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ABSTRACT: In this study, it was aimed to show the soil productivity of tea growing areas which contain have some distinct
features compared to the other areas. Therefore, 220 soil samples were taken and analyzed. Soils in the tea production areas
of Rize and Artvin were clay-loamy and clay. In relation to soil reaction 90 % of the soils taken pH had values below the
recommended values for tea production. These soils were found to be nonlime and contained high amounts of organic matter

and available P and K.
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RiZE VE ARTVIN YORESi CAY TARIMI YAPILAN TOPRAKLARIN
BAZI FiZiKSEL VE KIMYASAL OZELLIiKLERIi

OZET: Bu calismada, Tiirkiye genelinden birgok ozellikleri ile ayricalik gosteren cay tarimi yapilan topraklarin
verimliliginin ortaya konmas: amaglanmistir. Bu amaca uygun olarak 220 adet toprak 6rnegi alinmis ve analizleri yapilmustir.
Arastirma sonuglarina goére; Rize ve Artvin yoresi ¢ay topraklarmin genel olarak killi-tinli ve killi biinyeli oldugu ve toprak
reaksiyonu bakimindan alinan 6rneklerin % 90’min ¢ay i¢in ideal kabul edilen pH degerlerinin altinda yer aldig: tespit
edilmistir. Cay topraklarmin kire¢ igermedigi, organik madde bakimindan olduk¢a iyi durumda oldugu, yiiksek oranda

yarayisl fosfor ve potasyum igerdigi belirlenmistir.

Anahtar Soézciikler: Cay topraklari, organik madde, pH, fosfor, potasyum

1. INTRODUCTION

Tea plant is grown between the 42° latitude in
Northern hemisphere and 27° latitude in Southern
hemisphere. Tea can be grown in certain regions with
rainy and warm climatical conditions. India, China,
Sri Lanka, Indonesia, Kenya and Japan are among the
major tea growing countries. Tea is grown at
economical level in 30 countries including Turkey.
Turkey ranks sixth among the tea producing countries
with 76.632 ha production area and 201.663 tonnes
dry tea production (Anonymous, 2006 and 2009).

Tea is grown on the area between Georgian border
and Fatsa in the Eastern Black Sea region. The most
important part within this broad tea production area is
found between Georgia border and Arakli district of
Trabzon (length: 7-8 km and altitude: 400-500 m).
Tea production area covers 30 and 70% of the farm
areas in the Eastern Black Sea region. This product
forms an important source of subsistence for nearly
200.000 producers.

It is impossible to widen the tea production areas
because of topographic structure of the Eastern Black
Sea region. For this reason, tea yield per unit area
should be increased in order to enhance the tea
production. To achieve this aim, soil fertilities should
be maintained and increased. One of the provisions of
obtaining ample and high-quality production is to
supply the nutrient requirements of plants from the
soils at adequate level. Tea plant removes high
amounts of nutrients from the soil every year like

many agricultural products. Another reason for the
removal of the nutrients from the soil is soil washing
due to the rainy climatic conditions of this region.
Thus, the unique way for keeping the nutrient contents
of soils at adequate level is to fertilize them with
fertilizer types using suitable application methods.

Fertilizer is the most important input in tea
farming. Commercial fertilizers (mainly N and P
fertilizers) are used unconsciously in Rize and Artvin
provinces, especially in tea farming, as in other many
regions in Turkey. Use of ammonium sulfate
fertilizers at high level for long years increased acidity
in tea soils and consequently pH values decreased
below the critical value in 85% of the tea soils.
Unconscious use of fertilizers increases waste,
production, income and soil pollution decreases
fertilities of the soils.

The main factor for agricultural production is soil.
The amount and quality of the products obtained from
unit area will be higher if the soil fertility is at
adequate level. For this reason, it is very important to
maintain and increase the fertility of the soils. The
soils which contain soil nutrients at adequate level and
which have suitable physical, chemical and biological
properties are considered as productive soils. Thus,
many factors should be taken into consideration when
the soils are evaluated in terms of productivity.

The data related to the distribution of the soils
according to the different pH values were found as
follows in a study conducted in Rize and Artvin
between 1958 and 1960: <4 pH values were 0 and



0.12%, pH=4.00-4.50 were 7.42 and 0.70%, pH=4.50-
5.00 were 36.75 and 22.10%, pH=5.00-5.50 were
33.85 and 30.90%, pH=5.50-6.00 were 17.16 and
39.70%, pH=6.00-6.50 were 4.58 and 6.10%, for Rize
and Artvin provinces, respectively. In this study,
available P values were found extremely low at  45%
of the total production area, low at 28% of the total
production area, medium level at 15% of the total
production area, adequate level at 7% of the total
production area and excess level at 4% of the total
production area.

The pH values found for the tea soils in the
Eastern Black Sea region by different researchers were
2.92-5.82 (Ozuygur et al., 1974), 3.67-5.53 (Kacar et
al., 1979) and 3.38-5.91 (Miiftiioglu, 1990).

Soil analyses made in Rize and Artvin provinces
between 1978 and 1982 showed that low available K
content found for 33.22% of the tea soils in Rize,
medium available K content for 42.18% and
extremely higher K content for 24.60%. The
corresponding values were 49% (low available
content), 37% (medium available content) and 14%
(higher available content) in Artvin. Available P
content was found to be deficient in 87% of the tea
soils in Rize and 74% of the tea soils in Artvin
(Sarimehmet, 1987).

Miiftiioglu and Sarimehmet (1993a), found that
68.53% of tea soils in Rize had extremely low pH
values (<4.5). The ratio of tea soils with optimum pH
value (4.50-6.00) were found as 30.21%. The
corresponding values for Artvin province were 45.5%
and 54.0%, respectively. Of the tea soils in the Eastern
Black Sea Region 62.20% had pH values below 4.5.

Miiftiioglu and Sarimehmet (1993b) found a
deficiency in available P content in 84% of the tea
soils in Rize province. In the same study available P
content was found at medium or high level in 15.81%
of the tea soils. While 73% of the tea soils in Artvin
province were found deficient in terms of available P,
the rest (27%) were found adequate.

In a study conducted in Rize and Artvin provinces
between 1978 and 1982, 1183 samples from Rize and
186 samples from Artvin were analyzed and the
following results were obtained: 18% of the samples
taken from Rize province were found lower (0-2%) in
terms of organic matter content, 19.2% were found
medium level  (2-3%) and 63% were found higher
(>3%). The corresponding values for Artvin province
were 9% (lower), 15.6% (medium level) and 75%
(higher) (Sarimehmet ve Miiftiioglu, 1993).

In Rize and Artvin provinces, agricultural facilities
are conducted on the uneven land under the climatical
conditions which are not suitable for growing many
plant varieties. In such a case, this limited agricultural
land should be used efficiently to benefit from
agricultural sector. Otherwise, loss of tea soils will be
inevitable in the near future. For this reason, in this
study, it was aimed to determine the productivities of
the soils after evaluating the physical and chemical
analysis results of the tea soils.
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2. MATERIALS AND METHODS

2.1. General Description of The Study Area and
Land Structure

This study was conducted in tea production areas
with higher tea production potential. These production
areas are under the authority of 36 tea processing
factories of CAYKUR. This study was conducted on
the areas between the Sarp village found at the
Georgia border and Of district of Trabzon. The study
area extends some 7-8 kms inland (even 35 kms at
some parts) from the coast. The soil samples were
taken from the tea plantations found in Borgka,
Kemalpasa, Hopa and Arhavi districts of Artvin, and
Findikli, Ardesen, Pazar, Cayeli, Giindogdu, Merkez,
Giineysu, Kalkandere, Tyidere and Derepazar districts
of Rize province. The study areas are situated between
the 40°15°-41°34’ North latitudes and 36°43°-41°35°
longitudes in the Northeast of the region. There are no
broad plains in this mountainous region. The
mountains rise rapidly from the coast. The soil groups
in study area were red-yellow podzolic, high mountain
meadow, noncalcareous brown forest and brown forest
soils (Anonymous, 1990 and 1993). Tea, which is the
material of the study, is raised on East Black Sea
region red soils (krasnozems) and East Black yellow
soils (geltozems) (Hizalan ve ark., 1976).

2.2. Climatical Characteristics of The Study Area

While temperate and rainy weather conditions
prevail in summer, mild and snowy weather
conditions prevail in winter in this region. According
to the long yaear meteorological averages (the last 70
years) (Anonymous, 2006), yearly average
temperature, the highest recorded yearly average
temperature, the lowest yearly average temperature
and average sunshine period were found as 13.8°C,
38.2°C, -7.0° and 4.14 min/hour/day, respectively.
Average relative humidity and average rainfall amount
were found as 77% and 2300.4 mm, respectively.
Average yearly number of rainy days was recorded as
174.0 days as the average of long years.

2.3. Taking Soil Samples and Preparing Them For
Analysis

Soil samples were taken from the 220 tea gardens
belonging to 36 tea processing plants during 2™ shoot
period (between July 15™ and 30" July in 2002) by
taking into consideration the tea planted areas and
production potentials of these tea gardens. Soil
samples taken from at 0-20 cm depth using method
developed by Jackson (1962) and were put into
polyetylen bags and then labeled. Place coordinates
and altitudes of the sampling places were determined
using Place Locating System (GPS= Global
Positioning System).

Soil samples were spreaded over a clean paper;
stone and plant residues were removed, and the
samples were air-dried under laboratory conditions
and then ground to pass a 2-mm sieve. Sieved samples
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were preserved in clean paper bags until productivity
analyses.

2.4. Productivity Analysis Methods of Soils and
Evaluation

Water saturation (%) was determined by adding
pure water to the soil until saturation (Richards, 1954).
Soil reaction was determined by measuring the pH
values of the soil: water solution (1:2.5) by using
Orion pH-meter (Saglam, 1978). While total salinity
(%) was determined by measuring electrical
conductivity in saturated soil using conductivity
equipment (Richards, 1954), lime (CaC0;) content
was determined by using Scheibler calcimeter (Caglar,
1949). Organic matter (%) was determined by using
modified Walkley-Black method (Jackson, 1962). The
method developed by Bray and Kurtz (1945) was used
to determine the organic matter content (%). Available
K (K,O kg/da) content was determined by measuring
the amount of K, which can pass to the extract
solution prepared by 1 N Ammonium asetate (pH=
7.0), by using flamephotometer (Richard, 1954).

Productivities of the soils were evaluated by
comparing soil analysis results with limit values.

3. RESULTS AND DISCUSSION

Minimum, maximum and average values of the
productivity parameters related to 220 soil samples
taken from tea gardens found in Rize and Artvin
provinces were given in Table 1. Furthermore, soil
samples were classified according to the limit values
(Table 2).

3.1. Structure Characteristics of Tea Soils

Water saturation levels of tea soils range from 52
to 100% (Table 1). As can be seen in Table 2, 50.9%
of the tea soils were clay-loam and 49.1% were clay
soils in Rize and Artvin provinces. The distribution of
the soil structure groups in these provinces is parallel
with the distribution of the soil structure groups in the
whole region. The results of this study are in harmony
with the results obtained from other studies conducted
in the same region. Bayrakli (1975) reported that tea
soils in Rize province were clay-loam. In a study
conducted by Aktas (1979), while the structure of
soils in Artvin province was found between sandy-
loam and clay, the structure of those in Rize was
found between clay-loam and clay. However, in
general sense, all of the soils were found to have clay-
loam structure. Similar findings were found in another
study conducted by Miiftiioglu (1990) in Rize and
Artvin provinces.

3.2. Soil Reaction of Tea Soils

As can be seen in Table 1, the pH values of tea
soils were ranged from 2.80 to 5.97 in Rize and Artvin
provinces. These findings are in harmony with
findings of Ozuygur et al. (1974), Kacar et al. (1979)
and Miiftiioglu (1990).
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Table 1. Minimum, maximum and average values related to
the physical and chemical analysis results of tea soils in
Rize and Artvin provinces.

Soil Province 0-20 cm
Characteristics S Min. Max. Average
. Artvin 59 85 70
z’zz)ter saturation Rize 52 100 69
General 52 100 69
.. Artvin ---0.071 ---
E,Zt)al salinity Rize - 0.340
General ---0.340 -
Artvin 3.67 531 4.26
pH Rize 2.80 597 3.83
General 2.80 597 3.86
Artvin -—- -—- -—-
CaCO; (%) Rize - - ---
General - - -
Organic matter A.rtvin 2.45 10.68 491
(%) Rize 0.66 1491 5.06
General 0.66 1491 5.05
Available Artvin 13 1013 177
phosphorus Rize 2 1450 223
(kg ha™") General 2 1450 220
Available Artvin 150 1170 530
potassium Rize 110 4400 760
(kg ha™) General 110 4400 740

As can be seen from the pH values of the soils
classified according to the limit values reported by
Saglam (1978), 90.7% of the tea soils in Rize and
80.0% of the tea soils in Artvin were in extreme acid
group (< pH=4.5) (Table 2). The ratios of soils having
ideal pH values (4.50-6.60) for tea production (Tekeli,
1962; Eden, 1976; Tekeli, 1976; Kacar, 1984) were
20.0% in Artvin and 9.3% in Rize. In a study
conducted in the same region between 1958 and 1960,
the ratios of soil samples having pH<4.50 were the
7.54 % of the total samples in Rize and 0.70% in
Artvin (Ulgen, 1961). However, in another study
(Sartmehmet, 1987), the ratios of soils found in
extreme acid group were 69.06% in Rize and 44.00%
in Artvin. In the same study, the soils with ideal pH
values (4.50-6.00) had a ratio of 29.93% in Rize and
55.30% in Artvin. Similar results were reported by
Miiftiioglu and Sarimehmet (1993a). The ratio of soils
with ideal pH values was higher in Artvin compared
to Rize. In other words, acidity of soil in Artvin are
lower than those in Rize. This difference can be
explained by the oldness of the tea soils in Rize
compared to those in Artvin. Moreover, the fact that
the period of in appropriate fertilization methods used
in Artvin is shorter compared to Rize might contribute
this difference. Ninety percent of 220 soil samples
(198) taken from Rize and Artvin provinces were
found to have pH values below 4.50. The ratio of soil
samples with ideal pH values (4.50-6.00) was found as
10% (Table 2). Acidification increased dramatically in
tea soils during the last two decades and the ratio of
soil samples having pH values below 4.50 reached up
to 90%. The decrease in soil pH values below 4.50
affects negatively both plant nutrient contents and also
the growth of the tea plant.
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Table 2. Classification of soil samples taken from tea soils in Rize and Artvin provinces according to the limit values.

. - - PROVINCES : GENERAL
Soil Limit E . Artvin Rize
N valuation
Characteristics value Sample o, Sample o, Sample o
%o %o %o
counts counts counts
Water saturation <30 Sandy - - - - - -
(%) 30-50 Loam --- --- --- --- --- ---
50-70 Clay-loam 7 46.7 105 51.2 112 50.9
(Ulgen and 70-110 Clay 8 53.3 100 48.8 108 49.1
Yurtsever, 1995) >110 Haevy clay --- - --- --- - ---
Total salinity (%) 0.00-0.15 Nonsalty 15 100 202 98.5 217 98.6
0.15-0.35 Light-toned salty - - 3 1.5 3 1.4
(Ulgen and 0.35-0.65 Moderate salty - - - - - -
Yurtsever, 1995) >0.65 Excessive salty -— — — — — —
pH <4.50 Extremely acid 12 80.0 186 90.7 198 90.0
4.50-5.00  Very strong acid 2 133 15 7.3 17 7.7
5.00-5.50  Strong acid 1 6.7 3 1.5 4 1.8
5.50-6.00 Moderate acid --- - 1 0.5 1 0.5
6.00-6.50  Light-toned acid --- --- --- --- --- ---
(Saglam, 1978) 6.50-7.30  Neutral --- --- --- --- --- ---
Lime (%) <1.0 Light-toned calcareous - - - - - -
1.0-5.0 Calcareous --- --- --- --- --- ---
5.0-15.0 Moderate calcareous --- - - - - -
(Ulgen and 15.0-25.0  Excessive calcareous --- -—- -—- -—- - -—-
Yurtsever, 1995) >25.0 Extremely calcareous -—- --- --- --- - ---
Organic matter <1.0 Very low - - 3 1.5 3 1.3
(%) 1.0-2.0 Low - -—- 17 8.3 17 7.7
2.0-3.0 Moderate 3 20.0 22 10.7 25 114
(Ulgen and 3.0-4.0 Good 4 26.7 34 16.6 38 17.3
Yurtsever, 1995) >4.0 High 8 53.3 129 62.9 137 62.3
Available phosphorus  0-30 Very low 2 133 23 11.2 25 11.4
(P,0s kg ha™") 30-60 Low 6 40.0 22 10.7 28 12.7
60-90 Moderate 1 6.7 20 9.8 21 9.5
(Ulgen and 90-120 High 1 6.7 15 7.3 16 7.3
Yurtsever, 1995) >120 Very high 5 333 125 61.0 130 59.1
Available potassium  0-200 Low 1 6.7 13 6.3 14 6.4
(K,0 kg ha™!) 200-300 Moderate 4 26.6 19 9.3 23 10.5
(Ulgen and 300-400 Adequately 1 6.7 28 13.7 29 13.1
Yurtsever, 1995) >400 Excessive 9 60.0 145 70.7 154 70.0

Tea plant prefers acidic soils as it does not like
calcaerous soils. As mentioned above, tea plant grow
best in soils with pH values of 4.50-6.00 and the
lowest limit is pH=4.00. Acidity of all soils (including
soils with pH<4.00) were shown in Table 3.

The high ratio (66.8%) of soils with pH values
below 4.00 in Rize and Artvin is a significant problem
in terms of soil productivity (Table 3). According to
the Giiner (1961), pH should be around 5.3-6.5 in tea
soil extracts prepared with water. The same researcher
suggested 5.00-5.50 pH wvalues for efficient tea
production. Optimum pH values for tea soils reported
as 5.6 in East Africa (Wilson, 1969) and 5.00-5.80 in
Bangladesh (Karim et al. 1981). Bhattacharyya and
Dey (1983) reported that tea plant can grow well in
acidic soils. According to these researchers, plant
growth can be affected negatively by pH values above
5.70 but it isn’t affected so negatively unless pH value
is below 3.60.

The most important factor leading to increase
in acidification of tea soils is excessive use of
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ammonium sulfate ((NH4),SO,) for many years.
Ammonium sulfate ranks first among the nitrogenous
fertilizers in terms of acid formation in soils. Most
researchers reported that ammonium sulfate led to
increase in soil acidification (Vicar et al., 1963;
Harler, 1964; Wijedasa and Fernando, 1971;
Sivasubramaniam and Talibudeen, 1972; Karim et al.,
1981; Wickremasinghe et al., 1981; Kacar, 1984).

Ammonium sulfate is still being used in high
amounts in tea production areas despite of some
reports claiming that compose fertilizers have been
replaced with ammonium sulfate fertilizers. As a
matter of fact, the amount of ammonium sulfate
fertilizer (21% N) was 15455 tonnes in Rize province
and 738 tonnes in Artvin province according to the
records of State Institute of Statistics (SIS)
(Anonymous, 2006).

3.3. Calcareous Tea Soils

Tea soils in Rize and Artvin provinces are
uncalcareous (Table 1). Ulgen and Yurtsever (1995)
suggested that 220 uncalcareous soil samples,
which form the research material of their study, can be
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Table 3. Classification of the soil samples taken from Rize ve Artvin provinces according to their pH values.

PROVINCES

- - GENERAL
.. . Artvin Rize
Limit Value  Evaluation
Sample % Sample % Sample by
Count ¢ Count ¢ Count ¢
<4.00 - 4 26.7 143 69.8 147 66.8
4.00-4.50 Extremely acid 8 53.3 43 20.9 51 23.2
4.50-5.00 Very strong acid 2 133 15 7.3 17 7.7
5.00-5.50 Strong acid 1 6.7 3 1.5 4 1.8
5.50-6.00 Moderate acid - --- 1 0.5 1 0.5
6.00-6.50 Low acid -—- - -—- - -—- -
6.50-7.30 Neutral -—- - -—- - -—- -

classified as less calcareous soils (Table 2). This
finding is in parallel to those of Akalan (1968),
Bayrakli (1975), Capan (1979) and Miiftiioglu (1990).
This case explains the lower pH values in tea soils.
The low calcareousness in tea soils can be explained
by the rain intensity, soil structure and soil porosity.

