin 32, Sadece Tirkiye
koékenli 3 taksondur. Bitki taksonlarinin su istegi; 18 takson fazla, 56 takson orta, 20
taksonun az su istegi vardir. Bitki taksonlarinin mevsimlere gore cicek agma zamanina
bakildiginda, 54 takson ilkbaharda, 33 takson yaz mevsiminde, 3 takson sonbaharda,
uzun siireli ¢icekli olan ise 1 takson vardir [14].

Bitki taksonlarinin anavatanlar1 veya dogal yayilis alanlarina gére bakildiginda, Asya
kokenli 25 takson, Tiirkiye-Avrupa kokenli 23 takson, Amerika kékenli 18 takson, yaygin
olan 32 takson, sadece Tiirkiye kokenli 3 takson bulunmaktadir (Tablo 2). Usak ili iklimi
Emberger’e gére [8], kisi soguk, yar1 kurak, Akdeniz iklimi ézelliklerini géstermesi,
nedeniyle bu iklime uyan takson sayilarinin artirilmasi, bitkilerin adaptasyonlar1 ve
ekolojik istekleri, ekonomik kaygilar goéz 6niline alindiginda yaygin ve iklime uyabilen
Tirkiye kokenli taksonlarin sayilarinin artirilmasi daha iyi olacaktir.

Atapark peyzaj florasinda bulunan taksonlarin su ihtiyaci degerlendirildiginde, 56 takson
orta, 20 takson az, 18 takson fazla su ihtiyaci gostermektedir. Kiiresel i1sinma ile gelecek
yillarda bitkilerin su ihtiya¢larinin artacag: ve kiiresel iklim degisikliginin siis bitkilerini
olumsuz etkileyecegi goz oniine alindiginda [15], su ihtiyaci fazla olan ilkbaharin son
aylar1 ve yaz dénemi kurakligi, bu peyzaj bitki taksonlari i¢in sorun olusturabilir. Bu
bitki taksonlarinin dikimleri yerine, daha fazla kserofit bitki dikilebilir. Dogal flora
icerisinde uzun 6miirli, su ihtiyaci fazla olmayan, ¢icekli durma siiresi fazla olan bitkiler
peyzaj bitkisi olarak kullanilabilir.

Floradaki bitkilerin toprak ihtiyaglarini analiz sonuglari ile karsilastirdigimizda, Kumlu-
killi 32, kumlu 4, humuslu 14, kozmopolit 14, kirecli 5, bal¢ik topraklar 10, kumlu balgik
topraklar 3, humuslu 2, killi, kumlu 2, kumlu, kiregli 2, Su kenari, sulu ortam 2 takson
oldugu goriilmekte iken, toprak analizi sonucu Atapark’ta bitkilerin bulundugu toprak
yapisl, kum orani fazla olan kumlu-killi-tindir. Bu toprak yapisi kumlu-killi, toprak yapisi
istegi olan taksonlar i¢in elverisli iken, toprak istegi kiregli, bal¢ik, humuslu taksonlar
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icin toprak bakimindan ekolojik isteklerini karsilamamakta, bu durum fizyonomilerini
etkilemektedir (Tablo 1) [16].
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Abstract

The aim of the study was to investigate the effects of olive oil mill wastewater (OOMW) in the sunflower in
terms of hormonal and secondary metabolites (phenols). In all experiments as hormone, abscisic acid
(ABA), gibberellic acid (GA), indolacetic acid (IAA), salicylic acid (SA) and jasmonic acid (JA), as phenol,
Naringenin (NAR), Catechin (CATEC), Trans sinnapic acid (SINAP), Trans p-coumaric acid (PCOUMAR),
Protocatechik acid (PROTOC), Trans cafeik acid (CAFFE), 2-5 Dihidro benzoic acid (DYHIDRO), Gallic acid
(GALLIC), values were compared in control and experimental groups. OOMW was applied to the plants at
various concentrations (1/1, 1/10, 1/100, 1/1000, 1/10000) for 3-days, 5- days and 10-days. Control
plants are watered with water. Based on hormonal analysis; the most OOMW damage was in 5-day
treatments, and in 10-day treatments it was partially healed. Similarly, 5-day changes in phenolic analyzes
were found to be more severe. Consequently; it has been found that 1) SA is the most active hormone
against OOMW stress, 2) In the 5-day trials, JA was active in conjunction with the SA, which was based on
OOMW violence, similarly, hormones and phenolic substances are highly variable especially in the 5-day
trial, 3), GA and IAA and ABA are generally quite lower levels in all experiments, 4) OOMW breaks
hormonal balance in the plant, and 5) the secondary metabolite (phenol) metabolism has been changed
considerably.

Keywords: Olive oil waste waters, Sunflower, Toxicology, Plant hormone, Phenolics, Seconder metabolites

©2020 Usak University all rights reserved.
1. Introduction

Olive oil in the world is mostly produced in the Mediterranean Region, Southern Europe,
North Africa and the Middle East, and therefore olive oil production is becoming
increasingly important both in terms of socioeconomic and environmental aspects [1].
Because almost 98% of the world's olive trees are in the Mediterranean Basin [2,3], and
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almost 80% of the world's olive oil production is derived from about 12000 facilities in
European countries [4]. Therefore, in the very short period between November and
March, the high amount of waste causes large pollution in air, water and soil if it is not
pretreateds3. Because olive oil mill wastewater (OOMW) is rich in polyphenols, low pH,
various heavy metals, minerals, and needs high chemical and biological requirements for
its dissolution. If the OOMW spreads to the soil without pretreatment and high amounts,
it both affects the physical, chemical and biological properties of the soil in a negative
way and damages the plant [5]. Even after ten years since the OOMW was thrown into the
environment, it causes development disorders in the vegetation and heavy metal
pollution [5]. Therefore, different concentrations of OOMW in chickpea, durum wheat,
tomatoes and corn prevented the germination [6]. Even 1/8 dilution of OOMW
significantly reduces germination rate [7]. In addition, OOMW changes the soil structure
with high salt concentration in its contents, and carries potential damages for plant
growth [8].

There are different studies on the cytotoxic effects of OOMW in plants. For example; In
Vicia faba, OOMW causes chromosomal abnormalities, root tip darkening, micronuclei, as
well as rootstock and mitotic inhibition [9]. In a study conducted by Aybeke et al., [10],
numerical or structural chromosomal mutations, mitotic abnormalities and increased
mitotic frequency, as well as highly nuclear or broken nucleated cells in wheat root tip
were emphasized. It was also observed that the amount of protein decreased with
increasing concentration and duration of treatment [10]. In ultrastructural study, which
are the continuation of this study, emphasize that OOMW causes wall and nuclear
damages, stoplasmic membrane and cellular organization disorders in wheat stem
meristem cells [11]. Finally, another study by Aybeke [12], found that OOMW caused
damage to the DNA genomic structure and DNA structure it was also stated that all
OOMW applications had a free radical threat and that there was more damage, especially
in the 5-day OOMW tests.

Despite all of these morphological, cytological, agronomic, genotoxic and cytotoxic
findings mentioned above, no information was available on how the OOMW actually
affected the metabolism of plant hormones and secondary metabolites (phenols) during
the application to plants. How does this waste, which is so toxic indeed, affect the
mechanisms of plant hormones and secondary metabolite (phenol)? Therefore, in this
study, it is aimed to investigate the effects of OOMW on plant hormones and phenol
metabolism in sunflower.

2. Material and Method

2.1. Material

Material used as plant, HA 89-B cultivar of Helianthus annuus. OOMW has been supplied
from olive oil production factories in the villages of Iznik (Bursa, TURKEY).
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2.2. Chemical Properties of OOMW

The chemical properties of OOMW are given in Table 1. For this works, Agilent 7700 xx
[CP-MS machine used. NPs measurements were performed using this instrument (Agilent
7700xx ICP-MS). The OOMW example is sent directly to the device into the ICP-MS
system by means of the standard peristaltic pump combined with Tygon pump tubing
(internal diameter of 1.02 mm), and ASX-520 autosampler [13].

Polyphenolic amount of OOWW was assigned by the Folin-Ciocalteu (FC) method,
following Box [14] and Li et al.’s [15] method. 200 pL of extracted plant material was
included into 1 mL of 1:10 dH20-diluted Folin-Ciocalteu fluid. After about 4 minutes, 800
uL of saturated Na2COs liquid added to them. After nearly 1 hour, absorbance values were
determined at 760 nm compared to a matrix blank, via Specord 50 UV/VIS spectrometer
(Cary 50 Bio, Varian) (Analytic Jena, Jena, Germany). In order to find the sensitivity of the
FC reagent to different phenols, calibration curves were made with various phenols such
as caffeic acid, tyrosol, p-coumaric acid and gallic acid. Data are given in mg p-coumaric
acid and caffeic acid content per OOWW liter.

Table 1. Principal chemical properties of OOMW

Mineral ppm(=mg/1)* std.error Mineral ppm(=mg/1)* std.error
K 4908,94 42,687 Li 0,159 0,013
B 26,578 0,182 \% 0,031 0,002
Na 170,715 0,584 Ga 0,150 0,008
Mg 188,640 0,682 As 0,090 0,005
Ca 25,851 0,774 Se 0,245 0,005
F 44,653 0,601 Sr 0,247 0,010
Al 4,932 0,186 Ag 0,284 0,063
Mn 2,474 0,038 Cd 0,052 0,001
Cu 3,950 0,026 Sb 0,086 0,004
Zn 3,764 0,022 Ba 0,155 0,007
Co 0,040 0,001 Pb 0,901 0,005
Ni 0,423 0,006

Cr 0,131 0,001

Polyphenols

Pcoumaric acid 57gLt 0,23

Caffeic acid 9,01g L1 0,03

*: indicate average values

Sunflower seeds will be germinated on the violets in special and standard Klasmman TS1
Torf after after being inflated in water. Approximately 18-25 days of sunflower seedlings,
were irrigated for 3-days, 5-days and 10- days, at concentrations of OMWW, 1/1 (pure),
1/10, 1/100, 1/1000, 1/10000; contrastly control group (OOWW-free), just watering
with tap water. All experiments were carried out in accordance with sunflower living
conditions in greenhouse [16]. On days 3, 5 and 10 the leaves were taken from the plants
and directly immersed into liquid nitrogen.
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2.3. Hormonal Analysis

200 mg frozen sunflower tissues from the control and experimental groups (OOMW
treated) were treated with the Qiagen Tissuelyser LT[17] with partially modified
extraction method[18]. After lysis for 2 min, 100 mg of pellet was joined with 1 ml
extraction solvent [isopropanol / methanol, 50:50 (v/v) with 0.5% of ammonium
formate]. This concoction was vortexed rapidly under freezing conditions and then
centrifuged at 10,000 rpm for 10 min at 4°C (Bioer Mixing Block MB-102). The
supernatant was filtered through a 0.22 um PTFE filter. Extracted samples (200 pl) were
analyzed by UPLC-ESI-MS/MS (API4000 QTrap; Applied Biosystems).

For determination of principal hormonal activity, standards of each hormone (abscisic
acid = ABA; gibberellic acid = G4, indolacetic acid = IAA; salicylic acid = SA; jasmonic acid
=]A) were uploaded onto the MS/MS system by adapted to several fragments and voltage
conditions. Thus, through experiments at five different concentrations from 0.05 to 50 pg
/ kg, the calibration curves of these hormones were constituted using Analyst software
(Applied Biosystems). A 50 ul of sample was analyzed by UPLC-ESI/MS-MS and Spark
UPLC system combined with an Applied Biosystems QTRAP 4000. Chromatographic
separation was performed on a Phenomenex Luna 3 Im C18(2) 100 9 2.0 mm column at
40 °C. The solvent gradient used was 100% A (99.5% H20:0.5% ammonium formate) to
100% B (99.5% MeOH:0.5% ammonium formate) over 5 min. The gradient profile for
hormones was constructed as follows: ((time in min)/A %): (0/98), (1/2), (3/2), (4/98),
(5/98). Hormone analyzes were performed with a Turbo ion spray source in negative ion
mode with MRM options in the Analyst software. The curtain gas was set at 10 a.u,, the
source temperature was 400 C, and ion source gases 1 and 2 were both 20 a.u. The
declustering potential was set at 100 V. The source voltage was 3500 V [18].

2.4. Secondary Metabolite Analysis

Chemicals, Standards and Reagents: Formic acid (98-100%), methanol (Hypergrade LC
MS), isopropyl alcohol (2-propanol) and DMSO were purchased from Merck, Darmstadt,
Germany. Ammonium formate (HPLC grade) was from Sigma-Aldrich, Germany.
Reference standards, gallic acid, catechin, 2-5 dihydroxybenzoic acid, trans-caffeic acid,
syringic acid, trans-sinapic acid, trans-p-coumaric acid, trans-ferulic acid, resveratrol and
salicylic acid were from Fluka and protocatechuic acid was purchased from HWI Analytik
Gmbh, Germany. MTT (3(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-lium-bromide)
was purchased from Biomatik Cambridge, Ontario. Phosphate-buffered saline (PBS) and
molecular biologygrade water were from Gibco, Invitrogen, Carlsbad, CA, USA. The
resistance of ultra-distilled water used for instrumental analysis was 18.2 QX.

2.5. Liquid Chromatography and Mass Spectrometry Conditions

Phenol analyzes was performed on an Agilent 1200 infinity LC in combination with the
Agilent 6460 Triple Quadrupole MS/MS System, equipped with a Jet Stream Electrospray
ionization source (Agilent Technologies, Palo Alto, CA, USA). The analytical column was
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Agilent Poroshell 120 EC-C18 (4.6 9 50 mm, 2.7 pm particle size) and set at 25 °C. Mobile
phase A consisted of UPW, 0.2% ammonium formate (v/v), 0.2% formic acid (v/v).
Mobile phase B consisted of methanol, 0.2% ammonium formate (v/v) and 0.2% formic
acid (v/v). The flow rate was 0.3 ml/min at ambient temperature. The injection volume
was 1 pl and the LC gradient conditions were as follows: 0-1 min,70% A, 30% B; 3-7 min.
30% A, 70% B; 9-10 min. 50%A, 50% B; 11-12 min; 70% A, 30% B. The run time was 12
min. The optimized MS analyzes parameters were as follows: gas temperature was set at
325 °C, the nebulizer gas pressure was set at 45 psi, the nozzle voltage was set at 500 V,
the capillary at 3000 V, sheath gas temperature at 400 °C, sheath gas flow at 12 L/min.
Multiple reaction monitoring (MRM) was performed on the positive and negative ion
mode. Data acquisition was performed with Mass Hunter (version B.06.01) software.
Nitrogen (N2) was used as the collision gas at 1.12 mTorr. Calibration standard mixes
were prepared in 50% UPW, 25% methanol and 25% isopropanol at calibration
concentrations of 1-200 ng/ml.

2.6. Statistical Analysis

All experimets were recurred freely three times and differences in data of hormonal,
phenolic tests of control and test groups were compared by ANOVA, which means
separation by Duncan’s test using SPSS 18 software at a significance level of p < 0.05.

3. Results

3.1. Hormone analysis
3.1.1. 3-day Trials

GA and IAA values are higher than control. Other concentrations of GA are less than
control; whereas in the IAA, other values outside of 1/1 are higher than the control
(Figure 1).

In ABA and SA, the 1/1 concentration value is the largest, and as the concentration
decreases, the other values decrease relatively. However, unlike ABA, SA, 1/10 and 1/100
values are higher than the control. JA; 1/1 concentration value is the largest and the other
values are lower than the control. GA, IAA, SA and JA were significantly different from
control (Figure 1).

3.1.2. 5-day Trials

In GA 1/1 value, highest in other concentrations. Other concentration values are close to
or slightly larger than the control. In the IAA, the greatest values are 1/10 and then
1/1000; others are equal to or less than the control. [AA and GA show reversal activity.
For example, 1/10 in GA is slightly larger than control, while 1/10 is the largest in IAA
(Figure 1).
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The ABA 1/1 is the largest and the others are close or small to control. In JA, the greatest
value is 1/1; as for 1/10, 1/100 and 1/10000 are bigger than the control (Figure 1).

In SA, 1/1 and 1/10000 are the largest values. Otherwise (1/10, 1/1000) are lower or
slightly higher than the control. In addition, in stress-related hormones such as SA, JA,
and ABA 1/1 concentration value were the greatest, and as the concentration decreases,
hormone levels decrease. The SA and JA hormone levels are close to or greater than the
control, unlike the ABA. According to statistical tests, only the JA and SA hormones are
significant compared to the control (Figure 1).
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Figure 1. Hormone levels in control and all experimental groups (3-day, 5-day, 10-day). GA:gibberellic
acid, ABA:abscisic acid, JA:jasmonic acid, IAA:indoleacetic acid, SA:salicylic acid. Standard error data were
given as bars on colons. Asterisk on the colons express significant differences between control and
experimental groups, based on oneway ANOVA and Duncan’s test (p < 0.05) for 3-day experimentals: GA;
F=12,129, df= 5, p= 0.000. ABA; F= 0,745, df='5, p= 0,605. JA: F= 87,507, df= 5, p=,000. IAA:F= 9,543, df=
5,p=10,001. SA: F= 70,239, df= 5, p= 0,000.

Statistical data of 5-day experimentals. GA; F= 4,889, df= 5, p= 0.011. ABA; F= 0,826, df= 5, p= 0,555. JA: F=
17,532, df= 5, p=,000. IAA:F= 3,473, df= 5, p= 0,036. SA: F= 39,665, df= 5, p= 0,000.

Statistical data of 10-day experimental groups. GA; F= 13,866, df= 5, p= 0.000. ABA; F= 1,522, df=5, p=
2,555.JA: F= 14,568 df= 5, p=,000. IAA:F= 1,677, df= 5, p= 0,214. SA: F= 98,054, df= 5, p= 0,000.
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3.1.3. 10-day Trials

The greatest value in GA is 1/1, and the GA value decreases as the concentration
decreases from 1/10 to 1/1000. In IAA, the 1/1 value is the lowest while all the other
concentrations are higher. All concentrations of GA and IAA are higher than the control.
ABA increased at 1/1, but decreased at other concentrations or close to control (Figure
1).

JA; the greatest value is 1/1, and the hormone values are decreased in proportion to the
concentration; but still all concentrations are higher than the control. In SA, 1/1 was
quiet than control; but decreased in other concentrations. In ABA, JA and SA, in common,
value of 1/1 is the greatest value, and values decrease as the concentration decreases. GA,
JA and SA hormones are significantly different from control (Figure 1).

3.2. Phenolic Analyzes
3.2.1. 3-day Trials

NAR: The largest NAR value is 1/1. At all other OOMW concentrations the values are very
lower than control.

CATEC: The maximum value is 1/10, all other concentration values are lower than the
control.

SINAP: With the greatest value being 1/1, almost all concentrations have values close to
each other.

PCOUMARIC: 1/1 degeri en biiyiiktiir. Diger konsatrasyonlari kontrolden daha diisiiktiir
(Figure 2).

PROTOC: All concentration values are lower than the control. Likewise, all CAFFE values
decrease as the concentration decreases.

DHYDRO: In all concentrations, except 1/10, values are lower than the control, and
generally decrease in proportion to the concentration.

GALLIC: the highest concentration value is 1/1000 and then it is 1/1. Other
concentrations are equal to or higher than the control. According to statistical analysis,
NAR, PCOUMAR, PROTOC, CAFFE, DHYDRO are significant (Figure 2).

3.2.2. 5-day trials

NAR: With the largest value being 1/1, all concentrations are lower than the control, In
general, the values decrease as the concentration decreases.

CATEC: The maximum value is 1/1. Other concentrations are very close to or slightly
lower than the control (Figure 2).

SINAP: The greatest concentration is 1/10000. Other concentrations, except 1/1000, are
slightly larger than the control.
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PCOUMAR: The largest concentration is 1/1. Except for 1/10 and 1/100, the values
decrease as the concentration decreases.

PROTOC: The greatest concentration is 1/10. In addition, all concentrations, except 1/1,
are higher than the control.

CAFFE: The maximum value is at 1/100. It follows 1/10000, 1/10 respectively (Figure 2).

DHYDRO: The greatest value is 1/10 concentration and the others are bigger than the

control.

GALLIC: The greatest value is 1/1. Other values are too close to or below control.

Statistical significance was found in NAR, CATECH, PCOUMAR, PROTOC, CAFFE, DHYDRO,
GALLIC (Figure 2).
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Figure 2. Fenolic amounts in Control and 3-day OOMW experimental groups. NAR:
Naringenin, CATEC: Catechin, SINAP: Trans sinnapic acid, PCOUMAR: Trans p-coumaric
acid, PROTOC: Protocatechik acid, CAFFE: Trans cafeik acid, DYHIDRO: 2-5 Dihidro
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benzoik asit, GALLIC: Gallic acid. Standard error data were given as bars on colons.
Asterisk on the colons express significant differences between control and 3-day OOMW
experimental groups, based on oneway ANOVA and Duncan’s test (p < 0.05). NAR: F=
3010,920, df= 5, p= 0,000. CATEC: F=3,807, df= 5, p= 0,027. SINAP: F: 2,944, df= 5, p=
0,058. PCOUMAR: F=2105,665, df=5, p= 0,000. PROTOC: F= 321,567, df=5, p= ,000.
CAFFE: F=16,891, df=5, p= ,000. DYHIDRO: F=14,062, df=5, p= ,000. GALLIC: F=2,105,
df=5, p=,135.

Statistical data of 5-day experimentals: NAR: F= 920,484, df= 5, p= 0,000. CATEC: F=
16,569, df=5, p= 0,000. SINAP: F: 1,489, df= 5, p= 0,264. PCOUMAR: F=238,323, df=5, p=
0,000. PROTOC: F= 54,110, df=5, p= ,000. CAFFE: F=79,438, df=5, p= ,000. DYHIDRO:
F=279,303, df=5, p=,000. GALLIC: F=14,571, df=5, p= 0,000.

Statistical data of 10-day experimentals: NAR: F= 1827,772, df= 5, p= 0,000. CATEC: F=
50,472, df= 5, p= 0,000. SINAP: F: 8,290, df= 5, p= 0,001. PCOUMAR: F=159,758, df=5, p=
0,000. PROTOC: F= 20,254, df=5, p= ,000. CAFFE: F=175,095, df=5, p=,000. DYHIDRO:
F=5,060, df=5, p= 0,010. GALLIC: F=9,798, df=5, p= 0,001.

3.2.3.10-day Trials

NAR: The maximum value is 1/1; but the other concentration values are lower than the
control.

CATECH: The maximum value is 1/1. Except 1/10000, the values decrease as the
concentration decreases.

SINAP: The maximum value is 1/1. Other concentrations, except 1/100, are slightly larger
than the control (Figure 2).

PCOUMAR: The maximum value is 1/1. The values of 1/10 and 1/1000 are also higher
than the control.

PROTOC: The maximum value is 1/1. 1/10, 1/1000, 1/10000 are also bigger than the
control.

CAFFE: The maximum value is 1/1. Except 1/10000, others are lower than the control
(Figure 2).

DYHIDRO: The maximum value is 1/1. 1/10, 1/10000 are also bigger than the control.

GALLIC: The maximum value is 1/1 and all other concentration values are lower than the
control.

Statistical significance was found in NAR, CATEC, SINAP, PCOUMAR, PROTO, CAFFE,
GALLIC, in comparison to control (Figure 2).
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4. Discussion

Plant hormones are important in generating responses against a wide range of stimuli,
both internal and external [19]. For this reason, the effects of OOMW on plant hormones
and phenols as secondary metabolites have been investigated.

In 3-day trials, GA, 1AA, JA were significantly lower than the control except for 1/1
concentrations;_there were not active. Likewise, SA was significantly more active than
control at concentrations of 1/1, 1/10, 1/100, and values of 1/1000 and 1/10000 are
lower. According to this, it is understood that only SA fight against OOMW stresse at 1/1,
1/10 and 1/100 concentrations. It is understood that other hormones (GA, I1AA, JA) are
not as important as SA in struggle with stress.

The second result is; there is not much harmful effect of OOMW at 1/1000 and 1/10000
concentrations. For this reason, we conclude that the SA hormone is significantly lower
than the control at these concentrations. Interestingly, however, it is noteworthy that
significant hormones such as GS and IAA, which indirectly function in stress struggle, are
significantly lower than controls. Because it is suggested that the auxin promote the
stress tolerance by regulating photosynthetic components and chloroplast structure
especially later phase of the stress [20,21]. Similarly, GA is also functional in both plant
development and many defense processes against stress throughout the plant life [22].
On the other hand; in 3-day OOMW trials, GA and IAA are also less active in terms of
normal developmental activities. Therefore, it is understood that OOMW very interrupted
IAA and GA's activities related to stress and development in the 3-day period.

However, in the 5-day trial, only the values of JA and SA changed significantly compared
to the control. GA levels were close to or lower than the control, except 1/1. In contrast,
IAA, is quite higher than the control at some concentrations. It is understood here that
[AA is still partially active relative to GA, although not significant.

As for JA; it was significantly larger than controls at 1/1, 1/10, 1/100 and 1/10000
concentrations. It is noteworthy that the SA hormones vary significantly and in the
largest dimension compared to other hormones, in the 5-day experimets. It is also
understood that in the 5-day trial, damage is too great so that both of them (JA, SA) were
activated, and therefore the balance of these 2 hormones changed quite positively.
Because SA is known as an important stress hormone [23], and SA activity was related
with expression of pathogen-associated protein genes as well as resistance to biotic
stress [24,25]. Similarly OOMW also induced mainly SA activity and antioxidant
metabolism in plants as described present data, which resembles SA's response to
necrotrophic stress [23].

As JA; mechanical injury based herbivore invasion stimulates and accelerates JA activity
in the broken tissue, and JA is an important hormone that induces defense to mechanical
injury [26]. Additionnaly, Mazen and Lin [27], noted that there is an antagonistic
relationship between defense hormones such as ABA, SA, JA, just like our results. In
present data, despite JA and SA were significantly different compared to the control in all
3 trials (3-day, 5-day, 10-day), only SA (but partially JA, for 5-day experiments), was the
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most active. In short, it is understood that OOMW stress is so severe as to activate both
hormones. Indeed, in our preliminary genotoxic study results, it was emphasized that
damage was more severe in the 5-day OOMW trial [12].

In 10-day OOMW trials, almost all of the GA values, except 1/1, were found to be
significantly lower than control. The JA values were also lower than the 5-day JA values
and significantly decreased than the control. Also, the SA values are lower than the SA
values in the 5-day period. In short; It is noted that there is an imbalance in the GA
hormone in the 10-day period, and that only the SA hormone is active, so that in the 10-
day trial, the hormonal imbalances are part of an improvement, although the
continuation of the hormonal imbalances. Therefore, the hormonal results in all 3-, 5- and
10-day OOMW experiments are in complete agreement with the results of the previous
genotoxic article [12].

From phenolic results, it has been determined that NAR, PCOUMAR, PROTOC, CAFFE,
DHYDRO are significantly different in 3-day experiments. It was understood that all of the
phenolic values, except for the 1/1 concentration, of PCOUMAR, were significantly lower
than the control. In short; OOMW has greatly reduced the production of phenolic
substances in 3-day trials. Because, as described above, in 3-day experiments, OOMW
significantly reduced the levels of the other 3 hormones (GA, IAA, JA), except for some
concentrations of SA.

In 5-day OOMW experiments, the synthesis of 7 phenols, NAR, CATECH, PCOUMAR,
PROTOC, CAFFEE, DHYDRO and GALLIC, significantly changed. However, in the 3-day
experiments, almost all of 5 phenolic compounds were significantly lower than the
control. However, in the 5-day trial, almost 4 hormones (CATEC, CAFFE, PROTOC,
DHYDRO) were significantly more active than the control. Because genotoxic damage in
5-day OOMW trials is more severe than other tests (3-days and 10-days) [12] and
accordingly the change in the amount / activity of the phenolics is also greater. These
results also completely coincide with our results of hormonal studies. Because the share
of phenolic compounds in antioxidant and stress relief is great. Additionnaly polyphenols,
flavonoids and fatty acids are remarked to be oxidative stress-inhibiting effects. For
example; GALLIC and CATECH exhibited a strong free radical scavenging activity[28].
Even phenol and flavonoids as secondary metabolites, are involved in the defense against
biotic and abiotic stresses, and contribute significantly to the antioxidant activity of plant
tissues [29].

In the 10-day OOMW experiments, significant changes were observed in the amount of 7
phenolic compounds, NAR, CATECH, SINAP, PCOUMAR, PROTO, CAFFE and GALLIC. All
concentration values in NAR, SINAP, CATECH and GALLIC (except for 1/1), decreased
significantly compared to control. In PCOUMAR, however, almost all concentrations, and
some concentrations in CAFFE were significantly increased compared to the control. That
is, in the 10-day OOMW experiments, in general the values of 4 phenols decreased, and
increased in 3 phenols. In short; compared to the 5 day phenolic results, the damage was
partially mitigated in the 10-day trials. In conclusion, all our hormonal results are
consistent with our genotoxic and transcriptomic findings [12] and phenolic values.

90



Aybeke / Usak Universitesi Fen ve Doga Bilimleri Dergisi 80-95 2020 (2)

Another notable finding is; in almost all experiments the 1/1 concentration reached
almost peak values. From the data, it is understood how the pure (1/1) implementation
of OOMW is harmful for plant; whereas control group plants and their roots have a
healthier appearance. Also second striking result is; no significant change in ABA activity
was observed in all experiments. Because ABA is a stress hormone that regulates
responses to both biotic and abiotic stress [30]. Antioxidant gene expressions were
particularly intensive in the 5-day OOMW trial [12], so ABA could be expected to be
active in OOMW stress. However, according to our results, ABA was not active in any
OOMW experiment. Also ABA has important functions in flavonoid / phenol synthesis
and regulation of antioxidant response [31]. Similarly GA was significantly lower in the 3-
day and 10-day experiments, compared to the control. In our opinion, OOMW quite
effected balances between hormones and hormonal mechanisms.

In the content of OOMW (Table 1) it is seen that there are some elements and
Polyphenols at high amounts [32]. These are B, F, Al, Mn, Nij, Cr, As, Se, Cd, Pb, all of which
are heavy metals. Indeed; OOMW's heavy metal absorption capability is high; so heavy
metal is very crowded at OOMW [33]. In the literature, there are many findings about
toxic damages of heavy metals.

Regarding Al, it triggered oxidative stress [34], damages on plasma membranes and
organellar structures, and then caused apoptosis and plasmolysis [35].

Se has inhibit plant metabolism at especially high concentrations, except that at low
concentrations where it has protective effect [36].

Pb, As, Cd locks photosynthesis, and, decreases chlorophyll ratio and even destroys the
plasma membrane [37].

Cr, interrupts gene expression and enzyme activities, thus causing oxidative based
several damages [38].

With respect to Mn, various toxic losses are observed when the amount in the plant is
increased. However, these harms vary according to the plant, the variety [39].

Regarding polyphenols of OOMW, Sierra et al. [40] suggested that no more than 180 m3
ha'l OOMW per year must be applied to the soil. Then at higher amount applications of
OOMW causes salinity stress on plant and adversely affect plant production insomuch as
the application of OOMW to the soil has greatly reduced the biomass in lettuce [41].
Hence OOMW toxicity is directly linked to reduction of phenolics [42]. In short, OOMW
contains a large number of toxic compounds and mineral / heavy metal content, posing a
threat to the plant, especially in high concentrations.

Because, as seen from present results, OOMW causes significantly changes in hormonal
balances, and secondary metabolite (phenol) metabolism. In other words, it is
understood that the OOMW disrupts the hormonal balance of the plant, and it forcing it to
have an intense defense metabolism in terms of genetics, transcriptomics [12], and
physiologically (hormonal, secondary metabolic). Therefore, OOMW should be given at
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lower doses to the soil and before plant sowing. It is likely that both the OOMW will be
dissolved in the soil and the damage will be reduced the least[43]. In our future studies,
we will investigate ways of using OOMW due to these intensive toxicological effects in the
weed fight, which is a big problem in agriculture. Thus it is believed that the
environmental damages will be reduced to a minimum, and new horizons will be open
about disposal of waste water without harming nature.

5. Conclusion

In the study, the effects of OOMW on sunflower hormones and phenolics were
investigated. As a result of hormonal and phenolic analyzes; especially in the 5-day
experiments, it is understood that the hormonal and phenolic changes are more so that
the damage is higher. Damages and hormonal / phenolic changes are comparatively less
in 3- and 10-day treatments. The most effective hormone against OOMW stress is SA.
Especially in 5-day experiments JA also was active together with SA. Likewise, the most
phenolic synthesis has been done in 5-day experiments. OOMW reduced IAA, GA and ABA
hormones in almost all experiments. In short, OOMW degrades hormonal balance and
phenol metabolism in the plant.
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Abstract

This study was aimed to understand quality perception of towels with a survey evaluated by experts
having professional experience in towel industry. Total of 30 experts (18 males and 12 females) from 10
different companies in Denizli-Turkey were participated to this survey conducted in textile companies
where the experts work. The experts were asked this question: “Could you state parameters that define
towel quality with the exception of color and pattern?”. Each expert had to mention at least 3 parameters.
Preferences were noted in order of importance and results were evaluated. After elimination and
simplification of synonyms and similar words, it was concluded that softness, water absorbency, trimness,
yarn quality, weight and fullness are the significant parameters in order of importance to define towel
quality by experts’ viewpoint.

Keywords: Towel, towel quality, perception of towel quality, expert.

Ozet

Bu ¢alismada, havlu sektoriinde mesleki tecriibeye sahip uzmanlar tarafindan degerlendirilen bir anket ile
havlularin kalite algilarinin anlasilmasi amaglanmistir. Uzmanlarin ¢alistif1 tekstil firmalarinda yapilan
ankete Denizli-Tiirkiye’de 10 farkli firmadan toplam 30 uzman (18 erkek ve 12 kadin) katilmistir.
Uzmanlara “Havlu kalitesini renk ve desen disinda tanimlayan parametreleri sdyleyebilir misiniz?” sorusu
sorulmus ve her uzmandan havlu kalitesini belirleyen en az 3 parametre sdylenmesi istenmistir. Tercihler
onem sirasina gore not edilmis ve sonuglar degerlendirilmistir. Es anlamlilarin ve benzer kelimelerin
ortadan kaldirilmasi ve basitlestirilmesinden sonra, yumusaklik, su emicilik, goriiniim, iplik kalitesi,
agirhk ve dolgunlugun havlu kalitesini uzmanlarin bakis agisina gore tanimlamak i¢in 6nemli
parametreler oldugu sonucuna varilmistir.

Anahtar Kelimeler: Havlu, havlu kalitesi, havlu kalite algisi, uzman.
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1. Giris

Giliniimiizde tekstil malzemeleriyle insanlar arasindaki etkilesime ilgi artmaktadir.
Zihinsel ve fiziksel rahatlik, son birka¢ yilda tiiketiciler i¢cin ¢ok daha 6nemli hale
gelmistir [1, 2]. Tiketiciler bir tekstil iriinii satin aldiklarinda, genellikle kumasa
dokunarak ve belirli bir son kullanim i¢in kumasin veya giysinin kalitesini
degerlendirmek amaciyla dokunsal ozellikleri hissederler [3, 4]. Dokunsal 6zelliklerin
saglanmasi tiiketici davranisini olumlu yénde etkilemektedir [5]. Bu nedenle, tekstil
malzemelerinin iiretim isleminden 6nce kalite ve uygunluk agisindan degerlendirilmesi
onem arz etmektedir [6].

Geleneksel olarak, tekstil miihendisligi alaninda yapilan onceki ¢alismalarda, tekstil
tutumu 6znel olarak degerlendirilmistir [7, 8]. Kumas konforu insan viicudu tarafindan
hassasiyetle algilandig i¢in, bu 6znel yontem, kumas konforunun degerlendirilmesinde
en uygun ve dogrudan yontem olarak kabul edilmektedir [3, 4]. Bu durumun kabul
gormesinde en 6nemli sebep, kumas tutumu gibi duyusal o6zellikleri objektif olarak
Olcebilen bir cihazin bulunmayisidir. Bu nedenle tutum agisindan birbirine benzeyen
kumaslar iretebilmek ve bunun sirekliligini saglayabilmek i¢in subjektif
degerlendirmeler yapilmasi ve bunlarin objektif 6l¢limlerle desteklenmesi gerekmektedir

(9]

Duyusal o6zelliklerin subjektif yontemle degerlendirilmesi tizerine ilk kez Binns'le
1926'da baslayan calismalar bugiin hala devam etmektedir. Tamamen Kkisilerin algilarina
bagli olan bu degerlendirme sekli, karar veren Kkisinin yas, cinsiyeti, tecriibesi gibi kisisel
ozelliklerinin yanm1 sira iklim, moda, kiltirel yap1 gibi ¢evresel unsurlardan da
etkilenmektedir. Duyusal o6zelliklerin subjektif degerlendirilmesi {izerine c¢alismalar
yapan Brand (1964), Dawes ve Owen (1996), Howorth ve Oliver (1996), David ve ark.
(1996) gibi arastirmacilarin yaninda Kawabata ve Niwa'min (1980, 1982, 1998)
arastirmalar1 da bu konudaki ¢alismalara katki saglamistir [4, 7, 10, 11, 12]. Kawabata ve
arkadaslari, 1969'da kumas tutumu aramaya basladiklarinda arastirmanin ilk adimi, yiin
tekstil fabrikalarindaki uzmanlar tarafindan geleneksel olarak kullanilan kumas tutum
ifadelerini standartlastirmakti. Kawabata ve arkadaslarinin, 1972 yilinda Japonya'da
Tutum Degerlendirme ve Standardizasyon Komitesi'ni olusturarak tutum
degerlendirmelerini standardize etmek amaciyla yaptiklar1 ¢alismalar, bugiin diinya
literatiiriinde onemli bir yere sahiptir [12]. Harada ve ark. (1997) tarafindan yapilan
calismada hem subjektif degerlendirmede izlenmesi gereken yol belirlenmeye ¢alisilmis
hem de duyusal yontem kullanilarak iki tiir kamgarn kumasin o6l¢limii yapilmistir.
Kamgarn kumaslarin egilme direnci, kalinlig1 gibi parametrelerin bu duyusal yontem
araciligiyla yaklasik % 20'lik bir hata ile tahmin edilebilecegi ifade edilmistir [13]. Alimaa
ve ark. (2000) egilme direnci, kumas kalinlig, siirtiinme katsayisi, sikistirilabilirlik gibi
parametreleri secerek bunlar1 en objektif sekilde duyusal olarak degerlendirme
olanaklarimi arastirmiglardir. Bu amagla mekanik 06zelliklerin objektif 6l¢iim
yontemlerine benzeyen subjektif yontemler ortaya koymuslardir [14]. Grinevicuite ve
ark. (2005) tarafindan yapilan ¢alismada, 25 farkli kumasin tutumunu karakterize etmek
icin uygun 10 ozellik acisindan 6zenle se¢ilmis uzmanlar tarafindan subjektif olarak
degerlendirilmistir. Aragtirmalarin ilk asamasinda 10 tutum 6zelligi (plrizsizlik,
yumusaklik, kalinlik, plrizlilik, agirlik, sertlik, elastikiyet, sicaklik, kullanim kolaylig1)
degerlendirilmistir. Kumas yumusakhig, plriizsiizligl, kalinhigi, agirhg ve piurizlalagi
ozelliklerinin degerlendirilmesinde, uzmanlarin anlasma seviyesinin yeterince yiiksek
oldugu, ancak sertlik, elastikiyet, sicaklik ve kullanim kolaylig1 gibi kumas 6zelliklerinin
farkli uzmanlar tarafindan farkli degerlendirildigi goriilmustur [8]. Tuirkiye'de ise tekstil
irtnlerinin dokunsal oOzellikleri hakkinda ilk calisma 2006 yilinda Sular ve Okur
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tarafindan, % 100 yiin erkek takimindan olusan 43 6rnek tizerinde 18 uzmandan olusan
bir panel ile gerceklestirilmis ve bu ¢alismada enstriimantal test kosullarini simiile etmek
icin duyusal teknikler gelistirmeye calisimistir [2, 15, 16]. Luible ve ark. (2007)
tarafindan yapilan ¢alismada kumasin sanal dokunusuyla karsilastirilmasi amaciyla nihai
amag icin yeni bir subjektif kumas degerlendirme formu 6énerilmistir. iki standart
referans alinarak ve bes 6lgek kullanilarak bir derecelendirme yontemi uygulanmistir.
Derecelendirmeler, objektif 6l¢iimlerle orta diizeyde bir korelasyon géstermistir [6].

Tekstil alaninda dokunsal 6zelliklerinin degerlendirilmesini esas alan ¢alismalar
incelendiginde, tekstil kumaslar1 (dokuma, 6rme ve dokusuz yiizey) ile alakali ¢cok sayida
calisma olmasina ragmen, havlu kumaslarini esas alan ¢alismalar sinirlidir. Singh ve ark.
(2014) tarafindan yapilan ¢alismada, KES sistemi ile havlularin kalite degerlendirmesi
konusunda, 25 uzman panelist ve ¢ok farkli yapidaki kumas 6rneklerini iceren 50 farkl
havlu ile objektif ve subjektif degerlendirmeler yapilmistir. Kumas agirligi, kumas
kalinhig), sikistirma ve ylizey oOzellikleri ile ilgili parametrelerin havlu kalitesini
belirlemede ¢ok etkili oldugu, iyi bir havlu kumas i¢in kalite 6zelliklerinin tanimlanmasi
icin de yumusaklik kavraminin gerekli oldugu ifade edilmistir [17]. Nishimatsu ve ark.
(2014) tarafindan yapilan ¢alismada, uzman olmayan kisilere banyo havlusunun fiziksel
ozelliklerinin el havlusuyla nasil iligkili oldugu sorulmus ve 12 banyo havlusunun fiziksel
ozellikleri incelenmistir. Havlu kumaslar i¢in kullanilan 1lik, yumusak, esnek, kaygan,
hafif, ince gibi 19 sifat ile Kawabata sisteminden elde edilen parametreler arasindaki
korelasyonu bularak bir havluya dokunuldugunda onu en iyi temsil eden parametreler
bulunmaya c¢alisilmistir [18]. Kandzhiko ve Germanova-Krasteva tarafindan (2016)
yapilan calismada, 9 farkli havlu kumasin kalinlik, hacimlilik, yumusaklik, sertlik,
uzayabilirlik ve elastikiyet gibi faktorlerin havlu kumaslarin tutumuna etkisi, 28 uzman
ve tiiketici arasinda yapilan bir ankete dayanarak degerlendirilmistir. Degerlendirmede
yer alan faktérlerin agirhk katsayisini belirlemek icin bir yontem gelistirilmistir.
incelenen faktérler ile Kawabata 6lceginde derecelendirilen tutum arasinda bir baglanti
saglanarak bir iligki belirlenmis ve numuneler siralanarak tutumlar1 subjektif olarak
degerlendirilmistir [19]. ikiz ve ark. tarafindan (2017) yapilan calismada, farkh lif
iceriginden yapilan 10 havlu drneginin subjektif degerlendirilmesi gorsel ve dokunsal
olarak incelemistir. Tiirk havlu kullanicilarinin elyaf icerigini bilmedikleri taktirde
sentetik ipliklerden iiretilen havlular1 %100 pamuklulara gére daha cok tercih ettikleri,
ancak elyaf icerigini bildikleri taktirde ac¢ik ara %100 pamuklular tercih ettikleri
goriilmiistiir [15]. Ala ve ikiz tarafindan (2017) yapilan calismada, secilmis kumas yapisal
parametrelerinin ve ev tipi camasir yikama islemlerinin hem satin alma hem de gilinliik
kullanim i¢in kabul edilebilir dokuma havlu iriin kalitesine etkisi arastirilmistir. Atki
ipligi numarasi, atki yogunlugu ve tekrarlanan yikamalar, havlu kumaslarin
yumusakligini ve tercihini etkileyen 6nemli faktorler olarak tanimlanmistir. [20]. Yuriko
ve ark. (2019) tarafindan yapilan ¢alismada, havlularin dokunsal rahathigi ile yakindan
baglantili olan hav yapisindaki degisiklikleri karakterize etmek i¢in yeni parametreler
sunulmustur. Farkli sayida yikanmis 16 pamuklu havlu numunelerinin dokunsal
degerlendirmesi yapilmistir. Dokunsal degerlendirme sonucu, dokunsal rahathgin
yumusaklik ve piiriizsiizliik hissi, geometrik piirtizliliik (SMD) ve sikistirma dogrusallig:
(LC) ile iligkilendirilirken, sikistirma enerjisi (WC) ile arasinda onemli bir iligki
gorilmemistir [21].

Subjektif olarak yapilan degerlendirmelerde; degerlendirilmeye tabi tutulan Kkisilerin
uzmanlik durumu arastirmalarin basarisi lizerinde son derece etkilidir. Herhangi bir
konuda basarili olabilmek i¢in o konu tlizerinde uzman kabul edilebilecek diizeyde
calisilmis olunmasi gerektigi aciktir. Malcolm Gladwell’e gore; herhangi bir konudaki
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uzmanlik, o konuyla alakali minimum 10,000 saatlik c¢alisma tecriibesi ile miimkiin
olabilmektedir [22].

Kumas tutum ve kalite algis1 degerlendirme kriterlerini standardize etmek amaciyla
baslatilan Kawabata ve arkadaslar tarafindan diinya literatiiriinde 6nemli bir konuma
gelen 6znel tanimlayicilar; yumusaklik, dolgunluk, sertlik, diizgiinliik, ylizey goriiniimii ve
diger ozelliklerdir [11, 12]. Tekstil kumas kalitesinin arastirildigi 6nceki ¢alismalarda ise,
cogunlukla kumas kalitesini etkileyen kumas 6zelliklerinin kumas diizginligi (% 28),
yumusaklik (% 22), sertlik (% 8), puruzlilik (% 7), kalinhik (% 5) ve agirhik (% 5)
oldugunu, sicaklik (1s1), sertlik, elastikiyet, tiiylii yiizey (hav), burusma egilimi, dokiim
gibi kumas 6zellikleri ve tekstil tutumunu daha az etkileyen diger 6zelliklerin % 25'lik
kismina girdigi belirtilmistir [7, 8]. Bu ¢alismanin odak noktasi ise, havlu alaninda
minimum 10,000 saatlik profesyonel deneyime sahip uzman Kkisiler tarafindan, havlu
kalitesini en iyi sekilde karakterize eden havlu ozelliklerinin tahmin edilmeye
calisilmasidir.

2. Metot

Bu ankete havlu kalite algisin1 degerlendirmek iizere Denizli-Tiirkiye'de 10 farkl
firmadan toplam 30 uzman (18 erkek ve 12 kadin) katilmistir. Uzmanlarin se¢im
prosediiriinde Malcolm’in kriterleri dikkate alinmistir. Uzmanlarin yas ortalamasi 39, en
kiiciigii 28, en biiyugi 49 yasindaydi. Uzmanlar en az 4, en fazla 31 yil olmak iizere
ortalama 16.3 yillik tecriibeye sahipti. Degerlendirmeler uzmanlarin ¢alistigi tekstil
firmalarinda gergeklestirilmistir.

Bu c¢alismada uzmanlara “Havlu Kkalitesini renk ve desen disinda tanimlayan
parametreleri belirtebilir misiniz?” sorusu sorulmus ve her uzmandan havlu kalitesini
belirleyen en az 3 parametre sdylenmesi istenmistir. Havlu sektdriinde mesleki tecriibeye
sahip 30 farkli uzman tarafindan belirlenen tercihler 6nem sirasina gore not edilmis ve
sonuclar degerlendirilmistir.

3. Arastirma Bulgular

Havlu kalitesini ifade eden parametreler uzmanlar tarafindan énem sirasina gore 1., 2., 3.
ve 4. parametreler olarak siralanmistir. 30 uzmandan 22'si, havlu kalitesinin 3 parametre
ile degerlendirilebilecegini, geri kalan 8 uzman ise 4 parametre ile kalite algisini
belirtmistir. Uzmanlar tarafindan segilen havlu kalitesini ifade eden parametreler Tablo
1'de verilmistir. Tablo 1’deki veriler, toplam uzman sayisinin kag¢ kez hangi parametreyi
ifade ettigini gdstermektedir. Ornegin Tablo 1’de; 1. secilen parametrelerde tuse (30/13)
olarak belirlenmistir. Bu ifadenin anlami toplam 30 uzmandan 13 i tuse parametresini
secmis demektir.