3.4. Organic Matter Content of Tea Soils

Organic matter content of tea soils in Rize and
Artvin range from 0.66 to 14.91% (Table 1). Organic
matter contents were reported as 0.31-4.34%
(Ozuygur et al., 1974), 0.49-4.99% (Bayrakli, 1975)
and 2.68-16.92% (Kacar et al., 1979) by different
researchers. Miiftiioglu (1990), reported that organic
matter content varied between 1.86 and 9.30%. The
ratio of samples found between 2-6% limit values was
77.3%. The samples higher than 6% limit value
consituted 18.2% of the total samples.

Ulgen and Yurtsever (1995) classified tea soils in
Rize and Artvin provinces according to their organic
matter contents as follows: 1.5% very low, 8.3% low,
10.7% middle, 16.6% good and 62.9% high in Rize
and 20.0% moderate, 26.7% good and 53.3% high in
Artvin. Out of the total soils in Rize and Artvin
provinces (80.0% for Artvin and 79.5% for Rize)
79.6% had organic matter content above 3.0% (Table
2). These figures indicate that the most of the tea soils
in Rize and Artvin provinces contain adequate level of
organic matter.

Among the organic material sources of tea soils
are tea prunings, weeds and farmyard manure. Weeds
and tea prunings left in gardens and manure
application increase the organic matter contents of tea
soils. Furthermore, establishing of tea plantations near
the forest lands or within the forests give rise to
existence of high organic matter contents in tea soils.
This finding is supported by the study of Sarimehmet
and Miiftiioglu (1993).

3.5. Phosphorus Content of Tea Soils

Available P contents of tea soils in Rize and Artvin
provinces were ranged from 2 to 1450 kg P,Os ha™
(Table 1). In Rize province, while 21.9% of tea soils
had a low and extremely low available P content,
78.1% of tea soils had an adequate level of P. In
Artvin province, the ratio of soils with low and
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extremely low P contents is 53.3%. The rest of the
soils (46.7%) in this province had adequate P content.
These results indicated that tea soils in Artvin had
inadequate P levels. On the contrary, most of the tea
soils in Rize had excess levels of P. The findings
reported by Sarimehmet (1987) and Miiftioglu and
Sarimehmet (1993b) are in harmony with the findings
found for tea soils in Rize but not findings in Artvin.

Available P contents were found high and
extremely high in 66% of the tea soils in Rize and
Artvin provinces (Table 2). This finding is in
contradiction with findings obtained from the study
which was carried out in this region (Ulgen, 1961).
This contradiction might be explained by the fact that
compose fertilizers with high P contents were used in
high amounts during a period of 45 years.
Furthermore, incorrect fertilization applications
without taken soil analysis into consideration, can also
be another reason for this contradiction.

3.6. Potassium Content of Tea Soils

Available K (K,0) contents were ranged from 110
to 4400 kg K,0 ha™ in the tea soils of Rize and Artvin
provinces (Table 1). In Rize province, 6.3, 9.3, 13.7
and 70.7% of tea soils had low, moderate, adequate
and excess available K levels, respectively. The
corresponding values were 6.7, 26.6, 6.7 and 60.0%
for tea soils in Artvin. Seventy percent of the tea soils
in Rize and Artvin provinces had excess levels of
available K (Table 2). These findings are in harmony
with those of Ulgen (1961), but they are in
contradiction with those of Sarimehmet (1987).

In conclusion, this study indicated that tea soils in
Rize and Artvin provinces had a clay-loam structure.
Organic matter content was found adequate in most of
the tea soils. No salt and lime were found in these
soils.

In this study, soil acidity was found to be risky in
levels. Use of ammonium sulfate fertilizer in addition
to compose fertilizer increases soil acidity. For this
reason, ammonium sulfate fertilizer should not be
used in tea soils with extereme acidity. It can be
recommended to use natural materials with high lime
contents in tea soils which have extreme acidity,
especially during rejuvenation period. Phosphorus and
potassium contents were found adequate in tea soils.



This case is not frequent in acidic soils. This is mainly
caused by using compose fertilizers in high amounts.

When the productivity paramaters were taken into
consideration, tea soils should be analyzed, and
fertilization should be done according to the results of
these analysis. Furthermore, the farmers of the region
should be informed about these results.
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EFFECT OF CONDITIONER APPLICATIONS ON MICRO NUTRIENT CONTENT OF CORN
PLANT IN ACIDIC SOILS

OZET: Bu calisma, asit karakterli yiizey topragina kireg ilavesi ile pH 1slah1 yapildiktan sonra uygulanan biyo-kati (BKT),
zeolit (ZEO) ve polyacrylamide (PAM) gibi farkli kdkenli diizenleyicilerin bu topraklarda yetistirilen misir bitkisinin mikro
element (Fe, Cu, Zn ve Mn) kapsamlarina etkilerini belirlemek amaciyla yiiriitiilmiistiir. Deneme toprag: killi tekstiire,
baglangicta diisiik pH degerine ve orta diizeyde organik madde icerigine sahiptir. Béliinmiis parseller deneme desenine gore
yiriitiilen ¢aligmada toprak oOrnekleri 8 hafta siire ile inkiibasyona tabi tutulduktan sonra biitiin saksilarda musir bitkisi
yetistirilmistir. Diizenleyici uygulamalart gesit, uygulama dozu ve topragin pH degerine bagli olarak musir bitkisinin mikro
element igeriklerinde artiglara neden olmustur. Biitiin uygulamalarin musir bitkisinin mikro element kapsamlar: iizerine
etkileri ile toprak pH’si, diizenleyici ¢esidi ve uygulama dozu arasindaki {glii iliski dnemli (P<0.001) bulunmustur.
Uygulamalarin etkinlikleri Zn ve Mn elementleri i¢in BKT > PAM > ZEO seklinde siralanirken Fe ve Cu i¢in sirasi ile BKT
>ZEO >PAM ve ZEO > BKT > PAM seklinde olmusgtur.

Anahtar Sozciikler: Mikro element, toprak reaksiyonu, toprak diizenleyiciler, misir

ABSTRACT: This study was conducted to determine effect of soil conditioners with different origin such as bio-solid
(BKT), zeolite (ZEO) and polyacrylamide (PAM) on the micro nutrient contents (Fe, Cu, Zn and Mn) of corn plant after a pH
improvement by lime application. Some properties of the soil were determined as follows; clay in texture, low in pH and
moderate in organic matter content. Split plot design was selected as experimental design in the present study. After
incubation period for eight weeks, corn was grown in all pots. Conditioner applications increased the micro nutrient contents
of corn plant depend on conditioner type, application dose and soil pH value. Effects of all treatments on the micro nutrient
contents of maize and interaction among soil pH, conditioner type and application doses were found to be significant at
P<0.001 level. Effectiveness of applications for Zn and Mn was determines as BKT > PAM > ZEO order, it changed as BKT
>ZEO >PAM and ZEO > BKT > PAM for Fe and Cu, respectively.

Key Words: Micro nutrient, soil reaction, soil conditioners, maize

1. GIRiS

Topraktaki besin elementlerinin ¢oziiniirliikleri ve
bitkiye yarayishliklar1 {izerine birgok faktdr etki
etmektedir. Toprak reaksiyonu bu faktdrlerin en
onemlilerinden biridir. Toprak reaksiyonunun mikro
elementlerin dagilimi iizerine etkilerini belirlemek
amactyla yiritillen birgok arastirmada, diisik pH
degerlerinde Mn, Fe, Cu, ve Zn’nun degisebilir ve
organik  baglt  fraksiyonlarmin  yliksek  pH
degerlerindekinden daha fazla oldugu belirlenmistir
(Sims ve Patrick, 1978; Shuman, 1986). Moraghan ve
Mascagni  (1991), mikro besin elementlerinin
bitkilerce alinabilirliginin topraktaki elementin toplam
miktartyla zayif iligkili oldugunu, buna karsilik pH,
redoks potansiyeli, organik madde igerigi, toprak
tekstiirli gibi toprak o6zellikleri, bitkinin tiirii ve ¢esidi,
topraklarin su igerigi, sicaklik ve 151k gibi ¢evresel
faktorlerle yakin iligkili oldugunu belirtmislerdir. Ayni
arastiricilar, ¢evresel etkilerin bitkilerin makro besin
elementlerinin -~ alimindan  ¢ok  mikro  besin
elementlerinin alinimin1 etkiledigini ifade etmislerdir.

Bitkinin toprakta iyi bir gelisim saglayabilmesi,
yetistigi toprak ortaminin fiziksel, kimyasal ve
biyolojik 6zellikleri ile iligkili olmaktadir. Topragin

bu dzelliklerini diizeltmede ve siirekliligini saglamada
en fazla bagvurulan yontemlerden biri ise topraga
diizenleyici ilavesi yapmaktir (Bender ve ark, 1998).
Tarimda biyo-kat1 kullanimi, siireklilik arz eden ve
kabul goren bir uygulama olarak disiiniilmektedir
(McBride, 1995, Favaretto ve ark., 1997). Biyo-
katilar, bilesimlerine bagli olarak toprak kosullarini
1slah etmekte ve bitkiler igin besin elementi kaynagini

meydana  getirmektedirler (De Deus, 1992).
Genellikle,  biyo-katilarn  uygun  miktarlarda
uygulanmasi topraklarin  fiziksel, kimyasal ve

biyolojik o6zelliklerini artirmakta, karbon havuzunu
genisletmekte ve sera gazlarinin emisyonunu
azaltabilmektedir (Garcia ve ark., 1998; Lindsay ve
Logan 1998; Walter ve ark., 2000; Binder ve ark.,
2002; Martinez ve ark., 2003; Ros ve ark., 2003).
Yiiksek katyon degisim kapasitesine sahip olan
zeolitin topraga ilave edilmesinin su rejimini diizelttigi
ve bitki besin maddelerinin yikanmasimi engelledigi
birgok arastirici tarafindan bildirilmistir (Gote ve
Nimaki, 1980; Mumpton, 1983). Topraklarin fiziko-
kimyasal ozelliklerini iyilestirmek ve {iriin kalitesini
artirmak amaciyla kullanilan organik polimerlerin en
yaygin olant polyacrylamide’dir. Birgok arastirict
topraga uygun dozlarda uygulandiginda



polyacrylamide’in toprak ve iiriin 6zelliklerini olumlu
yonde degistirdigini agiklamiglardir (Wallace ve
Wallace 1986; Verplancke ve De Boodt, 1990;
Mamedov ve ark., 2006). El-Amir ve ark. (1991)
yuriittiikleri bir calisma sonucunda topraga uygulanan
polyacrylamide’in musir bitkisinin kuru ve yas
agirhigini artirdigint saptamiglardir.

Bu ¢aligma, asit karakterli yiizey topraginin kireg
(K) ihtiyac1 % 50 ve % 100 oranlarinda giderilerek pH
degeri iki farkli seviyeye yiikseltildikten sonra
uygulanan biyo-kati (BKT), zeolit (ZEO) ve
polyacrylamide (PAM) gibi organik, inorganik ve
sentetik kdkenli diizenleyicilerin  musir  bitkisinin
mikro element kapsamlara etkilerini belirlemek
amaci ile yliriitilmiistiir.

2. MATERYAL VE YONTEM

Denemede kullanilan toprak o6rnegi Samsun’un
Terme ilgesine bagli Kdybucagi yoresinde islemeli
tarim yapilmakta olan alandan ve yiizeyden (0-20 cm)
almmistir. Denemede kullanilan tarim kireci ile diger
toprak diizenleyici materyaller; BKT, ZEO ve PAM
sirastyla Barkisan Kire¢ Isletmesi (Bartin), Bafra
Belediyesi Aritma Unitesi, Rota firmast (Istanbul) ve
Earth Chem (USA)’den temin edilmistir. Tarim kireci
% 50 noétralizasyon giiciine sahiptir. Ham BKT % 50
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Ondokuz Mayis Universitesi, Ziraat Fakiiltesi, Tarla
Bitkileri Boliimii’nden temin edilmistir.

Boliinen boliinmiis parseller deneme desenine
gbre ylritilen bu calismada, Oncelikle arastirma
konusu asit reaksiyonlu toprak hava kuru halde 4
mm’lik elekten gecirilerek plastik saksilara (agiz
¢api= 19 cm; yiiksekligi 20 cm) konulmustur. Bu
topragin kire¢ ihtiyact belirlenmis ve tarim kireci
uygulamast ile kireg ihtiyact % 50 ve % 100 oraninda
giderilmistir. Kire¢ uygulamasi sonucunda ayni
topraktan kontrol dahil {i¢ farkli pH degerine (pH=
5.4, 6.5 ve 7.2) sahip topraklar elde edilmistir. Daha
sonra bu saksilara kuru agirlik esasina gore % 0, 2, 4
ve 6 oranlarinda BKT, % 0, 0.5, 1.0 ve 2.0 oranlarinda
ZEO ve 0, 15, 30 ve 60 ppm PAM uygulanmustir.
BKT ve ZEO topraklara karigtirllmadan Once tahta
tokmakla doviilerek 0.5 mm’lik elekten gecirilmistir.
Biitiin saksilara tarla kapasitesine ulasincaya kadar
sulama suyu ilave edilmis ve 8 haftalik inkiibasyon
periyodu boyunca saksilardaki yarayislh nemin %
50’si tiikenince tekrar sulama islemi yapilmistir.
Inkiibasyon siirecinden sonra her saksiya 5 adet musir
bitkisi (Zea Mays Saccharata) tohumu ekilmis ve
¢ikis doneminden sonra saksilardaki musir Dbitkisi
sayist 3’¢ disiriilmiistiir. Sera denemesi misir
bitkisinde tepe piiskiilii olusumu gorildiigiinde
sonlandirilmig ve bitkiler toprak yiizeyi seviyesinden

organik madde igermektedir. BKT ve ZEO’nun baz1  kesilerek etiketlenmek suretiyle laboratuara
element igerikleri Cizelge 1°de verilmigtir. Saksilara  nakledilmistir.
ekilen musir bitkisi tohumu (Zea Mays Saccharata)
Cizelge 1. ZEO ve BKT nin bazi element icerikleri
ZEO BKT
"Kimyasal Miktar1 “Kimyasal Miktar1
bilegim Bilegim
SiO; (%) 71.89 OC (%) 22.20
ALO; (%) 15.16 N (%) 2.40
CaO (%) 6.51 Fe,05 (%) 2.30
Fe,05 (%) 1.80 CaO (%) 11.50
MgO (%) 1.80 MgO (%) 1.34
Na,O (%) 1.06 P (%) 1.30
SrO (%) 0.59 K (%) 0.23
K>0 (%) 0.57 NaO (%) 0.22
TiO, (%) 0.36 ALO; (%) 4.40
BaO (%) 0.13 Cd(uggh) 6.30
P,0s (%) 0.08 Cu(ugg) 214.50
MnO (%) 0.05 Cr (uggh) 135.20
Pb (ug g 180.40
Ni (ug g™ 75.80
Zn (pg g 435.90
*Etiket bilgisidir

**Biitlin elementler total olarak belirlenmistir
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Atmosfer kosullarinda 48 saat siiresince kurutulan
bitki 6rnekleri daha sonra 65 °C sicaklikta etiivde 48
saat siire ile kurutulmustur (Kacar, 1972). Etiivde
kurutulan  bitki Ornekleri elektrikli ~ ogiitiiciide
parcalandiktan sonra mikro element analizinin
yapilacaglt zamana kadar agzi kilitlenebilir plastik
torbalarda (15 x 11 cm) saklanmustir.

Toprak tekstiirinii  belirlemede  hidrometre
yontemi  (Bouyoucos, 1951) ve reaksiyonunun
tespitinde ise cam elektrodlu pH-metre aleti (Rowell,
1996) kullanilmistir. Katyon degisim kapasitesi
(KDK), organik madde igerigi, kire¢ ihtiyaci ve
degisebilir Na” yiizdesi ise sirasiyla Bower, Walkley-
Black, SMP ve amonyum asetat ile ekstraksiyon
metodlar1 kullanilarak belirlenmistir (Kacar (1994).
Deneme Oncesi ve sonrasinda kullanilan topragin tarla
kapasitesi (0.33 atm) ve solma noktasindaki (15.0
atm) nem icerikleri basingli tabla aleti kullanilarak
(Klute, 1986) tespit edilmistir. Agregat stabilitesi
degerleri, Yoder aleti kullanilarak 1slak eleme yontemi
ile (Demiralay, 1993) belirlenmistir. Organik
diizenleyici olarak kullanilan BKT’nin besin elementi
ve agir metal igerikleri Kacar (1972)’a gore total
olarak belirlenmistir. Bitki 6rneklerinde Fe, Cu, Zn ve

Mn analizleri kuru yakma yoOntemine gore
belirlenmistir (Katkat ve Cil, 1996).
Elde edilen verilerin istatistiksel olarak

degerlendirilmesinde TARIST (1994) bilgisayar paket
programindan yararlanilmistir.

3. BULGULAR VE TARTISMA

3.1. Baz1 Toprak Ozellikleri

Calismada kullanilan topraklarin deneme Oncesi
belirlenen bazi fiziksel ve kimyasal 6zellikleri Cizelge
2’de verilmistir.

Cizelge 2. Kullanilan topraginin deneme dncesi bazi fiziksel
ve kimyasal 6zellikleri

Parametreler

Degerler
Kil, g kg 402
Silt, g kg™ 365
Kum, g kg™ 233
Tekstiir sinifi C
Tarla kapasitesindeki nem igerigi, % 334
Solma noktasindaki nem igerigi, % 23.8

*pH 52
Organik madde, % 291
KDK, meq 100g™ 242
Degisebilir sodyum, % 6.4

*pH degeri 1:2.5 toprak-su (w:v) siispansiyonunda
belirlenmistir

Cizelge 2’nin incelenmesinden de anlagilacagi
iizere, aragtirmaya konu olan toprak ince biinyeli olup
402 g kg-1 kil icermektedir. Asit reaksiyonlu olan
toprakta serbest kire¢ bulunmayip pH degeri 5.2 ve
KDK 24.2 meq 100g-1°dir. Tarla kapasitesi ve solma
noktas1 nem igerikleri sirastyla % 33.4 ve % 23.8’dir.

Topragin degisebilir sodyum yiizdesi 6.4 ve organik
madde icerigi ise % 2.91 olarak belirlenmistir.

3.2. Misir Bitkisinin Fe, Cu, Zn ve Mn icerikleri

Arastirma konusu topraklara degisik diizeylerde
kireg, BKT, ZEO ve PAM Kkanstrilip sera
kosullarinda 8 hafta siire ile inkiibasyona tabi
tutulduktan sonra misir bitkisi  yetistirilmistir.
Yetistirilen musir  bitkisinde hasat  sonrasinda
belirlenen mikro element (Fe, Cu, Zn ve Mn)
iceriklerine iligkin ortalama degerler ile bu degerlere
iliskin  LSDO0.05 test sonuglar1  Sekil 1’de
gosterilmigtir. Sekil 1’in incelenmesinden anlasilacagt
iizere kire¢c ve kullanilan diizenleyiciler uygulama
diizeyine bagli olarak misir bitkisinin mikro element
kapsaminda onemli degisimler meydana getirmistir.
Elde edilen wverilerden, kullanilan diizenleyicilerin
musir bitkisinin mikro element kapsamim artirdigi ve
bu artigin 6nemli (P<0.001) oldugu anlasilmaktadir.
Diger taraftan diizenleyici ¢esidi ve kireg
uygulamalarinin  toprak reaksiyonu iizerinizdeki
karsiliklt etkilerinin de  (interaksiyonun) Onemli
oldugu (P<0.001) belirlenmistir.

Kontrol saksilarinda (kire¢ uygulanan fakat
diizenleyici uygulamasi  yapilmayan saksilarda)
yetistirilen musir bitkilerinin total mikro element
icerikleri istatistiksel olarak irdelendiginde total Cu,
Zn ve Mn degerlerinin pH artigina paralel olarak
azaldig1 goriilmiistiir (Sekil 1-b,c,d). Kireg ilavesinin
en belirgin etkisi Mn elementinde ortaya ¢ikmistir (KO
icin 270.7d ppm; K1 igin 65.1t ppm ve K2 i¢in 58.7v

ppm).  Toprak  reaksiyonunun  bitki  besin
elementlerinin ¢oziiniirlikleri ve bitkiye
yarayisghliklart ~ tizerine  ¢ok  Onemli  etkisi

bulunmaktadir. Bitki ¢esidine gore degismekle birlikte
yetistirme ortamindaki pH degerlerinin genellikle 5.8—
6.2 arasinda olmasi tavsiye edilmekte olup (Argo,
2003) her bir bitki besin elementinin optimum
yarayiglilikta oldugu bir pH araligi bulunmaktadir
(Sekil 2, Mullins ve Hansen, 2009). Lalljee ve
Facknath  (2001), patates bitkisini (Solanum
tuberosum) konu aldiklar1 bir ¢alisma sonucunda,
topraga kire¢ uygulamasiyla birlikte bitkide Fe, Cu,
Zn ve P kapsamlarinin azaldigini belirlemislerdir.
Sekil 1’in incelenmesinden, BKT, ZEO ve PAM
ilavesi yapilan saksilarda yetistirilen musir bitkilerinin
ortalama Fe, Cu ve Zn igeriklerinin diizenleyici
uygulama dozu ile dogru orantili olarak arttig1
anlagilmaktadir. Her ii¢ pH seviyesinde de BKT
uygulamasinin farkli dozlar1 Fe, Cu ve Zn degerlerini
kontrole gore en fazla artirmistir. Ornegin pH degeri
6.5 olan saksilarda yetistirilen musir bitkilerinin Fe
icerigi ortalama olarak BKT’nin {glincii doz
uygulamasi ile kontrole gore % 123.2 artirilmis, yine
BKT’nin tigiincii doz uygulamas: pH degerleri 7.2 ve
6.5 olan saksilarda yetistirilen musir bitkilerinin
ortalama Cu ve Zn degerlerini de kontrole gore
strastyla % 173.5 ve % 412.8 oranlarinda artirmustir.
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Misir bitkisinin Fe igerigini artirmada en etkili
uygulama orta seviyede pH kosullarinda BKT nin son
doz uygulamasi olurken bunu yiikksek pH
degerlerindeki yiiksek doz ZEO uygulamalar1 takip
etmistir. ZEO’nun birinci doz uygulamasinin pH
degerinin 5.4 ve 6.5 oldugu kosullarda misir bitkisinin
Fe icerigini artirmada en diisiik etkiye sahip oldugu
belirlenmistir.  Bitkinin Fe kapsamina etkileri
bakimindan genel ortalamalar dikkate alindiginda
uygulamalar BKT > ZEO > PAM seklinde
siralanmaktadir  (Sekil 1-a). Bu etki uygulanan
diizenleyicilerin mikro element iceriklerine (Cizelge
1) atfedilebilir.

Misir bitkisinin Cu kapsamini artirmada en etkin
uygulamalar yiiksek pH kosullarinda yapilan son doz
ilaveleri olmus, diisiikk pH kosullarinda birinci seviye
doz uygulamalarinin etkinligi ise disiikk diizeyde
kalmigtir  (Sekil 1-b). Cu kapsamimna etkileri
bakimindan diizenleyici uygulamalar1t ZEO > BKT >
PAM seklinde siralanmaktadir. Ortalama degerler
dikkate alindiginda, musir bitkisi i¢in en yiiksek Cu
degerleri 3. doz uygulamalariyla elde edilmistir.
Uygulanan diizenleyicilerin misirda Zn igerigine
etkileri  incelendiginde = BKT’nin  diger katki
materyallerine gore agik bir Ustiinliigli bulunmaktadir
ve biitlin uygulamalar icerisinde ilk dokuz siray1
BKT’nin muhtelif uygulamalar1 almistir (Sekil 1-c).
Bu sonu¢ BKT’nin yiiksek Zn igerigine (435.90 pg g
") sahip olmast ile aciklanabilir (Cizelge 1). Ortalama
degerler bakimindan BKT’yi PAM ve ZEO izlemistir.
Diizenleyici uygulamasi yapilan saksilardaki musir
bitkilerinin Mn kapsamindaki iligkiler ise oldukga
karmagik goriinmektedir (Sekil 1-d). Kontrol ile
karsilastirildiginda BKT nin biitiin doz uygulamalari
diisiik pH degerinde yetistirilen musir bitkilerinin Mn
igeriklerini artirmig fakat bu artiglar uygulama dozlari
ile ters orantili olarak meydana gelmistir. Orta ve
yiksek pH degerine sahip saksilardan alinan bitki
orneklerinde ise Mn degerindeki artis BKT’nin
uygulama dozuna paralel olarak gelismistir. ZEO ve
PAM diisiik pH degerinde bitkilerin Mn igeriklerini
artirmada BKT kadar etkili olamamis fakat orta ve
yiikksek pH degerlerinde uygulama dozlarina paralel
olarak etkili olmustur. Kontrol ile karsilagtirildiginda
oransal olarak en fazla Mn artis1 (% 268.5) ise pH
degeri 7.2 olan topraklarmn konuldugu saksilarda
yetistirilen musir bitkilerinde BKT’ nin en yiiksek doz
uygulamasi ile elde edilmistir. Ozellikle yiiksek pH
degerlerinde misir bitkilerinin  Mn igeriklerinde
azalma goriilmesi, toprak reaksiyonunun yiikselmesi
ile Mn c¢oziniirliigiiniin azalmasma (Sekil 2) ya da
diizenleyiciler ile topraga eklenen herhangi bir
element ile Mn arasindaki olasi bir antagonistik
etkiden kaynaklanmis olabilir.

Belirlenen mikro element degerleri musir bitkisi
icin verilen kritik degerler (Jones ve ark., 1998) ile
karsilastirildiginda, yapilan uygulamalarin Fe, Cu ve
Zn igeriklerini toksisite esiginin altinda kalacak
sekilde artirdig: tespit edilmistir. Diger taraftan PAM,
ZEO ve BKT’nin diisiik pH degerlerindeki biitiin doz

uygulamalar1 ile orta ve yiiksek pH degerlerinde
BKT’nin son doz uygulamalar1 misir bitkisindeki Mn
icerigini digerlerine oranla daha fazla artirarak sinir
degerin iizerine c¢ikarmistir. Bu olumsuz etki
muhtemelen Mn’nin diisiik reaksiyon seviyelerindeki
yiiksek ¢oziiniirlik 6zelligi ile iligkili olabilir (Sekil
2).
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Sekil 2: Toprak reaksiyonu ve bitki besin elementlerinin
yarayisliliklar1 arasindaki iligkiler (Mullins ve
Hansen, 2009)

Topraga diizenleyici uygulamas: ile ilgili olarak
yapilan bir¢ok ¢aligmadan elde edilen sonuclar
buradaki bulgular1 destekler niteliktedir. Polimerlerin
topaktan besin elementi alimimi tesvik ettigi bazi
aragtiricilar (El-Hayd ve ark., 1981; Azzam, 1983)
tarafindan  bildirilmistir. Benzer sekilde topraga
uygulanan degisik kokenli atiklarin da bitkilerin besin
elementi miktarint artirdigi birgok c¢aligma (Sikka ve
Kansal, 1995; Ozdemir ve ark., 2004; Tuna ve Girgin
2005) sonucunda ortaya konulmustur.

4. SONUC

Bu calismadan elde edilen bulgular
gostermektedir ki, BKT, ZEO ve PAM’m uygun
dozlar1 degisik pH seviyelerindeki topraklarda
diizenleyici olarak uygulandiklarinda yetistirilen misir
bitkisinin mikro element kapsamlarini artirmaktadir.
Bu etki uygulanan diizenleyicilerin toprakta fiziksel
kosullan iyilestirmeleri ile organik madde miktarini
artirmalarma  atfedilebilir. ~ Uygulanan  organik
diizenleyiciler bitkiler i¢in birer besin deposu
olmasinin yaninda topraklarin striiktiire] durumlarini
da iyilestirebilen materyallerdir. Bu iyilestirmenin
bitki koklerinin gelisimi ve islevlerini yerine
getirebilmesine yardimet oldugu bilinmektedir. Diisiik
pH kosullarinda attk uygulamalar1  yapilirken
yetistirilecek bitkinin 6zellikleri dikkate alinmali ve
agir metallerin bitki biinyesinde asir1 birikim
yapmasina yol acabilecek uygulama dozlarindan
kacinilmalidir.
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ABSTRACT: The main objective of this research was to determine the relations between soil profile development and
landscape in Ankara-Sogulca Catchment located in the semiarid region of Turkey. Dominant geological materials are marl,
lime stone and sand stone in the study area. Six soil pedons were examined by field investigation on along transect (crosswise
from East to West direction) of the Sogulca Catchment. Soil formations were highly associated with topographic positions
which have influence on morphological and physico-chemical characteristics of the soils. Therefore, slope degree has been
regarded as one of the most important factors that controls the pedogenic process on PI, PII and PV located on hillslope
positions. Because, topography or relief affects how water and other material are added to and removed from soils. Thus,
they can be defined as young soils due to minimum soil formation and classified as Entisol/Leptosol. In addition, pedon VI,
Typic Xerofluvent/Eutric Fluvisol, formed on toeslope position and alluvial deposit has less soil profile development.
Inceptisol/Cambisol and Calcisol (PIII and PIV) formed on plateau position had the greatest degree of pedogenesis. It was
determined that main subsurface diagnostic horizons of Inceptisol are cambic and calcic horizons. This study clearly showed
that landscape position strongly affects soil pedogenetic development either directly or indirectly in the local region.

Key Words: Topography, Soil formation, Classification, Semiarid region

TURKIYE’NIN YARIKURAK BOLGESINDE FARKLI ARAZI SEKILLERI UZERINDE TOPRAK
PROFIL GELIiSiMiNIiN oszLiKLERi
PiLOT CALISMA; ANKARA-SOGULCA HAVZASI

OZET: Bu calisma Tiirkiye’nin yar1 kurak bolgesinde yer alan Ankara Sogulca Havzasinda toprak profil gelisimi ile arazi
sekli arasindaki ilskinin belirlenmesi amaciyla yiriitilmiistiir. Calisma alaninda yaygin jeolojik materyaller marn, kireg tast
ve kum tasidir. Sogulca Havzasinin dogu bat1 dogrultusunda yapilan kesit ¢alismasinda alt1 pedon incelenmistir. Topraklarin
olusumlarinda topografik pozisyonlarin topraklarin morfolojik, fiziksel ve kimyasal 6zellikleri {izerinde etkili olduklari
belirlenmistir. Bu nedenle, egim derecesinin yamag araziler lizerinde yer alan PI, PII ve PV pedonlarinin toprak olugum
islemleri iizerine 6nemli faktdrlerden birisi oldugu diisiiniilmektedir. Ciinkii topografya veya rolyef topraktan suyun ve diger
maddelerin eklenmesi veya uzaklagmasininin saglanmasinda etkilidir. Bu topraklar olusumlarinin minimum seviyelerde
olmalar1 nedeniyle geng topraklar olarak tanimlanmakta ve Entisol/Leptosol olarak smiflandirilmistir. Ayrica, taban arazi
pozisyonunda ve alluviyal depozitler iizerinde olusan pedon VI, Typic Xerofluvent/Eutric Fluvisol zayif toprak profil
gelisimine sahiptir. Plato diizliigii izerinde olusmus Inceptisol/Cambisol ve Calcisol (PIII and PIV) en ileri toprak olusum
seviyesine sahiptirler. Inceptisollerin énemli yiizey alt1 tan1 horizonlar1 olarak cambic ve calcic horizonlar tespit edilmistir.
Bu calisma lokal alanlarda arazi sekillerinin toprak olusumu ve gelismesinde gerek dogrudan gerekse de dolayli olarak
kuvvetli etkilerinin oldugunu agik¢a gostermistir.

Anahtar Sézciikler: Topografya, Toprak olusumu, Siniflandirma, Yarikurak bolge

1. INTRODUCTION

The characteristics and properties of soils result
from transformations affect the material of the Earth’s
crust. According to Joffe (1949), the formation of soil
in a region can occur within a certain period of time
depending on the geological material, successive
climates, topography and biological and human
activities of the region. Effects of these factors depend
not only on the nature of the rock and their derived
formations that have resulted from them, but also on
landscape relief and the mitigation of matter in
solution or in suspension in water (Arnold, 2006).
Therefore, topography or relief is the most important
factor for soil formation and affects how water and
energy were added to and was lost from soil. Arnold

(2006) indicated that a reference relief unit was a
catchment or watershed area and the analysis of lateral
transfers on, in and through the soils had to be
considered to understand the functioning of the
landscape units. The systems could be open or close
relative to the flow of water and energy. In addition,
Jenny (1980) argues topography is the primary factor
in explaining soil variation. He thinks topography
refers to the inclination in percent degrees, length of
slope in meters, and slope aspect. Slope aspect results
in microclimate and vegetation differences and, thus,
soil differences. Soil erosion may differ in rate and
scale in various topographic or landscape positions
depending on slope gradient (Durak and Surucu, 2005;
Birkeland, 1984). Graham (2006) notes that the
movement of materials, including water and soil



materials, on a landscape is influenced by the slope
gradient and shape and the degree of connectivity of
drainage networks. Thus, from pedologic perspective,
topography is important because it exerts a strong
influence on the disposition of energy and matter
experienced by soils on the landscape. Topography
can also indirectly affect the vegetation cover of an
area (Brady and Weil, 2001). Consequently,
topography or relief so strongly affects pedogenetic
processes, many researchers stated that specific soils
are associated with specific landforms and soil
patterns are repeating and predictable (Amundson,
1994; Daniels and Hammer, 1992; Young and
Hammer, 2000; Durak and Surucu, 2005).

The objectives of this study were to characterize
the soils of the Ankara-Sogulca Catchment. i; to
identify soil physical, chemical, and morphological
features associated with specific landforms, different
slope gradient, various parent material and land
covers, ii; to interpret the genesis of these features, iii;
to classify the soils in Soil Taxonomy (Soil Survey
Staff, 1999 and FAO/ISRIC, 2006)

2. MATERIAL AND METHODS
2.1. Description of The Study Area

Sogulca Catchment is located at the south part of
Ankara, 23 km far from Haymana district and is

0. Dengiz, O. Bagkan

positioned between 4352734-4364382m N and
444495-458350m E (UTM). The area of the basin is
approximately 5740 ha. (Figure 1). About 46.2 % and
52.7 % of this total area are being used as rainfed
agriculture and rangeland, respectively (Baskan and
Dengiz, 2008). Only 1.1 % of the study area is water
surface. Average altitude above sea level ranges from
948 m to 1382 m. The study area has “mesic” soil
temperature and “xeric” soil moisture regime
according to the Soil Taxonomy (Soil Survey Staff,
1999). Quaternary new alluvium deposits formed on
both sides of Sogutcesme stream and Palacocene
formations generally distributed over north and south
parts and composed of limestone and sandstone in
Sogulca Catchment (MTA, 1994). Digital satellite
image (Landsat TM5, May 2003) and digital elevation
model (DEM), aerial photographs, geological and
topographical map were used to determine different
land use and land cover types, landforms, slope and
aspect. Six different soil profiles were classified and
placed in Entisol and Inceptisol and Leptosol,
Cambisol, Calcisol, and Fluvisol according to the Soil
Taxonomy (Soil Survey Staff, 1999) and FAO/ISRIC
(2006). GIS and RS or image processing software
packages (TNT Mips v6.4 and Arc View 9.2) were
used to generate digital elevation model (DEM) and
transect from East to West direction.

SOGULCA CATCHMENT

o

VRLOO0 95% I

Figure 1. Location of the study area.
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2.2. Soil Sampling and Profile Description

Soils have been studied on along transect
(crosswise from East to West direction) with
representative six profiles (Figure 2). Morphological
properties of these six profiles in the field were
identified and sampled by genetic horizons and
classified according to Soil Survey Staff (1993 and
1999) and FAO/ISRIC (2006). 15 soil samples were
taken to investigate for their physical and chemical
properties at the laboratory. Disturbed soil samples
were then air-dried and passed through a 2 mm sieve
to prepare for laboratory analysis.

2.3. Soil Physico-Chemical Analysis

After soil samples were then air-dried and passed
through a 2 mm sieve, particle size distribution was
determined by the hydrometer method (Bouyoucos,
1951). Organic matter was determined using the
Walkley-Black wet digestion method (Nelson and
Sommers, 1982). pH, EC-electrical conductivity (of
the saturation) by method of the (Soil Survey
Labrotory, 1992). Lime content by Scheibler
calsimeter (Soil Survey Staff, 1992). Exchangeble
cations and cation exchange capacities (CEC) were
measured using a 1 N NH,OAC (pH 7) method (Soil
Survey Labrotory, 1992).

3. RESULTS AND DISCUSSION

3.1. Soil morphology and classification

Pedogenetic development is significantly related
to topographic position. Field morphology and profile
description data for six representative pedons are
reported in Table 1 and Figure 2. Soils located on five
geomorphologic units along transect (crosswise from
East to West direction) of the Sogulca Catchment
display variation in terms of structure, colour, and
depth in surface horizons. These variables are the
obvious effect of eroding forces. Sommer et al. (2008)
reported that in general, some parts of the landscape
will erode faster than others depending on the local
geomorphic situation and spatially varying soil
erodibility. Other parts, which are not affected by soil
erosion/sedimentation, e.g., flat plateaus, are
characterized by further progressive soil development.
Consequently, in a landscape we will find an intricate
soil pattern reflecting different courses of soil
development although overall a period of regressive
soil development might prevail. The same results were
also observed in the study area. Therefore, slope has
been regarded as one of the most important factor that
controls the pedogenic process on PI, PII and PV.
Depth of the soils decreases with increasing slope
degree. Profiles III, IV and VI located on flat plateaus
and flood plain have higher solum depth and

pedological  development. Maximum structural
formation (2msbk and 3msbk) was observed in flat
plateaus soils. During the field study, it was observed
common pebbles and cobbles within profiles of
shoulder, upper and lower back slopes soils. In
addition, structure has not well developed in their
profiles.

The horizon orders of the profiles in the study
area were defined to be A-B-C form except for
especially I, II, V profiles which have A-C or A-R
horizons. This means these soils have no diagnostic
subsurface  horizons and low  pedogenetic
development. They have only ochric epipedon
overlying C or R horizon. Therefore, these soils can
be defined as young soils. These pedons were
classified as Lithic Xerorthent and Typic Xerorthent
according to soil taxonomy (1999). Besides, they were
classified as Lithic Leptosol and Eutric Leptosol
FAO/ISRIC (2006).

Main soil formation process in the differentitation
of soil profiles were structural formation and
calcification that have occured in P IIl and P IV,
respectively. These pedons formed on flat plateaus.
The horizon orders of the PIII are defined to be
Ap/A2/Bw1/Bw2. Main subsurface diagnostic horizon
is cambic horizon developed as a result of structural
formation in this profile. Especially, structural
development was observed after 42 cm depth.
According to soil taxonomy (1999) and FAO/ISRIC
(2006) this pedon was classified as Typic
Haploxerept and as Haplic Cambisol.

The morphology of P IV located on flat plateau
was differently found from PIII. The horizon orders of
this pedon are defined to be Ap/Bw/Bk1/Bk2. Soil
color is 2.5 Y 5/4 in the Ap horizon, while, due to
carbonate accumulation in depth color was change to
2.5 Y 7/2 in subsurface horizons. Secondary CaCOj;
nodules and myceliums were also identified in the
profile IV, which apparently proofed the existence of
carbonate leaching and accumulation (Table 2).
Calcium carbonate nodules, starting in the Bkl
horizon at a depth of 55 cm, were increased in both
thickness and diameter in the Bk2 horizon. This pedon
was classified as Typic Calcixerept and Haplic
Calcisol by taking into consideration of Soil
Taxonomy (1999) and FAO/ISRIC (2006).