Tablo 1'den goriilebilecegi gibi 30 uzmandan 13'ii en 6nemli parametre olarak tuseyi ve
30 uzmandan 9'u yumusakligl se¢mistir. Nitekim, uzmanlar ile yaptigimiz goézlem ve
goriismeler, hem tuse kavraminin hem de yumusakligin ayni kavram olarak kullanildigin
gostermistir. Ancak literatiirde tutum, yumusaklik, kayganlik, piirtizliiliik vb. gibi bircok
parametrenin kombinasyonundan kaynaklanan bir terimdir [4, 7]. Diger tanimlamalar
icinde benzer ifadeler gozlenmesi sebebiyle, Tablo 2'deki gerekli elemeler ve
basitlestirmeler yapilmistir.
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Tablo 1. Uzmanlar tarafindan havlu kalite algisini ifade eden parametreler

1.secilen parametreler

2.secilen parametreler 3.secilen parametreler

4.secilen parametreler

Tuse (30/13)
Yumusaklik (30/9)
Hidrofilite (30/4)

Hidrofilite (30/10)
Tuse (30/6)
Su emicilik (30/4)

iplik kalitesi (30/3) Dolgunluk (30/3)

Su emicilik (30/1) Agirlik (30/2)
Diizgiinliik (30/1)
Hacimlilik (30/1)

Hav goriintisi (30/1)
Iplik kalitesi (30/1)
icerik (30/1)

Hidrofilite (30/7)
Agirlik (30/4)
Su emicilik (30/3)
Gramaj (30/3)
Dolgunluk (30/2)
Goriintim (30/2)
Tuse (30/2)
Tiiylenme (30/2)

Goriintim (30/3)
Gorintii (30/2)
Dogallik (30/1)

Hidrofilite (30/1)
Tiiylenme (30/1)

Yiizey goriintiisii (30/2)

Dékiintii (30/1)
Hacimlilik (30/1)
iplik kalitesi (30/1)

Tablo 2. Havlu Kkalitesinde ortak algiy1 ifade eden parametrelerdeki eliminasyon

degerlendirmesi

Ortak algiy1 isaret eden parametreler

Ortak alginin degerlendirmedeki

karsiligi
yumusaklik+tuse yumusaklik
su emicilik+hidrofilite su emicilik
iplik kalitesi+tliylenme+dokiinti iplik kalitesi
agirlik+gramaj agirhik
dolgunluk+hacimlilik dolgunluk
icerik+dogallik icerik
goriniim+yiizey goriintiisi+hav gorunim

goriintiisti+diizglinlik+gorinti

Ortak algiy1 ifade eden parmetrelerin birlestirilmesi sonucunda da havlu kalitesini ifade

eden parametreler Tablo 3’'de verilmistir.

Tablo 3. Birlestirilen parametreler sonucu havlu kalitesini ifade eden parametreler

1.secgilen 2.secilen 3.secilen 4.secilen
parametreler parametreler parametreler parametreler
Yumusaklik (30/22) Su emicilik (30/14) Su emicilik (30/10) Goriintim (30/5)
Su emicilik (30/5) Yumusaklik (30/6) Agirlik (30/7) iplik kalitesi (30/1)
iplik kalitesi (30/3) Dolgunluk (30/4) Gortinim (30/4) Su emicilik (30/1)
Agirhik (30/2) Iplik kalitesi (30/4)
Goriiniim (30/2) Dolgunluk (30/3)
Icerik (30/2) Yumusaklik (30/2)

Iplik kalitesi (30/1)
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Tablo 3, havlu kalitesini tanimlamak i¢in uzmanlar tarafindan sadece 7 ifadenin (30 kez
yumusaklik, 30 kez su emiciligi, 11 kez goriiniim, 9 kez iplik kalitesi, 9 kez agirlik, 7 kez
dolgunluk, 2 kez icerik) secildigini gostermektedir. Havluda Kkalite algisinin
belirlenmesinde uzman Kkisiler tarafindan oncelikli olarak ifade edilen parametre
yumusaklik olup (73%), sirasiyla su emicilik (17%) ve iplik kalitesi (10%) 6n plana
cikmistir. Kawabata ve ark. (1980, 1982), Singh ve ark. (2014), Yuriko ve ark. (2019) iyi
bir havlu kumasin kalite algisinin tanimlanmasinda yumugaklik algisina dikkat
cekmektedir. Bu calismadan elde edilen sonuglar, ilgili ¢alismalardaki bulgularla da
tutarli oldugunu gostermektedir.

Bu ¢alismada uzmanlarin cinsiyet ve yas etkisi de incelenmistir. Anketten elde edilen
cinsiyete ait bulgular Tablo 4-5'te, yasa ait bulgular ise Tablo 6, 7, 8 ve 9'da

gosterilmektedir.

Tablo 4. Kadin uzmanlarin tercihleri

1.secilen 2.secilen 3.secilen 4.secilen
parametreler parametreler parametreler parametreler
Yumusaklik (12/8) Su emicilik (12/5) Su emicilik (12/4) Su emicilik (12/1)
Su emicilik (12/2) Yumusaklik (12/3) Agirlik (12/4) Gorintim (12/1)
Iplik kalitesi (12/2) Dolgunluk (12/2) Gortintim (12/2)
Agirlik (12/1) Iplik kalitesi (12/1)
Goriliniim (12/1) Yumusaklik (12/1)
Tablo 5. Erkek uzmanlarin tercihleri
1.secilen 2.secilen 3.secilen 4.se¢ilen
parametreler parametreler parametreler parametreler
Yumusaklik (18/14) Su emicilik (18/9) Su emicilik (18/6) Gorintim (18/4)
Su emicilik (18/3) Yumusaklik (18/3) Agirlik (18/3) Iplik kalitesi (18/1)
iplik kalitesi (18/1) Dolgunluk (18/2) Dolgunluk (18/3)
Agirhik (18/1) iplik kalitesi (18/3)
Goriliniim (18/1) Goriliniim (18/2)
icerik (18/2) Yumusaklik (18/1)
Iplik kalitesi
(18/1)

Tablo 4 ve 5'te goriilebilecegi gibi, hem kadin hem de erkek uzmanlar tarafindan havlu
kalitesini tanimlamak icin en 6nemli {i¢ parametre; yumusaklik, su emicilik ve iplik
kalitesi secilmistir. 8 kez yumusaklik, 2 kez su emiciligi, 2 kez iplik kalitesi 12 kadin
uzman tarafindan, 14 kez yumusaklik, 3 kez su emiciligi, 1 kez iplik kalitesi 18 erkek
uzman tarafindan secilmistir. Hem yumusaklik hem de su emicilik tiim uzmanlar
tarafindan havlu Kkalitesini tanimlayan bir faktor olarak secilmistir. Agirhik (%13),
gorinim (%10) ve iplik kalitesi (%8) kadin uzmanlar tarafindan segilerek; erkek
uzmanlar tarafindan gériintim (%11), iplik kalitesi (%10) ve dolgunluk (%8) secilmistir.
Agirlik faktori ise iilkelere gore degiskenlik gostermektedir. Avrupa tilkelerinde 500-550
gr/m? havlular tercih edilirken, ABD de daha agir, Japonya da ise daha hafif havlular
tercih edildigi bilgisi uzmanlar ile yapilan gériismeler sonucu ortaya ¢ikmistir.
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Tablo 6. 40 yas alti kadin uzmanlarin tercihi

1.secilen 2.secilen 3.secilen 4.secilen
parametreler parametreler parametreler parametreler
Yumusaklik (12/3) Yumusaklik (12/3) Gortnim (12/3) Su emicilik (12/1)
Su emicilik (12/2) Su emicilik (12/3) Agirhik (12/3)
Iplik kalitesi (12/2) Dolgunluk (30/1) Yumusaklik (12/1)
Agirlik (30/1) Su emicilik (12/1)
Iplik kalitesi (30/1) Iplik kalitesi (12/1)
Tablo 7. 40 yas iistli kadin uzmanlarin tercihi
1.secilen 2.secilen 3.secilen 4.sec¢ilen
parametreler parametreler parametreler parametreler
Yumusaklik (12/5) Su emicilik (12/2) Gortntim (12/3) Su emicilik (12/1)
Dolgunluk (12/1) Agirhik (12/3)
Agirhik (12/1) Yumusaklik (12/1)
Gorilinim (12/1) Su emicilik (12/1)
Iplik kalitesi (12/1)
Tablo 8. 40 yas alt1 erkek uzmanlarin tercihi
1.secilen 2.secilen 3.secilen 4.secilen
parametreler parametreler parametreler parametreler
Yumusaklik (18/7) Su emicilik (18/5) Su emicilik (18/3) Goriintim (18/3)
Su emicilik (18/1) Yumusaklik (18/2) Dolgunluk (18/3)

Iplik kalitesi (18/1)

Iplik kalitesi (18/1)

Agirhik (18/1)

Iplik kalitesi (18/2)

Tablo 9. 40 yas iistli erkek uzmanlarin tercihi

1.secilen

parametreler
Yumusaklik (18/7)
Su emicilik (18/2)

2.secilen
parametreler

Su emicilik (18/4)

Dolgunluk (18/2)
icerik (18/2)

Yumusaklik (18/1)

Goriintim (18/1)

3.secilen

parametreler

Su emicilik (18/3)
Agirlik (18/3)

Yumusaklik (18/1)

Goriiniim (18/1)

Iplik kalitesi (18/1)

4.se¢ilen

parametreler
Goriintim (18/1)

iplik kalitesi (18/1)

Tablo 6, 7, 8 ve 9'da goriilebilecegi gibi, 40 yas alt1 ve istii hem kadin hem de erkek
uzmanlar tarafindan havlu Kkalitesini
yumusaklik ve su emicilik secilmistir.

tanimlamak i¢in en oOnemli parametreler;

Elde edilen sonuglara gore, bazi farkliliklar olsa da cinsiyet, havlu kalitesini uzmanlar
tarafindan tanimlamak i¢in énemli bir faktér degildir. Yas ve deneyim icin de benzer

sonuclar bulunmustur.
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4. Sonuclar

Bu calismada, havlu alaninda minimum 10,000 saatlik profesyonel deneyime sahip
uzman Kkisiler tarafindan, havlu kalitesini en iyi sekilde karakterize eden havlu dzellikleri
tahmin edilmeye calisilmistir. Havlu kalite algisini en iyi sekilde karakterize eden havlu
ozelliklerinden en 6nemlisi yumusaklik, sonra su emicilik ve daha sonra da sirasiyla
gorinim, iplik kalitesi, agirlik, dolgunluk-hacimlilik, icerik olarak siralandigi sonucuna
varilmistir. Degerlendirilmeye tabi tutulan uzmanlarin yas ve deneyim nitelikleri
incelendiginde ise 40 yas altt uzmanlarin algisal ifadelerinde yumusaklik ve su
emicilikten ziyade iplik kalitesinin 6n plana ¢iktig1, 40 yas tistii kadinlarin tercihlerinde
ise agirhik faktorii belirgin bir rol oynamaktadir. Degerlendirme asamasinda agirhk
parametresine hassasiyet gosteren kadin uzmanlarin havlu agirhigina yonelik tercihleri
ise Avrupa iilkelerindeki tercihlere yakin olarak bulunmustur.

Sonug olarak, uzmanlarin bakis agisina gore, havlu kalitesi algisinin degerlendirilmesi
sonucunda elde edilen parametreler, diinya literatiirine 6nemli bir katki yapan
Kawabata'nin ifade ettigi 6znel tanimlayicilarla 6rtismektedir.
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Abstract

This study was carried out in the research and application field of Faculty of Agriculture, Usak University
in 2019. In the study, it was determined the yield and some agronomical characteristics of some linen
(Linum usitatissimum L.) varieties and lines in the ecological conditions of Usak province. The study was
conducted with randomize complete block design with three replicates. Some agronomical characters
were measured as yield per decare (kg/da), plant height (cm), technical stem length (cm), number of
capsules (number/plant), number of branches (number/plant) and number of seeds in a capsule
(number/capsule). Seed yield per decare 80,0-185,3 kg/da; plant height values 39,9-65.9 cm; technical
stem length 28,6-46.7 cm, thousand seed weight 5,2-6.1 g, the number of capsules 6,20-41.17 per plant
were obtained. According to these results; Lirkskoppe, Fibra, Otztaler, Plenny and local varieties Sar1-85
were determined as the cultivars with the best results in terms of yield and some agricultural
characteristics in Usak province.

Keywords: Flax, linseed, agronomical characters, yield.

Ozet

Bu calisma 2019 yiinda Usak Universitesi Ziraat Fakiiltesi arastirma ve uygulama tarlasinda
yuritilmiustir. Calismada yurtdis1 kokenli bazi keten (Linum usitatissimum L.) gesit ve hatlarinin Usak ili
ekolojik kosullarindaki verim ve bazi tarimsal 6zellikleri belirlenmesi ama¢lanmistir. Arastirma tesadiif
bloklar1 deneme desenine gore 3 tekrarlamali olarak yiiriitiilmiistiir. Dekara verim (kg/da), bitki boyu
(cm), teknik sap uzunlugu (cm), kapsiil sayisi (adet/bitki), dal sayis1 (adet/bitki) ve kapsiildeki tohum
sayist (adet/kapsiil) ozellikleri incelenmistir. Elde edilen bulgulara gore; keten genotiplerinin dekara
verimi 80,0-185,3 kg/da; bitki boyu 39,9-65,9 cm; teknik sap uzunlugu 28,6-46,7 cm, bin dane agirhg 5,2-
6,1 g, kapsiil sayis1 6,20-41,17 adet/bitki arasinda degismistir. Bu sonuglara goére Usak ilindel;
Lirkskoppe, Fibra, Otztaler, Plenny ve yerli cesit Sar1-85 verim ve tarimsal 6zellikler bakimindan en iyi
sonugclarin alindigi gesitler olarak belirlenmistir.

Anahtar Kelimeler: Keten, tarimsal karakterler, verim.
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1. Giris

Son yillarda Tiirkiye’de tibbi ve aromatik bitkilerin yetistiriciligi izerinde artan ilgi bir
s6z konusudur. Tirkiye’de bir ¢ok il bazinda yapilan tarimsal desteklemelerle tibbi ve
aromatik bitkilerin yetistiriciligi gelistirilmeye calisiimaktadir. Tibbi ve aromatik
bitkilerin, sahip olduklar1 etken maddeler nedeniyle, basta tamamlayic1 tip
uygulamalarinda ve ilag hammaddesi olarak ila¢ endiistrisinde olmak iizere, baharat,
bitkisel ¢ay, gida, kozmetik, vb. bir cok alanda degerlendirilmeleri s6z konusudur. Tibbi
bitkiler icerisinde degerlendirilebilecek olan keten bitkisinin de bu kapsamda
yetistiriciliginin gelistirilmesi gerekmektedir. Keten Diinya’da Misirlilar déneminden
giliniimiize tarimi yapilagelen ve degisik amaclarla da kullanilan bir bitkidir. Keten bitkisi
Amerika’da Ulusal Kanser Enstitiisiinlin, kanseri Onleyici gidalar arasina aldig1 ve
tizerinde calisilmasini 6ngdérdigi alti bitkisel materyalden birisidir [1]. Tiirkiye’de de cok
eskiden beri kiiltiiri yapilan keten bitkisinin zaman icerisinde ekim alanlar1 ne yazik ki
birkag¢ dekar alana kadar diismiistiir. Bunun en 6nemli sebebi lif bitkisi olarak yetistirilen
bu bitkiden elde edilen lifin pamuk ve sentetik liflerle rekabet edememesidir. Ayrica
yeterli ve verimli yerli keten cesitlerinin gelistirilememesi, tescilli yerli ¢esitlerin
sayisinin glinlimiizde oldukc¢a az olmasi, fiyat istikrarsizliklari ve kirsaldan kente goclerin
artmasl, hastallk ve zararlilara karsi yasanan verim kayiplar1 ve teknik tarim
uygulamalarinin yetersizligi gibi nedenler de bunda etkili olmustur. Keten lif bitkisi
oldugu kadar ayni1 zamanda tohumlarindaki yag1 nedeniyle de 6nemli bir yag bitkisidir.
Keten (Linum usitatissimum L.) tek yillik bir kiiltiir bitkisidir. Genellikle mavi veya beyaz
ciceklere sahip olan keten bitkisi, 30-100 cm arasinda bitki boyuna sahiptir. 4-6 mm
uzunlukta, esmer kahverengi, kirmizimtirak veya sar1 renkte yassi, parlak, susam
tohumunu andiran, kokusuz, yagh ve lezzetli tohumlari vardir. Bitkinin tohumlari; yiiksek
miktarda lif ve protein kaynagidir. Ayrica diisiikk karbonhidrat igerigine sahip olmasi
nedeniyle de onemli bir gida ve endiistri bitkisidir. Tohumlarinda bulunan yaginda
omega 3 yag asidi icerigi oldukca yiiksektir. Keten tohumlarinda magnezyum, bakir,
fosfor ve B1 gibi mineral ve vitaminler de s6z konusudur. Bu alanda tohum ve lif verimi
yiiksek, hastalik ve zararlilara dayanikl yerli ¢esitlerin gelistirmesi 6nemli ve zorunludur.
Tiirkiye genelinde bir¢ok ilde keten yetistiriciligini gelistirmek amaciyla yapilmis ¢ok
sayida calisma s6z konusudur [2-8]. Ancak, Usak ili ekolojik kosullarinda keten bitkisiyle
ilgili calismalar bulunmamaktadir. Bu nedenle, Usak kosullarinda iiretim ve 1slah
calismalarinda kullanilabilecek iistiin ¢esit ve hatlarin belirlenmesi 6nem arz etmektedir.

Bu ¢alismayla, yabanci kékenli keten hat ve cesitlerinin, yerli Sar1 85 keten ¢esidine gore
sahip olabilecekleri {istiin o6zellikleri belirlenmeye calisilmistir. Usak ili ekolojik
kosullarina uygun Kketen cesitlerinin belirlenmesi ve yerli c¢esitlerin gelistirilmesi
amaciyla yapilacak islah ¢alismalarinda kullanilabilecek, tarimsal agidan iyi 6zellik
gosteren keten hat ve cesitlerinin tespit edilmesi amacglanmistir.

2. Materyal ve Yontem

Bu calisma, 2019 yilinda Usak Universitesi Ziraat Fakiiltesi Arastirma ve Uygulama
Alaninda yiritilmistir. Calismada 20 adet yabanci kokenli keten (Linum usitatissimum
L.) gesit ve hatti ile yerli ¢esit olan Sar1 85 (kontrol) ¢esidi materyal olarak kullanilmistir.
Kullanilan hat ve gesitlerin mensei Tablo 1'de sunulmustur. Calismada kullanilan yabanci
kokenli hat ve gesitler Ankara Universitesi Ziraat Fakiiltesi Tarla Bitkileri Boliimiinden
temin edilmistir.

Denemede tiim hat ve gesitler tesadiif bloklar1 deneme desenine goére 3 tekrarlamali
olarak ekilmislerdir. Denemede parseller 30 cm sira arasi ve 3m sira uzunlugu olacak
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sekilde hazirlanmis ve nisan ayinda her parselde 3’er sira halinde ekimler
gerceklestirilmistir. Deneme yerinden ekim o6ncesi alinan toprak 6rnegi numunesiyle
deneme yerinin toprak ézellikleri tespit edilmistir. Toprak analizleri Usak Il Tarim ve
Orman Mudirligi laboratuvarinda yaptirilmistir (Tablo 2). Hasat temmuz ayinda
yapilmistir. Parselden hasat edilen bitkiler tlizerinde c¢esitli 6l¢limler yapilmistir.
Calismada her parselden tesadiifi secilen 10’ar adet bitkide 6l¢limler yapilmistir. Bitki
boyu (cm), teknik sap uzunlugu (cm), kapsiil sayis1 (adet/bitki), dal sayis1 (adet/bitki),
kardes sayis1 (adet/bitki), kapsiildeki tohum sayisi (adet/kapsiil), bin dane agirlig: (gr) ve
dekara tohum verimi (kg/da) gibi karakterler 6lciilmiis ve ortalama degerleri tespit
edilmigtir.

Tablo 1. Denemede materyal olarak kullanilan keten hat ve ¢esitlerinin mensei

Sira Cesitve / veya Mensei Sira Cesitve / veya Mensei
no Hat Ad1 no Hat Ad1
1 Sorauer 7 Avusturya 12 Hargita 3. Sz. E. Macaristan
2 Otztaler “ 13 Linda “
3 Otztaler x Lussatia “ 14 Emerande “
4 Ohv Lehn “ 15 Cha-419-052 “
5 Belan Cekoslavakya 16 Blenda Almanya
6 Texa “ 17 Feinflax “
7 Norman “ 18 Hollandia “
8 Flanders “ 19 Liral Prince “
9 Fibra Macaristan 20 Lirkskoppe “
10 Plenny “ 21 Sar185 Tirkiye
11 Pinacle “

Deneme yerinin toprak analizi sonuglar1 Tablo 2’de sunulmustur. Bu sonuglara gore
deneme yeri; hafif alkali karakterli, organik maddesi oldukg¢a az, orta kiregli ve Kkilli-tinli
yapili bir toprak yapisina sahiptir. Makro bitki besin maddeleri bakimindan deneme
yerine ait topragl azot igeriginin ve fosfor iceriginin oldukga diisiik oldugu, potasyum
iceriginin ise yeterli oldugu goriilmektedir.

Tablo 2. Deneme yerine ait toprak analizi sonuclar1

Toprak pH Tuz Kire¢ % Organik madde
ornegi (mikroS cm-1) (%)
(0-30 cm) Hafif alkali Hafif Tuzlu (1 Orta kiregli (9.1) Cok az (0.084)
(7.70) 059)
Toprak Yapi Toplam Azot Faydal1 P (ppm) Faydali K (ppm)
ornegi (%)
(0-30 cm) Killi-Tinlt Fakir (0.042) Cok fakir (0.56) Yeterli (250)

Denemede 6l¢ciimii yapilan karakterlere iliskin elde edilen ortalama degerlere ait varyans
analizleri Mstat-C istatistik paket programiyla analiz edilmis ve elde edilen ortalamalar
arasindaki farklar ise Duncan testi ile belirlenmistir.

3. Bulgular ve Tartisma
Denemede oOl¢limii yapilan tiim tarimsal 6zelliklere ait ortalama degerler arasindaki

farklarin istatistiki olarak 0.01 seviyesinde 6nemli oldugu belirlenmistir. Buna gére bitki
boyu, teknik sap uzunlugu, kapsiil sayis1 ve dal sayisi1 karakterlerine ait ortalama degerler
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ve farklar1 Tablo 3’de; kardes sayisi, verim, kapsiildeki tohum sayisi, bin dane agirlig:
karakterlerine ait ortalama degerler ve farklar1 Tablo 4’de sunulmustur.

Denemede keten cesit ve hatlarina ait bitki boyu degerleri 39,9-65,9 cm arasinda
degismistir. Lirkskoppe ¢esidi (65,9 cm) en uzun boylu ¢esit olarak belirlenmistir. Bu
cesidi sirasiyla Liral Prince, Hollandia, Fibra ve Ohy Lehn cesitleri takip etmistir.
Denemede 5 adet ¢esidin bitki boyunun 60 cm’nin iizerinde oldugu gorilmektedir.
Denemede en kisa boylu ¢esit Norman ¢esidi (39,9 cm) olmustur. Yerli ¢esit olan Sar1-85
(42,7 cm) ise kisa boylu ¢esitler arasinda yer almistir. Denemede bitki boyu bakimindan
degerlendirilen ¢esit ve hatlarin istatistiki olarak 11 farklh grupta yer aldig:
gorilmektedir.

Tablo 3. Bitki boyu, teknik sap uzunlugu, kapsiil sayisi, dal sayisi ve kardes sayisi
karakterlerine ait ortalama degerler ve farklari

Teknik Sap
Sira Cesit ve Hatlar Bitki Boyu Uzunlugu Kapsiil Sayis1 Dal Sayis1
No (cm) (cm) (adet/bitki) (adet /bitki)
1 Sorauer 7 58,2 cd 379 g 18,03 fg 4,4 de
2 Otztaler 54,7 e 42,1 de 9,43 k 29 fg
3 Otztaler x Lussatia 56,8 de 44,4 bc 13,50 jj 34 f
4 Ohy Lehn 60,2 bc 38,8 fg 16,80 fgh 48 d
5 Belan 47,9 gh 38,6 fg 7,87 Kkl 32 fg
6 Texa 49,7 fg 40,9 de 6,20 1 2,7 g
7 Norman 39,9 k 28,6 m 12,43 j 39 e
8 Flanders 45,2 hi 34,8 1j 21,33 e 4,3 de
9 Fibra 61,2 b 45,2 ab 18,60 f 4,7 d
10 Plenny 41,6 jk 33,6 1 41,17 a 71 b
11 Pinacle 51,8 f 32,6 jk 36,70 b 6,1 c
12 Hargita 3 Sz E 482 g 34,1 jj 18,40 f 46 d
13 Linda 49,5 fg 35,5 hi 24,13 d 6,2 ¢
14 Emerande 46,8 gh 31,1 kI 21,37 e 46 d
15 Cha-419-052 47,8 gh 33,43 27,23 ¢ 57 ¢
16 Blenda 58,4 cd 42,9 cd 22,13 de 4,2 de
17 Feinflax 482 g 37,4 gh 15,70 ghi 28 g
18 Hollandia 62,8 b 40,6 ef 14,50 hij 4,4 de
19 Liral Prince 62,7 b 44.5 bc 17,17 fg 4,3 de
20 Lirkskoppe 65,9 a 46,7 a 21,70 e 46 d
21 Sar1 85 42,7 4 30,2 Im 3833 b 7,7 a
LSD 2,571 2,006 2,294 0,5113

Keten cesit ve hatlarina ait teknik sap uzunlugu degerleri 28,6-46,7 cm arasinda
degismistir (Tablo 3). Bu karakterde de bitki boyu karakterinde oldugu gibi Lirkskoppe
cesidi (46,7 cm) en uzun teknik sapa sahip ¢esit olmustur. Bu ¢esidi sirasiyla Fibra, Liral
Prince, Otztaler x Lussatia ve Blenda cesitleri takip etmistir. Denemede en kisa teknik sap
uzunluguna sahip ¢esit Norman ¢esidi (28,6 cm) olmustur. Yerli ¢esit olan Sari-85 (30,2
cm) ise kisa teknik sapa sahip cesitler arasinda yer almistir. Denemede teknik sap
uzunlugu bakimindan degerlendirilen ¢esit ve hatlarin istatistiki olarak 11 farkl grupta
yer aldig1 gorilmektedir.

Kapstil sayis1 degerleri 6,20-41,17 adet/bitki arasinda degismistir. Plenny cesidinin
(41,17 adet/bitki) en fazla kapsiil sayisina sahip ¢esit oldugu belirlenmistir. Denemede en
az kapstl olusturan cesit olarak Texa ¢esidi (6,20 adet/bitki) tespit edilmistir. Yerli ¢esit
olan Sar1-85 (38,3 adet/bitki) ise en fazla kapsiil olusturan cesitler arasinda yer almistir.
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Denemede kapsiil sayis1 bakimindan degerlendirilen cesit ve hatlarin istatistiki olarak 12
farkl grupta yer aldig1 goriilmektedir (Tablo 3).

Dal sayis1 degerleri 2,7-7,7 adet/bitki arasinda degismistir (Tablo 3). Yerli cesit Sar1-85
(7,7 adet/bitki) en fazla dallanma gosteren ¢esit olmustur. Bu durum bu ¢esidin yaglik
ozelikte bir ¢esit olmasindan kaynaklanmaktadir. Denemede en az dallanma gosteren
cesit olarak Texa ¢esidi (2,7 adet/bitki) tespit edilmistir. Denemede dal sayisi
bakimindan degerlendirilen c¢esit ve hatlarin istatistiki olarak 7 farkli grupta yer aldig:
gorilmektedir.

Denemede kardes sayisi degerleri 1-3,17 adet/bitki arasinda degismistir. Plenny cesidi
(3,17 adet/bitki), Pinacle (3,03 adet/bitki) ve yerli ¢esit Sar1-85 (3 adet/bitki) en fazla
kardes olusturan c¢esitler olmustur. Bu durum bu c¢esidin yaghk ozelikte bir cesit
oldugunu bir kez daha géstermektedir. En az kardes olugturan cesit olarak Otztaler cesidi
(1 adet/bitki) tespit edilmistir. Bu aslinda bu ¢esidin tek sapli oldugunu dip kismindan
kardes sap olusturmadigini gostermektedir. Denemede kardes sayisi bakimindan
degerlendirilen c¢esit ve hatlarin istatistiki olarak 10 farkli grupta yer aldigl
gorilmektedir (Tablo 4).

Tablo 4. Kardes sayis1, Verim, Kapsiildeki tohum sayisi, Bin dane agirlig1 karakterlerine
ait ortalama degerler ve farklari.

Kapsiildeki Bin dane
Sira Cesit ve Hatlar Kardes say1s1  Verim tohum sayisi agirhg
no (adet /bitki) (kg/da) (adet/kapsiil) (gn)
1 Sorauer 7 27 b 108,7 hi 6,1 h 52 g
2 Otztaler 1,0 j 146,7 ef 6,5 gh 59 ab
3 Otztaler x Lussatia 1,1 jj 102,3 3j 59 1 5,8 bc
4 Ohy Lehn 1,8 de 116,7 h 6,5 gh 58 bc
5 Belan 1,1 jj 1743 b 6,1 1 5,8 bc
6 Texa 1,3 gh 130 g 6,1 h 5,7 bcd
7 Norman 1,4 fgh 131,7 g 6,7 g 5,7 bcd
8 Flanders 1,6 ef 102,3 jj 7,6 bcde 54 efg
9 Fibra 1,9 d 156,0 cd 81 a 53 fg
10 Plenny 3,17 a 100,0 jj 7,8 abc 53 fg
11 Pinacle 3,03a 80,0 1 8,0 ab 54 efg
12 Hargita 3 Sz E 1,77 de 138,7 fg 6,0 1 5,5 def
13 Linda 2,0 d 85,3 1 71 f 5,7 bcd
14 Emerande 1,9 d 152,3 de 6,7 g 54 efg
15 Cha-419-052 2,37 ¢ 113,7 h 7,4 cdef 5,6 cde
16 Blenda 2,5 bc 88,7 ki 7,3 ef 5,7 bcd
17 Feinflax 1,27 ghi 97,0 jk 7,7 abc 5,8 bc
18 Hollandia 1,2 hj 157,7 cd 7,3 def 53 fg
19 Liral Prince 1,5 fg 138,7 fg 7,7 bcd 5,5 def
20 Lirkskoppe 1,6 ef 185,3 a 71 f 54 efg
21 Sar1 85 3,0 a 163,7 ¢ 7,8 ab 6,1 a
LSD 0,2152 8,843 0,3501 0,2152

Dekara verim degerleri 80-185 kg/da arasinda degismistir. Lirkskoppe (185,3 kg/da) en
fazla verim olusturan ¢esit olmustur. Bu ¢esidi 174,3 kg/da verimi degeri ile Belan cesidi
takip etmistir. Yerli ¢esit olan Sar1-85 ¢esidi (163,7 kg/da) de en yiiksek verime sahip
olan c¢esitler arasinda 3. sirada yer almistir. Bu durum bu gesitlerin yaghk 6zelikte bir
cesit oldugunu gostermektedir. Ayrica Lirkskoppe ¢esidi tohum verimi bakimindan en iyi
cesit olurken, bitki boyu bakimindan da en uzun boylu ¢esit olmustur. Bu da ¢esidin hem
tohum hem de lif agisindan {izerinde durulmasi gereken bir ¢esit oldugunu
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gostermektedir. En az verim olusturan cesit ise Pinacle ¢esidi (80 kg/da) olmustur.
Denemede verim degerleri bakimindan degerlendirilen ¢esit ve hatlarin istatistiki olarak
12 farkli grupta yer aldig1 goriilmektedir (Tablo 4).

Denemede kapsiildeki tohum sayisi degerleri 5,9-8,1 adet/kapsiil arasinda degismistir.
Fibra cesidi (8,1 adet/kapsiil) en fazla kapsiiliinde tohum olusturan ¢esit olmustur.
Kapsiiliinde en az tohum olusturan Otztaler x Lussatia hatt1 (5,9 adet/kapsiil) olmustur.
Denemede kapsiiliindeki tohum sayisi degerleri bakimindan degerlendirilen cesit ve
hatlarin istatistiki olarak 9 farkli grupta yer aldig1 goriilmektedir (Tablo 4).

Bin dane agirligi degerleri 5,2-6,1 g arasinda degismistir (Tablo 4). Yerli ¢esit olan Sari-
85 (6,1 g) en fazla bin dane agirhigina sahip cesit olmustur. Bu cesidi 5,9 g ile Otztaler
cesidi takip etmistir. Bin dane agirligl en az olan cesit ise Sorauer 7 ¢esidi (5,2 g)
olmustur. Denemede bin dane agirligl degerleri bakimindan degerlendirilen gesit ve
hatlarin istatistiki olarak 7 farkli grupta yer aldig: gériilmektedir (Tablo 4).

Diinyada ¢esitli yerlerde keten ¢esit ve hatlariyla ilgili yapilan ¢ok ¢esitli calismalar s6z
konusudur. Bu calismalar ile keten bitkisinin uyum saglayacagi ¢esitli yerler
belirlenmektedir. Bu amagla Diinya’da ve Tiirkiye’de yapilan ¢alismalarda bazi keten hat
ve cesitlerinde belirlenen bazi tarimsal 6zelliklere iliskin arastirma sonuglar1 asagida
sunulmustur.

Yapilan bir calismada; en ytliksek bitki basina tohum verimi (1,20 g/bitki) Flanders
cesidinden elde edilmistir. Yag orani ve yaklasik enerji degeri bakimindan ise Midin
(%36,8-450,5 kcal) ve Norman ¢esidinden (% 36,6-454,9 kcal), karbonhidrat (% 9,62) ve
kil igerigi ise (% 4,23) bakimindan ile McGregor ¢esidinden elde edilmistir [2].

Verim, sap saglamligy, bitki boyu, olgunluk siire bakimindan orta degerlere sahip Antares
keten cesidi ve Sar1-85 keten ¢esitleriyle yapilan bir ¢calismada; en yiiksek bitki boyu, bitki
agirhigl ve net asimilasyon orani; Antares keten c¢esidinden, 20 oC toprak sicakliginda
yapilan ekiminden elde edilmistir. En yliksek kok uzunlugu ve oransal kok agirligi ise
Sar1-85 keten ¢esidinin, 20 oC toprak sicaklifinda yapilan ekiminden, en ytiksek oransal
govde agirligl ise Sar1-85 keten cesidinin, 15 oC toprak sicakligi oldugunda yapilan
ekiminden elde edilmistir. Arastirma sonucunda; bitki biiyiimesi bakimindan, Samsun
ekolojik kosullarinda kislik ekim zamaninin toprak sicakliginin 20 oC civarinda oldugu
ekim ayinda yapilmasi gerektigi sonucuna varilmistir [3].

Baz1 yag keteni (Linum usitatissimum L.) c¢esitlerinin Konya sulu kosullarinda verim ve
verim unsurlarini belirlemek amaciyla, 2016 yili vejetasyon déneminde (Nisan-Agustos)
yuritilmiis bir calismada; materyal olarak Sari-85 ve 12 adet yabanci kokenli (Midin,
Linda, Barbara, Atalanta, Antares, Lirina, Royal, Norman, Olin, Raulin, Dakota, Mikael)
olmak iizere toplam 13 adet yaglik keten ¢esidi kullanilmistir. Tohum verimi bakimindan
Lirina (243.8 kg/da), Sar1-85 (237.0 kg/da) ve Atalanta (219.0 kg/da) ¢esitlerinin Konya
sulu kosullari icin 6nerilebilecegi kanisina varilmistir [4].

Samsun ekolojik kosullarina uygun kighk keten cesitlerinin belirlenmesi amaciyla,
Karadeniz Tarimsal arastirma Enstitiisiinde, 2001-2003 yillar1 arasinda yiiriitiilen bir
baska c¢alismada; bitki boyu, bitkide kapsiil sayisi, kapsiilde tane sayisi, bitkide tane
sayisl, 1000 tane agirligy, yag orani ve verim karakterleri incelenmistir. Antares ve Bionda
keten cesitlerinin diger ¢esitlere gore Samsun ekolojik kosullar1 icin daha uygun olduklar:
belirlenmistir [5].
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Tekirdag kosullarinda 11 fakli keten ¢esidiyle (Sar1-85, Raulin, Flanders, Avangarc, Linda,
Dakota, Royal, Norman, Mcbregor ve Atalanta ) {i¢ farkl ekim zamaninda (8-9 Kasim, 18-
19 Kasim ve 24 Kasim) ekim yapmistir. Dekara en yiliksek tohum verimi I. ekim
zamanindan ve Sar1-85 cesidinden (220.06 kg/da), en diistik tohum verimini ise III. ekim
zamanindan ve Mc Bregor ¢esidinden (100.51 kg/da) elde etmistir. Elde edilen sonuglar
da goze alinarak Tekirdag kosullarinda Sari1-85 cesidinin yetistiriciliginin uygun olacagi
ifade edilmistir [6].

Diyarbakir sartlarinda kislik olarak ekimi yapilan 11 ayr1 keten ¢esidiyle yapilan bir
calismada; bitki boyu 52,1-64.3 cm, dal sayis1 4,3-6,6 adet/bitki, kapsiil sayis1 23,9-45,4
adet/bitki, 1000 tane agirhginin 2,9-5,0 g, tohum veriminin 32,6-53,6 kg/da ve yag
oraninin ise %30-36 arasinda degisme gostermistir [7].

Van ekolojik kosullarinda yapilan bir calismada 11 farkli keten ¢esidinin (Atalanta,
Antares, Sar1-85, Raulin, Mikael, Linda, Flanders, Norman, McGregor, Dakota ve Royal)
verim ve verim unsurlari degerlendirmistir. Calismada; deneme yillarina gore en yiiksek
tohum (141.7-149.0 kg/da) ve yag (49.8-50.8 kg/da) veriminin Linda keten ¢esidinden
elde edildigini belirtmistir [8].

Dufferin isimli Kanada’da 1slah edilmis keten ¢esidinin ortalama veriminin 161.4 kg/da,
bitki boyunun 54 cm, yag oraninin % 42.1 oldugu tespit edilmistir [9].

Kanada’da yapilan bir ¢alismada da yazlik keten cesitlerinde bitki boylarinin 45-90 cm
arasinda degistigi, tohum yag oranlarinin %37-45 arasinda oldugu, tohum veriminin ise
81-109 kg/da arasinda degistigi belirtilmistir [10]. Yapilan bir diger calismada yag
keteninde verim ortalamasinin 190 kg/da, bitki boyunun 60-75 cm, bitki basina kapsiil
sayisinin ise 10-15 adet/bitki iken kapsiilde yer alan tohum sayisinin 6-8 arasinda
degistigi ifade edilmistir [11]. Bitki sikligina bagh olarak keten bitkisinde yan dal sayisi
(3,5-12,5 adet/bitki); kapstl sayis1 (3,4-13,1 adet/bitki); kapsiildeki tohum sayis1 (7-7,8
adet/bitki) arasinda degisme gosterdigi belirlenmistir [12].

Azotlu gilibrelemenin (0, 4 ve 6 kg/da) ve sulamanin (1, 2 ve 3 defa) keten bitkisinde
tohum verimlerini arttirdig1 belirlenmistir. Glibrelemeyle tohum verimleri sirasiyla 31,1
kg/da, 46,7 kg/da, 57,9 kg/da olarak gergeklesirken; sulamayla sirasiyla tohum verimleri
40,7 kg/da, 45,2 kg/da ve 49,9 kg/da olmustur [13]. Keten bitkisinde tohum verimine en
¢ok bitki basina tohum ve sap verimlerinin etki ettigi bunu bitki boyu ve dal sayis1 gibi
karakterlerin izledigi vurgulanmistir[14].

Ketende ekim zamani da verim iizerine etkili olan bir diger faktordiir. Erken ilkbaharda
mart ayinda yapilacak ekimin nisan ayinda yapilacak ekime gore daha iyi sonug¢ verdigi
ve verimin yiliksek oldugunu belirtmistir [15].

Ankara ekolojik kosullarinda yapilan diger bir ¢alismada; 215 yabanci kokenli keten c¢esit
ve poplilasyonunun degerlendirildigi ¢calismada; 41 adet keten popiilasyonu ve ¢esidinde
bitki boyu degerlerinin yiiksek oldugu; 70,68-79,67 cm arasinda degistigi, bunlarin 1slah
materyali olarak se¢im yapilabilecegi belirtilmistir. Bitki basina tohum verimlerinin ise
12 adet cesit veya popiilasyon da ortalama 1,39-2,20 gr arasinda degistigi belirtilmistir
[16].

Yukarida belirtilen ¢alismalarin birgogunda kullanilan yerli keten cesidi olan Sari-85

degisik yorelere uyum saglayan en iyi ¢esitler arasinda yer almistir [3-4, 6, 8]. Bu
calismada da Sari1-85 ¢esidi Usak yOresine uyum saglayan cesitler arasinda yer almistir.
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Yukarida belirtilen cesitlerden farkli cesitlerle ytriitiilen bu ¢alismada, Usak ekolojik
kosullarina Lirkskoppe, Belan, Sari-85, Hollandia, Fibra ve Emarande gibi keten
cesitlerinin en iyi uyum saglayan cesitler oldugu belirlenmistir.

4. SONUC ve ONERILER

Elde edilen sonuglara gore Usak ekolojik kosullarinda yiirtitiilen bu ¢alismada; yurt disi
kokenli bazi keten c¢esit ve hatlarinin verim ve bazi tarimsal 0dzellikleri
degerlendirilmistir. Elde edilen bu sonuglara gore Usak ilinde tohum amach yapilacak
keten tariminda yiiksek verim agisindan kullanilabilecek cesitler arasinda Lirkskoppe,
Belan, Sar1 85, Hollandia, Fibra ve Emarande, cesitleri belirlenmistir. Lif amach
yetistiricilik de ise Liral Prince, Hollandia, Fibra ve Ohy Lehn gesitlerinin uzun boylu
cesitler olarak on plana ¢iktig1 goriilmistiir. Ancak tek yillik olarak siirdiiriilen bu
calismada elde edilen sonuglara gore, belirlenen cesitler ile Usak ekolojik kosullarinda
yapilacak daha uzun siireli ¢alismalara ihtiya¢ vardir. Usak ekolojik kosullarina en uygun
keten hat ve cesitlerinin belirlenmesi ile ileride yapilacak islah ¢alismalarina da hiz
verilebilecektir.
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Abstract

It was aimed to determine the influence of some organic fertilizer applications (leonardite, cattle manure,
sheep manure, poultry manure) on second crops soybean’s seed yield and some quality properties with
this research. Theresearch was conducted with Arisoy and Nova soybean varieties according to Stripe
Plots at Randomized Complete Block design, with 8 replications at 40° 45' 48" latitude, 36° 26" 44"
longitude coordinates which has partly continental climate in 2015. According to data’s variance analysis,
the effect of fertilizer applications on plant height was found significant (p< 0.05), while on first pod
height, number of pods and stem per plant, seed yield per plant, weight of 1000 seeds, biological yield,
seed yield, crude oil and protein content was found unsignificant. The highest seed yield was taken from
poultry manure application (4.659 ton ha) for Arisoy variety. The pod number per plant changed
between 69.97-78.33 number plant!. While the highest 1000 seed weight was found for poultry manure
application (200 g), the lowest (183.9 g) was obtanined from inorganic ferlitizer application. As a result, it
was concluded that poultry manure could be used instead of inorganic manure for high seed yield for
second crop soybean cultivation in regions where shows partly continental climate characteristics, but
continue similar studies would be beneficial at different locations and at years.

Keywords: Glycine max (L.) Merr., oil and protein, plant height, poultry manure, pod number.

Ozet

Soya (Glycine max (L.), ana iriin ve ikinci iriin olarak yetistirilen, protein ve yag icerigi bakimindan
6nemli bir endiistri bitkisidir. Bu arastirmada ikinci {iriin kosullarinda bazi organik giibre uygulamalarinin
(leonardit, sigir giibresi, koyun giibresi, tavuk giibresi) soyanin tohum verimi ve bazi kalite kriterleri
uzerine etkisinin belirlenmesi amaglanmistir. Arastirma, Arisoy ve Nova soya cesitleri ile 2015 yilinda,
kismen karasal iklim 6zelligi gosteren, 40° 45' 48" enlem, 36° 26" 44" boylam koordinatlarinda, tesadif
bloklarinda serit parseller deneme desenine gore 8 tekrarlamali kurulmustur. Verilerin varyans analizine
gore, giibre uygulamalarinin bitki boyu iizerine etkisi 6nemli (p< 0.05), ilk bakla yiiksekligi, bakla sayisi,
dal sayisi, bitkide tohum verimi, 1000 tohum agirligi, biyolojik verim, tohum verimi, ham yag ve protein
orani lizerine dnemsiz olmustur. En yiiksek tohum verimi Arisoy ¢esidinde tavuk giibresi (4.659 ton ha)
uygulamasindan elde edilmistir. Bitkide bakla sayis1 69.97-78.33 adet/bitki arasinda degismistir. En
yiiksek 1000 tane agirligi tavuk giibresi uygulamasinda (200g) bulunurken, en diisiik inorganik giibre
uygulamasinda (183.9g) belirlenmistir. Sonug olarak, kismen karasal iklim 6zelligi gésteren bolgelerde,
ikinci iiriin soya yetistiriciliginde, tavuk giibresinin yiiksek tohum verimi i¢in inorganik giibrelerin yerine
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kullanilabilecegi, fakat farkli lokasyon ve yillarda benzer ¢alismalarin siirdiirtilmesinin yararli olacag:
sonucuna varilmigtir.

Anahtar Kelimeler: Bitki boyu, bakla sayisi, Glycine max (L.) Merr., tavuk giibresi, yag ve protein.
©2020 Usak University all rights reserved.
1. Introduction

Soybean is an important crop which is used for human and animal nutrition alongside
different stemes of industry with36-40% protein, 18-24% oil, 26% carbonhydrate, 8%
mineral substances in seeds [1]. Soybean oil is raw material for vegetable oil and
margarine industry. It is rather rich in terms of crude protein when its oil-cake is
compared with other oily seed’s oil-cake. It is used as a thickener for production of lots of
foodstuff because of involving lesithin [2]. Soybean oil-cake is value for feed content in
poultry meat production because it becomes useful more quickly and effectively than
other meals [3].

The production of soybean started in 1940s in Turkey. It was cultivated in Black Sea
Region and Cukurova Region; but it could not compete with other agricultural products
that have been cultivated in that region because of the given low unit price for soybean,
and the intented rise of the production of it could not be reached [2]. Nowadays, 140
thousand tons soybean were cultivated in 35.294 ha area [4] in Turkey which has the
suitable ecological conditions to cultivate soybean. However, Arioglu et al. (2020) [5]
were stated that 2.83 million tons soybean and soybean products were imported because
the amount of production was pretty inadequate for need soybean.

Optimum temperature is 25-30°C and need to 500-700 mm water during soybean
growing. Being soil’s pH between 6.2-6.8 is ideal for high seed yield and nodulation [6].
Besides, the most important condition to be successful at agricultural production is to
increase soils’ organic substance contents and to protect them. Unconscious chemical
fertilizer applications for agricultural production, the misuse of agricultural soils cause to
increase soil pollution, to decrease day by day the organic substance contents of
agricultural soils which are low and they cause to decrease their yield [7, 8]. Organic
fertilizers increase soil’'s organic substance content, and food elements intake by
controlling its pH and make rich the soil in terms of macro and micro nutritions, like N, P,
Ca and S; enhance field moister capacity [9, 10]. Organic fertilizers increase products’
qualities and quantities without harming human health and environment [7]. Blood
powder, horn and hoof powder, fish flour, bone flour, rock phosphate, wooden ash,
poultry manure, cattle manure, green manures, vermicompost, horse manure, sheep
manure are some of the resources for organic fertilizers [11].

The nutrition content of farmyard manures (cattle, horse, sheep etc.) which have been
used by producers from of old change in terms of animal age, the content of fed forage,
type of litter which is used the content of solid manure and urine, the condition of barn
and reservation techniques [7]. Poultry manure is an organic manure which is rich in
terms of nitrogen content, and its moisture content is low, its nutrient amount is high.
The first year of poultry manure application, plants used 65% nitrogen, 50% phosphor,
75% potassium [12]. Leonardite applied to improve the structure of the soil; It is a dark
brown or black mine that can easily dissolve in alkaline environments. It is formed as a
result of the slow oxidation and chemical change of lignite coal in nature for millions of
years. Leonardite is the basic raw material of humic acid. It is used as an organic soil
improver for agriculture commonly [13].
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In this research the combination of organic with chemical fertilizers are not included. The
main objective of the study is to determine whether organic fertilizers as leonardite,
cattle, sheep, poultry manures can be used instead of inorganic fertilizers for the
cultivation of second crop soybean.

2. Material and Method

The Arisoy and Nova soybean varieties were used as material; they were at III. maturity
group, became prominent in terms of yield under Black Sea climate conditions at
previous studies [2, 14]. The Arisoy and Nova varieties’s plant height is changed between
116 and 110 cm, their 1000 seed weight between 138 and 150 g, their seed yields
between 4.34 kg ha and 4.50 kg ha-l, respectively [15].

In the experiment, cattle, sheep, poultry manures, leonardite and inorganic fertilizer
application (control) were done. Leonardite was bought from Bitek Agriculture and
Chemistry Company. Organic fertilizers as matured were supplied from surrounding
livestock businesses. Organic fertilizers which were taken were analyzed, and they were
applied into parcels after soil preparation were completed before a month from seed
sowing. The chemical analysis of organic fertilizers was given at Table 1.