Profile IV located on floodplain formed on
alluvium parent material. Ogg and Baker (1999)
concluded that development of soils in the alluvial
areas was highly affected by climate and time. This
means this pedon has no diagnostic subsurface
horizons and low pedogenetic development.
Therefore, this soil can be defined as a young soil and
classified as Typic Xerofluvent (Soil Taxonomy,
1999) and Eutric Fluvisol (FAO/ISRIC, 2006).
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Figure 2. Different soil pedons on various topographic positions along the transect of the Sogulca Catchment.

3.2. Physical and Chemical Properties

The major physical and chemical properties of the
soils are presented in Table 2. Furthermore, Figure 2
also schematically illustrates the pedological
differences across transect. Soil physical and chemical
properties that have been taken into consideration in
this study showed variability as a result of dynamic
interactions among natural environmental factors such
as climate, parent material, land cover-land use,
erosion and topography (Dengiz et al, 2006).

Soil texture is not significantly changing in top
soil of all pedons whereas; sub surface soil texture
varies clay, clay loam, silty clay and silty clay loam.
Typic Calcixerept (Pedon IV) has the highest clay
content while, Typic Xerofluvent (Pedon VI) has the
highest sand content. The pH of the soils was
moderately alkaline and there are no significant
differences in the values of pH 7.40-7.91. In addition,
all pedons have slightly soluble salt content. The lime
content in soils formed over lime stone was quite high
as compared to those formed over sand stone and

fluvial deposites. CEC was between 16.40-36.70 cmol
kg™'. Exchangeable Ca and Mg cations were accounted
for over 95% of the exchangeable complex as a result
of dissolution of carbonates whereas, exchangeable K
and Na levels were found rather low.

In general expectation, lower landscape positions
usually have higher organic matter contents than those
upslope due to higher water content on low lope
potions yields more biomass and more incorporation
of organic matter into soil. On the other hand,
according to some researchers this case can be change
in some situations. They states spatial variability in
soil properties in landscapes affected by long-term
tillage indicate that soil organic mater content is lower
in arable areas than no tillage areas (Pennock et al.,
1994; Heckrath et al., 2005; Papiernik et al., 2005).
This trend was also observed in the study area. Pedon
II, IV and VI used for agricultural activities have
lower organic matter due to high decomposition and
mineralization than those pedon I, II and V used for
rangeland.
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Table 1- Selected morphological and land characteristics of pedons.

Horizon Depth Boundary Colors Structure Consistence Position and Land Parent
(cm) Dry  Moist Altitude Use Material
Profile I (Lithic Xerorthent /Lithic Leptosol
10 10
A 0-22 as YR YR 2fgr sh fr st ps Shoulder Range Lime
5/6 4/6 1370 m land stone
R 22+ - - - - -
Profile II (Typic Xerorthent /Eutric Leptosol
aw 25Y 25Y sh fr st ps
Al 0-13 5/4 4/3 Ivigr Upper back o .
A2 18-36 cw 25Y 25Y 2fgr sh fr st pt slope lan(% Marl
6/3 4/4 1324 m
C 36+ - - - massive -
Profile Il (Typic Haploxerept /Haplic Cambisol
as 5Y 5Y 1vfgr sh fi st pt
Ap - 0-20 63 43 Flat platcau  Dry Marl
gw 5Y 5Y 2fsbk sh fr st pt 1238 m farming
A2 20-42 6/3 43
cs 5Y 5Y 2msbk sh fr st pt
Bwl 42-75 6/3 43
75- - 5Y 5Y 2fpr h fi st pt
B2 s 5243
Profile IV (Typic Calcixerept / Haplic Calcisol
sa 25Y 25Y 2mgr sh fi st pt
Ap 0-20 5/4 4/4 Flat plateau Dry Lime
cwW 25Y 25Y  3msbk h fi st pt 1160 m farming stone+
Bw  20-55 53 4 Marl
Bkl 55- di 25Y 25Y  2msbk h fi st pt
105 5/4 4/4
- 25Y 25Y 2fsbk sh fr st pt
Bk2 105+ 6/4 5/
Profile V (Lithic Xerorthent / Lithic Leptosol
5Y 5Y Lower back
A 018 os 63 43  |\ver  shirstpt slope Rlzﬁﬁe Sandstone
R 18 + - - - - - 1050 m
Profile VI (Typic Xerfluvent /Eutric Fluvisol
aw 5Y 5Y 2fgr sh fi st pt
Ap 0-13 712 5/3 Toe slope
A2 13232 cwW 5Y 5Y 2mgr h fr st pt and Dry Fluvial
7/2 5/3 Flood plain  farming  deposits
gw 5Y 5Y sg lo lo so po 935 m
C 32-68 6/3 5/3
cW 5Y 5Y 2msbk h fi st pt
2ABb  68-75 6/3 53
2C 75+ - - - m h fr st pt
Abbreviations:

Boundary: a = abrupt; ¢ = clear; g = gradual; d = diffuse; s = smooth; w = wavy; i = irregular

Structure: 1 = weak; 2 = moderate; 3= strong; vf = very fine; f = fine; m =medium; ¢ = coarse; gr = granular; pr =
prismatic; abk = angular blocky; sbk = subangular blocky; sg = single grain; m = massive;

Consistance: Dry : lo=1loose; so = soft; sh = slightly hard; h = hard; Moist: lo = loose; vir = very friable; fr = friable;
fi=firm;et : so=nonsticky; ss = slightly sticky; st= sticky; po = nonplastic; ps = slightly plastic; pt= plastic
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Table 2. Selected physical and chemical properties of pedons.

Pedons Horizon Depth Particle size (%) CEC  Exchangeable cations
(cm) pH TSS CaCO; OM (cmol (cmol kg™
Sand Silt Clay Class 1:1 (%) (%) (%) kgl + . Ca’+
Na K Mg+2
Lithic Xerorthent / Lithic Leptosol
PI A 0-22 2554 50.02 3444 SiCL 7.60 0.044 37.79 2.10 29.50 0.18 0.55 28.76
Typic Xerorthent / Eutric Leptosol
Al 0-18 17.10 50.46 3244 SiCL 7.40 0.044 55.13 2.60 2090 0.161 0.585 20.15
PII A2 18-36 1194 52.62 3544 SiCL 7.50 0.044 3427 140 20.10 0.290 0.313 19.49
C 36+ - - - - - - - - - - - -
Typic Haploxerept / Haplic Cambisol
Ap 0-20 15.06 45.50 39.44 SiCL 791 0.031 13.04 0.80 26.10 0.238 0.533 25.329
A2 20-42 14.04 47.52 3844 SiCL 7.84 0.028 1341 0.60 26.20 0.207 0.295 25.698
PIIT Bwl 42-75 18.14 4642 3544 SiCL 7.89 0.025 1341 030 26.30 0.203 0.222 25.875
Bw2 17; 10.88 39.68 49.44 C 7.80 0.046 7.82 025 3540 0305 0.520 34.580
Typic Calcixerept / Lithic Leptosol
Ap 0-20 1222 41.34 46.44 SiC 7.85 0.043 1341 1.00 36.40 0.209 0.736 35.455
Bw 20-55 10.54 38.02 51.44 C 7.80 0.056 1564 0.80 36.70 0.124 0.624 35.952
PIV 55-
Bkl 105 1092 36.64 5244 C 7.70 0.051 21.60 0.30 34.00 0.209 0.545 33.246
Bk2 105+ 17.70 38.86 43.44 C 7.80 0.045 4097 0.10 27.90 0.214 0.409 27.277
Lithic Xerorthent / Haplic Calcisol
PV A 0-18 2.18 5538 4244 SiC 7.80 0.031 10.78 1.20 22.80 0.186 0.401 22.213
Typic Xerfluvent / Eutric Fluvisol
Ap 0-13 502 5554 3944 SiCL 7.70 0.043 13.04 0.80 16.40 0.218 0.738 15.44
A2 13-32  12.60 4396 4344 SiC 7.70 0.044 14.15 0.40 18.80 0.202 0.603 17.99
PVI C 32-68 28.32 3724 3444 CL 7.80 0.035 17.13 0.60 17.60 0.221 0.508 16.87
2ABDb 68+ 692 4364 4944 SiC 790 0.046 1564 0.70 20.80 0.234 0.445 20.12

CL: Clay Loam, C: Clay, SiC: Silty Clay, SiCL: Silty Clay Loam O.M: Organic Matter, CEC: Cation Exchange Capasity,

TSS: Total Soluble Salt
4. CONCLUSION

In the study area, the main negative impact of soil
forming factor on profile development in hillslope
positions (shoulder and back slope) is soil erosion.
Graham and Boul (1990) indicated that in
mountainous terrain, soil erosion and mass movement
or landslides are important geomorphic processes.
While soil development proceeds on all parts of the
regolith-covered landscape, it can be interrupted at
any stage by mass movement event. This interruption
is relatively common on high slope degree, so Entisol
often predominant there. Therefore, these soils can be
defined as young soils. Soils in lower slope position
(flat plateaus) showed marked differences in terms of
more development sub surface profile due to no
interruption events. Main subsurface diagnostic
horizons of these soils are cambic and calcic horizons.
The results clearly showed that topographic condition
strongly affects on soil formation either directly or
indirectly in the local region. In addition, topographic
data collection using traditional land survey methods
require too much cost and time consuming. Today
advanced computer programs such as Geographic
Information System and Remote Sensing contribute to
analyse topographic data in form of DEM to study
terrain  attributes  that theoretically influence

pedogenesis ((Dengiz and Akgiil, 2005; Graham,
20006). It is also very easy to update or modify data
involved in GIS database in future.
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ABSTRACT: This research was carried out to compare the physiological responses between exotic and local bucks to reveal
their adoptation to the Mediterranean region of Turkey. The effect of seasonal variation on rectal temperature (RT),
respiration rate (RR), heart rate (HR) and some blood parameters were evaluated in Saanen (S), Hair (H), German Fawn x
Hair (GF) and Damascus x Hair (DM) bucks. Blood parameters and physiological responses of bucks were measured three
times in a day for one week periods in May, July and December.

The mean heart rate of Saanen (121 beats/min) was higher than Hair bucks (113 beats/min). Heat stress generally
decreased the blood glucose levels and reached the highest levels in the mornings in December. Blood glucose concentrations
were highest for H bucks (63.8 mg/dl) and lowest in S (34.7 mg/dl) in December. Total serum cholesterol (CHO) levels were
found to be similar to blood glucose levels but increased mostly in S and H bucks when the environmental temperature
decreased.

Given the blood parameters and physiological responses, it was determined that there were some differences related to
blood and physiological parameters between local and exotic breeds. In addition, exotic breeds may adapt to the
Mediterranean climate conditions and can be recommended by virtue of their improved performances.

Key words: Blood parameters, physiological responses, buck, Saanen, Mediterranean.

AKDENIZ iKLiM KOSULLARINDA YETiSTiRiLEN TEKELERDE KiMi KAN PARAMETRELERI VE
FiZYOLOJIiK TEPKIiLER

OZET: Bu calismada Akdeniz Bolgesinde yetistirilen egzotik ve yerli irklarin bolgeye adaptasyonlarini incelemek igin
fizyolojik tepkilerinin karsilagtirilmistir. Saanen (S), Kil (H), Alman Alaca x Kil (GF) ve Damaskus x Kil (DM) tekelerinde
mevsim degisikligine bagli olarak rektal sicaklik (RS), solunup sayist (SS), nabiz hizt (NH) ve kimi kan parametreleri
degerlendirilmistir. Tekelerde &lgiilen fizyolojik tepkiler ve kan parametreleri mayis, temmuz ve aralik ayinda 7 giin boyunca
giinde 3 kez alinmustir.

Ortalama nabiz hiz1 Saanen (121 adet/dak) tekelerinde Kil tekelerine (113 adet/dak) gore daha yiiksek bulunmustur.
Sicaklik stresi genellikle kan glikoz seviyesini diigiirmiis ve aralik aymin sabah dl¢iimlerinde en yiiksek seviyeye erigmistir.
Glikoz konsantrasyonu aralik ay1 6l¢iimlerinde en yiiksek Kil (63.8 mg/dl) en diisiik ise Saanen tekelerinde (34.7 mg/dl)
Olglilmiistiir. Total serum kolesterol diizeyi (CHO) glikoz bulgularina benzerlik gostermis olup gevresel sicaklik azalmasina
bagli olarak daha ¢cok Saanen ve Kil tekelerinde artis gostermistir.

Kan parametreleri ve fizyolojik tepkiler 1s18inda yerli ve egzotik 1rklarin farkliliklar gosterdigi saptanmustir. Bunlara ek
olarak egzotik 1rklarin Akdeniz Bolgesine adapte olabildikleri saptanmis ve daha yiiksek performanslarindan dolayr Akdeniz
Bolgesi i¢in onerilmelerinde sakinca goriilmemistir.

Anahtar Sézciikler: Kan parametreleri, fizyolojik tepkiler, teke, Saanen, Akdeniz.

1. INTRODUCTION effects and economic impacts on the livestock

industry (Al-Tamimi, 2007). The ability of livestock

Goats are very important animals because of their
favourable characteristics and capacity to adjust to
harsh environmental (arid, semi-arid, tropical, sub-
tropical, etc.) conditions throughout the world. The
Mediterranean region of Turkey which has sub-
tropical climate conditions (Keskin et al. 2006) has
considerable goat potential. The Hair goat is the main
breed in Turkey but increasing interest has been
shown for other exotic breeds, e¢.g. Saanen, German
Fawn, etc., owing to their high performance in terms
of milk yield and multiple births compared with the
Hair goat.

In tropical and sub-tropical regions high ambient
temperature is the major constraint on animal
production (Marai et al. 2007). This effect is
aggravated when heat stress is accompanied by high
ambient humidity. Excessive heat stress may cause
hyperthermia and have several physiological side-

to grow and produce to their maximal genetic
potential is strongly related to the thermal
environment. Body temperature, pulse and respiration
rate are important physiological responses commonly
used for adaptation parameters to environmental stress
in small ruminants (Singh et al. 1982; Ross et al.
1985). Several researchers have studied physiological
adaptation mechanisms such as rectal temperature,
pulse rate and respiration rate in small ruminants
(Marai et al. 2007; Jaber et al. 2004; Maurya et al.
2004; Srikandakumar et al. 2003; Sevi et al. 2001;
Ogebe et al. 1996). On the other hand, blood glucose
and total serum cholesterol levels are physiological
adaptation mechanisms that can be affected by high
ambient temperatures (Lu, 1989).

In the present study, the physiological adaptation
parameters of goats under heat stress and thermal
environment are highlighted. A few studies have been
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done to improve the performances of the local breeds
through exotic breeds (Keskin et al. 2006) but there is
still a need for comprehensive studies on
physiological responses. Therefore, the objective of
this study was to compare the physiological responses
and blood parameters of exotic breeds with local goats
raised in a Mediterranean climate in different seasons
in order to find the adaptation potential.

2. MATERIALS AND METHODS

This experiment was carried out at the
Research Farm of the Faculty of Agriculture in
Cukurova University, Adana, which is located on the
Mediterranean coast of Turkey. The mean climatic
data of the region are shown in Figure 1. In total, 24
bucks, six from each breed (Saanen (S), Hair (H),
German Fawn x Hair (GF) and Damascus x Hair
(DM) breeds), were used in the study. All the bucks
were two years old and weighed 42 to 45 kg. Animals
were kept separately in semi-open pens, and fed with a
concentrate diet and ad libitum with alfalfa hay. The
digestible crude protein and energy contents of the
concentrate were 16 % and 2647 kcal ME kg,
respectively. The diet was given to the animals at a
rate of 500 g per day. The animals were monitored
every day in the morning, at noon and afternoon
during one week in May, July and December for rectal

temperature (RT), respiration rate (RR) and heart rate
(HR). RT was recorded by a digital thermometer,
whereas RR and HR were counted for 15 seconds and
multiplied by four with a stethoscope from the jointing
point of left-front leg and body. Blood samples (10
ml) were collected in May, July and December three
times a day for one week and analysed on the same
day. To guarantee the reliability of the cardiac and
respiratory data, animals were kept in individual pens.
Blood was collected by jugular venipuncture into BD
Vacutainer SST II tubes. All blood samples were
maintained at room temperature until clotting, then
centrifuged for 5 min at 5000 rpm. Total serum
cholesterol (CHO) and glucose levels were measured
by CHOD-PAP and GOD-PAP calorimetric analysers,
respectively (Roche Hitachi Modular DPP).

2.1. Statistical Analysis

The assumptions for univariate test of repeated
measures were tested and then both the univariate and
multivariate tests were applied to a data set to compare
the results. The General Linear Model (GLM)
procedures of SPSS package for repeated measures
were used. The Duncan Multiple Range Test was used
to separate the means among the treatment groups.

The mathematical model for the analysis of

experimental data was;

Vijm =M+ +/6;' +(a@[j F7ip) TV +Hapy+(B ik +(”7akn(ij) +(aBy )y + € -

where, y”k’”: measured observation value on mth
experimental unit within kth time within jth month

a.
i effect

ap;

within ith genotype. H. population mean,
of ith genotype, B J* effect of the jth month,
interaction effect of ith genotype and jth month,
iy : effect of m™ experimental unit under i
genotype and " month (error 1), 7, : effect of the k"

time, (@y), : interaction effect of i" genotype and

k" time, (/) : interaction effect of j* month and

k" time, (7)), interaction effect of m"
experimental unit and k™ time under i genotype and

j" month, (fy),; : interaction effect of i"" genotype,

j™ month and k™ time, & error 11 which shows

ijkm :
variability between error I and repeated factor time.

‘ —a— temperature (°C) —e— relative humidity (%)

Temperature (°C)
®
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Figure 1. Climatic data of trial period.
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3. RESULTS AND DISCUSSION

The effect of thermal environment on the changes
in the physiological responses and blood parameters in
bucks are set out in Table 1. RT and HR of the
genotypes were similar (p>0.05). No significant
difference was found among genotypes in RT, HR,
and CHO. The least square means of RR and glucose
was significant (p<0.05).

This kind of difference in various goat breeds was
also reported in studies carried out in the Eastern
Mediterranean region of Turkey (Keskin et al. 2006).
The means for these parameters were determined as
higher than that of the thermo-neutral zone reported
by McDowell and Woodward (1982), who found that
respiration rate was 25.3 per minute for goats in a
thermo-neutral zone (comfort zone; 13-15 °C). A
higher respiratory rate in Saanen (54/min) suggests
that this breed was more stressed than the other
breeds.

The physiological adaptation parameters during
the day at different observation times are shown in
Tables 2, 3 and 4. Significant differences were
observed in May and December in the mornings and
in the afternoon of December observations among
genotypes (p<0.05). According to the reports of
Bianca and Kunz (1978), an increase in environmental
temperature first affects pulsation number. Then, such
a high pulsation number increases the rectal
temperature.

Heat loss wvia high respiration number was
reported as higher than that via other ways (Devendra,
1987). Blight (1985) reported that a daily change of
respiration number per minute from the effect of
environmental temperature does not show parallelism
with change of body temperature and pulsation
number. With the removal of this effect, animals go
back to the former respiration number. Present results
for different respiration numbers depending on time
are in line with the reports of other researchers
(Quatermain and Broadbend, 1974; Bianca and Kunz,
1978; Ogebe et al. 1996).

Rectal temperature is considered as a good index
of body temperature even though there is a
considerable variation in different parts of the body
core at different times of the day (Srikandakumar et al.
2003). Hair bucks have shown a steady rectal

S. Ocak, 0. Giiney

temperature value because of their ability to adapt to
the region’s conditions. Because it is of oriental
origin, the Hair goat is probably most suited to the
subtropical climatic conditions. A similar steady rate
was reported by Srikandakumar et al. (2003) for local
and crossbred sheep. Rectal temperature of goats in
the sub-tropical region was reported as 39.3 to 39.5C
in several studies which were carried out to determine
the effect of high environmental temperature on rectal
temperature (Joshi et al. 1977; Bianca and Kunz,
1978; Devendra, 1987). The increase in rectal
temperature in S and H bucks in summer was found to
be lower than in other genotypes. The decrease in
rectal temperature in December suggests a tendency to
hypothermia in DM and GF bucks (Table 2).

Heart and respiration rates of bucks were
increased by the effect of environmental temperature
(Tables 3, 4).

No significant differences were observed in HR,
except for morning observations in December.
Respiration rate was significant among genotypes in
July (p<0.05). When animals were exposed to direct
sun, metabolic rate and body temperatures of black-
haired goats increased, depending on oxygen intake.
Such changes have been observed in black- haired
goats which were exposed to high solar radiation
levels (D’miel et al. 1980). Acharya et al, (1995) also
reported that coat colour and hair length could affect
these parameters. According to that report, short-
haired goats had higher respiratory and heart rates
than long-haired goats. Hair colour also has an effect
on change of respiration and heart rate and rectal
temperature.

No significant difference in interaction effect was
determined between genotype x month x observation
time. Tables 5 and 6 show the blood chemistry
changes of bucks. Means of blood glucose levels were
found significant among genotypes (p<0.05)
(Table 6).

Blood glucose level reached higher levels in
winter except afternoon observations. The highest
blood glucose and serum cholesterol levels were
determined in Hair bucks in December. The lowest
CHO were determined in GF bucks when the
environmental temperature decreased.

Table 1. Changes in the overall means and SE for physiological responses in bucks.

Genotype Rectal temp. Heart rate Respiration rate Serum cholosterol Glucose
S 38.92+0.06 101+2.16 54.88+2.76% 40.85+0.75 45.274+0.69°
H 39.06+0.05 96.91+1.27 44.55+1.86" 43.50+0.68 49.56+0.95°
DM 38.83+0.05 100.67+1.28 42.59+1.64" 40.41+0.71 50.69+0.71%
GF 39.29+0.46 98.04+1.51 40.77+1,.81° 42.59+0.85 51.94+0.68"
P NS NS ok NS K

P: significance, NS: Not significant (P>0.05) **: significant P<0.01, SE: standard error, small letters indicate the differences

in same column.
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Table 2. Mean + SE for rectal temperature of S, H, DM and GF crossbred bucks
(°C) (126 observations per month/breed)

Months
Genotypes May July December
Morning
S 38.6+0.04" 38.9+0.08 38.140.02°
38.8+0.08° 39.1+0.06 38.6+0.20%
DM 38.9+0.09 39.0+0.07 37.9+0.12°
GF 39.0+0.05" 39.0+0.10 37.7+0.10°
Noon
S 38.7£0.10 39.3+0.07 38.3+0.11
H 39.0£0.10 39.3+0.10 38.8+0.20
DM 38.9+0.09 39.4+0.08 38.4+0.13
GF 43.7+4.60 39.4+0.08 38.5+0.10
P NS NS NS
Afternoon
S 39.3+0.12 39.9+0.08 38.6+0.14°
H 39.3+0.10 39.6+0.10 39.2+0.20%
DM 39.2+0.08 39.8+0.11 38.5+0.10°
GF 39.3+0.06 39.84+0.10 38.4+0.10°
P NS NS HAK

P: significance, NS: Not significant (P>0.05), *** P<(.001, SE: standard error, small letters
indicate the differences in same column.

Table 3. Mean = SE for heart rate of S, H, DM and GF crossbred bucks (beat/min)
(126 observations per month/breed)

Months
Genotype May July December
Morning
S 96.0+2.50 94.1+£3.21 91.242.60*
92.742.00 95.7£1.90 92.3£1.50%
DM 100.3£2.11 101.1£2.60 100.142.44°
GF 99.14+2.23 101.144.32 100.9+2.60°
P NS NS ok
Noon
S 96.8+2.30 121.6+3.20 140.5+7.70
106.14+3.93 113.143.60 120.04+4.11
DM 112.3£3.10 117.54£3.75 121.9£3.30
GF 103.144.24 114.743.30 125.244.80
P NS NS NS
Afternoon
S 81.2+1.80 79.2+£2.23 85.8+2.73
88.20+2.03 84.8+2.21 88.90+1.90
DM 88.4+2.21 88.5£1.30 88.4+1.80
GF 85.1£2.14 81.2+£2.14 86.0+2.43
P NS NS NS

P: significance, NS: Not significant (P>0.05), ** P<0.01, SE: standard error, small letters
indicate the differences in same column.
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Table 4. Mean + SE for respiration rate of S, H, DM and GF crossbred bucks (number/min)

(126 observations per month/breed)

Months
Genotype May July December
Morning
S 39.0+1.81 57.9+3.90° 24.6+1.70
H 41.1£3.23 60.2+3.11° 26.6+1.21
DM 41.9+2.23 55.6+3.54° 26.0+1.33
GF 40.0+1.51 43.242.50° 23.5+0.81
P NS ** NS
Noon
S 46,5+£2.93 89.4+3.90° 21,6+1.10
H 40.3+2.52 80.8+4.80% 24.8+1.23
DM 41.9+2.10 70.7+4.61° 24.0+1.01
GF 40.9+2.80 67.9+4.90* 21.9+0.80
P NS ** NS
Afternoon
S 54.5+4.26 100.1+7.40° 22.8+1.20
H 43.1+£2.30 76.1+£4.04" 26.5+2.00
DM 45.9+2.94 70.0+4.10% 25.0+0.10
GF 45.6+3.90 79.3+6.30" 22.8+0.72
P NS ** NS

P: significance, NS: Not significant (P>0.05), ** P<0.01, SE: standard error, small letters

indicate the differences in same column.

Table 5. Mean + SE for serum cholesterol level of S, H, DM and GF crossbred bucks

(mg/dl) (126 observations per month/breed)

Months
Genotype May July December
Morning
S 36.9+1.13° 42.31+£2.94 44.9+2 .50
H 42.0+2.20® 39.5+1.10 47.742.30°
DM 41.1+£2.20° 41.6+2.70 39.0+1.71%
GF 47.3+2.33° 45.3+2.10 38.3+2.73"
Noon
S 38.1£1.37% 39.9+2.70 42.842.34%
H 38.6+1.90% 38.1£1.30 47.3+1.80°
DM 41.742.20% 41.742.62 38.2+1.80%
GF 47.4+2.51° 45.442.10 36.4+2.51%
Afternoon
S 42.0+1.30 39.4+2.40 44.942 30°
H 44.8+1.90 41.6+1.34 47.9+1.94°
DM 43.3+2.30 42.6+2.13 37.0+£1.93%
GF 45.9+1.71 47.0+£1.90 36.0+£2.23%
P NS NS HoAE

P: significance, NS: Not significant (P>0.05),*P<0.05,** P<0.01,*** P<0.001, SE: standard

error, small letters indicate the differences in same column.

Table 6. Mean + SE for serum glucose level of S, H, DM and GF crossbred bucks
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(mg/dl) (126 observations per month/breed)

Months
Genotype May July December
Morning
S 45.8+1.10° 44.4+1.10° 50.7+1.20°
52.242.62° 40.5+2.60° 57.3+1.50°
DM 51.1+1.74° 49.94+1.00° 58.3+1.10°
GF 54.8+1.72° 52.6+1.02° 55.3+1.24°
P * kkk kk
Noon
S 42.6+2.60° 46.1+1.20% 56.8+1.90°
52.3+2.10° 41.9+2.60° 63.8+1.60°
DM 53.1+1.70° 47.7+1.73° 60.2+1.60%°
GF 56.6+2.00° 53.5+1.24° 58.0+0.80°
P skkk kkk kk
Afternoon
S 44.9+1.40 43.8+1.10™ 34.7+3.20°
44.7£2.10 42.5+1.70° 45.0+2.70°
DM 44.8+1.70 46.8+1.70% 41.6x1.70%
GF 48.8+1.70 50.1£1.20° 39.0£2.01%°

P: significance, NS: Not significant (P>0.05) * P<0.05, ** P<0.01,*** P<0.001, SE: standard

error, small letters indicate the differences in same column.

Analyses of RT, RR and HR revealed a
significant month effect as well as observation time
effect (p<0.05). Blood glucose and total serum
cholesterol levels show greater differences in hot
conditions than in the comfort zone. Some researchers
report that hot climate conditions decrease blood
glucose and total serum cholesterol levels (Joshi et al.
1977) and some of them indicate the contrary
(Webster, 1976; Bianca and Findlay, 1962). Lu (1989)
found that blood glucose levels did not change in heat
stressed goats. Determining blood parameters may be
important in establishing the effect of heat stress.
According to the obtained results, blood glucose levels
in temperate and hot environmental conditions were
found to be lower than in cold environmental
conditions. Another finding was that CHO levels of
some genotypes decreased at noon. The marked
decrease in CHO levels may have a relation with the
increase in total body water or the decrease in acetate
concentration which is the primary precursor for the
synthesis of cholesterol. CHO findings of the present
experiment were lower than those reported previously
by Webster (1976), Joshi et al, (1977) and Silva et al,
(1993). These variations may appear according to sex,
genotype and metabolic rate.

4. CONCLUSION

The present study sheds some light on the
physiological responses of exotic and local genotypes
in different seasons under the Mediterranean climate
conditions of Turkey. High temperature and humidity
in subtropical regions may have some adverse effects
on the performance of the goats. Such effects appear
more in the exotic breeds. There were significant
differences between genotypes in the blood chemistry
and physiological responses owing to the seasonal
variation. To conclude, Hair goats were found to be
more resistant to high environmental temperature, as
expected, but the Saanen breed, which shows a better
performance than local breeds, can be recommended
to goat-keepers in the Mediterranean region.
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OZET: Organik madde igeriginin, toprakta ayrismasi sirasinda gaz haline gecebilen ve nematod, fungus ve yabanci-otlara
toksik etkilerde bulunan bilesiklere sahip canli materyale “biofumigant” ve yapilan bu isleme de “biofumigasyon” denir.
Hayvansal ve bitkisel orijinli birgok organik materyal, biofumigantlar olarak bitki paraziti nematodlarin miicadelesinde metil
bromide alternatif, gevreye dost bir miicadele yontemi olarak son yillarda dikkat ¢ekmektedir. Bitki paraziti nematodlar ile
miicadele biyofumigasyon uygulamalari biyofumigant materyalin gesidine gore baslica ii¢ grupta incelenebilir; Ortiicii
Bitkiler ve/veya tuzak bitkiler, tavuk Giibresi basta olacak sekilde organik giibreleme ve biyokati atik’lar. Bu ¢alismada da
bitki paraziti nematodlar ile miicadele uygulamalar1 kapsamindaki biyofumigasyon uygulamalari, nematodlar tizerindeki
etkinin olusum sekilleri, diinyadaki yapilmig caligmalar derlenerek toplu halde verilmistir.

Anahtar Soézciikler: Biyofumigasyon, nematod, Brassica, ortiicii bitkiler, tuzak bitkiler, tavuk giibresi

BIOFUMIGATION FOR CONTROL OF PLANT PARASITIC NEMATODES

ABSTRACT: Biofumigation is the action of volatile compounds released during the biodegradation of organic matter as
fumigants for the control of plant pathogens and “biofumigant” material has this type of action. Because, Biofumigation is
an alternative of methyl bromide and naturally friendlly method to control plant parasitic nematodes, it has been working
commonly especially last years. Depending on the source of biofumigant, biofumigation could be divided tree main groups:
cover /trap crops, organic amendments including chickhen litter and biosolids. Biofumigation samples to control plant

parasitic nematodes in the world and effect types of biofumigaton were reviewed in this study.
Key Words: Biofumigation, nematodes, Brassica, cover crop, trap crop, chickhen litter

1.GIRIS

Cok hiicreli hayvansal organizmalarin % 80’ini
olusturan Nemata subesi igindeki bitki paraziti
nematodlar, tarimsal dretimde % 10-20 yillik iriin
kaybina yol agan onemli zararlilardandir (Sasser ve
Freckman 1987; Bongers ve Ferris 1999; Siddiqi
2000; Gaugler ve Bilgrami 2004). Kiiltiir bitkilerinde
nematod zararim1 azaltmaya yonelik miicadele
yontemlerinin basinda dayaniklilik, rotasyon gibi
kiiltiirel 6nlemler ya da kimyasal ilaclar gelmektedir.
Bitki paraziti nematod tiirleri iizerinde etkili ve genis
alanlarda pratik olarak uygulanabilecek organik ya da
inorganik kimyasallarin azlhigi, pek c¢ok tiir igin
dayanikli g¢esitlerin olmamasi, dayamkliligin &rn.
sicaklik gibi bazi ¢evresel faktorlerden fazla
etkilenmesi gibi sebeplerden, miicadeleleri son derece
zordur. Bitki paraziti nematod tiirleri ili miicadele
amaciyla kullanilan nematisitler, genel olarak yiiksek
molekiillii toprak fumigantlar1 ve karbamatli ya da
organik fosforlu bilesiklerdir (Whitehead 1997;
Bakker 1993). Fumigasyon, havayla karistiginda gaz
hale gecen kimyasallar ile uygulanan bir miicadele
yontemidir. Fumigant etkili nematisitlerin genis
spekturumlu, yiiksek derecede toksik, karsiojenik
olmalar1 ve Ozellikle hem toprak hem de bitkilerde
kalint1 problemi olusturmalar1 baslica
dezavantajlaridir. Ornegin, nematod, yabanci-ot ve
toprakaltt patojenlerinin kontrolii i¢in yogun bir
sekilde kullanilan, en etkili fumigantlardan olan
methyl bromid, atmosferin ozon tabakasina zarar
vermesi sebebiyle yasaklanmistir (Abawi ve Widmer
2000). Boylece, fumigasyonun kimyasallar araciligi

ile degil dogal yollar ile uygulanmasi olarak
tanimlanabilecek biyofumigasyon ¢aligmalari, son
yillarda sadece nematod miicedelesi amaciyla degil,
yabanci ot ve toprak kokenli hastalik etmenleri ile
miicadele amaciyla da yaygin olarak arastirilmaktadir.

Biofumigasyon, Brassica tiirleri gibi bazi dogal
materyalin igerdigi biocidal siilfiirlerin ve baslicalar1
isothiocyanatlarin, yesil glibre ya da rotasyon bitkisi
olarak kullanilmasi ile topraktaki zararli ve hastalik
etmenleri ile yabanci otlarin kontrolii olarak
tanimlanmaktadir (Auger ve ark. 2008). Son yillarda
bu terim i¢ine Brassica’lara ilave olarak siilfiir amino
asitleri igeren Allium tiirleri de ilave edilmektedir
(Matthiessen ve Kirkegaard 2006). Patalano ve ark.
(2008) biofumigasyonu topragin verimliligini arttiran,
bitkileri daha saglikli tutan ve pestisit kullanimini
belirgin oranda azaltan son derece dogal bir teknik
olarak tanimlamaktadirlar. Diinyada pek c¢ok arastirici
ozellikle biofumigasyonun cesitli uygulama tiplerinin
bitki paraziti nematodlarin miicadelesindeki rolil
iizerinde c¢aligmalar yapmaktadir (Mojtahedi ve ark.
1991; Potter ve ark. 1998; Kirkegaard ve ark. 1994;
2000; , Mathiessen ve Kirkegaard 2006; DeMastro ve
ark. 2008a;b;c; Fan ve ark. 2008).

Bu c¢aligmada bitki paraziti nematodlar ile
miicadele amaciyla “biyofumigasyon” uygulamalari,
etki sekilleri, yapilan ¢alismalardan &rnekler ile
degerlendirilmis ve toplu halde verilmistir.



2. BIYOFUMIGASYONUN TANIMI VE BIiTKi
PARAZITI NEMATOD MUCADELESINDE
KULLANIMI

Organik madde igeriginin, toprakta ayrigsmasi
sirasinda gaz haline gecebilen ve nematod, fungus ve
yabanci-otlara toksik etkilerde bulunan bilesiklere
sahip canli materyale “biofumigant” ve bu isleme de
“biofumigasyon” denir. Hayvansal ve bitkisel orijinli
birgok organik materyal, biofumigantlar olarak bitki
paraziti nematodlarin miicadelesinde metil bromide
alternatif, ¢evreye dost bir miicadele yontemi olarak
son yillarda dikkat c¢ekmektedir (Halbrent, 1996;
PiedraBuena ve ark., 2006; Fan ve ark., 2008). Terim
olarak “Biofumigasyon™u ilk kez Kirkegaard, 1993
yilinda kullanmistir (Kirkegaard ve ark., 1993). ilk

kullaniginda  bitkilerin  allelopatik  etkilerinden
yararlanilarak, hastalik etmeni ve zararlilarin
baskilanmasi  seklinde aciklansa da ilerleyen

calismalarda yesil giibreleme, bu bitkilerin kullanildig:
rotasyon ve son olarak da biokati atiklar konunun
icine dahil edilmigtir (Matthiessen ve Kirkegaard,
2006; 2004). Biofumigasyon; topragin biyolojik
aktivitesini canlandirdig1 gibi, mikroorganizmalarin
gelisimine yardimeir olan toprak organik madde
igerigini de arttirarak mikrobiyal popiilasyonunun yani
antagonistik organizmalarin artmasint da
saglamaktadir. Ayni1 zamanda, organik madde ve
enerji kayiplarinin eksikliginde, toprak sistemine
organik madde ve Dbesin maddelerinin geri
doniigimiine katkida bulunmaktadir. Bu da bitkiyi
olumlu yonde etkilemektedir (Bello ve ark., 2008). Bu
etkilere ilave olarak, yesil giibre amaciyla kullanilan
biofumigasyonu, klasik organik giibrelemeden ayiran;
materyalin ¢oziinmesinin ilk asamasinda meydana
gelen biofumigant etki olup, bu olay stabilize organik
giibre ya da madde uygulamalarinda meydana gelmez
(PiedroBueno ve ark. 2006). Bu arada biofumigant
madde hem bir organik giibre islevi gorerek topragin
kalitesini arttirirken hem de toprak kokenli hastalik
etmeni, zararli ve yabanci otlar1 da baskilayarak, ayni
zamanda fumigant iglev de iistlenmektedir.

Bitki  paraziti nematodlarla miicadelede
biyofumigasyon uygulamalari, biyofumigant
materyalin  ¢esidine gore baglica ¢ grupta

incelenebilir; Ortiicii Bitkiler ve/veya tuzak bitkiler,
tavuk giibresi basta olacak sekilde organik giibreleme
ve biyokat1 atik’lar (Alvarez ve ark. 2008, Bello ve
ark. 2004; Anonim 2009a).

3. ORTUCU BITKILER (COVER CROPS) VE
TUZAK BIiTRKIiLER (TRAP CROPS)

Ortiicii bitki olarak tanimlanan baz1 bitkiler, topraktaki
nematod popiilasyonu Tizerinde toksik etkilerdeki
organik bilesikler iiretmektedir. Bu dogal bilesikler,
bitkilerin koklerinden topraga salinmaktadir ya da
yesil gilibre olarak, bitkiler ile birlikte topraga
karistirilmaktadir. Bu bitkilerin toprakta ayrigmasi
sonucu agiga ¢ikan aldehit ve izotiyosiyanat bilesikleri
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biosidal etkiye sahip olup bitki paraziti nematodlarin
gelismesini ve liremesini engellemektedir (Fan ve ark.