Tablo 1. The chemical contents of organic fertilizers that were used in the experiment

pH Organic Matter (%) N (%) P (%) K (%)
Cattle Manure 8.2 37 1.1 0.7 0.4
Sheep Manure 7.1 35 2.0 0.6 0.8
Poultry Manure 6.5 53 3.1 2.3 1.8

The used as a soil improver, leonardite's pH was measured as 8.5, organic matter content
7%, total acid (humic+fulvic) 12%, soluble potassium oxide 2%. The soil of the
experimental area was found slightly alkaline (pH 7.7), non-saline, calcareous at medium
level (11.25%), pretty poor in terms of nitrogen (0.067%), was clay, and its available P20s
was high (9.86 kg da'), its organic matter was little (1.3%), its available K20 was high
(70.42 kg da'1).

Tablo 2. Climate data for many years (1960-2014) and 2015 for experimental periods;
mean of temperature (0C), mean of moisture (%) and total rainfall (mm)

April May June July Aug. Sept. Oct. Nov. Mean

Temperature (°C) 10.7 18.6 21.1 23.7 25.6 23.7 15.9 9.5 14.1

E Moisture (%) 55.6 54.3 60.4 52.2 49.8 52.1 66.9 66.3 60.9
° Rainfull (mm) 37.4 49.7 93.0 8.5 21.3 12.6 49.4 14.2 465.7*
Temperature (°C) 13.6 179 21.6 24.1 24.0 20.1 14.7 8.6 13.7

E § Moisture (%) 56.5 55.9 53.5 52.3 53.5 56.4 62.2 67.0 59.6
Rainfull (mm) 56.4 51.3 379 14.8 9.3 20.5 359 44.6 459.0*

Source; Amasya Meteorology Directorate, * Shows the total annual precipitation
The region where the study has been conducted is generally dry and warm in summers,

cool and rainy in winters, has partly continental climate characteristics. The experiment
year (2015) and of long years’ (1960-2014) the climate data were changed average
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temperature between 14.1°C to 13.7°C, relative humidity between 60.9% to 59.6%, total
rainfull between 465.7 mm to 459 mm, respectively (Table 2). Total rainfull was less than
long years average in April, May, July in 2015, and as well as it was irregular in June and
much than long years average. There was not significant differences seen between the
averages of 2015 and long years in terms of temperature averages. The experiment were
carried out at 235 altitude, 40° 45' 48" latitude and 36° 26' 44" longitude coordinates
according to the Stripe Plots at Randomized Complete Block design, with 8 replications in
Tasova province of Amasya city, at 2015. The experiment was consisted of 1.664 m?, as
40 main parcels and 80 sub-parcels. The each sub-parcel was 17.5 m? and it was consist
of 5 rows with a length of 5 m and row spacing was 70 cm and within row was 5-6 cm.
Fertilizer applications were located into the main parcels, varieties were located into the
sub parcels, 1.5 m distance was left among main parcels to prevent fertilizer confusion.
The field soil, where the previous crop is paddy, was left to rest by plowing deeply in
February, then it was processed again in May and prepared for planting.

Regarding the results of soil analysis, aiming to raise the organic substance content of the
soil as 1 %, 3000 kg da! cattle manure, 2000 kg da! sheep manure (75% of cattle
manure), 1500 kg da! poultry manure (50 % of cattle manure), leonardite which was
used as an organic fertilizer by producers as 250 kg da! were applied. The explanations
related with the leonardite will be defined as ‘organic fertilizer’ in this article due to
producers use it for the purpose of organic fertilizer. Before a month from sowing, 52 kg
parcel cattle manure, 35 kg parcel! sheep manure, 26 kg parcel! poultry manure, 4.3 kg
parcel! leonardite were applied and then were mixed within the soil by rotovator.
Inorganic fertilizer applied in soybean cultivation was selected as control and 5 kgda!
pure N in the form of 21% ammonium sulfate was applied because of the pH highness of
the region soils [1]. The seeds were sowed at 3-4 cm depth, after the seeds had been
inoculated at a dose of 50 g kg-1 of seeds with a commercial inoculant of Rhizobium brady
japonicum produced by Soil Fertilizer Central Research Institute (Ankara-Turkey) and
containing 5x10? colony forming units per gram [1,15], at June, 10t, 2015. Then, the drip
irrigation system was installed and irrigation was done on the same day. The first 30
days after seedling emergence, once a week, then irrigation was done twice a week with
the increase in temperatures, and when the pods completed their maturity and the leaves
began to turn yellow, irrigation was stopped. Weed struggle was done twice in the
experiment area. The harvest was completed in November, 5%, 2015. In the study, plant
height, stem number per plant, biological yield, pod number per plant, seed yield per
plant, first pod height according to Ay [2]. All measurements and observations were
made on 10 plants selected from each plot. Yield per hectare was calculated by using
parcel yields, crude protein and crude oil content were determined by Near Infrared
Spectroscopy (NIRS) [16, 17] in Ondokuz Mayis University, Faculty of Agriculture, Field
Crops’ laboratory.

Statistical Analysis: The analysis of obtained data were analyzed according to Stripe Plots
at Randomized Complete Block Design using MSTAT-C programme statistically, the
differences between the averages were determined with LSD (p< 0.05) test [18, 19].

3. Result and Discussion

The study which was conducted to search for the effect of organic fertilizer applications
for soybean grown as a second crop on seed yield and some quality properties, the effect
of organic fertilizers on plant height was found significant (p< 0.05) statistically
according to obtained data’s variance analysis results, and the effect of organic fertilizers
on all the other properties was found unsignificant. There were very significant
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differences (p< 0.01) between varieties in terms of plant height, seed yield per plant,
1000 seed weight, seed yield per hectare, and the effect of variety x fertilizer interaction
was unsignificant on the criteria examined (Table 3).

Although fertilizer applications give similar values in terms of mean plant height, the
highest plant height was measured in poultry manure application (99.63 cm) and the
lowest (91.78 cm) with inorganic fertilizer application. The mean plant height of Arisoy
variety (99.67 cm) was longer than Nova variety (90.86 cm). The highest plant height in
terms of variety x fertilizer interaction was measured with poultry manure and
leonardite (102.4 cm and 101.95 cm, respectively) applications of Arisoy variety, the
lowest (87.16 cm) with cattle manure application of Nova variety (Table 4).

Plant height is affected by environmental factors such as lighting time and temperature,
as well as cultural processes such as sowing time, sowing frequency, cultural practices
and irrigation [14, 21]. In soybeans grown under second crop conditions, due to light
intensity and high temperature [22], the plants bloom early, so the plant height is shorter
than the main crop conditions [23], Mekki and Ahmed [24], measured the highest plant
height (113.50 cm) for soybean at biological + organic fertilizer combination, measured
the lowest (93.25 cm) at only organic fertilizer application. ilker et al. [25], determined
the plant height in Nova cultivar under main crop conditions as N-P-K (18-46-0) and
farmyard manure applications 77.68-62.27 cm at the 15t year and 101.55-79.53 cm at the
2nd year, respectively, the plant height with the farmyard manure application was
measured shorter than inorganic fertilizer application. In spite of that Singh et al. [26],
determined the highest plant height (84.4 cm) with Rhizobium bacteria + Nitrogen
bacteria + phosphorus dissolving bacteria + farmyard manure combinations. Chiezey and
Odunze [27], measured plant height for soybean at poultry manure application as 60.6-
70.3 cm at the doses of 0 t ha! and 1 t ha! respectively, Mandal et al. [28], measured the
highest plant height (82 cm) in soybean with N-P-K + farm manure applications and they
stated that the mixture of inorganic and organic fertilizers raised plant height. Yamika
and lkawati [29], who referred similar data measured the highest plant height (71.7 cm)
for soybean at 225 kg ha! N-P-K + 0.5 tha-lorganic fertilizer application and stated that
there were raises of plant height when organic fertilizer doses raised. Devi et al. [30],
who analyzed different organic fertilizer and chemical fertilizers combinations for
soybean determined the highest plant height (41.49 cm) at 30-45-15 kg ha! N-P-K +
phosphate solvent bacteria + 1 t ha! vermicompost combination. Besides, plant height
were measured as 32.70 cm with farmyard manure application, 33.34 cm with1 t ha'!
vermicompost application. Arslanoglu and Aytac¢ [23] determined the plant height in the
Erbaa and Suluova locations, which is very similar to the ecology in which this
experiment was conducted, 62.98-76.11 cm and 91.20 - 81.32 cm, at the 15t and 2"d year
and location, respectively. Yetgin and Arioglu [31], measured the plant height of Arisoy
and Nova varieties as 94.53-108.5 cm, respectively, Bakal et al. [32], 108.8 - 110.7 cm
respectively under second crop conditions. The plant height values obtained from this
study were found higher than some researcher’s findings [25-29]. Varieties’ plant heights
were found similar with Yetkin ve Arioglu’s data [31] and shorter than
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Table 3. The Summary of results of variance analysis (F values) of some organic fertilizer applications in second crops soybean (Glycine max
(L.) Merr.) cultivation in terms of investigated criterias

Variations DF PH FPH PN STM SYp TSW BY ¢ CPC cocC
Repetition 7 10.4415** 15.587ns 1.9074ns 1.2184ns 0.3898ns 0.9058ns 1.4477ns 1.7710ns 1.6817ns 2.7364ns
Fertilizer 4 3.6064* 1.975ns 0.5375ns 1.7715ns 1.2572ns 1.4983ns 1.5749ns 0.6597ns 0.4129ns 1.3473ns
Error 1 28

Variety 1 13.4773** 47.491** 0.0837ns 1.1008ns 10.3744** 22.0305** 5.3654ns 14.7770** 0.0443ns 0.4989ns
Error 2 7

VarietyxFertilizer 4 0.5142ns 0.082ns 0.6266ns 0.3552ns 0.0885ns 1.2781ns 1.3936ns 1.7366ns 0.3184ns 0.1155ns
ERROR 28

CV% 6.38 12.22 11.29 9.91 11.55 9.97 16.78 11.67 1.74 1.73

ns: not significant, *p< 0.05, ** p< 0.01 at statistically significant within error limits, Degrees of Freedom (DF), Plant Height (PH), First Pod Height (FPH), Pod Number (PN),
Stem Number (STM), Seed Yield per Plant (SYP), 1000 Seed Weight (TSW), Biyological Yield (BY), Seed Yield (SY), Crude Protein Content (CPC), Crude Oil Content (COC)

Table 4. The effect on plant height (cm) and first pod height (cm), pod number (number parcel') and stem number (numberparcel!) of some
organic fertilizer applications in second crop soybean (Glycine max (L.) Merr.) cultivation

Plant height (cm) First pod height (cm) Pod number (number plant1) Stem number (number plant1)

Fertilizers Arisoy Nova Mean Arisoy Nova Mean Arisoy Nova Mean Arisoy Nova Mean
Mineral fertilizer 96.08 87.48 91.78b 13.30 10.16 11.73 77.36 76.85 77.11 5.20 5.30 5.25
Leonardit 101.95 91.24 96.59ab 14.21 11.15 12.68 78.33 74.26 76.30 5.62 5.42 5.52
Cattle Manure 98.08 87.16 92.62b 1291 9.91 11.41 69.97 74.01 72.02 5.23 531 5.27
Sheep Manure 99.85 91.59 95.72ab 13.43 10.84 12.13 76.50 76.70 76.60 5.21 5.45 5.33
Poultry Manure 102.40 96.85 99.63a 14.40 11.36 12.85 78.24 74.40 76.25 5.67 5.77 5.72
Mean 99.67a 90.86b 13.63a 10.68b 76.08 75.23 5.39 5.34

LSD 8.39p <001 4.83(p<0.05) 1.49¢ <0.01)

The figures bearing the same letter (s) do not differ significantly at p < 0.05
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Table 5. The effect on seed yield per plant (g plant). 1000 seed weight (g), biyological yield (g plant!) and seed yield (ton ha!) of some organic
fertilizer applications in second crop soybean (Glycine max (L.) Merr.) cultivation

Seed Yield per Plant (g plant?) 1000 Seed Weight (g) Biyological Yield (g plant1) Seed Yield (ton ha')

Fertilizers Arisoy Nova Mean Arisoy Nova Mean Arisoy Nova Mean Arisoy Nova Mean
Mineral fertilizer 34.25 30.25 32.25 197.3 170.5 183.9 102.8 93.0 97.9 4.554 3.403 3.979
Leonardit 32.50 28.50 30.50 187.6 188.3 187.9 122.8 92.1 107.4 4.247 3.799 4.023
Cattle Manure 35.50 32.00 33.25 209.6 185.6 197.6 99.9 95.9 97.9 4.431 4.020 4.226
Sheep Manure 33.00 30.50 31.75 198.9 187.0 1929 108.6 96.9 102.7 4.390 3.959 4174
Poultry Manure 36.50 33.50 35.00 208.1 191.9 200.0 126.4 106.9 116.7 4.659 3.915 4.287
Mean 34.4a 30.9b 200.3a 184.6b 112.1 97.0 4.456a 3.819b

LSD 249 <0.01) 11.71p <001 579.7 (p<o.01)

The figures bearing the same letter (s) do not differ significantly at p < 0.01
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plant height which Bakal et al. [32] determined. In general, it can be said that the high
contents of organic substance and nitrogen of poultry manure, leonardite’s comprising of
humic and pulvic acids in present study (Table 2) which promote growing cause plant
height get longer providing plants’ development rapidly. However, organic fertilizer
applications and variety x fertilizer interaction were found unsignificant statistically in
terms of first pod height. The mean first pod height was measured higher with poultry
manure application than other fertilizer applications. The shortest first pod height
(9.91cm) was measured with cattle manure application of Nova variety. The Arisoy
variety (13.63 cm) was found higher than Nova variety (10.68 cm) (Table 3). First pod
height is an important criteria for machine harvesting in soybean agriculture. It is
affected from the genetic characteristic of variety, sowing frequency, sowing time, light
exposure time and total temperature [2]. According to Bakal [32] and Arslanoglu and
Aytac [23], the high temperatures that occur during the seedling period encourage early
flowering and cause the first pods to form close to the soil surface. The seedling period of
soybean grown as a second crop usually coincides with the warm period. It is desired that
first pods grow at least at 10 cm above from soil surface for not being lost seed during
harvest, and not being below of first pods under combine harvester’s blade height [1].
The obtained data in present research showed connection with first pod height (6-11 cm)
which was determined under main crop conditions in Central Anatolia region by Mert
[33], whereas Yetgin and Arioglu [31] measured first pod heights as 12.4-22.17 cm
respectively for Nova and Arisoy varities under Mediterranean Climate conditions. These
values were found higher than our findings because of the difference of climate factors or
sowing time. In the present study, first pod height stayed within optimum limits for
harvest with machine at all fertilizer applications except cattle manure application for
Nova variety.

The effect of fertilizer applications on pod number was found unsignificant and changed
between 78.33 number plant?! (leonardite application) to 69.97 number plant?! (cattle
manure application) of Arisoy variety (Table 4). Singh et al. [26], who measured pod
number as 72.8 number plant! with farmyard manure application. Similar findings stated
by Devi et al. [30] who determined the highest pod number (65.68 plant!) at the
combination of chemical fertilizer + phosphate solvent bacteria +1 t ha-! vermicompost.
Same researchers measured pod as 28.52 number plant! with 5 t ha! farm manure
application as 32.51 number plant-1 with 1 t ha! vermicompost. Nova and Arisoy
varieties’” mean pod numbers changed between 73.97 -56.10 number plant? [31], and
64.6-70.3 number plant?! [32], under main crop condition at the studies conducted in
Turkey.

There were not any effect of fertilizer applications on stem number for growth as a
second crop soybean and all fertilizer applications gave similar results each other. Mean
stem number measured higher (5.72 number plant!) with poultry manure than inorganic
fertilizer application (5.25 number plant-1) and other applications (Table 4). Our findings
showed connection with the results of ilker et al. [25] who determined stem number as
3.58 number plant ‘! of Nova variety at farmyard manure application at 1st year, as 4.80
number plant! at 2n year, but were found higher than the results of Ay [2] who
determined stem number as 2.91number plant? of Arisoy and as 3.9 number plant? of
Nova under main crop conditions. The seed yield of plant of Arisoy was found higher at
poultry manure (36.50 g) and cattle manure applications (35.50 g) than the other
fertilizer applications. The lowest seed yield of plant was measured with leonardite
application of Nova variety (28.50 g). The seed yield of Arisoy (34.4 g plant!) was found
higher than Nova variety (30.9 g plant!) (Table 3. 3). The sufficient and regular nutrition
of plants is one of the important factors that affect seed yield. Thus, in this study, poultry
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manure was raised seed yield and supplied plants in terms of plant nutritions that they
need to grow and develop during their vegetation because it has higher organic
substance and N, P ve K contents than other organic fertilizers. It is stated that the seed
yield of plant changed between 11.9 g to 17.6 g plant!in the conducted studies [34, 35].
In this study, the seed yield of plant was found higher than literature. However there was
not found any significant difference between variety x fertilizer interaction and organic
fertilizer applications in terms of 1000 seed weight, the highest 1000 seed weight
determined for Arisoy with cattle manure (209.6 g) and poultry manure (208.1 g)
applications, the lowest determined for Nova with inorganic fertilizer application. The
1000 seed weight of Arisoy (200.3 g) was found higher than Nova (184.6 g) (Table 3.3).
The 1000 seed weight of soybean changes in terms of the characteristics of varieties’
genotypes, environmental factors such as precipitation and temperature, sowing
frequency, maintenance work, rhizobium bacteria inoculation and soil’s nutrition
condition. Whereas, Son et al. [36] determined the highest 100 seed weight (equals
10x100 seed weight) of soybean for compost+chemical fertilizer combination (16.83 g),
they measured it as 15.90 g in the plants which were applied only barnyard manure.
Singh et al. [26], determined the highest 100 seed weight at the combination of nitrogen
bacteria + phosphorus dissolving bacteria + farm manure (12.69 g), and at only farm
manure application (12.67 g) . Mandal et al. [28] measured the 1000 seed weight of
soybean as 78.6 g for chemical application, as 87.5 g for chemical fertilizer+10 t hal farm
manure combination, Chiezey and Odunze [27] measured the 100 seed weight of soybean
as 12.8 g for 1 t hal poultry manure application, Devi et al. [30] measured the 100 seed
weight as 12.68 g for 5 t ha' farm manure application, as 12.73 g for 1 t ha'
vermicompost, and they stated that there was not any significant difference between
fertilizer applications. Yetgin and Arioglu [31] measured the 1000 seed weight of Arisoy
and Nova as 141-147.5 g under Mediterrian climate conditions, Kinaci [37], measured as
147.3-149.7 g, Mert [33] measured as 106.89- 188.07 g in Central Anatolia region
respectively. In present study, however 1000 seed weight changed between 170.5-209.6
g, showed connection with Mert [33] finding, it was higher than literatures that
mentioned above.

Although there was not found any significant difference between varieties, fertilizer
applications and their interactions in terms of biological yield in present research. The
leonardite (122.8 g plant')and poultry manure (126.4 g plant!) applications for Arisoy
gave higher biological yield than the other fertilizer applications. The mean biological
yield of Arisoy variety (112.1 g plant!) were higher than Nova variety (97.0 g plant?)
(Table 5). Biological yield is affected by many factors such as the climatic conditions
during the growing period, whether the plant is early or late maturity, the number of
pods, the number of seeds, fertilizer [37, 38]. The findings obtained were higher than the
data of Arslanoglu and Aytag [23] who determined the biological yield between 30.69 to
52.55 g plant! in Erbaa and Suluova conditions with similar climatic conditions,
respectively. It was similar to the findings of Ay [2], who determined it as 109.58-112.08
g plant! in Arisoy and Nova varieties, respectively. This result may be due to the fact that
poultry manure and leonardite encourage rapid growth and development of plants due to
their nutrients. Although the effect of organic fertilizer applications on the seed yield of
soybean were found unsignificant statistically, the highest seed yield was determined for
poultry manure (4.287 ton ha1), cattle manure (4.226 ton ha') and sheep manure (4.174
ton ha!) applications. The lowest seed yield was measured within organic application
(3.979 ton hal). While the highest seed yield at variety x fertilizer interaction was
determined with Arisoy variety at poultry manure application (4.659 ton ha!), the lowest
with Nova variety at inorganic fertilizer application (3.403 ton ha'!). The seed yield of
Arisoy variety (4.456 ton ha') was found higher than Nova variety (3.819 ton ha'!) (Table
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3. 3). Ghosh et al. [40] stated that seed yield changed between 1.256-1.715 ton ha-1 in the
study which they conducted with inorganic fertilizer and poultry manure combinations
for soybean. Singh et al. [26] measured the highest seed yield with chemical fertilizer
application (1,700 ton ha),the lowest with farm manure application (1.300 ton ha') and
Chiezey and Odunze [27] determined seed yield as 1.967 ton ha! with poultry manure
applications. Bhattacharyya et al. [41] and Bandyopadhyay et al. [42] reported that
chemical fertilizers associated with organic fertilizers increased seed yield. ilker et al.[25]
reported that seed yield changed between 1.467- 3.738 ton ha! with Nova at farm
manure + chemical fertilizer applications. Devi et al. [30] determined 1.18 ton ha! seed
yield with 5 ton ha! farm manure application, and 1.29 ton ha! seed yield with 1 ton ha'!
vermicompost. Arslanoglu and Aytac [23] measured 1stand 2"dyear seed yield as 2.111-
2.959 ton ha' respectively, they carried out under main crop in Erbaa location and as
1.904-2.331 ton ha’, respectively in Suluova location. Bakal et al. [32] measured seed
yield between 4.27-4.66 ton ha! under warm climate conditions. Kinaci [37] determined
seed yield between 1.57-1.88 ton ha! with Nova and Arisoy varieties. Karagiil et al. [43]
determined seed yield as 322 kg da‘'for Arisoy variety. Our research result related to
seed yields were found higher than yield values reported by some researchers [23, 25-30,
39-42]. The average seed yield of Arisoy was reported as 4.34 ton ha’l, the average seed
yield of Nova was reported as 4.50 ton ha! under main crop conditions in Turkey [15]. In
the present study, although soybean was cultivated as second crop, the seed yield of
Arisoy was found close or above the average of Turkey for all applications.

Table 6. The effect on crude protein (%) and oil content (%) of some organic fertilizer
applications in second crop soybean (Glycine max (L.) Merr.) cultivation

Crude Protein Content(%) Crude Oil Content (%)

Fertilizers Arisoy Nova Mean Arisoy Nova Mean
Mineral fertilizer 45.62 45.68 45.65 20.11 20.02 20.06
Leonardit 46.09 45.68 45.89 20.05 20.04 20.05
Cattle Manure 45.78 45.81 45.80 20.18 20.12 20.15
Sheep Manure 45.62 45.39 45.51 20.38 20.28 20.33
Poultry Manure 45.42 45.58 45.50 20.32 20.15 20.24
Mean 45.71 45.63 20.21 20.12

There was not found any significant difference among fertilizer applications, soybean
varieties and their interactions in terms of mean crude protein and mean crude oil
content the highest crude protein content was measured with leonardite application
(46.09%) and the lowest with poultry manure application (45.42%) at Arisoy variety.
Obtained findings in terms of crude oil content was similar with crude protein content
(Table 6). As regard to Arioglu [1] determined that the protein content of soybean
changed between 36 to 40% and the oil content changed from 18 to 24%. In present
study, crude protein contents were higher than the values that researcher reported, but
crude oil contents were within reported limits. In different studies, protein contents
changed between 49.69% to 34.40%, and crude oil contents changed between 26.62% to
16.28%. The researchers reported that there was not significant effect of organic
fertilizer applications on crude protein and oil contents [24, 30]. Breeding organizations
of varieties reported the average crude protein content of Nova and Arisoy soybean
variety were 43% and % 37, respectively and average crude oil contents were 18% and
19% [15]. High temperatures at the seed filling period effect the protein and oil content
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of seed [14, 32, 44]. In the present study, whereas the protein and oil contents of Nova
variety remained within the limits that determined, the protein and oil contents of Arisoy
were found higher than the value reported by breeding organization [15].