2008). Ortiicii bitkilerin nematodlar {izerindeki
etkileri, zayif konuk¢u olmalarindan ve/veya
nematoda zarar veren kimyasal {iretmelerinden

kaynaklanmaktadir (Halbrendt 1996; Jones ve ark.
2006). Ortiicii  bitkinin  yetistirildigi  periyotta,
topraktaki bitki paraziti nematod popiilasyonu diisecek
ve boylece ana iiriin topraga ekildiginde, nematottan
eskiye oranla daha az zarar gorecektir (Mc Sorley ve
ark. 1994; Jones ve ark. 2006). Ayrica ortiicii bitkiler

topraktaki organik madde miktarini arttirarak,
mikrobial aktiviteyi de arttirirdiklarindan, bitki
paraziti nematodlarin antagonistlerinin

popiilasyonlarinda da artigsa sebep olurlar (Kloepper ve
ark. 1991). Ozellikle ortiicii bitkilerin, topraktaki
nematod popiilasyonunu olumsuz etkilerine ek olarak,
bu iirtinler topraga organik madde kazandirarak, besin
maddelerinin geri doniisiimiine de katkida bulunurlar
(PiedraBuena ve ark. 2006). Bu da bitki gelisimini
olumlu yénde etkilemektedir. Ortiicii bitkilerin bu
sekilde yesil giibre olarak topraga karigtirtlmasi
iizerinde yapilmis ¢ok sayida calisma mevcuttur
(Roubtsova ve ark. 2007).

Nematodlara kars1 etkili olabilecek diger bir gurup
bitki ise, tuzak bitkiler olarak tanimlanmir. Tuzak
bitkiler genellikle nematodun yiiksek oranda girisine
uygun olan, ancak doku i¢ine giren nematodun {ireme
ya da gelismesine imkan vermeyen tiirlerdir
(Melakeberhan ve ark. 2008). Bu bitkiler, kdklerinden
giris yapan nematodlarin gelisme ve {iremelerini
onlemektedir hatta bazilarinda hi¢ yumurta olusumu
saglanamaz (Thorup-Kristensen ve ark. 2003). Ayrica,
bu bitkilerin bazilarinin kdkleri, nematodlar igin iyi bir
besin kaynagi olmayabilir. Bu nedenle nematod
popiilasyonu aglik yiiziinden de azalabilir (Hagan ve
ark., 1998, Anonim 2009b). Bazi ¢aligmalarda ise
tuzak bitkiler nematodu ana {irline nazaran daha fazla
cezb ederek, popiilasyonu kendisinde toplayarak, ana
iirlinii nematod zararindan koruyan bir amaca hizmet
ederler (Scholte 2000). Ancak son zamanlarda daha
fazla {izerinde durulan, nematodu cekerek, gelisimini
de azaltabilme yetenegindeki tuzak bitkilerdir
(Anonim, 2009c; Melakeberhan ve ark. 2008).
Omegin Raphanus sativus ve Sinapis alba, seker
pancar1 kist nematodunun kdoke girisine izin verir
ancak kok igindeki nematodun sexuel farklilasmasini
bozarak, az miktarda disi meydana gelmesine yol agar.
Boylece iireme ve yumurta sayisi diiseceginden,
zararlinin bir sonraki generasyondaki popiilasyonu
belirgin oranda azalir Sekil 1). (McLeod ve ark.,
20001; Matthiessen ve Kirkegaard, 2006). Brasica’lar
icinden Turp ve Rokanin tuzak bitki olarak kullanimi
iizerinde son  yillarda  oldukca  calisilmistir
(Melakeberhan ve ark., 2008;2006). Brassica’larin
disinda ise Tagetes spp., Crotalaria spp. kok ur
nematodlar1 i¢in en iyi tuzak bitkiler olarak bilinir
(McSorley, 1999; Haque ve ark., 2008). Bu etkilerin
meydana  getirilmesinde  Brassica’larin  igerdigi
GLC’lerin rol oynadig1 bilinmekte ise de ayrica pek
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cok calismada da (Potter ve ark. 1998; Mazzola ve
ark., 2001) GLC ile ilgisi olmayan baskilamadan da
bahsedilmektedir. Bitki biinyesinde GLC miktar1 ile
uyumlu olmayan bu baskilamanin kaynaginin ise,
topraktaki bitki zararlisi nematodlarin
antagonistlerinin uyarilmast oldugu diistintilmektedir
(Matthiessen ve Kirkegaard, 2006). Ayrica GLC’lerin
hidrolizi ile olusan ITC’lerden baska, yine son derece
zehirli bilesikler olan nitril, epinitril ve iyonik
thiosiyonatlar da bu baskilamada etkilidir (Morra,
2004; Palmieri, 2004; Matthiessen ve Kirkegaard,
2006).

HASSAS NOTR BITKI DAYANIKLI TUZAK
SEKER PANCARI MISIR BiTKI TURP

N
\\ ’L;-?\\\

Kok salgilar

yumurta agilimini uyarir  uyarmaz UYARIR
Larvalar koke girer -- koke girer
Nematod bitki i¢inde tirer  -- UREYEMEZ
Topraktaki nematod Topraktaki nematod
popiilasyonu ARTAR ETKiLENMEZ AZALIR

Sekil 1.Tuzak bitki turbun, H. schachtii’yi etki
mekanizmalar1 (Koch ve ark. 1999)

Ortiicii bitkiler ekim zamanlarina gore kislik ve yazlik
olarak 2 ana guruba yrilirlar:

3.1. Kishik Ortiicii Bitkiler

Bitki  paraziti nematodlarin  miicadelesinde
kullanilan kislik ortiicii bitkiler arasinda potansiyel
oneme sahip olanlar; Brassica spp., Eruca sativa L.,

Raphanus sativus L., Vicia sativa L., Lathyrus
hirsutus L.’tur (Hagan ve ark. 1998, Anonim 2009b).

3.1.1. Brassica spp.: Brassica tiirleri, Brassicaceae
(Cruciferae) familyasina ait, tek yillik otsu bitkilerdir.
Biinyelerinde myrosin (EC3)’in hidrolize olmasi ile
aciga c¢ikan “glukosinolat” (GLC) bilesiklerini
bulundururlar. Bu bilesikler gaz haline gecebilen ve
bitki paraziti nematodlara karst toksik olan
“izotiyosiyanat” bilesiklerini iiretirler (Fan ve ark.,
2008). Brassica tirleri, toprak igerisine bu bilesikleri
fazla miktarda yaymaktadir ve biofumigasyon i¢in en
iyi materyal olarak bilinmektedir. GLC’ler birgok
yenilebilir tlirii iceren 16 familyaya ait bitkide
mevcuttur ve bu bitkilerde izotiyosiyanat’larin en az
120 ¢esidi  tanimlanmustir (Fan ve ark,
2008).Ozellikle Brassicaceae familyasina ait bitkiler
iizerinde olduk¢a fazla c¢alisma mevcuttur. Bu
familyaya ait bitkilerin dokularinda fretilen
Glukosinolat bilesikleri nematisidal etkinin yaninda

insektisidal ve fungisidal etkilere de sahiptir (Brown
ve Morra, 1995;1997).

Biyofumigasyon amaciyla en yaygin uygulama,
dogal kaynak olan Brassica’larin, ortiicii bitkiler
seklinde yesil giibre olarak uygulanmalaridir. Bu
amacla Brassica’lar ya iiriinden 6nce ya da ana {iriin
ile birlikte ayn1 alana ekilirler. Baz1 ¢alismalarda ise,
yesil giibreleme baslig1 altinda Brassica’larin bagka
alanda yetistirilip, bitki kisimlarmim ana iriiniin
ekildigi topraga uygulanmasi (organic amendments)
ya da Brassica tohumlarinin degisik muamelelerden
gegirilerek hazirlanan ekstraktlarinin (seed meal) ana
driinlin ~ ekildigi topraga uygulanmasi seklinde
kullanilmaktadir. Bu farkli uygulamalar iginde yesil
giibre seklinde oOrtiicii bitki olarak ya da bitki
kisimlarinin topraga karistirilmas: ile gerceklestirilen
Biofumigasyon, toprak kalitesi iizerine de olumlu
etkilerinden dolay1 daha fazla tercih
edilmektedir(Matthiessen ve Kirkegaard, 2006; 2004;
PiedraBuena ve ark., 2006). Ornegin, Brassica yesil
giibrelemesi sonucu toprakta, bitkilerin
faydalanabilecegi azot miktarinda artiy meydana gelir
ve bdylece bitkinin gelisimi olumlu yonde etkilenir.
Ayrica  biofumigasyon, topragin  ve  suyun
korunmasina yol agarak, erozyona engel olur
(Matthiessen ve Kirkegaard, 2006; Marchetti ve ark.,
2008).

Brassica tiirleri, biofumigasyon iirtinleri olarak,
bitki paraziti nematodlarin miicadelesinde oldukg¢a
etkilidir. Brassica’lar iginde bitki paraziti nematod
popiilasyonlarini baskilayici 6zellikleri ile iizerinde en
yogun olarak calisilan tiirler, Brassica juncea (L.),
Brassica napus L., B. rapa’dir. Her tiirin sebep
oldugu etki, tiir ya da varyetelerinde mevcut olan
glukosinolat  bilesiklerinin konsantrasyonundan
kaynaklanirken, cesitler ya da varyeteler arasinda
degisiklik de gosterebilir. Brassica bitkilerinin farkl
tirleri, glukosinolat’larin farklt konsantrasyon ve
tiplerine sahiptir. Her bir brassica grubu igerisinde
toplam  glukosinolat  bilesiklerinde  farkliliklar
gozlemlenmistir. Orne@in, B. juncea bitkisinin
dokulari, genellikle B. napus bitkisinden daha toksik
etkidedir. Ayrica bu etkinin bitkinin vegatasyonu
icinde de farklilik gosterdigi bilinmektedir. Yapilan
calismalarda B. juncea ve B. napus’un kok ve siirgiin
dokularinin  ¢i¢ceklenme doneminde, olgunlagsmis
donemden daha etkili oldugu saptanmistir. Bu
bilesiklerin  tipleri ve  konsantrasyonlarindaki
farkliliklar, toprak alti zararhilarina karsi etkinlik
derecelerinde de farkliliklara sebep olmaktadir.
Ornegin,  aromatik  izotiyosiyanat’lar  alifatik
izotiyosiyanat’lardan daha c¢ok toksik etkiye sahiptir
(Fan ve ark., 2008). Brassica napus (Kanola)
dokularinda hakim olan GLC, 2-  phenylethyl
glukosinolat olup bu iiriin son derece yiiksek biotoksik
bir maddedir (McCully ve ark., 2008). Bitkilerin sahip
oldugu GLC konsantrasyonu iizerinde diger etkili
faktorler ise; toprak tekstiirli, nemi, sicaklifi,
mikrobiyal yogunlugu ve toprak pH’sidir (Ploeg,
2008). Brassica tiirleri; dikimden sonra en az 2-3 ay
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yetistirilip, yesil giibre olarak topraga karistirildiginda,
nematodlara karsi oldukca etkili olmaktadir. Birgok
Brassica ¢esidinin Meloidogyne incognita Kofoid and
White ve Meloidogyne javanica Treub’nin topraktaki
popiilasyonunu 6nemli dl¢lide azalttifi belirlenmistir
(Sipes ve Arakaki, 1997).

Yesil giibrelemenin disinda, Brassica’larin  bir
bagka kullanimi da yine biofumigasyon etkisi ve
topragin organik madde igerigini arttirma etkisine de
sahip olan genellikle tohumlardan hazirlanan unumsu
ekstraktlarin (seed meal) topraga
uygulanmasidir(Peidro Bueno ve ark., 2006). Brassica
bitkilerinin ~ tohumlarindan  hazirlanan ~ unumsu
maddeler  topraga  karistirildiginda  hazirlanan
maddenin dozuna bagl olarak ( 0, 2, 4 ve 8 mg/ cm’
toprak) M. hapla’da degisen oranlarda (LaMondia ve
Halbrent, 2008) ve B. napus tohumlarindan hazirlanan
unumsu maddeler toprakla karistirildiginda ise
Belonolaimus longicaudatus popiilasyonunda % 92-
99,5 6liim (Cox ve ark. 2006) meydana gelmistir. B.
napus ve B. juncea’nin ¢igekli bitkilerinden
hazirlanan ekstraktlar ile sulanan saksilardaki
Xiphinema index popiilasyonu kontrol parsel olan
Fenamiphos ile ilaglanan kadar yiiksek dldiiriicii etki (
% 65 ve % 80) gostermistir (Aballay ve ark., 2004).

Brassica tiirleri dokularinda glukosinolatlar olarak
bilinen thioglikosinolatlar1  igerirler. ~ GLC’lerin
hidrolize olmasi ile agiga c¢ikan myrosinase enzimi,
ox-azolidinethionlar, nitriller, thiocyanatlar ve degisik
formlardaki isothiocyonatlar (ITC) olarak pargalanir.
Bu hidroliz irtinleri ve oOzellikle ITC, insektisidal,
nematisidal, fungisidal, antibiotik ve bazen fitotoksik
Ozeliklerdeki genis etki spektrumlu bir biocidal
yapidadir (Kirkegaard ve Sarwar, 1998). Brassica
dokularinin firettigi GLC’lerin fungus (Mayton ve
ark., 1996, virus (Spak ve ark.,, 1993), bakteri
(Brabban ve Edwards, 1995) ve yabanci otlari
(Brown ve Morra, 1995) da iceren toprak kokenli
organizmalar1 baskiladig1 bilinmektedir. Bitki paraziti
nematodlardan da M. incognita, M. javanica (Johnson
ve ark., 1992), M. chitwoodi (Mojtahedi ve ark., 1993)
ve Heterodera schacthii (Thierfer ve Friedt, 1995),
Pratylenchus penetrans (McFadden ve ark., 1992)’mn
toprak  popiilasyonlarinda  azalmalar ~ meydana
getirdiklerini bildiren ¢ok sayida ¢alisma mevcuttur.
Boylece Brassica tiirleri ile yapilan yesil giibreleme ve
rotasyon ayrica bu bitkilerden hazirlanan degisik
ekstraktlarin topraga uygulanmasinin, topraktaki pek
¢ok zararli ve hastalig1r baskiladigi bilinmektedir (
Mojtahedi ve ark., 1991) ve bu baskilayict 6zelligi
saglayan en onemli icerikleri de yine ITC’leridir (
Brown ve Morra, 1997).

Ozellikle B. napus ve B. juncae (Hardal)m genis
alanlarda ekiminin yayginlagsmasi, bu bitkilerin
miicadele amaciyla yetistirilmesini de olas1 hale
getirmektedir  (Kirkegaard ve  ark., 1996).
Brassica’larin  biinyelerindeki  ITC’ler  topraga
karigtirilmalarindan  kisa siire sonra toprak iginde
dagilmaya baglarlar ve biocidal etkinin yaninda
topraga ilave su ve 1s1 da kazandirmis olurlar. Olusan

S. Mennan, T. Kati

bu iiriinlerin toprak i¢indeki yar1 omiirleri genellikle
topragin yiizeye yakin st kisimlarinda 1 giin iken,
daha derinlerde 8-9 giin kadardir. Bu tiriinlerin toprak
icindeki dagilimi topragin tipi, su igerigi ve 1s1
tarafindan etkilenir (Gimsing ve ark., 2008). Yapilan
calismalarda 13 farkli Brassica cinsi icinde GLC
miktariin en fazla oldugu vegetasyon periyodunun
ciceklenme periyodu oldugu, bitkini govdesinde
aliphatik GLC’lerin daha fazla iken kdoklerinde ise
aromatik GLC’ler ve 6zellikle 2-phenylethyl’in hakim
oldugunu belirlenmistir (Kirkegaard ve Sanwar,
1998). Doksanli yillarin basinda bile kanola ile
yapilan rotasyon programlarimin ardindan toprak
kokenli  organizmalarin  azalmasinin  sonucunda
bugdaygillerin erken hasada geldigi, tohumun
cimlenme giiciiniin ve elde edilen verimin arttig1
bilinmektedir (Kirkegaard ve ark., 1998). Potter ve
ark. (1998), Pratylenchus neglectus’un toprak
popiilasyonunun, kanola bitki dokular1 kullanilarak
yapilan yesil giibrelemenin ardindan belirgin oranda
azaldigini laboratuar denemeleriyle ortaya
koymuslardir. Bitkinin en etki kismi yapraklar olup,
yaprak uygulanan topraklardaki P. neglectus
popiilasyonunda % 56,2- 95,2; koklerin uygulandigi
topraklarda % 0-48,3 6liim meydana gelmistir.
Brassica  tiirlerinin  neredeyse = tamaminda
¢igeklenmenin yarisinin tamamlanabilmesi i¢in 102-
189 giine ihtiya¢ duyulmaktadir ki bu zaman
bitkilerin topraga karistirilmasi i¢in en ideal zamana
kars1 gelmektedir. B. napus aliphatik, aromatik ve
indolyl GLC igerirken; B. olearacea ve Eruca sativa
aliphatik ve indolyl GLC igermektedir. Brassica
tirlerinin ~ biofumigasyon potansiyelleri formiile
ederek asagidaki sekilde ifade edilmistir (Kirkegaard
ve Sarwar 1998):
Biofumigasyon potansiyeli: Total biomas X >; =1 ton
[HI; X Total o1 X 2 =1 to p (Al X TOXISITE )]
Total biomas= bitkinin tiim biomasi

HI; = Bitkinin i kismunin biomasi / total
biomas

Total g = Bitkinin 1 kismundaki GLC
konsantrasyonu

Al = Aktif indeks= Bitkinin i kismindaki

GLC konsantrasyonu/ Total GLC
TOXISITE; = GLC’lerin hidroliz iriinlerinin
hedef organizmaya olan zehirliligi

3.1.2. Eruca sativa: Brassicaceae familyasindaki,
Roka olarak bilinen tek yillik otsu bir bitkidir. Serada
sakst denemeleri seklinde yiiriitiilen ¢caligmada, Roka
iceren saksilarin % 80’inde M. hapla nin yumurta
meydana getirmedigi tespit edilmis olup, bu bitkinin
M. hapla igin son derece uygun bir tuzak bitki oldugu
vurgulanmistir (Melakeberhan ve ark. 2006).

3.1.3. Raphanus sativus: Brassicaceae familyasinda
ki turp olarak bilinen tek yillik otsu bir bitkidir.
Brassica’lar iginde o&zellikle M. hapla igin zayif
konuk¢u olmasi nedeniyle ayr1 bir 6neme sahiptir. Bu
bitki de diger Brassica tirleri gibi biinyelerinde
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nematisidal etkiye sahip izotiyosiyanat bilesiklerini
dretir. Toprak alti zararlilarinin miicadelesi igin
biofumigant materyaller olarak, oOrtiicii bitki ya da
tuzak bitki seklinde kullanilmaktadir. Yapilan
caligmalar, turbun kék ur nematodlart i¢in ¢ok iyi bir
tuzak bitki ayrica yesil gilibre olarak topraga
uygulanmast durumunda da biyofumigant &zellikte
oldugunu gostermistir (Melakeberhan ve ark. 2008).

3.1.4. Vicia sativa : Leguminosae familyasina ait, tek
yillik otsu bir bitkidir. Bu bitkinin bir¢ok ¢esidi kdk-ur
nematodlarina karsi yiliksek seviyede dayanikli olup
nematod miicadelesinde uygun bir Ortiicii bitkidir
(Hagan ve ark., 1998). Ogzellikle kok-ur
nematodlarinin ikinci donem larva ve yumurtalari
iizerinde toksik etkiye sahip bilesikler igermektedir
(Wang ve ark., 2004).

3.1.5. Lathyrus hirsutus: Leguminosae familyasina
ait tek yillik otsu bir bitkidir. Meloidogyne arenaria
Neal’nin gelismesini ve iiremesini belirgin oranda
azalttig1 belirlenmistir (Hagan ve ark., 1998).

Pek ¢ok caligmada kiglik ortiicii bitkilerin birden

fazlas1 toplu halde denenmistir. Bunlar iginde
iizerinde en fazla durulan Brassicat+Roka,
Brassica+Turp ya da Brassica+Roka+Turp
kombinasyonlarinin ~ denenmesidir. ~ Almanya’da

yapilan caligmalarda B. juncea, R. sativus, Sinapis
alba’nin kullanildig: tarla denemelerinde, topraktaki
M. hapla, Pratyenchus spp. Ditylenchus dipsaci ve
Heterodera schachtii poplilasyonu Onemli seviyede
azalirken, bu bitkilerden sonra ekilen ana iiriinde de
verimde artis oldugu bildirilmistir (Daub ve ark.
2008a). Kanada’da yapilan bir baska ¢aligmada ise,
2004 -2006 yillarinda ¢ilek firetilen alanlarda B.
napus ve B. juncea’min yetistirilip topraga
karistirilmasi sonucu topraktaki nematod popiilasyonu
azalmis ve ¢ilek bitkisinde % 54 oraninda verim artis1
saglanmistir (Belair ve Colombo 2008). Kislik ortiicii
bitkilerin Pratylenchus penetrans’a etkisini tarlada ve
serada arastiran Forge ve ark. (2000) bitkilerin
tamaminin topraktaki nematod popiilasyonu iizerinde
olumsuz etkileri oldugunu bildirmislerdir.
Brezilya’da, tarla kosullarinda 20 kg toprak igeren
saksilara Ricinus communis ve lahana bitkilerinin
yapraklar1 uygulanarak topraklar iyice karistirilip,
saksilarin tizeri 100 um kalinliginda plastik ortii ile
kaplanmig ve 50 giin sonra belli sayida yapay
bulastirllan M. xenoplax ile M. javanica
popiilasyonlarinda %  76-93  azalma oldugu
saptanmustir (Gomes ve ark. 2008). Italya’da kavun
iiretim alanlarinda 2005-2007 yillarinda yiiriitiilen
tarla denemelerinde E. sativa ve B. carinata
tohumlarindan hazirlanan unumsu maddeler topraga
uygulandiginda kavun bitkisinde gal indexinde
belirgin azalma (biofumigant uygulanan parsel
ortalamasi: 0,3 iken uygulanmayanda 4,2) ve topragin
organik madde ile azot miktarinda artis saptanmistir
(Curto ve ark. 2008). Almanya’nin organik lretim
yapilan alanlarinda yiiriitiilen tarla denemesinde B.

juncea, R. sativus ve Sinapis alba’nmn 2 kiiltivari
denemeye alinmistir. Tarlada bu bitkiler ¢igeklenme
periyoduna kadar yetistirilmis ve bu donemde toprak
stiriilerek, bitkinin topraga karigmast saglanmistir.
Topraktaki bitki paraziti tiirler i¢inden bifumigant
uygulamasindan en fazla etkilenen Pratylenchus spp.
olurken; M. hapla ve Tylenchorhynchus dubius daha
az seviye etkilenmistir (Daub ve ark. 2008a).
Italya’da yapilan sera denemesinde de B. juncea ve E.
sativa'nin  yesil giibre seklinde c¢icek seralar
topraklarina karistirilmast ile M. incognita’nin
topraktaki popiilasyonunda % 50-60 azalma oldugu
(De Mastro ve ark. 2008a); kavun ve karpuz
alanlarinda ise bu iki bitkinin Cadusaphos ile ayni
etkiyi gostererek kavun iiretiminde kontrole oranla 3
kat1 verim elde edildigi (De Mastro ve ark. 2008b)
bildirilmistir. Yine Italya’da seralarda E. sativa’nin
yesil glibre seklinde uygulanmas:t ile domates
veriminde artiy ve M. incognita popiilasyonunda
azalma oldugu saptanmistir (De Mastro ve ark.
2008c). B. juncea sel. ISCI 99 ve E. sativa cv Nemat
ile Sicilya’da yapilan denemelerde, bitkiler plastik
serada ciceklenmeye kadar yetistirilmis, daha sonra
bitkinin toprak istii kesilip topraga karigtirilmustir.
Ikinci bir seri denemede ise Brassica tiirlerinden elde
edilen yagl ekstraktlar sulama suyu ile verilmistir.
Her 2 denemede de domates bitkisinin hasat
zamaninda, topraktaki larva popiilasyonunda ve
domates bitkilerindeki gal 1skala degerlerinde azalma
belirlenmistir (Colombo ve ark. 2008). Pedroche ve
ark. (2008) dayanikli ve hassas marul ile yaptiklari
denemelerde, brokkoli, karnabahar, beyaz bas lahana,
B. juncea, R. sativus ve Tithonia diverifolia yaprak,
govde ve koklerini, 20 g/kg toprak dozunda
uyguladiklari serada yiiriitiilen denemeler sonucunda
marul  bitkilerinde verimin en fazla oldugu
uygulamanin brokkoli ve lahana uygulanan saksilarda
saptandigin1 ve karnabahar uygulanan saksilarda ise
serbest yasayan nematod sayisinin da en fazla
olmasiin bu sonucun ortaya cikiginda etkili oldugu
iizerinde durmuslardir. Isve¢’te 2006-2007 yillarinda
yiriitiilen tarla denemelerinde Sinapis alba, B. juncea
cv Brandt 119, R. sativus cv Colonel ve Eruca sativa
cv Nemat ekilip topraga karigtirilan alanlara daha
sonra patates bitkileri yetistirildiginde, Brassica’larin
tamaminin degisen oranlarda nematod
popiilasyonunda azalma ve patates veriminde artiga
sebep oldugu bildirilmistir (Manduric 2008). Curto ve
ark. (2005) Brassica’lardan B. juncea, E. sativa ve R.
sativus‘un da icinde oldugu 15 genotipin, M.
incognita i¢in konukculuk seviyelerini laboratuvarda
sakst denelerinde incelemis ve B. juncea’nin bazi
genotiplerinin konukgu, E. sativa ile R. sativus
genotiplerinin ise zayif konuk¢u ve konukcu
olmadiklarini belirtmistir. Arastiricilar  ayrica, E.
sativa’da yumurta meydana gelmedigini belirterek, bu
bitkinin nematodun biyolojisini son derece uzattigini
ve 1yi bir tuzak bitki olarak organik iiretim alanlar1
i¢in ideal bir uygulama olacagini vurgulamislardir.
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3.2. Yazlik Ortiicii Bitkiler

Bitki  paraziti nematodlarn  miicadelesinde
kullanilan yazlik ortiicii bitkilerin baslicalari; Tagetes
spp., Mucuna spp., Crotalaria spp., Ricinus communis

L. , Paspalum notatum Flugge ve Sesamum indicum
L. ’dur (Hagan ve ark., 1998, Anonim 2009b).

3.2.1. Tagetes spp. (Tagetes patula L., Tagetes erecta
L., Tagetes minuta L.): Asteraceae familyasina ait tek
yillik otsu bitkilerdir. Bitki paraziti nematodlarin
miicadelesinde kullanilan ortiicii bitkiler i¢inde en iyi
bilinenlerdendir. Biitiin Tagetes tiirleri bitki-paraziti
nematodlara karsi baskilayici etkiye sahip degildir.
Bazi tiirler Criconema, Trichodorus ve Rotylenchus
gibi nematodlara kars1 hassastir (Hagan ve ark. 1998;
Anonim 2009b). Tagetes tiirleri arasinda ozellikle
Tagetes  patula, bitki paraziti nematodlarin
miicadelesinde etkili bir Ortiicii {irtindiir. Kok-ur
nematodlari, lezyon nematodlar1 ve Tylenchorhynchus
spp.’nin  gelisimini ve iiremesini engelleyerek
popiilasyonlarini  azaltir (McSorley 1999). Bitki-
paraziti nematodlarin miicadelesinde etkili olan diger
Tagetes tiirleri, T. erecta ve T. minuta’dir. Bu tiirlerin
hepsi, kok-ur nematodlarinin {iremesini engelleyerek
popiilasyonunu diisiirmektedir (Wang ve ark. 2003).

3.2.2. Mucuna spp. (Mucuna deeringiana Bort,
Mucuna pruriens L.): Leguminosae familyasina ait
tek yillik otsu bitkilerdir. Bitki koklerinde bulanan ve
bitki paraziti nematodlara kars1 toksik olan bilesikler
nematod popiilasyonunu 6nemli 6l¢iide azaltmaktadir
(Vargas- Ayala ve Rodriguez-Kabana, 2001). Ayrica,
topragin fiziksel o&zelliklerini ve verimliligini de
arttirmaktadir. Bu tilirlerin  kullanildigi  rotasyon
uygulamalari bitki paraziti nematodlarin
popiilasyonlarini 6nemli 6l¢lide azaltmaktadir (Crow
ve ark., 2001). Yapilan g¢aligmalar, toprakta kok-ur
nematodlarinin  2.dénem larva popiilasyonunu ve
koklerdeki gal olusumunu azaltarak, bitkide olusan
zarar  seviyesini  lizerinde  etkili  oldugunu
gostermektedir (Vargas- Ayala ve Rodriguez-Kabana
2001).

3.2.3. Crotalaria spp. (Crotalaria  juncea L.,
Crotalaria spectabilis  Roth): Leguminosae
familyasina ait bitkiler olup toprak kalitesini arttirici
yesil giibre iriinlerinden biridirler. Crotalaria cinsi
yaklagtk 550 tiirli igermektedir. Bunlar arasinda
Crotalaria juncea, dnemli bir lif kaynagidir ve yesil
giibre irliniidiir (Anonim 2009d). Erken ¢i¢eklenme
doneminde pullukla siiriildiigtinde, topraktaki nitrojen
orani1 yiiksek seviyeye c¢ikartarak bitki paraziti
nematod popiilasyonunu olumsuz etkiler. Ayrica bu
bitki, yabanct  otlarinin  miicadelesinde  de
kullanilmaktadir (Wang ve ark. 2001). Toprakta
ayrismas1 esnasinda bu bitkilerin kok dokularindan
nematidisidal etkilerdeki Pyrrolizidine alkaloid’ler ve
monocrotaline bilesikleri yayilmaktadir (Wang ve ark.
2002). Onemli bitki paraziti nematodlardan kok-ur
nematodlart ve Rotylenchulus reniformis Linford and
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Oliveira’in  miicadelesi ortiicii
bitkilerdir (McSorley 1999).

3.2.4. Ricinus communis: Euphorbiaceae familyasina
ait tek yillik otsu bir bitkidir. Tohumlar1 insan ve
¢iftlik hayvanlarin1  dldiirebilecek  kadar  zehir
icerdiginden yesil giibre olarak topraga karistirilarak
uygulanmaktadir (Hagan ve ark.; Anonim 2009c).
Bitki paraziti nematodlar arasinda lezyon nematodlari
ve kok-ur nematodlarmin 2. donem larva
popiilasyonunu azaltmaktadir (Korayem ve ark. 1993).

icin  potansiyel

3.2.5. Paspalum notatum: Poaceac familyasina ait
¢ok yillik otsu bir bitkidir (Hagan ve ark., 1998;
Anonim 2009c). Bu bitkinin rotasyon seklinde
uygulanmasi kok-ur nematodlarinin miicadelesinde
etkili olmaktadir. Uzun dénem P. notatum rotasyonlari
ayn1 zamanda toprak patojenlerinin miicadelesinde de
yarar saglamaktadir. En az 4 yil yetistirildiginde,

hassas tarla ve sebze iriinlerindeki toprak-alti
hastaliklar1 ve nematodlarin miicadelesinde etkili
olmaktadir (Wang 20006).

3.2.6. Sesamum indicum: Pedaliaceae familyasinda
ki, susam olarak bilinen tek yillik otsu bir bitkidir
(Hagan ve ark. 1998; Anonim 2009c). Yazin yillik
olarak yetistirildiginde, P. notatum kadar etkili bir
ortiici bitkidir ve bitki paraziti nematodlar arasinda
ozellikle kok-ur nematodlarma kars1  etkilidir.
Yerfistig1, soya fasulyesi ve pamuk ile rotasyona
sokulabilir. Kok-ur nematodlartyla agir bir sekilde
bulasik olan tarlalarda bu {iriinii tek basina kullanmak
popiilasyonu baskilamak i¢in yeterli olmamaktadir.
Takip eden yilda, iirlinde meydana gelecek kayiplari
engellemek icin ayrica nematisit uygulamasi da
yapilmalidir (Walker ve ark. 1998).

3.3. Ortiicii Bitkilerin Topraga Uygulams1
Ortiicii  bitkiler ~ topraga  iki
uygulanmaktadir (Wang ve ark. 2003).
1. Ana iirlinden 6nce (intercycle)
2. Ana iirtin ile birlikte (intercropping)

sekilde

3.3.1. Ana Uriinden Once: Ortiicii bitkiler genellikle,
kiiltiir bitkisinin dikiminden en az 2 ay 6nce yetistirilir
ve heniiz yesil halde iken, siiriilerek topragin altina
karigtirilir. Bu sekilde topraga katildiklarinda yesil
giibre haline gelmektedirler (Abawi ve Widmer
2000).Buradaki en 6nemli husus; uygulanacak organik
materyalin taze olmasi ve ayrigma esnasinda iiretilen
gazlarin  korunmasidir. Bu  nedenle topraga
karigtirilacak olan bitkinin donemi 6nemli olup,
ciceklenme en etkili donemdir. Ortiicii bitkilerin
topraga bu sekilde uygulanmasi, topragin verimliligi,
fiziksel ve kimyasal ozelliklerini de gelistirmektedir
(PiedraBuena ve ark. 2006).

3.3.2. Ana Uriin ile Birlikte: Aym arazi igerisine
kiltiir bitkisi ile ortiicii bitki beraber ekilmektedir.
Kiiltiir bitkisinin yetisme sezonu boyunca ortiicii de
bitki arazide kalir ve nematodlara toksik bilesikler, bu
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bitkilerin koklerinden topraga salinir. Boylece, ortiicii
bitkilerin periyodu da uzatilmis olacaktir (Wang ve
ark. 2003).

4. HAYVANSAL GUBRELER

Nematodlarin miicadelesinde olumlu sonuglara
sebep olan bir diger biyofumigant materyal de
hayvansal giibreler ve oOzellikle tavuk giibresidir
(Riegel ve Noe 2000). Bu giibre, azot, fosfor ve
potasyum, kalsiyum, magnezyum ve mikro besin
elementlerinin yliksek miktarda igerdigi i¢in degerli
bir kaynaktir. Ayrica azot igerigi yoniinden diger
ciftlik giibrelerine oranla daha 6nemlidir (Riegel ve
Noe 2000; Oduor-Owino ve Waudo 1996).

Tavuk giibresi  kullanimmin  bitki  paraziti
nematodlar lizerinde 2 farkli etkisi vardir (Riegel ve
Noe 2000); Birinci etki, tavuk giibresinin toprakta
ayrigmasi sonucu olusan toksik bilesikler tarafindan
olusturulurken ikinci etki, topraktaki mikrobiyal
aktivitenin artmasindan kaynaklanir. Tavuk giibresi
yiiksek miktarda organik ve inorganik azot
icermektedir. Bu nitrojenin biiylk bir ¢ogunlugu,
uygun sicaklik, nem ve pH kosullarinda amonyum
nitrata  doniisebilmektedir. Uretilen bu amonyak
nematodlarin hiicre membranlarina nifuz ederek,
6limlerine sebep olmaktadir (Riegel ve ark. 1996).

Tavuk gilibresi uygulanan alanlarda kok ur
nematodlarinin zarar oranlar1 ve bitki koklerindeki gal
olusumlar1 sinirlanmis bdylece bitki biiylimesi tesvik
edilmistir (Kaplan ve Noe 1993). Tavuk giibresindeki
organik ve mineral bilesenler, nematod
antagonistlerinin ve nematodlara karsi  toksik
maddeleri iretebilme yetenegine sahip mikrobiyal
tiirlerin ¢ogalmasina neden olarak,
mikroorganizmalarin gelisimini uyarirlar. Boylece
bitki paraziti nematodlarin paraziti olan fungus ve
bakterilerin  popiilasyonlar1  artarak, nematodlar
iizerindeki etkileri de fazlalasir (D ’Addabbo ve ark.
2003).

Tavuk giibresi yiiksek miktarda azot igerdiginden,
topraga dogrudan uygulanmas: bitkilerde yanmalara
neden olabilmektedir. Bu nedenle bitkilerde
olusabilecek fitotoksiteyi azaltmak i¢in, sap, saman,
yosun, bitki yapraklari, yabanci otlar gibi materyaller
ile kanstirilip, kompost haline getirildikten sonra
topraga uygulanmaktadir. (Soyergin 2003; Anonim
2009¢). Giibre igerisine ozellikle ¢am yapraklarinin
katilmasi, karbon kaynagi olarak toprak verimliligine
de katkida bulunmaktadir ve giibre i¢cindeki amonyak
ve nitratlarin birikimi ile ortaya ¢ikan fitotoksiteyi
azaltmaktadir (Riegel ve ark. 996). Bitki-paraziti
nematodlarin kontroliinde, bitkiler i¢in nitrojenin
kullanilabilirligi ve fitotoksik etkiler acisindan, tavuk
giibresinin uygulama zamanmi da Onemlidir. Tavuk
giibresi topraga yiiksek oranlarda uygulandigi zaman,
bitki dikimi ile arasinda 1 haftadan daha uzun bir
zaman geg¢mesi gereklidir. Yapilan calismalar, en
uygun uygulama zamaninin bitki dikiminden 2 hafta
once oldugunu gostermektedir (Riegel ve Noe 2000).

5. CEVRESEL BIOKATIATIKLAR

Cevresel atiklarin ve basta atik sularin aritim
isleminden sonraki ¢6ziinmeyen kalinti kismi olan
ham c¢amurlarin, islenip yararli hale gelmesine
biyokat1 atik veya islenmis aritma ¢camuru (Biosolid)
ad1 verilir. Giderek yayginlagan atik su aritma
tesislerinden ¢ikan ve organik kokenli bir giibre olarak
kullanilabilecek biyokati atiklarin, elden g¢ikarilmasi
gereken bir atik degil, aksine topragi islah eden,
iiretimi arttiran ve erozyonu da onleyebilen bir kaynak
oldugu, son yillarda yapilan caligmalar ile ortaya
konmustur (Akyarli ve Sahin 2005).

5.1. Biyokati1 Atik’larin Faydalari

1. Biokat1 atiklar biinyelerinde direngli organik
bilesikleri ve bitki gelisimi i¢in gerekli makro ve
mikro besin elementlerini bulundururular.

2. Azot ve fosfor igerikleri ile topragin organik
madde miktarmni attirirlar.

3. Topragin su kapasitesini arttirirlar.

4. Toprak erozyonunu azaltici etkileri vardir.

5.Topragin katyon degisim kapasitesini arttirirlar
(Anonim 2009f).

Biokati atiklar iginde Biopreparat olarak
Kanada’da {iretilmis ve USA basta olmak iizere
Avustralya, Yeni Zelanda, Singapur, Belcika gibi
birgok iilkede kullanilan tirlinler (N-Viro) de mevcutur
((Anonim 2009f). Cevresel kat1 atiklarin, ¢imento tozu
ile harmanlanmasi sonucu A smifi bir biyokati1 atik
olarak gelistirilen patentli bir {irlindiir. Cimento tozu
icerdigi kalsiyum ve ¢amur igindeki su ile tepkimeye
girerek karisimmn ve topragin pH degerini ve
sicakligii yiikseltmektedir (Zasada ve ark. 2006).
Bitki paraziti nematodlar {izerinde baskilayic1 bir
etkiye sahip oldugu yapilan caligmalar ile
belirlenmistir (Zasada ve Tenuta 2004).Bu yontemde
kat1 atikta bulunan patojenleri azaltmak, istenmeyen
kokular1 gidermek ve organik bozunmayi Onlemek
amaciyla sonmiis kira¢ kullanilarak stabilizasyon
yapilir. Boylece ortamin pH degeri 12 ve {istiine ¢ikar
ve nematodlar ile diger mikroorganizmalar i¢in uygun
olmayan bir ortam olusur (Akyarli ve Sahin 2005;
Zasada 2005). Ayrica, biyokat1 atiklarin igerdigi
bir¢ok organik madde azotlu bilesikleri iirettigi icin
nematodlarin iremesini ve enfeksiyonunu
onlemektedir (Melakeberhan ve ark. 2006).