4. Conclusion

In this research conducted to determine the effects of some organic fertilizers (cattle,
sheep, poultry and leonardite) on seed yield and some quality properties of soybean
grown as second crop (Glycine max (L.) Merr.); poultry applications gave higher data than
inorganic fertilizer applications in terms of seed yield per plant, 1000 seed weight and
seed yield. This effect seen in poultry manure may be due to the fact that it provides of N,
P, K nutrients needed during the development-growth and seed filling period, as well as
having the ideal pH value for the intake of nutrients. As a result, it was concluded that in
second crop soybean cultivation, poultry manure can be used instead of inorganic
fertilizers for high seed yield, but one-year data is not sufficient for this recommendation,
so it would be beneficial to conduct similar studies in different locations and different
years.
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Abstract

In order to ensure sustainable growth in animal husbandry, quality roughage and concentrated feed
production problems, which constitute the biggest item of production costs, must be resolved. At this
point, the breeding and production of high-yielding forage crops species and varieties that can enter
cultivation seizures under different ecological conditions is great importance. The trade volume of forage
crops seed sector in the world is increasing day by day. On the other hand, important foreign trade deficits
are given in forage crops in our country. By solving the problems of our seed sector, supporting them and
increasing the investments in this field, our production of forage crops, our foreign trade, our livestock
and related food needs will be secured.

Keywords: Forage crops, farming, seed production, foreign trade.

Ozet

Hayvancilikta stirdiiriilebilir bir biiylimenin temin edilebilmesi igin liretim maliyetlerinin en biyiik
kalemini olusturan kaliteli kaba ve kesif yem iiretim sorunlarinin ¢6ziilmesi gerekmektedir. Bu noktada
farkli ekolojik kosullarda ekim ndbetlerine girebilen, yiiksek verimli yem bitkisi tiir ve cesitlere ait
tohumluklarin gelistirilmesi ve iiretilmesi biiyiik 6nem arz etmektedir. Diinyada yem bitkileri tohumculuk
sektoriinlin ticaret hacmi her gecen giin artmaktadir. Buna karsin iilkemizde yem bitkileri
tohumculugunda o6nemli dis ticaret agiklar1 verilmektedir. Tohumculuk sektériimiiziin sorunlarinin
¢oziilmesi, desteklenmesi ve bu alandaki yatirimlarin artirilmasiyla basta dis ticaretimiz olmak tizere yem
bitkileri liretimimiz, hayvanciigimiz ve buna bagh gida gereksinimimiz giivence altina alinmis olacaktir.

Anahtar Kelimeler: Yem bitkileri, tiretimi, tohumculugu, dis ticareti.
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1. Giris

Tirkiye, %1.2 niifus artis hiz1 ile diinya ortalamasinin lizerinde biiylime gosteren bir
tilkedir. Hizli niifus artisi tilkemizin yeterli ve dengeli beslenme sorunu ile karsi karsiya
kalmasina neden olmaktadir. Yeterli ve dengeli beslenmede giinlikk protein
gereksiniminin karsilanmasinda hayvansal proteinler 6zel bir 6nem tasimakta ve giinliik
70 gram olan protein gereksiniminin en az 33 graminin hayvansal kokenli olmasi
gerekmesine ragmen, bu deger lilkemizde 13-17 gram dolaylarindadir [1]. Kisi basina
hayvansal protein tiiketimimizin yiikseltilebilmesi icin et, siit vb. hayvansal {iriin
liretimimizin artirilmasi ve bu iriinlerin ucuz bir sekilde piyasaya sunulmasi 6nem arz
etmektedir.

Yeterli ve dengeli beslenme ile ilgili sorunlarimizin temelinde hayvanciligimiz ile ilgili
sorunlar yatmaktadir. Ulkemiz gerek yem sorunlari ve gerekse izlenen yanls politikalar
nedeni ile ne yazik ki kirmizi eti en pahali lireten tlkelerden biridir. FAO verilerine gore
iiretici bazinda bir kilogram sigir etinin fiyati Ispanya’da 2.81, Almanya’da 3.76,
Fransa’da 4.43, ABD’de 4.56 iilkemizde ise 7.52 dolardir [2]. Hayvan beslemede mevcut
kaliteli kaba ve kesif yem acgiklar1 yaninda meraya dayali hayvanciigin azalmasi et
fiyatlarindaki pahaliifin temel nedenleri arasinda sayilabilir. Ulkemizde hayvan
beslenmede yem bitkilerinin yan1 sira dogal ¢ayir-meralar, bitki artiklar1 ve anizlar ile
saman gibi diisiik kaliteli yemler yaygin bir sekilde kullanilmaktadir. Bu durum
hayvancilikta verimi azaltirken liretim maliyetlerinin yiikselmesine neden olmaktadir.
Nitekim 1995 yilinda iilkemizdeki toplam sigir varligi icerisinde yerli irklarin orani % 45,
kiltiir irklarinin orani % 14 iken, bu oranlar 2017 yilinda sirasiyla % 11 ve % 49 olarak
gerceklesmistir [3]. Hayvan irklarinin bu dagilimina bakildiginda hayvanciligimizda
genetik kapasitesi yiiksek kiiltiir irki hayvanlarin orani énemli bir sekilde artarken daha
diisik genetik kapasiteye sahip yerli 1k sigirlarin orami dismiistiir. Ancak
hayvanciligimizda artan bu genetik kapasiteye paralel bir sekilde artis gostermeyen yem
bitkileri ekim alani kaliteli kaba ve kesif yeme olan ihtiyacin artmasina neden olmustur.
Ayrica kesif yem tiretimde kullanilan misir, soya ve gesitli kiispeler gibi hammaddelerin
ithalat yoluyla karsilanmasi ve ddviz kurunda yasanan dalgalanmalar hayvanciligimizda
girdi maliyetlerinin yiikselmesine ve karlilifin azalmasina neden olmustur.

Ulke hayvancihiimizin karli ve siirdiiriilebilir olabilmesi i¢in hayvanlarin genetik
potansiyellerinin iilkemizde tiretilebilen yemlere uygun olmasi yaninda kaliteli kaba yem
iiretebilen ¢ayir mera alanlarinin verimlerinin artirilmasi ve en 6nemlisi yem bitkileri
ekim alanlarinin artirilmasi biiytik 6nem arz etmektedir. Kaba yemlerin kaliteli ve ucuz
olmasi halinde, daha pahali olan ve insan beslenmesinde de kullanilan yogun ya da kesif
yemlerin hayvan beslemede kullanimlar1 da azalacaktir.

Yem bitkileri liretiminde en 6nemli girdilerinden biri tohumluk olup bu konuda temel
ilke, verimli ve adaptasyon kabiliyeti yiiksek tiir ve cesitlerin tohumluklarinin tiretilmesi
ve pazarlanmasidir. Ulkemiz bulundugu cografi konum itibariyle birden fazla iklimi
biinyesinde barindirmaktadir. Bu durum gerek yem bitkileri ve gerekse diger iiriinlerde
farkli agro-ekolojik kosullara uygun tiir ve ¢eside duyulan ihtiyaci artirmaktadir.
Adaptasyon yetenegi yiiksek, kuraga ve soguga dayanikli yem bitkisi tiir ve ¢esitlerine ait
tohumluklarin tretilmesi en basta kurak alanlarin ekim noébetlerine yem bitkilerinin
dahil edilmesine imkan saglayarak nadas alanlarda kaliteli kaba yem f{iretimine olanak
saglayabilecektir. Diger taraftan tarla tarimi igerisinde yem bitkilerinin ekim nobetlerine
girmesi saglanarak yem bitkileri liretiminde 6nemli kazanimlar saglanabilecegi gibi
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Uluslararas1 Tohumculuk Federasyonu (ISF) verilerine gore diinya genelinde 23.1 milyar
dolara ulasan tohumluk ticaretinde 6nemli bir pay elde edilebilir [4].

Diinya tohum ticaretinde s6z sahibi olan tilkelerin tohumluk tiretimi ve yeni cesitlerin
gelistirilmesi konularinda arastirma ve gelistirme c¢alismalarina 6nem verdikleri
bilinmektedir. Ayrica bu tllkelerde 6zel sektoriin tohumluk tretimi ve bitki 1slahi
konularinda énemli bir paya sahip olduklari izlenebilmektedir. Ozel sektoriin tohumluk
tiretimindeki paymin artirilmasi ancak bu alanin karli ve siirdiiriilebilir olmasiyla
miimkiindiir. Zira tilkemizde Tarim ve Orman Bakanlig1 tarafindan 2015 yilindan itibaren
uygulamaya konulan tohumluk iireticilerine yonelik yurt ici sertifikali tohum iiretim
destegi ve ireticilere yonelik yurt i¢i sertifikali tohumluk kullanim destegi sayesinde
tohumluk iiretiminde ve ticaretinde ©nemli gelismeler kaydedilmistir. Verilen bu
desteklerle ortaya c¢ikan pazar neticesinde ililkemizde faaliyet gosteren 6zel sektore ait
yetkilendirilmis tohumluk sirketi sayisinda da artislar kaydedilmistir. Tohumluk tiretimi
ile diger onemli bir konu da ilgili yasal diizenlemelerin giiniin ihtiyac¢larina gore
diizenlemesidir. Ulkemizde 5553 sayih Tohumculuk Kanunu 31 Ekim 2006 tarihinde
cikarilmistir. Cikarilan bu kanun ile bitkisel iiretimde verim ve kaliteyi artirmak, kaliteli
tohum {iretimi saglamak, tohumluk iiretim ve ticaretinde diizenlemeler yapmak ve
tohumculuk sektdriiniin yeniden yapilandirilmasi ve gelistirmesi amag¢lanmistir.

2.Yem BitKileri Uretimi ve Desteklemeleri

Tiirkiye Istatistik Kurumu 2019 yili verilerine gére lilkemizde toplam tarim alam 37.71
milyon hektar olup bu alanin 15.39 milyon hektarini tarla tarimi alanlari, 3.39 milyon
hektarin1 nadas, 0.79 milyon hektarin1 sebze bahgeleri, 5 hektarin sts bitkileri, 3.5
milyon hektarini meyveler, icecek ve baharat bitkileri ve 14.62 milyon hektarini cayir ve
mera arazileri olusturmaktadir (Anonim, 2019a). Yem bitkileri ekim alanlar1 ise 2019 y1li
itibariyle 2.32 milyon hektar olup toplam tarla tarimi alanlarinin % 12.33’iinde yem
bitkisi tarim1 yapilmaktadir (Tablo 1).

Tablo 1. Yem bitkisi ekim alanlarinin yillara gére degisimi (milyon ha)[5]

Villar Ekilen Nadas Toplam Yem Bitkileri % Yem Bitkisi
Tarla Alanm Alan (A) Ekim Alani (B) (B/A*100)
2001 17.917 4914 22.831 0.358 1.57
2005 18.005 4.876 22.881 0.942 4.12
2010 16.333 4.249 20.582 1.461 7.10
2015 15.723 4114 19.837 1.863 9.39
2016 15.575 3.998 19.573 1.867 9.54
2017 15.532 3.697 19.229 1.993 10.37
2018 15.421 3.513 18.834 1.987 10.55
2019 15.387 3.387 18.774 2.315 12.33

Yem bitkileri ekim alanlarinda 2001 yilindan gilinlimiize kadar onemli gelismeler
kaydedilmistir. Nitekim 2001 yilinda 358 bin hektar olan yem bitkileri ekim alan1 2019
yilinda 2.32 milyon hektara ulagsmistir. S6z konusu yillarda yem bitkilerinin toplam tarla
tarimi alanlarindaki pay1 % 1.57’den % 12.33’e yiikselmistir (Tablo 1).

Tablo 2’de bazi yem bitkilerinin son 5 yillik siire zarfindaki ekim alanlari ile iiretim
degerleri gosterilmistir. Son 5 yil icerisinde yonca ekim alanlarinda énemli bir degisiklik
gerceklesmezken korunga ve fig ekim alanlarinda az da olsa azalmalar goriilmiistiir. Buna
karsin silajlik misir, talyan ¢imi, tritikale, yem bezelyesi ve sorgum ekim alanlarinda
artislar kaydedilmistir. Tablo 2’de yer verilmemis olmakla birlikte bugday, arpa, ¢avdar
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ve yulaf gibi tahillarin hasil amaciyla ekildiginde yem bitkisi olarak degerlendirilmis ve
destekleme kapsamina alinmis ancak bu uygulamaya 2019 yilinda son verilmistir.

Tablo 2. Bazi yem bitkilerinin ekim alanlari (1000 ha) ve iiretim miktarlar1 (1000 ton)

(5]

Yonca Korunga Fig Silajlik Misir
Yillar " Ekim Kuru Ot Ekim Kuru Ot Ekim Kuru Ot Ekim _Silaj
Alan Uretimi Alani Uretimi Alani Uretimi Alani Uretimi
2015 662.1 3487.5 191.4 414.0 436.5 1070.3 423.1 19684.6
2016 650.1 3928.6 193.7 495.5 442.8 1135.5 425.7 20139.0
2017 659.4 4390.3 196.2 500.4 445.6 1149.4 447.7 21613.1
2018 635.1 4386.2 181.7 483.7 387.0 1068.5 472.6 23197.5
2019 641.2 4487.3 175.3 445.5 391.5 1076.0 507.7 25499.9
Yem Bezelyesi Sorgum Tiritikale italyan Cimi
Yillar Ekim Kuru Ot Ekim Kuru Ot Ekim Kuru Ot Ekim Kuru Ot
Alani Uretimi Alani Uretimi Alani Uretimi Alani Uretimi
2015 4.4 21.2 1.6 14.6 7.7 22.6 1.5 14.5
2016 5.6 30.3 1.7 15.1 7.7 29.9 4.8 52.7
2017 7.0 34.8 1.8 16.4 9.5 37.7 7.7 87.0
2018 10.4 52.7 1.8 16.7 13.5 47.7 10.3 112.0
2019 14.6 71.0 2.7 20.2 17.3 68.5 16.5 154.2

Ulkemizde hayvanciiginin gelistirilmesi ve hayvansal iiretimin artirlmasi amaciyla
Tarim ve Orman Bakanligl tarafindan 20.05.2000 tarihli Resmi Gazetede yayinlanan
Hayvancilifin Desteklenmesi Hakkinda Karar ile ¢ok yillik ve tek yillik yem bitkileri
liretimine ve yapay mera tesisine yonelik projeler belirli sartlar altinda desteklenmeye
baslamistir. Bu karar ile ilgili uygulama esaslari tebligi (Teblig No: 2006/9) 01.01.2006
tarihinde yiiriirliige girmistir. Bu teblig ile yem bitkileri ekim alanlarinin ve iiretiminin
arttirillmasi ile kaba ve Kesif ac¢iklarinin tarla tarimi yapilan alanlardan karsilanmasi
hedeflenmistir [6]. Tablo 3’te baz1 yem bitkilerine dekar basina verilen destek miktarlar
yer almaktadir. Yillar icerisinde yoncaya verilen destek miktarlarinda degisiklikler
olmasina ragmen yoncanin ekim alanlarinda énemli bir degisiklik ortaya ¢ikmamis, buna
karsin yonca lretiminde diizenli artislar ortaya ¢ikmistir. Bu durum, dogru yetistirme
teknikleri uygulanmasinin yani sira kaliteli ¢esitlerin iiretimde kullanilmasiyla birim alan
verimlerinin yiikselmesinden kaynaklaniyor olabilir. Korungada yillar itibariyle genel
olarak destek miktarlarinin artmasina ragmen ekim alanlarinin azaldigi izlenmektedir.
Oysa korunga gibi kuraga dayanikl yem bitkileri nadas alanlarin daraltilmasinda olduk¢a
etkili olabilmektedir. Korunga ekim alanlarinin artirilmasi icin dekar basina verilen
desteklerin yani sira egitim calismalari ile bitkinin tanitilmasi yaninda iireticiye iicretsiz
tohum dagitimlar: da etkili olabilir.

Tablo 3. Yillar itibariyle ortalama yem bitkisi desteklemeleri (TL/dekar) [7]

Yem Bitkileri 2000 2005 2010 2015 2017 2018 2019
Yonca 17 95 125 50 60 90 90
Korunga 14 55 80 40 60 90 90
Tek yillik yem bitkileri 7 37 30 35 40 60 60
Silajlik tek y1llik yem bitkileri 0 0 45 50 40 60 30
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Silajlik misir 10 60 50 35 90 100 100
Yapay cayir mera 0 0 75 100 150 150 150

Tarim ve Orman Bakanlig1 tarafindan yem bitkileri {iretimini artirmak ve tohumculuk
sektorlniin uluslararasi alanda gelismesini saglamak amaciyla i¢in yurt i¢i sertifikali
tohumluk iireten/iirettiren ve yurt icinde satisini gergeklestiren yetkilendirilmis
tohumculuk kuruluslarina 2008 yilindan itibaren kilogram basina desteklemeler
uygulamaya konmustur. Bu kapsam da 2019 yih itibariyle fi§ tohumlugu ftiretimine
kilogram basina 1.5 TL, korunga tohumuna (meyve) 1.5, yem bezelyesine 1.5 ve yoncaya
kilogram basina 4 TL destekleme ddemesi yapilmaktadir (Tablo 4). Ayrica tohumluk
iretiminde “orijinal” ve iistiindeki kademelerdeki tohumluk iiretimleri mevcut desteklere
ilaveten % 100 oraninda desteklenmektedir. Bu uygulama ile lilkemizde yem bitkisi
tohumluk iiretiminde 6nemli gelismeler kaydedilmistir.

Tablo 4. Yurt ici sertifikali tohum iiretim destekleme miktarlar1 (TL/kg) [7]

Yem Bitkisi 2015 2016 2017 2018 2019
Fig 0.5 0.75 0.75 15 1.5
Korunga 0.5 0.75 0.75 1.5 1.5
Yem Bezelyesi 0.5 0.75 0.75 1.5 1.5
Yonca 1.5 2 2 4 4

Yem bitkileri tariminda birim alan verimlerinin artirilmasi ve tohumculuk sektori i¢in bir
talebin olusabilmesi amaciyla bakanlik tarafindan yurt i¢i sertifikali tohumluk kullanimi
destekleri uygulamasina ait rakamlar Tablo 5’te goriilebilmektedir. Buna gore yem
bitkileri tariminda sertifikali tohumluk kullanim desteklerinde yillar itibariyle 6nemli
iyilestirmeler yapilmistir. 2019 yih itibariyle sertifikali tohumluk kullanim destegi
yoncada 30 TL/dekar iken fig, korunga ve yem bezelyesinde 20 TL/dekar olarak
belirlenmistir.

Tablo 5. Baz1 yem bitkilerinde sertifikali tohumluk kullanim destekleri (TL/dekar) [7]

Yem Bitkisi 2015 2016 2017 2018 2019
Fig 7 10 10 20 20
Korunga 7 10 10 20 20
Yem Bezelyesi 7 10 10 20 20
Yonca 10 15 15 30 30

3. Yem Bitkilerinde Tohumluk Uretimi

Ulkemizde yem bitkileri tohumculugunu diger tarim iiriinlerinde de oldugu gibi 1980’li
yillara kadar kamu agirlikli bir iiretim modeli olusturmaktaydi. 1980’den itibaren
tohumluk iiretiminde 06zel sektoriin o6nii kademeli olarak acilmis, 1998 yilinda
uluslararasi tohumculuk federasyonuna (ISF) {iye olunmus ve 2004 yilinda 5042 sayili
yeni bitki cesitlerine ait 1slah¢1 haklarinin korunmasi kanunu ¢ikarilmistir. 2006 yilina
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gelindiginde AB mevzuati ile uyumlu 5553 sayili tohumculuk kanununun ¢ikarilmasiyla
6zel sektoriin tohumculuk iiretiminde 6nii tamamen agilmistir. 2007 yilinda yeni bitki
cesitlerinin korunmasi ve bitki 1slahgilar: haklari ile ilgili uluslararasi yeni bitki cesitlerini
koruma birligi (UPOV) s6zlesmesi imzalanmis ve iilkemizde tohumculukla ilgili en 6nemli
gelismeler bu tarihten sonra ortaya cikmistir. Yem bitkileri 6zelinde ise yeni cesit
gelistirme calismalarini tesvik etmek ve kaliteli tohumluklarin iiretimini temin etmek
amaciyla, tohumluklarin iiretilmesi ve pazarlanmasina iliskin usul ve esaslari belirleyen
Yem Bitkileri ve Baklagil Tohumlugu Yonetmeligi” 05 Haziran 2015 tarihinde yiiriirlige
girmistir.

Tablo 6. Tirkiye'de iiretilen yem bitkisi tohumlugu miktarlari (ton) [8]

Tiirler 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Yonca 508 678 517 864 349 473 670 610 560 634 794 887 3000
Korunga 929 125 698 22 56 200 2 12 46 31 188 385 307
Fig 2172 2206 2024 1057 858 876 876 385 686 974 1114 1139 1572

Sorgumsp. 215 365 5 263 180 226 133 155 216 308 192 79 63

Yem 5 0 1 0 14 12 55 92 18 53 6 11

Salgami
Yemlik
21 11 8 18 26 33 44 8 5 61 36 31 10
Pancar
Yem
. 40 374 381 484 440 811 1585 2321 2121
Bezelyesi
Diger 106 87 251 106 167 336

Toplam 3847 3390 3252 2225 1509 2196 2118 1815 2132 3088 4068 5015 7420

Tohumluk tim tarim iriinlerde oldugu gibi yem bitkileri tariminda da en o6nemli
girdilerin basinda gelmektedir [9]. Kaliteli ve verimli bir liretim i¢in yem bitkilerinde
kullanilan tohumlugun genetik yapisinin tarimi yapilan bolgenin ekolojik kosullarina iyi
uyum saglamasi gerekmektedir [10]. Ulkemiz gibi birden fazla iklimi ve mikro ekolojik
kosullar1 biinyesinde barindiran alanlarda bélgelere uygun yem bitkisi tiirlerine ait
cesitlerin gelistirilmesi verim ve kalite acisindan énem arz etmektedir . Ornek vermek
gerekirse, lilkemiz yoncanin énemli gen merkezlerinden biri olmasina ragmen bélgelerin
sahip oldugu farkl sicaklik ortalamalari nedeniyle giiney ve kiy1 bolgelerimizde yazlik
veya dormansi derecesi yiiksek yonca cesitleri yetistirilirken Kkis1i sert gecen ig
bolgelerimizde dormansi derecesi daha diistik olan cesitlerin tarimi yapilmaktadir. Bu
acidan bolgelere uygun cesit secimi kis zarari, seyreklesme, hastalik ve zararlilara
dayaniklilik, verim ve kalite gibi pek c¢ok 6zelligi dogrudan etkilemektedir. Nitekim
yapilan calismalarda da bolgelere uygun cesitlerin verim ve iiriin kalitesini etkiledigi
bildirilmektedir [11, 12].

Tablo 6’da iilkemizin yem bitkileri tohumluk iiretim degerleri goriilmektedir. 2006
yilinda 3847 ton olan yem bitkilerinde tohumluk iretimimiz yillar itibariyle
dalgalanmalar gostermekle birlikte 2015 yilindan itibaren kararh artislar gostermis ve
2018 yilinda 7420 tona yiikselmistir. Ulkemizde 2018 yili itibariyle en fazla yonca, yem
bezelyesi ve fig tohumlugu iretimleri gerceklesmistir. Tek yillilk baklagil yem
bitkilerinden fig tohum iiretim degerleri yillar itibariyle azalis gosterirken yem bezelyesi
tohumlugu iiretim rakamlarinda artislar kaydedilmistir. Bu durum iizerine son yillarda
kisa dayanikli yeni yem bezelyesi cesitlerinin gelistirilmesiyle fig tohumluguna olan
talebin azalmasinin etkili oldugu diistiniilebilir. Zira pek ¢ok tretici tek yillik baklagil yem
bitkisi tariminda yem bezelyesini tercih etmekte ve her gegen giin ciftciler tarafindan
figlerin yerine yem bezelyesi ekilmektedir [13].
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Tohumluk Uretiminde Sektorlerin Payi (%)
100

90 -

1995 2000 2005 2010 2015 2016 2017 2018
= Kamu m Ozel Sektor

Sekil 1. Kamu ve 6zel sektoriin tohumluk iiretimindeki pay1 [8]

Yem bitkileri tohumluk iiretiminde 6zel sektoriin payi yillar itibariyle artis gostermistir.
Ozel sektériin payr 1995 yilinda % 10 iken bu oran 2018 yilinda % 79’a kadar
ytikselmistir (Sekil 1). Bu artislar tizerine 2015 yilinda yiiriirliige giren Yem Bitkileri ve
Baklagil Tohumlugu Yonetmeligi'nin yani sira yurt i¢i yem bitkileri tohumluk tiretimi ve
ireticiler i¢cin sertifikall tohumluk kullanim desteklerinin uygulamaya girmesinin etkili
oldugu diisiiniilmektedir. Nitekim yem bitkileri tohumlugu tiretiminde 6zel sektoriin pay1
2015 yilindan itibaren diizenli olarak artis gostermistir.

[ Kamu Kuruluslari ®m Universiteler = Ozel sektor

Sekil 2. Yem bitkilerinde kayitli ¢esit sayilar: [14]

Tarim ve Orman Bakanligl, Tohumluk Tescil ve Sertifikasyon Merkez Midirlagi
verilerine gore iilkemizde yem bitkilerinde tescilli 216 adet ¢esit bulunmaktadir [14].
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Yem bitkilerinde tescilli cesitlerinin 68 adedi kamu kuruluslarinca tescil ettirilmisken,
126 adedi 6zel sektor kuruluslari tarafindan ve 22 adedi ililkemizdeki iiniversiteler
tarafindan tescil ettirilmistir (Sekil 2). Gelistirilen cesit sayis1 bakimindan 6zel sektdriin
lider pozisyonda bulunmasi iilkemizin tohumculuk sektoriiniin gelisimi bakimindan
onemlidir. Ancak {niversitelerin cesit gelistirme ve tescil ettirme noktasinda kamu
kuruluslarinin gerisinde kalmasi iiniversitelerde bu alandaki arastirma ve gelistirme
calismalarina yeterli kaynagin ayrilmadiginin bir gostergesi olarak degerlendirilebilir.
Sekil 3’te yem bitkisi tiirlerine gore tescilli ¢esit sayilarina yer verilmistir. Buna gore
tilkemizde 56 adet ile en fazla tescilli ¢esit yoncada bulunurken bunu 30 ¢esit ile italyan

Tiirlere gore Cayir Mera ve Yem Bitkilerinde Tescilli Cesit
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¢imi ve 32 cesitile adi fig izlemistir.

Sekil 3. Tiirlere gore cayir mera ve yem bitkilerinde kayith ¢esit sayilari [14]

4. Yem Bitkileri Tohumculugunun Dis Ticareti

Tirkiye Tohumcular Birligi verilerine diinya genelinde tohumluk sekt6riiniin (tohum
fidan ve siis bitkileri) iiretim degeri 2019 yili itibariyle 50 milyar USD dolaylarindadir. Bu
degerin yaklasik 12 milyar Dolarlik kismini1 ABD olustururken bu iilkeyi sirasiyla Cin (10
milyar USD), Fransa (2.8 milyar USD), Brezilya (2.1 milyar USD) ve Kanada (2 milyar
USD) izlemektedir. Ulkemiz ise bu alanda 0.75 milyar USD’lik bir ile iiretim degeri 11.
sirada yer almaktadir [15]. Baz1 arastirma kuruluslarinin tahminlerine gore 2023 yilinda
diinya tohumluk sektériiniin ticaretteki payinin 86 milyar USD seviyelerine ulasacagi
tahmin edilmektedir [16]. 2018 yil itibariyle iilkemizin toplam tohumluk dis ticaret
hacmi 331 milyon Dolar seviyelerindedir. Bu rakamin 152 milyon USD’sini ihracat
olustururken 179 milyon USD’sini tohum ithalatimiz olusturmaktadir. Thracatin ithalati
karsilama orani ise % 84.8’dir [15].
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Tablo 7.Yem bitkisi tohumluk ihracat ve ithalati [8]

fhracat [thalat
Parasal
Yillar Miktar Parasal Deger Miktar Deger
(ton) (1000 USD) (ton) (1000
uUsD)
2006 7 35 5532 11295
2007 57 134 6868 12372
2008 456 989 1420 4229
2009 481 1476 1345 2810
2010 1357 1691 1105 2826
2011 281 1163 2147 6518
2012 393 1191 2763 9880
2013 483 1673 4121 15135
2014 497 2093 3714 13424
2015 589 1306 4134 8577
2016 473 1069 6387 11111
2017 740 992 9028 13474
2018 979 1114 7809 16045

Ulkemizde 1980 éncesinde yem bitkilerinde tohumluk ihracati neredeyse yok denilecek
kadar azdi. Ancak, zaman igerisinde tohumluk ihracati yavas da olsa bir gelisme
gostermistir. 2006 yilinda 35.000 USD (7 ton) olan tohumluk ihracati 2018 yilina
gelindiginde 1.1 milyon USD’ ye (979 ton) ulagmistir.

Ulkemizde hayvancilik sektdriiniin zaman igerisinde gelismesi ve desteklemelerin de
etkisiyle yem bitkisi ekilis alanlar1 son yillarda stirekli artis gostermistir. Artan ekim
alaniyla birlikte tohumluk ihtiyaci da artmis ve bu ihtiyag yerli liretimin yani sira ithalat
yoluyla karsilanmistir. Bu kapsamda 2006 yilinda 11.2 milyon USD (5.532 ton) degerinde
yem bitkisi tohumlugu ithal edilmistir. Yem bitkilerinde tohumluk ithalatimiz yillar
icerisinde dalgalanmalar gostermekle birlikte 2018 yilinda 16 milyon USD’ye (7.809 ton)
ylikselmistir (Tablo 7).

Yem bitkileri tohumculugu dis ticaretinin tiirlere ve iilkelere dagilimina iliskin 2016 yili
verileri Tablo 8'de gorilebilmektedir [17]. Buna gore yem bitkilerinde gereksinim
duyulan tohumluk ihtiyact 10 farkl tlkeden toplam 7.2 milyon USD degerinde ithalat
yapilarak karsilanmistir. Tiirler bazinda en fazla tohumluk ithalati ¢im ve cayir mera
bitkilerinde 1820.7 ton olarak gerceklesmistir ve bu ithalat i¢in 3 milyon USD 6denmistir.
Onemli miktarda ¢im ve cayir mera bitkileri tohumlugu aldigimiz iilkeler Danimarka, ABD
ve Hollanda’dir. Yem bitkileri tohumlugu ithalati ikinci en 6nemli tiir olarak yoncada
olmus ve bu kapsamda 2016 yilinda 1451.2 ton yonca tohumu ithal edilmistir. Yoncada
en fazla tohum sirasiyla italya (850 ton), Almanya (240 ton), ve Kanada’'dan (222 ton)
gerceklestirilmistir.
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Tablo 8. Bazi yem bitkisi tohumluklarinin 2016 yili ithalat ve ihracat verileri [17]

ithalat fhracat
Tohumluk Parasal Parasal
ohumlu - Miktar Deger - Miktar Deger
Ulke (ton) (1000 Ulke (ton) (1000
Dolar) Dolar)
italya 850.0 4081.1 Libya 17.0 75.4
Almanya 240.0 984.9 Irak 10.0 33.4
Yonca Kanada 222.0 997.2  Giircistan 3.7 22.3
Fransa 70.2 344.8 Ozbekistan 3.5 10.6
ispanya 69.0 342.9 Kazakistan 2.0 13.0
Danimarka 1043.4 2078.2  Ozbekistan 7.3 12.0
Cim ve Cayir ABD 536.3 1177.3  Kazakistan 4.2 27.7
Otu Hollanda 157.6 287.6  Tirkmenistan 3.3 11.1
Tohumluklart  jtalya 60.4 131.2 KKT.C 1.3 48
Fransa 23.0 48.9 Etiyopya 846.0 12.4
Hayvan Hollanda 9.6 22.7  Ozbekistan 3.0 8.7
Pancari Danimarka 2.4 5.6 Almanya 1.0 7.1
ABD 467.0 1246.8 Tiirkmenistan 152.1 553.1
Diger Yem ispapya 399.9 1138.7  Ozbekistan 23.5 65.2
Bitkileri Danimarka 6.0 234 Irak 15.5 66.8
Macaristan 5.0 25.0 KKT.C. 7.5 23.8
Avusturya 1.0 5.4 Kongo 2.5 9.9
Toplam 4162.8 12944.7 1103.4 957.3

2016 yihi verilerine gore iilkemizde 1103.4 ton yem bitkisi tohumlugu ihracati
gerceklestirilmistir. En fazla ¢im ve ¢ayir mera bitkileri tohumluklari ihrag edilirken bunu
diger yem bitkisi tilirleri ve yonca izlemistir. Yem bitkileri dis ticaretinde genel olarak
ithalatin neredeyse tamami batili iilkelerden gerceklestirilirken, ihracattimiz Tiirki
Cumhuriyetler, Orta Dogu iilkeleri ve bazi Afrika iilkelerine yapilmaktadir.

5. Sonuglar ve Oneriler

Ulkemizde hayvancilik sektérii ve buna bagl olarak yem bitkileri tariminda son yillarda
o6nemli gelismeler kaydedilmistir. Ekim alanlart % 1.57 seviyelerinden % 12.33
dolaylarina ulagsmistir. Ekim alani artan tiirleri genel olarak sulanabilir alanlarda tarimi
yapilan yem bitkisi tilirlerinin olusturdugu izlenmektedir. Bu durum memnuniyet verici
olmasina ragmen nadas alanlarin daraltilmasinda etkili olan, kuraga dayanikli yem
bitkilerinin ekim alanlarinin artirilmasi, yem bitkileri konusundaki biiylimenin
strdiiriilebilir olmasi agisindan énemlidir.

Tohumculuk alaninda son yillarda 6nemli kazanimlarin elde edildigi bir gercektir. Ancak
tilkemiz tohumculuk konusunda halen arzu edilen noktada degildir. Toplam tohumluk dis
ticaretimizde ihracatin ithalati karsilama orani % 84.8 seviyelerinde iken bu oran yem
bitkileri tohumculugunda 2016 yili icin % 6.9 seviyelerindedir. Yem bitkileri i¢erisinde en
fazla ithalat ¢im, ¢ayir mera tohumlar ile yonca tohumlarinda gerceklesmektedir. Bu
sebeple yonca, ¢im ve cayir mera bitkileri tohumluk iiretimi ve bu alandaki ar-ge
calismalar1 6zel olarak desteklenmelidir. Ulkemiz iklim é&zellikleri itibariyle oldukca
cesitlilik gostermektedir. Bu nedenle farkl bolgeler icin ¢ok sayida yem bitkisi cesidine
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ihtiyac duyulmaktadir. Tescilli yem bitkisi cesit sayisinin artirilmasi 6nem arz etmektedir.
Tarimsal yap1 itibariyle kiiclik dlgekli isletmelerden olusan iilkemiz tariminda egitim ve
yayim calismalari ile ireticiler bilinglendirilmeli, birlik ve kooperatiflesme faaliyetleri
tesvik edilmelidir.

Tohumluk iiretiminde ve ticaretinde 6zel sektoriin gelistirilmesine 6zen gdsterilmelidir.
Gelismis iilkelerde iiretimin ¢ok biiylik bir kismin1 6zel sirketler gerceklestirmektedir.
Ozel sektériin gelisebilmesi icin son yillarda uygulamaya konan yurt ici sertifikal
tohumluk kullanim destegi bu alanda bir pazar olusmasini saglamis ve akabinde
tohumculuk sirket sayilari ve yatirimlari artmistir. Ayrica yurt ici sertifikali tohumluk
lretim destegi de sektoriin gelismesine biiylik katkilar saglamistir. Bu tesviklerin
artirllarak devam ettirilmesi tohumculuk sektoriiniin gelismesine katkilar saglayacaktir.
Yerli liretimin tesvik edilmesi i¢in ithalat vergileri, ihracatta vergi indirimleri konularinda
yapilacak yasal diizenlemelerle yabanci menseili sirketlerin tilke i¢indeki yatirnmlarinin
artirilmasi saglanabilir. Kayit dis1 tiretimin kontrol altina alinarak haksiz rekabetin 6niine
gecilmelidir. Tohumculuk sirketlerinin kooperatifler veya birlikler biinyesinde
orgiitlenmeleri 6zendirilmelidir. Ar-ge konusunda kamu-iiniversite-ozel sektor bagi
gliclendirilmeli, alt yap1 sorunu yasayan kii¢iik 6lcekli isletmelerin laboratuvar, nitelikli
teknik eleman vb. ihtiyac¢larinin karsilanmasinda gerekli kolayliklar saglanmalidir. Cesit
tescili ve sertifikasyon konularinda 6zel sektor siirece dahil edilerek kamunun tesiri
azaltilmahdir.
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Abstract

As a result of the studies carried out, unless the necessary precautions are taken for the construction that
includes many risks including physical, chemical, ergonomic, biological and psychological, serious
accidents may occur for the working individuals which may result in death. Dust, which is one of the
physical risks in the study are as and composed of different sources, causes the emergence of lung
diseases, various cancers, respiratory infectionsand skin diseases according to the type and degree of
exposure in the working individuals. It is important to take the necessary precautions and to provide
suitable working conditions in order to protect working people from dust and diseases caused by dust. In
this study, dust types that may emerge from different sources in constructionsites evaluated these
harmful effects on organisms

Keywords: Construction industry, dust, occupational health, harmful effects of dust.

Ozet

Yapilan ¢alismalar dolayisiyla fiziksel, kimyasal, ergonomik, biyolojik ve psikolojik olmak iizere pek ¢ok
riski blinyesinde barindiran insaat sektoriinde, gerekli onlemler alinmadig takdirde g¢alisan bireyler
acisindan oliimle de sonuglanabilecek ciddi is kazalar1 ortaya ¢ikabilir. Calisma yapilan alanlarda fiziksel
risklerden biri olanve farkli kaynaklardan olusan toz, ¢alisan bireylerde tiirii ve maruziyet derecelerine
gore akciger hastaliklar, gesitli kanserler, solunum yolu enfeksiyonlari ve deri hastaliklarinin ortaya
cikmasina neden olmaktadir. Gerekli 6nlemlerin alinmasi ve uygun ¢alisma kosullarinin saglanmasi,
calisan bireylerin tozdan ve tozun sebep oldugu hastaliklardan korunabilmesi adina 6nem arz etmektedir.
Bu c¢alismada ingaat alanlarinda farkli kaynaklardan ortaya c¢ikabilecek toz tiirleri ve bunlarin
organizmada olusturdugu zararh etkileri degerlendirmistir.

Anahtar Kelimeler: nsaat sektért, toz, is sagligi, tozun zararl etkileri.
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1. Giris

Barinma ihtiyaci, disaridan gelebilecek her tirlii tehlikeye karsi korunma gereksinimi
sonucunda ortaya ¢ikmis olup insan yasaminin temel ihtiyag¢larinin basinda gelmektedir.
ingas1 sirasinda yapilarin giivenligi kadar ¢alisma ortamindaki mevcut risklere Kkarsi
onlemlerin alinmasi tiim diinyada oldugu gibi lilkemizde de is saghgi ve giivenligi
acisindan oOnemlidir. Hemen hemen tiim c¢alisma alanlarinda goézlemlenen fiziksel,
biyolojik, kimyasal, ergonomik ve psikolojik tehlikelere karsi insaat sektoriinde de farklh
korunma ¢éziimleri ve yéntemleri gelistirilmistir. Insaat sektérii toplumsal ve ekonomik
boyutlariyla oldugu kadar bu alan; goriilen meslek hastaliklar1 ve 6liimciil de olabilen is
kazalariyla adindan sbz ettirir. Uluslararas: Calisma Orgiitii’niin (ILO) verilerine gore ayni
zamanda ingaat sektorii is kazalarinin en fazla yasandig: sektordiir[1].

Duvar ustalari, marangozlar, asansér kurucular, sivacilar, kaynakgilar, ¢ati ustalar1 ve
tesisateilar gibi bircok meslek grubundan insan ev, fabrika, hastane, yol, tiinel, havaalani,
koprii yapimi, onarimi, degistirilmesi, yenilenmesi veya yikilmasi islemlerinin yapilmasi
icin bir araya gelmektedir [2]. ingaat sektdriinde is kazalarinin yasanmasi sik karsilagilan
bir durumdur. Is kazalarinin fazla olmasinin en énemli sebeplerinden bazilar1 projelerin
birbirinden farkli olmasi, insaat alaninin genis, dagimik ve c¢alisma kosullarinin
cesitliligidir. Kendine 6zgii ¢alisma kosullarina sahip bu sektérde ¢alisanlarin tecriibeli ve
fiziksel zorluklara dayamkli olmalar1 6nemlidir. Insaat sektdriinde cahsan
sirkiilasyonunun fazla olmasi bu alanda verilen mesleki egitimi giliclestirmektedir
[3].0rganizasyon ve ¢alisma alaninin yapisi, bakim-onarim faaliyetleri, calisma saatleri,
calisanlarin nitelikleri ve bu kisilere verilen egitimler, is saghgi ve giivenligi kurallarinin
uygulanmasi calisanlarin tehlikelerden etkilenme sekillerini ve diizeyini belirleyen
faktorlerdir [4].

Insaat sektdriinde calisanlarin maruz kaldiklar etkenler su sekilde siniflandirilmaktadir:

Kimyasal Etkenler: Solventler, boyalar, cesitli tozlar, ¢oziiciiler, asbest, kursun, c¢esitli
gazlar, korozyon azalticilar, renkli beton pigmentleri, yapistiricilar ve ¢imento
calisanlarin maruz kaldig1 bazi kimyasal etkenlerdendir[5]. Kimyasal etkenlerin neden
oldugu hastaliklardan bazilar1 silikoz, kontakt dermatit, egzama, asbestoz, bronsit, deri
alerjileri, akciger kanseri ve beyaz parmak hastaligidir[6].

Biyolojik Hastalik Etkenleri: Calisma alaninda var olan mikrop, bakteri ve viriisler yakin
calisma kosullarindan dolay1 kolayca bulasabilmektedir. Insaat sektériinde toplu ve
kapali alanlar, biyolojik etkenlerin ¢alisan saghigini bozmaya yonelik etki gosterdigi
yerlerdir.insaat islerinde, dere yataklarina yakin yerlerde calisan veya konaklayan
¢alisanlarda sivrisinegin neden oldugu sitma hastaligl ve c¢evredeki cesitli boceklerin
1sirmastyla lyme hastaligi goriilmektedir[6].

Psikolojik Etkenler: Calisma sartlarinin agir olmasi, ¢alisma saatlerinin uzun olmasi,
glivensiz calisma kosullar1 gibi durumlar ¢alisan bireylerde stres olusturmaktadir.
Tehlikeli ¢alisma kosullar ile birlikte stresi tetikleyen faktorler bir araya geldiginde
calisan saghgini olumsuz etkileyen durumlar kaginilmaz olmaktadir. Buna bagl olarak
psikolojik destek saglanmasi ve stresi azaltan c¢alismalar yapilmasi 6nemli hale
gelmektedir[5]. Depresyon, uykusuzluk, bas agrisy, sinirlilik ¢alisanlar tizerinde olumsuz
etkilerden bazilaridir[6].

Fiziksel Etkenler: Insaat sektdrii zorlu ve her mevsim calisma gerektirebilecek bir is
koludur. Calisan saghiginin ve giivenliginin korunmasi igin fiziksel faktorlerin ¢alisma
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kosullarina uygun olmasi gerekmektedir. Titresim, termal konfor, giiriiltii ve radyasyon
faktorleri fiziksel etkenlerdir. Ayrica ingaat islerinin ¢ogu kisminin ag¢ik ortamda
yapilmasindan dolay1 sicaklik faktorii de calisanlari olumsuz etkilemektedir[5]. Asir1
sicaklarda calismada sicak ¢arpmalari, giines yaniklari, soguk havalarda ¢alismada ise
donma, hipotermi, tansiyon yilikselmesi veya diismesi meydana gelmektedir. Fiziksel
etkenlerin sebep oldugu olumsuz durumlar arasinda uzuv kopmalari, kiriklar viicutta
morarmalar, isitme kayiplari bulunmaktadir[6].

insaat alaninda almman giivenlik dnlemleri ile birlikte &liim oranlarinda ve Kkaza
sayllarinda biiylik azalmalar olmasina ragmen Avrupa Birligi ve gelismis iilkelerde genel
olarak risk hala yiiksektir. Sektor yapisinda risklerin belirlenmesi, kazalarin azaltilmasina
ve Onlemlerin alinmasinda dnem arz etmektedir[6].Bu ¢alismada genel olarak insaatlarda
farkli formlar1 bulunabilen tozun kaynaklari, organizmadaki zararl etkileri ve bu etkilere
kars1 yonetmelikler dogrultusunda alinabilecek énlemler degerlendirilmistir.

1.Toz Kavrami

Toz; “kirma, 6glitme, frezeleme, delme, kiireme, stiplirme ve torbalama gibi mekanik veya
el yapimi isler ve riizgar, volkanik patlamalar gibi dogal gii¢lerin etkisiyle olusan havada
asily, caplar1 1 mikrondan biiytk, kuru ve kati parcaciklar” olarak da tanimlanirlar [7-
8].Toz, ¢ok ince kati1 partikiillerin gaz icerisinde olusturdugu bir silispansiyon
halidir[9].Biiylik parcaciklardan o6zgiil agirhigr diisiik olanlar havada uzun siire asili
kalabilirken, yliksek 6zgiil agirliga sahip olanlar kolayca ¢okmektedir. 0.5 ile 10 mikron
biiytikliigiindeki tozlar solunma ile solunum yoluna alinabilmektedirler ve bunlara
“solunabilir toz” denilmektedir[10].

Tozun havadaki konsantre olmus hali ile agirlikli olarak solunan hava ve cilde temas
durumundaki hali 6nem arz etmektedir. Calisan cevresindeki havada asili haldeki
partikil tozlar calisma alaninda sadece solunum kismini olusturmaktadir. Tozun biiylik
bir kismui belli bir yere kadar burunda tutulmaktadir. Daha az ¢apa sahip tozlar bronslara
ilerleyebilmekte ve bununda 5 um (5/1000 milimetre) ve daha az ¢apa sahip olanlari
akcigerin en kiiciik dallar1 olan alveollere kadar ulasabilmektedir[9].

Tozlar biyolojik etkilerine gore irritan, alerjen, toksik, fibrojen, ve non-fibrojen, kimyasal
yapilarina gore inorganik ve organik, fiziksel yapilarina gore kristal ve amorf tozlar
olarak siniflandirilmaktadir [11].

Tozlar, kimyasal yapilari, ebatlari, sekilleri ve 0ozellikle konsantrasyonun yani sira
maruziyetin kapsamina gore insanlar tUzerinde farkli etkilere sahiptir. Calisma
alanlarinda normal yasamimizdaki alanlara gore ¢ok daha yiliksek konsantrasyonlar da
karsimiza ¢ikan ve ¢alisan bireylerde ciddi problemlere neden olan tozlar asagidaki gibi
siniflandirilabilir[12]:

eFibrojenik tozlar
eToksik tozlar
eTahris edici tozlar
eAlerjik tozlar
eKarsinojenik tozlar

Normal atmosfer sartlar1 altinda 70-80 y1l yasayan bir bireyin akcigerlerinde toplanan

toz miktar1 ¢ok azdir ve kisiye zarar vermemektedir. Ancak yasaminin bir kismini tozlu
ortamda geciren kisinin cigerleri maruz kaldigi tozun cins ve miktarina gore gorevini tam
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olarak yerine getirememektedir. Tozun bir diger zararll etki ise toz patlamasinin
meydana getirme potansiyeline sahip olmasidir. Normalde yanmaz ve alev almaz kati
maddeler ince toz haline geldiklerinde yanici hatta patlatici olabilmektedir. Toz
patlamalari biiytlik zararlara yol agmaktadir[13].

Tozun genel etkileri bogaz ve burunda irritasyon, gozlerde enflamasyon ve irritasyon,
kronik akciger rahatsizliklar1 olarak ortaya ¢ikmaktadir. Toz g¢alisan bireylerde saglik
acisindan sorunlara sebebiyet vermekle birlikte calisirken goriisii azaltma ve gozlerde
yanmaya neden olmaktadir[2].

Toz varliginin oldugu calisma alanlarda havalandirmanin yeterli ve giiclii olmas1 6nem
arz etmektedir. Calisma havasinin temiz olmasi yada tozlu alanlarinda ¢alisma yaparken
calisanlarin tozun zararh etkilerinden korunmasi, c¢alisan bireylerin yiliksek tempoda
calismasi ve bu tempoda devam edebilmesi i¢in gerekli olan ilk sartlardan biridir. Uzun
siire tozlu ortama maruziyet solunum sisteminde sorun yaratabilecegi gibi c¢abuk
yorulmaya ve davranis bozukluguna neden olabilmektedir [4].

2. Insaat Sektoriinde Toz Faktorii

ingaat sektoriiniin ¢ogu alaninda karsilasilan toz faktérii, is saghg ve giivenligi acisindan
tehlike kaynagi olup hem kimyasal hem de fiziksel olarak ¢alisan sagligini etkilemektedir.
Teknolojik gelismelere bagh olarak calisma alaninda tozun yayilmasina engel olacak
kapali sistemlerin kullanilmaya baslanmasi ve toz emme robotlarinin kullanilmasiyla
birlikte tozla miicadelede 6nemli adimlar atilmistir [2].

Asbest tozu, mermer tozu, ahsap tozu ve silika tozu ingaat alaninda karsilasilabilecek toz
tiirlerinin basinda gelmekle birlikte yeterli 6nlem alinmadig1 takdirde g¢alisan saglig
acisindan olumsuz etkiler olusturabilmektedirler. Bu tozlara maruziyet siiresi, yogunlugu
ve miktar1 meydana gelebilecek muhtemel olumsuzlar iizerinde etkilidir. Bu tozlarin her
birinin sebep oldugu farkl hastaliklar vardir ve bunlardan bazilar iseasbestoz, silikoz,
mezotelyoma, akciger hastaliklari, astim ve kanserdir.

2.1. Asbest Tozu

1980’1li yillardan 6nce kullanimi yaygin olan, sesi emme, elektrik ve kimyasal hasara
dayaniklilik, ortalama tensil kuvveti, 1s1 6zellikleri ve miikemmel yalitim 6zelligine sahip
asbest kullanimina giiniimiizde siirlandirma getirilmistir.insaat sektérii icin asbest
maruziyeti tipik olarak asagida belirtilen uygulamalar sirasinda olusmaktadir [14]:

eAsbest iceren yapilarda yikim veya sokiim isleri,

eAsbest iceren malzemelerin soékiilmesi, yerinin degistirilmesi ya da kapali bir alana
tasinmasi,

eAsbest iceren yap1 ya da altyapilarin yapim, degisim, bakim, onarim ya da yeni bir
hizmet i¢in yenileme siirecleri,

eAsbest iceren moloz ve atiklarin temizlenmesi,

einsaat sahasindaki asbest yada asbest katkisi iceren malzemelerin tasinmasi,
yiklenmesi, yerlestirilmesi, depolanmasi ve kontrolii islemleri.

Asbest maruziyetine neden olan uygulamalar OSHA 29 CFR Part1926.1101 adh

standartta belirtilmistir. Bu standartta,asbest ile yapilan calismalar is giivenligi ve calisan
saghgin etkileme derecesine gore dort gruba ayrilmistir [15]:
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oGrup 1: Asbest iceren calismalara bakildiginda tehlike potansiyeli ¢ok yiiksek olan
siniftir. Asbest iceren 1s1 yalitim sistemleri ve piiskiirtme veya elle diizlestirilmis kaplama
malzemelerinin sokiim islemleri bu sinif kapsamina girmektedir.

oGrup 2: Asbest iceren esnek doseme ve ¢ati malzemelerinin sokiilmesi islemleri bu grup
kapsamindadir. Asbest iceren zemin ve tavan karolarini, dis cephe kaplamalarini,cati
malzemelerini ve gecis panelleri bu gruba 6rnek olarak verilebilmektedir.

oGrup 3: Asbest ihtiva eden ya da ihtiva ettigi diisiintilen malzemelerin bakim ve onarim
isleri bu grup kapsamindadir.

eGrup 4: Calisanlarin yapim, bakim ya da onarim islemleri sirasinda olusan atik ya da
molozlarin temizlemesi gibi genelde denetim altindaki ¢calismalaridir.

Isverenlerin asbest ile calisilan tiim insaat sahalarinda ¢alisanlarin saglik ve giivenligini
koruma amaciyla yetkili bir kisi tayin etmeleri zorunlu tutulmustur. Yetkili kisi, calisma
alanindaki asbest tehlikelerini ve risklerini tespit etme, bu tehlike ve riskleri isverene
bildirmekle sorumludur. Yetkisi kapsamina ¢alisma sahasini, malzemeleri ve
donanimlarin denetimi de girmektedir. Belirlenen tehlike ve risklere gore gerekli
onlemler alinmalidir.

Insaat alanlarinda asbest tozu iceren malzemelerde su sekildedir[2]:

Tavanlarda;

eAkustik ve pliriizli tavan yapimyi,
eAsbestli cimento levha ¢ati kaplamalari,
eAlc1 veya alcipan derz malzemeleri,

«T profil tavan kaplamalari,

Dis cephelerde;

eAsbestli cimento ¢at1 panelleri,

eDuvar kaplama panelleri,

eDolgulu tavan,

*Tugla veya blok sivas,

eBinalarda gat1 levhasi (1s1 spreyi),

*Dis cephe kaplamalarinda kullanilan yalittm malzemesi (vermikiilit),
«Cat1 yalitim keceleri ve sizdirmazlik malzemesi,

ei¢ cephe macunu,

Zeminlerde;

eZemin yiikseltici malzemeler,

Vinil zemin kaplama (asbestli dolgu harci),
+Vinil asbestli kaplama malzemeleri,

Borularda;

eSoguk su hatlari,

eEvsel su ve atik hatlarn,

¢Oluklu borularin birlesim yerlerindeki contalar,
eYagmur suyu ve kanalizasyon hatlari,

eBuhar ve sicak su besleme hatti ve geri doniisiimij,

Duvarlarda;

eAsbestli cimento panelleri,

eAlc1 veya alcipan derz malzemeleri,
ePiiriizlii dokulu duvarlar,
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eTermal sprey,

Degisik yerlerde;

*Yapiskan bantlar,

eDoseme, kiris, siitun ve diger yap1 elemanlarinda kullanilan yangina, dayanikli sprey,
eIsitma kabini panelleri (asbestli cimento),

eAvize taban parcasinin altina konan harg,

eYakma firinlar (i¢ yalitim),

eTiyatro perdeleri,

eYalitim kablolari.

Yapilan c¢alismalarla insan saghgina ciddi zararlar verdigi zararlar tespit edilen
asbestinAvrupa Birligi tlkeleri, Avustralya, Brezilya, Japonya, Yeni Zelanda, ABD gibi
bircok {ilkede kullanimi yasaklanmistir. Ancak binalarda bakim, onarim, yikim ve
restorasyon islemlerde asbeste kullanimi halen devam etmektedir. Bu sebeple ingaat
sektoriinde ¢alisanlarin asbeste maruziyeti tamamen engellenebilmis degildir [16].

2.1.1. Asbest Tozunun Saghga Etkileri

Asbestoz, calisan bireyler tarafindan asbest partikiillerinin biiyiik miktarlarda solunmasi
sonucunda gelismektedir. Yiiksek yogunluktaki asbest liflerine uzunsiire maruz kalinmasi
mezotelyoma (amfibol asbest maruziyeti ile arasinda gii¢lii bir iligki kurulan bir kanser
tliri), akciger kanseri ile asbestozgibi ciddi hastaliklara yol agmaktadir. Hastaligin
patogeneziprogresif ve geri doniissiiz olup solunum yetmezligine de yol agmaktadir. Agir
vakalarda asbestozpulmoner hipertansiyon ve kalpyetmezliginden o6liime sebebiyet
vermektedir. Asbest tozlarinin solunmasi yalnizca asbestozunmeydana gelmesinden
sorumlu olmay1p, ayn1 zamanda pek¢ok vakada son derece progresif ve 6liimctil asbestle
iligkili bir kanser tiirii olan mezotelyomaya neden olabilmektedir [17].

Mezotelyoma basta akciger zar1 ve daha az siklikla karin i¢i zarinin asbeste baglh olarak
gelisen kanseridir. Asbest tozuna maruz kalmak mezotelyomanin gelisimine neden
oldugu kanitlanan tek unsurdur. Asbeste maruziyetin baslangici ile hastaligin ortaya
¢ikmasi arasindaki donem sessizdir ve bu dénem 20-40 yildir[17].

2.2. Ahsap(Odun) Tozu

Alaninda kullanilan en eski malzemelerin basinda gelen ahsap dogal, kaynag:
yenilenebilen ve ¢ok yonli bir calisma malzemesi olmasindan dolayi insaatlarda birgok
alanda kullanilmaktadir. Odun tozu bilesiminde seliilloz (%40-50), polyose (%15-35,
mannoz, galaktoz, ksiloz) ve lignin (guaiacil, syringyl, %20-35)yan1 sira mantar,
mikroorganizma ve toksinler de bulunabilmektedir. Solunabilir toz boyutu 10 um’den
kiiciik olup tilkemizde odun tozu maruziyet esik sinir1 5 mg/m3 olarak belirlenmistir.
Calisanlarin odun tozuna maruziyetini sinirlandiran Avrupa Birligi diizenlemesi, Tiirk
mevzuatina “Kanserojen ve Mutajen Maddelerle Calismalarda Saghk ve Giivenlik
Onlemleri Hakkinda Yénetmelik” olarak aktarilmis olup, yénetmelik kapsaminda bulunan
kanserojen maddelerin siralandig1 listede sert odun tozlarina yer verilmektedir .0Odun
tozu, 1m3 havada ortalama 40 mg bulunabilmektedir. 5 mikron ¢aptan kii¢iik zararh
odun tozlar1 bu miktarin %90’nin1 olusturmaktadir. Calisma ortaminda ¢alisma sekilleri
ve kullanilan ahsap tiirii degisiklik gostermektedir. Cok zehirli odunlu agaglarla (Taxus,
Mansonia ve Gonioma) havadaki odun tozu miktari en ¢ok 1mg/m3, Cam (Pinus), Melez
(Larix), Maun (Swietenia) ve Abanoz (Diospyros)’da 5mg/m3 digerlerinde ise 10 mg/m3’
ten fazla odun tozu olmamasina dikkat edilmesi gerekmektedir (2, 18).Fazla toksik
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(zehirli) odunlu aga¢lardan kaynakl (Taxus, Mansonia ve Gonioma) odun tozu miktar1
havada en ¢ok 1mg/m3, Pinus (Cam), Larix (Melez), Swietenia (Maun) ve Diospyros
(Abanoz) dan kaynakli tozun 5 mg/m3 digerlerinde ise 10 mg/m3’ten fazla olmamasina
dikkat edilmesi gerekmektedir. Hessen Sosyal Isler Bakanlhig1(2009) tarafindan yiiriitiilen
bir ¢alismada insaat alaninda talas tozu, testereleme isleminde yapilan o6l¢limde 2,4
mg/m3; tornalama islerinde 8,1 mg/m3olarak dl¢iilmistiir [9].

2.2.1. Odun Tozunun Saglhga Etkileri

Toza karsi alinacak énlemlerde 6ncelikle tehlike potansiyeli belirlenmelidir. Bu asamada
tozun bilesimi, konsantrasyonu, boyutlar1 ve toza maruz kalma siiresi gibi faktorler goz
ontinde bulundurulmalidir [19].

Cesitli kanser tiirleri (akciger, burun ve paranasal siniis mukoza kanseri gibi), toza bagh
akciger hastalig1 pnémokonyoz ve astim, deri hastaliklari, alerjik reaksiyonlar toza maruz
kalan calisanlarda goriilen bazi rahatsizliklardir[20].Insaat alaninda kullanilan agaclarin
farkliligina gore dermatitis, egzama ve solunum yolu rahatsizliklar: ortaya ¢ikmaktadir.
Ayrica spesifik agac tiirlerinde bulunan alkoloidlerin kusma, ishal, nezle, oksiiriik, nefes
darligina sebep oldugu belirtilmektedir. Ahsap malzemelerde koruyucu olarak kullanilan
ksilen, toluen gibi ¢6ziicii baz1 aromatik hidrokarbonlarin ise tahris, yorgunluk ve bas
agrisina sebebiyet verdigi ifade edilmektedir. Yapilan g¢alismalarda solunum yoluyla
alinan solunabilir odun tozlar1 viicutta basta akcigerler olmak ilizere organlara ciddi
zararlar verdigi bildirilmektedir [19].

2.3. Mermer Tozu

Mermer, sert yapisi, su emme 6zelligi, cila tutabilmesi ve dogal bir malzeme olmasindan
dolay1 glinimiizde sik¢a kullanilmakta olan insaat hammaddesidir. Diinya niifusunun
stirekli artmasina paralel olarak tiiketim de artis, sinirlh olan hammadde kaynaklarinin
hizli bir sekilde azalmasina neden olmaktadir. Bu nedenle var olan kaynaklarin daha
ekonomik bir sekilde kullanilabilirligi giiniimiizde 6nem kazanmaya baslamistir[21].

ingaat alaninda kullanilan mermere istenilen seklin verilebilmesi icin cesitli islemler
gerceklestirilmektedir. Kesme, cilalama, diizlestirme, kenarlarini diizleme ve geometrik
kesimler gibi islemler sirasinda 6nemli diizeyde toz ortaya ¢ikmaktadir[22]. Calisan ve
¢evre bakimindan ciddi sorunlara yol agan ve insaat sektdriiniin degisik alanlarinda
yeniden kullanilmasina yonelik ¢alismalarinda devam ettigi mermer atiklari toz ve parga
olmak tlizere ikiye ayrilir.

2.3.1. Mermer Tozunun Saghiga Etkileri

Yapilan ¢alismalar havaya karisan ve calisan bireyler tarafindan solunan mermer
tozunun, burun iltihabi, astim, kronik bronsit ve akciger fonksiyonlarinin zarar gérmesi
gibi rahatsizliklar1 neden oldugunu ortaya koymustur. Bununla birlikte diger faktorlerle
ele alininca mermer tozu calisan bireyde stres, uykusuzluk ve bas agrisi da meydana
getirdigi bildirilmektedir[23].

Calisan bireylerde balgam ve oksiiriikk gibi sikayetler ile solunum yolu fonksiyon
testlerinde hava yolunda daralmay1 gosteren bulgular tespit edilmistir. Bulgularin ortaya
cikis1 6zellikle sigara icen g¢alisanlarda daha sik ve daha erken goriilebilmekte ve KOAH
ad1 verilen kronik hastaliga sebep olmaktadir. Altta yatan kalp hastaliklari, obezite,
yiiksek tansiyon hastaligl ve beslenme bozuklugu olan c¢alisanlarda tozlarin etkisine
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duyarhlik daha yiliksek olmaktadir. Calisanlarda mermer tozunun akut ve kronik etkileri
calisanlarda farklilik gésterebilmektedir [22].

2.4. Silika Tozu
Yapi islerinde yaygin olarak ortaya ¢ikan silika tozunun olusum kaynaklari [2];

eBina kumlama isleri

*Yikma ve sokiim isleri

eKazma isleri

*Yikim isleri

eZimparalama ve taslama isleri

eTlinel isleri

eSivama, har¢ karma isleri

eDoseme plakalar ile tas yol yapiminda kullanilan taslarin kesim ve delim isleri
bulunmaktadir.

Acik maden ocaginda liretilen tiivenan amorf silika; eleme, kurutma, kirma ve 6giitme
asamalarindan sonra dokme yada torbalanmis olarak insaat sektoriiniin kullanimina
sunulmaktadir. Amorf silika ayn1 amagcla iiretilen diger lriinlere gore diisiik maliyetli
olmasindan dolay1 insaat sektoriinde yaygin olarak kullanilmaktadir. Tas ve diger silika
icerikli malzemelerin uygulanmasi ve kesilmesi sirasinda ortaya ¢ikan tozlar c¢alisan
bireyleri 6nemli diizeyde etkilemekte ve ¢cogu durumda, maruziyet seviyeleri 6ngoriilen
sinir degerleri asmakta hatta iki katina ¢ikabilmektedir.

2.4.1.Silika Tozunun Saghga Etkileri

Yillar boyunca silika tozuna maruz kalan bireylerde insanlarda gelisen ve bilinen en eski
meslek hastalig1 olan silikoz meydana gelir. Silikoz; tridimit, kristobalit veya alfa kuvars
halinde bulunan, silisyum dioksit icerikli kristalin ¢ok kii¢iik solunabilir tozlar halinde
akcigerlerde birikmesiyle seyreden, geri doniisii olmayan, potansiyel olarak 6liimciil bir
akciger hastaligidir.

Hastaligin etkileri akut, akselere ve kronik olarak karsimiza ¢ikmaktadir. Uzun siire
sessiz olarak seyreden silikosiz, maruziyetten 20 y1l sonrasina kadar bir siire icinde
ortaya ¢ikabilmektedir. Bulgular nefes darligi ve oksiiriige yol acan bronsitle birlikte
baslamakta ve daha sonrasinda ciddi solunum problemleri ortaya ¢ikmaktadir. Ancak
erken safhalarda silika tozuna maruziyetin engellenmesiyle hastaliginda ilerlemesi
durdurulabilmektedir[24].

3. Insaat Sektoriinde Tozlardan Korunma Onlemleri

e Insaat ortaminda havadaki tozlardan kacinmak amaciyla calisanlarin maske
kullanmalari saglanarak tozun burun, mukoza, agiz, cigerler ve mideye ulasmasi
onlenmeli ve bu sayede ortaya ¢ikabilecek hastaliklar engellenmelidir.

e Toza maruz kalinan ¢alisma alanlarindagalisanlara koruyucu kiyafetler
kullandirilmalidir.Koruyucu kiyafetlerin dayanikliligi ve toz gecirme durumlari
sik sik kontrol edilmelidir.

e Ortaya ¢ikan tozundnlenemedigi yerlerde ¢alisanlara cildi koruyucu kremler
temin edilerek kullanimi saglanmalhdir.

e (Calisma ortaminda kapi ve pencereler biiyiik yapilarak gerek olmasi halinde
ortam havalandirilmasi yapilmahdir.
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e Insaat alaninda toz maruziyeti yiiksek olan alanlar cesitli malzemeler (yonga
levha, liflevha, alg1 levhalar vb.) kullanilarak diger c¢alisma alanlarindan
ayrilmalidir.

e Odun tozu maruziyetine kalinan alanlarda toz emme tertibati sistemlerinin
kurularakhavada bulunan toz miktari biiyiik oranda azaltilmalidir.

e Yalmzca ozel egitimli kisilerin asbestle ¢alismasina izin verilmelidir. Calisan
bireylerin uygulayacaklari ¢alisma prosediiriiniin ve kullanacaklar1 uygun kisisel
koruyucu donanimin bir uzman tarafindan belirlenmesi gerekmektedir.

e Toza maruziyet bulunan calisma alanlarinda 6ncelikli olarak calisanlara ortaya
¢ikan tozlarin zararlar1 ve sebep oldugu rahatsizliklar anlatilarak ¢alisanlarda
farkindalik olusturulmalidir.

e Insaat alanindacalisanlaraortaya ¢ikan tozlardan nasil korunacagi, toza maruz
kalinankisimlarda ne kadar siire ile ¢alismalar: gerektigi ve is dncesi ve sonrasi
alinmasi gerekentedbirler anlatilmalidir.

e (Calisanlara diizenli olarak is¢i sagligi ve is gilivenligi kapsaminda
egitimlerverilmelidir.

e Toza maruziyetinvar oldugu olan insaat alanlarinda ¢alistirilmak tizere alinacak
calisanlardan saglikraporu alinarak ise uygunlugu arastirilmalidir. Olasi bir
meslek hastaligina karsi ¢alisanlar diizenli periyodlarla (yilda 2 kere) saghk
kontroliinden gegirilmelidir.

e  Oksiiriik, kramp, ishal, sik sik bas agrisi, deri tahrigleri, iist solunum tollar
enfeksiyonlarivb. hastalik belirtileri olan c¢alisanlar tespit edilmeli ve dnleyici
saglik hizmetleri saglanarak olasibir meslek hastalig1 engellenmelidir.

e Tozlara karsi duyarlilign olan calisanlar farkli kisimlarda calistirilarak
olusacakrahatsizliklar 6nlenmelidir.

e  (Calisma ortaminin daha saglikli bir durumda olmasi icin belirli periyotlarda (en
az yilda 2kere) ortamdaki toz miktar1 dl¢iimleri yapilarak sinir deger (5 mg/m?3)
uizerindeki alanlar belirlenmelidir.

e (Calisma ortaminda 5 mg/m3 ten fazla odun tozuna miisaade edilmemelidir.
Olctimlersonucunda toz miktarinin fazla olmasi durumunda kaynak madde
bulunup toz sorunugiderilmelidir.

e (Calisma yeri ve cevresinde herhangi bir is kazasi yada meslek hastaligl
olusmamasi icin insaat alani diizenli olarak kontrol edilmeli, kazalara ve
rahatsizliklara neden olabilecek faktdrler ortadan kaldirilmahidir [18].

4.Tozla Miicadele Yonetmeligi

Yonetmeligin amaci, isyerlerinde tozdan kaynaklh ortaya c¢ikabilecek risklerin
onlenebilmesi amaciyla is saghgi ve giivenligi yoniinden tozla miicadele etmektir. Ayni
zamanda bu islerde ¢alisanlarin tozun etkilerinden korunmalarini saglamak i¢in alinmasi
gerekli tedbirlere dair usul ve esaslar1 belirlemektedir[25].

Isverenin yiikiimliiliikleri
isveren, her tiirlii tozun meydana geldigi isyerlerinde calisanlarin toz maruziyetini

onlemek ve calisanlarin toz ile ilgili tehlikelerden korunmasi i¢in gerekli tiim koruyucu ve
onleyici tedbirleri almakla ytikiimlidiir.
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Isveren, ayrica tozdan kaynaklanan maruziyetin 6nlenmesinde;

a) Tkame yéntemi uygulanarak, toz olusumuna neden olabilecek tehlikeli madde yerine
calisanlarin saglhik ve gilivenligi yoniinden tehlikesiz veya daha az tehlikeli olan
maddelerin kullanilmasini,

b) Riski kaynaginda énlemek {izere; uygun is organizasyonunun yapilmasini ve toplu
koruma y6ntemlerinin uygulanmasini,

¢) Toz ¢ikisini 6nlemek icin uygun miihendislik yontemlerinin kullanilmasini,

¢) Isyerlerinin calisma sekline ve calisanlarin yaptiklari ise gére, ihtiya¢ duyulan yeterli
temiz havanin bulunmasini,

d) Alinan dnlemlerin yeterli olmadigl durumlarda ¢alisanlara tozun niteligine uygun
kisisel koruyucu donanimlarin verilmesini ve kullanilmasini,

e) Alinan dnlemlerin etkinligini ve siirekliligini saglamak tizere yeterli kontrol, denetim
ve gozetim yapilmasini,

f) Isyerlerinde olusan atiklarin, Cevre ve Sehircilik Bakanhginin ilgili mevzuatina uygun
olarak bertaraf edilmesini saglamaktadir.

Risk degerlendirmesi

isveren, calisanlarinin saglik ve giivenligini tehlikeye atacak, isyerinde bulunan tozlardan
kaynaklanan olumsuz etkileri belirlemek iizere, 6331 sayil Is Saghg1 ve Giivenligi Kanunu
ve 29/12/2012 tarihli ve 28512 sayili Resmi Gazete’de yayimlanan is Saghg ve Giivenligi
Risk Degerlendirmesi Yonetmeligi hiikiimlerine uygun sekilde risk degerlendirmesi
yapmakla yiikiimlidir.

Tozlu islerde yapilacak risk degerlendirmesinde asagida belirtilen hususlar 6zellikle
dikkate alinir.

* Ortamda bulunan tozun ¢esidi,

* Ortamda bulunan tozun saglik ve giivenlik yoniinden tehlike ve zararlari,
» Maruziyetin diizeyi, siiresi ve sikligj,

» Mesleki maruziyet sinir degerleri,

¢ Toz 6l¢lim sonuglari,

» Alinmasi gereken dnleyici tedbirleri,

* Varsa daha 6nce yapilmis olan saglik gézetimlerinin sonuglari.

Toz élciimleri

isveren, her tiirlii tozun meydana geldigi isyerlerinde 20/8/2013 tarihli ve 28741 sayili
Resmi Gazete’ de yayimlanan Is Hijyeni Olgiim, Test ve Analizi Yapan Laboratuvarlar
Hakkinda Yonetmelik hiikiimleri sakli kalmak kaydiyla;

a) Risk degerlendirmesi sonucuna gore belirlenen periyodik araliklarla toz 6lgiimlerinin
yapilmasini,

b) Isyerinde calisanlarin toz maruziyetinin bulundugu kosullarda herhangi bir degisiklik
oldugunda bu 6l¢iimlerin tekrarlanmasini,

c) Olgiim sonuglarinin, mesleki maruziyet siir degerleri dikkate alinarak
degerlendirilmesini,

¢) Isyerinde yapilacak denetimler igin toz élgiimlerinin Genel Miidiirliikce 6n yeterlik
veya yeterlik belgesi verilen laboratuvarlarca yapilmasini saglar.

Tozlu ortamlarda risk degerlendirmesi, toz ol¢lim sonuclar1 ve tozun cinsi dikkate
alinarak isyeri hekimi tarafindan belirlenen araliklarda standart (en az 35 x 35 cm) PA
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akciger radyografisi veya dijital akciger radyografisi ile Solunum Fonksiyon Testi
ozellikle yapilmaktadir. Ancak maruz kalinan toza goére saglik lizerine etkileri dikkate
alinarak baska tetkikler de istenmektedir. Fizik muayene ile birlikte herhangi bir klinik
tablonun ortaya konulmasinda ¢cok 6nem kazanmaktadir. Tozdan etkilenen ana sistemin
solunum sistemi olmasi sebebi ile fizik muayenede bu sisteme yonelik incelemelerin
atlanmadan ve dikkatle yapilmasi gerekmektedir.
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