5.2. Biyokat1 Atik’lar ile Tlgili Ornek Calismalar
Meyer ve ark. (2005), M. incognita’nin kavun
bitkisi {izerindeki yumurta popiilasyonuna, biyokati
atik uygulamasinin etkisini arastirdiklari calismada,
bitki koklerindeki yumurta sayist ve topraktaki 2.
donem larva popiilasyonunda 6nemli oranda azalma
oldugunu kaydetmislerdir. Biyokat1 atik uygulamasi
sonucu, topragin pH degerinin 10’un stiine ¢ikarak
Heterodera glycines Ichinohe 2. donem larva
populasyonunu % 90’ lizerinde azalttii Zasada
(2005) tarafindan bildirilmigtir. Oka ve ark.(2006),
biyokatt atik uygulamasi sonucu M. javanica’nin
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domates ve biber koklerinde olusturdugu kok-gal
indeksinde ve topraktaki 2. donem larva sayisinda
onemli oranda azalma  meydana  geldigini
belirlemislerdir. Topraktaki M. incognita 2. donem
larva popiilasyonunda % 75, yumurta sayisinda ise %
90 oraninda azalma meydana getiren doz, 1 hektara 75
ve 100 tondur (Zasada ve ark. 2006). Yine ayni
sekilde M. hapla larva popiilasyonunda biokatiatik
uygulamasi sonucu % 49-73 oranda azalma meydana
geldigi bildirilmistir (Mennan ve ark. 2007).

6. BIYOFUMIGASYONUN BIiTKi PARAZITI
NEMATODLAR UZERINDEKI ETKi
MEKANIZMALARI

Biyofumigasyon ile bitki paraziti nematodlarin
popiilasyonlarin1 azaltmasi ve ana iriin iizerinde
meydana gelen iiriin artis1 ile ilgili belli bagh 2
mekanizma kabul edilmektedir: (Wang ve ark., 2002).

1. Biyofumigant materyal tarafindan iretilen,
nematoda toksik bilesikler

2. Antagonistik flora ve fauna i¢in uygun yasama
ortaminin saglanmast

6.1. Biyofumigant Materyal Tarafindan Uretilen
Nematoda Toksik Bilesikler:

Bazi bitkiler ve 6zellikle Brassica’lar, nematisidal
etkiye sahip organik bilesikler iiretmektedirler. Bu
bilesikler arasinda oOzellikle nematodlara yiiksek
derecede toksik olan ve gaz haline gegebilen
“izotiyosiyanat” bilesikleri bulunmaktadir. Ayrica,
bazi bitkiler bitki paraziti nematodlar {izerinde ayni
sekilde toksik etkiye sahip olan, pyrrolizidine
alkaloid’ler ve monocrotaline bilesiklerini
iretmektedirler. Nematodlar bu bilesiklere maruz
kaldiklarinda viicutlarinda ani bir titreme baslar ve
boylece enfeksiyon olusturma yetenekleri azalir.
Ortiicii bitkiler tarafindan olusturulan etki, bitkilerde
bulunan ve biyolojik olarak aktif olan bilesiklerin,
kimyasal reaksiyonu sonucu ortaya ¢ikmaktadir. Bu
bitkilerin hiicre duvarlarinda “glukosinolat” bilesikleri
bulunmaktadir. Bu bilesikler siilfiir icermektedir ve
toksik etkiye sahip degildir, fakat bitkilerin hiicre
duvart veya sitoplazmasinda bulunan “myrosin”
enzimi ile tepkimeye girdiklerinde toksik bilesikler
haline gelmektedirler (Rask ve ark. 2000).
Glukosinolat bilesiklerinin bu sekilde enzimatik
hidrolizi sonucu, ucucu ozellikte olan
“izotiyosiyanat”, “nitril” ve “tiyosiyanat” bilesikleri
iiretilmektedir (Ploeg 2008). Ayrica bu doniisiim
sirasinda topragin 1s1s1 ve pH’s1 da bitkinin gelisimini
genellikle destekleyecek sekilde degisir (Gamliel ve
ark. 2000). Olusan bilesikler ise, biosidal 6zelliktedir
ve bitki paraziti nematodlar iizerinde olduk¢a zararl
etkiye sahiptir. Ayrica “izotiyosiyanat” bilesikleri bazi
sentetik nematisitlerin aktif maddeleri arasinda yer
almaktadir (methyl izotiyosiyanat gibi) (Ploeg 2008).
GLC’ler amino asitlerden tiiremislerdir ve bitkideki
tim dokularda hiicrelerin vakuoliinde depolanirlar.
Yiiziin lizerinde (120) degisik GLC tanimlanmis olup,
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aliphatic, indol, aralkyl kimyasal yapilarindadirlar.
Genellikle bitkinin kendini savunmasi ile alakalidirlar.
Bitkinin dokusu parcalandiginda bu molekiiller
thioglucosidase’e parcalanarak, izotiyosiyanat, nitril
ve thiocyanatlar iiretirler. Izotiyosiyanatlar, protein
yapisini bozarak hiicre icerigini ¢okeltirler. Farkli
ITC’lar, hiicrede degisik sekillerde etkiler de
gosterebilir ama ortak 6zellikleri biocidal olmalaridir
(Fenwick ve ark. 1994; Zasada ve Ferris 2004).

Bitki tiirlerindeki glukosinolat bilesiklerinin tipleri,
yiiksek derecede degiskenlik gostermektedir. Ornegin;
Raphanus sativus’daki baglica glukosinolat bilesik 4-
methylsulphinyl-3-butenyl glucosinolate, Brassica
juncea’da propenyl glucosinolate iken, Brasssica
oleracea’da  propenyl ve  2-hydroxy-3-butenyl
glucosinolate, Brassica napus’da ise 2-hydroxy-3-
butenyl, 3-butenyl, 4-pentenyl ve 2-hydroxy-4-
pentenyl glucosinolate adin1 almaktadir (Brown ve
Morra 2005).

Ortiicii bitkilerin diisiik C/N oran1 ayn1 zamanda,
nematodlara kas1 allelopatik etkide bulunmalarina
neden olmaktadir. Bu bitkilerin nematisidal etkisi,
nitrojen igerikleri ile de ilgili olmaktadir. Bu
materyaller, yliksek amonyak igerikleri ya da g¢ok
diisiik C/N orani ile, nematodlarim plazmoliz’ine yada
NH4+tN yaydigindan dolayr nematofag funguslarin
hizla ¢ogalmasina neden olmaktadirlar (Wang ve ark.
2002).

Mitsuhori ve ark. (2008), B. juncea ile yapilan
denemeler sonucunda, topraktaki ITC
konsantrasyonunun biyofumigant bitkilerin topraga
karigtirtlmasindan 2 saat sonra bile belirlenebilecek
seviyeye ulagabildigini, topraga uygulanan bitkinin 80
FW ton /ha olmast durumunda, nematod
popiilasyonunda % 80 oraninda azalma meydana
geldigini, 25°C lik kogullarda nematod popiilasyonlari
iizerindeki baskilayici etkinin 14 giin sonra maximum
seviyeye ulastigini, baskilayicr etkinin yiiksek toprak
nemine sahip olan alanlarda daha fazla oldugunu
belirlemislerdir.

ITC’lerin M. incognita davraniglarinina olan
etkilerini arastiran Zasada ve ark. (2008), nematodun
en fazla  hareket davramginin  etkilendigini
bildirmislerdir. Lazzeri ve ark., (2004) 11 farkli
GLC’nin M.incognita’nin  hareket ve canliligina
etkilerini laboratuarda aragtirmiglar ve bunlar i¢inden
Gluconasturtiin  (LDs, 0,013 mM, 24 h sonra),
Glucotropaelin (LDsy 0,015 mM, 24 h sonra) ve
Glucoerusin (LDsy 0,021 mM, 24 h sonra)in en etkili
bulundugunu saptamislardir. Gower (2008) B. napus
ve B. rapa biinyesinde de bulunan ITC’lerden 2-
phenyetyl (2PE)’nin en etkili biofumigasyon maddesi
oldugunu  belirtmistir. ITC’ler ayrica, ticari
pestisitlerin i¢ine de konulmaktadir (Ware 2000). B.
napus ve B. juncea uygulamalari ile topraktaki ITC
miktarint HPLC analizleri ile aragtiran Mora ve
Kirkegaard (2002), bitki materyelinin dondurulmus
olarak topraga karistirildiginda olugan ITC miktarinin,
taze bitki karigtirilmasina oranla daha fazla oldugunu
(% 14-26) saptamistir. Bunun nedeninin ise
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dondurmanin, hiicre membranini daha fazla bozmasi
olarak agiklamiglardir. Ayrica, toprak kokenli hastalik
etmeni, zararli ve yabanci otlarin kontrolii amaciyla
secilecek bitkilerdeki GLC miktarinin basari tizerinde
etkili oldugu da belirtilmistir (Lazzeri ve ark. 2004).

6.2. Antagonistik Flora Ve Fauna I¢in Uygun
Yasama Ortaminin Saglanmasi:

Bu bitkilerin topraga uygulanmasi, bitki paraziti
nematodlar ile beslenen funguslarin aktivitelerine ve
popiilasyon artiglarina yardimct olan bir ortam
saglanmaktadir. Bu durum birbirini takip eden
ekolojik olaylar seklindedir. Topraga bu bitkilerin
verilmesinden sonra hizlica ¢ogalan bakteriler,
saprofit nematodlar i¢in ve bu nematodlar ise
nematofag funguslar i¢in iyi bir besin kaynagidir
(Van den Boogert ve ark. 1994; Wang ve ark. 2002).
Ornegin; C. juncea’mn topraga ilave edilmesi ile,
Hirsutella  rhossiliensis  (nematod  parazitleyici
endoparazitik fungus) tarafindan parazitlenen bitki
paraziti nematod ve bakteriler ile beslenen birgcok
nematoddan biri olan Acrobeloides bodenhimeri
popiilasyonu da artmistir (Venette ve ark. 1997). Yine
bir baska ¢alismada Roubtsova ve ark. (2007),
Brokkoli bitki kisimlarini topraga uygulayip, M.
incognita ile bulagtirmiglar ve yesil giibreleme
sonucunda, kok wur nematodu popiilasyonunda
kontrole kiyasla 9% 57- 80 ve biberde olusan gal
indexinde azalma meydana gelirken, topraktaki
saprofit nematodlarda ise bunun tam tersine artig
meydana gelmesinin, yararli fauna {izerine olumlu

etkileri  seklinde degerlendirilmesi  gerektigini
belirtmiglerdir. Biyofumigasyonun dogal dengeye
zararlt  etkilerinin  olmamasinin  en  Onemli

avantajlarindan biri oldugunu vurgulamiglardir.
7. BIYOFUMIGASYONU ETKILEYEN
FAKTORLER

Biofumigant bitkilerin topraktaki bitki paraziti
nematodlar iizerinde baskilayici ve ana {iriinde gelisim
ve verim arttiric1 etkilerinin ancak, bu bitkilerin
yiiksek miktarlarinin topraga uygulanmasi sonucu
meydana gelecegi bilinmektedir (Mc Sorley ve
Gallager 1995). Kirkegaard ve Matthiesses (1999),
biyofumigasyonun genis alanlara yayginlastirilmasi ile
ilgili 2 engel oldugunu bildirmistir. Bunlardan ilki,
degisik bitki ¢esitleri ile yapilan ¢aligmalarda GLC’ler
ile ilgili tam tanimlama yapilmamasi ve ikincisi ise,
GLC’lere bagli olmadan meydana gelen baskilamadir.
Bunlarin  ortadan  kaldirilmasi  igin  arastirici,
kullanilacak bitkilerin iyi bir sistematik analizinin
yapilmast ve denemelerin mutlaka ayni bitkilerin
kullanilacag: tarla denemeleri seklinde siirdiiriilmesi
gerektigini belirtmistir. Boylece biyofumigant igerigi
fazla bulunan 1slah hatlar1 yetistiricilik i¢in {ireticiler
tarafindan tercih edilir hale gelebilecektir (Gies 2004;
Patalano 2004; Mathiessen ve Kirkegaard 20006;
Kirkegaard ve ark. 2008).

Ozellikle biodegragasyon kapasitesinin

artmasinda, dolayisiyla fumigant bilesigin toprakta
uygun bir sekilde dagilip, hedef organizmalar iizerinde
etkili olmasinda topragin Kalsiyum seviyesinin de
etkili oldugu yapilan oOnceki ¢alismalarda ortaya
konmustur (El-Tarabily ve ark., 1996; Mathiessen ve
Kirkegaard, 2006). Bu nedenle topragin Kalsiyum
seviyesi mutlaka belirlenmelidir.

Iginde turp ve rokanin da bulundugu pek ¢ok bitki
ve Ozellikle Brassica gurubu bitkiler, ortiicii bitki,
tuzak bitki, topragin organik icerigini arttirici yesil
giibre ve tiiketim amaglart olmak iizere ¢ok yonli
kullannm  &zelligindedirler ~ (Halbrendt, 1996;
Melakeberhan ve ark., 2008). Bundan dolayi, bu
bitkilerin kiigiik ve yiiksek isletmelerde yetistirilmesi
tiim diinyada artis gostermektedir. Ornegin tuzak
bitkiler, nematodun bitkiye girisine imkan verirler
ancak bitki icine giris yapsa da nematod ya gelisimini
tamamlayamaz ve/veya lreyemez (Curto ve ark.,
2005; Melakeberhan ve ark., 2006). Yesil giibre
uygulamalarinda ise, yine genellikle 2 amaca hizmet
ederler: birincisi Brassica’larin tirettikleri
glukosinolatlarin  (GLC) pargalanmast ile olusan
isothyiosiyanatlar (ITS) ve hatta metham sodium
benzeri topraktaki yabanci ot, hastalik etmeni ve
zararlilar1 olumsuz etkileyen biyofumigant aktivite
(Halbrendt, 1996; McSorley, 1998; McSorley ve ark.,
1999; Hafez ve Sundararaj, 2001; Lauzier, 2002;
Nyczepir ve Rodriguez-Kabana, 2002; Tsao ve ark.,
2002; Wang ve ark.,, 2002; Riga ve ark., 2003;
Ngouajio ve Mutch, 2004; Riga ve Collins, 2005)
digeri ise ugucu olmayan bitki parcalarinin topraktaki
ayrisimi sirasinda topragin organik madde miktarini
arttirarak toprak kalitesi iizerine yaptiklar1 olumlu
etkilerdir (Ngouajio ve Mutch, 2004). Bu ¢ok amacgh
kullanimin net olarak anlasilmasi i¢in Oncelikle etki
seklinin ortaya konulmasi gereklidir. Biyofumigant
etkinin basarilt olabilmesi i¢in bol miktarda bitki
kisminin  toprakla iyice karistirilmasi  sarttir
(Melakeberhan ve ark., 2008). Bu durumda, topraga
karigtirilacak bitkinin koklerinde yumurta kiimelerinin
bulunmasi, kendi elimizle nematodu topraga
bulagtirmak anlammna da gelecektir. Bu nedenle
biyofumigant olacak bitkilerde aranan o&zellik;
nematodun {iremesine imkan vermemesi olup,
konukguluk seviyesinin ortaya konmasi birinci hedef
olmalidir (Melakerberhan ve ark., 2008).

8. SONUC

Son yillarda, bitki-paraziti nematodlara karsi
kimyasallarin kullanimi, insan ve ¢evre saglifina
zararli etkilerinden dolay1r azalmaktadir. Nematisitler
yiksek derecede toksiktirler ve insan ve ¢evre sagligi
icin 6nemli risk olusturmaktadirlar(Abawi ve Widmer,
2000). Mevcut bilesiklerin  yasaklanmast  ve
kullanimlarindaki zorluklara ilave olarak, nematod
oldiiriicii yeni kimyasallarin gelistirilmesi ise son
derece zordur. Ciinkii bitki paraziti nematodlarin
tamamu toprakta ya da kok dokularinin i¢inde yasarlar.
Bu nedenle toprak ya da bitki i¢inde sadece zararli
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nematodu hedef alacak basarili sonuglara ulagilmasi
zordur. Bitki paraziti nematodlar, tarim yapilan tiim
topraklarda ve tiim iklimlerde mevcuttur (Norton,
1978; Wallace, 1978). Gelistirilebilecek kimyasallarin
etkinligini, bu farkli toprak ve iklim kosullar1 da
sinirlamaktadir. Ayrica nematodlarin kiitikulasi pek
cok organik molekiil i¢in impermeabil bir 6zelliktedir
(Anonymous, 2000; Thomas, 1996). Pestisit iiretip
satan firmalar ise genellikle piyasada en fazla
kullanilan ~ herbisit ~ ve  insektisitler  {izerine
yogunlastiklarindan, yogun kullanilma
potansiyellerine sahip olmayan yeni nematisitlerin
gelistirilmesine ¢ok fazla para ve zaman ayirmaktan

yana degildirler. Bu yilizden, diinya {iizerinde
nematodlar ile ¢alisanlarin ortak fikri, yakin gelecekte
yeni nematisit etkili  kimyasallarin  piyasaya
girmeyecegi tizerinde birlesmektedir (Chitwood,
2002).

Biofumigasyon terim olarak, son yillarda
kullanilmaya baglanmis olup ve Brassica’larin

rotasyonu ya da yesil giibre seklinde kullanilmast ile
toprak kokenli hastalik etmeni ya da zararhlarin
baskilanmasi olarak ifade edilmektedir (Angus ve ark.,
1994; Kirkegaard ve ark., 1994; Kirkegaard ve
Sanwar, 1998). Biofumigasyonun 6zellikle bahge
tariminda kullanimu tizerindeki ¢aligsmalar, son yillarda
metil bromidin kullanimmin yasaklanmasi ile hiz
kazanmustir. Ozellikle R. sativus ve Eruca sativum’un
kullanim1 ile nematodlarin kimyasal kullanmadan
siirdiiriilebilir tarim uygulamalarinin da benimsedigi
sekilde azaltilmasi s6z konusudur . Ornegin bazi
Brassica tiirleri tuzak Dbitki/ ve/veya topraga
uygulandiginda biyofumigant etkili (6rtiicii bitki)
olabilirler. Tuzak bitkiler, nematodun hayat
dongiisiinii tamamlayamadig1 bitkiler olup, ¢ikmaz
sokak (dead end) seklinde de diisiiniilebilirler. Ancak
yapilan denemelerde de bazi Brassica tiirlerinin pek
¢ok degisik bitki paraziti nematod icin degisen
seviyelerde konuk¢u oldugu ortaya konmustur. Bu
nedenle 1 bitkinin ¢ok amach (tuzak ya da ortiicli
bitki) olarak kullanilmasinin ortaya konmasi igin
oncelikle konuk¢uluk durumunun belirlenmesi sarttir.
Brassica’lar’in bu agidan ¢ok amagli kullanimi istenen
ozellik oldugundan, oncelikle nematodun hayat
dongiisiiniin  bu bitkilerde devam edip etmedigi,
6zellikle yumurta veriminin meydana gelip gelmedigi
belirlenmelidir. Ornegin tuzak bitkilerin topraga
karistirma seklinde uygulanarak ortiicii bitki seklinde
de kullanimu ile daha da etkili bir sonug elde edilebilir
(Melakeberhan ve ark., 2008a; 2008b).
Biofumigasyon calismalarinda kullanilan bir diger
yontem olan hayvansal giibre kullanimi, toprak
verimliligini arttirmasi ve bitki paraziti nematodlarin
miicadelesinde etkili olmasi yoniinden son yillarda
kullanilan etkili bir yontemdir. Bu hayvan diskilari
uygun bir sekilde kullanildigt zaman, mineral
giibrelerin yerine gegebilmektedir. Organik maddeler
olarak  kullamildigi zaman, iriin  verimliligini
yiikseltmekle kalmaz, ayn1 zamanda topragin
mikrobiyal yogunlugunu da arttirmaktadir. Igerisinde

S. Mennan, T. Kati

bulunan toksik bilesiklerin etkisi ile topraktaki bitki
paraziti nematod yogunlugunu azaltmakta ve iiriin
artisin1  saglamaktadir (Riegel ve Noe, 2000).Bitki
paraziti nematodlarin miicadelesinde biofumigasyon
olarak kullanilabilen bir diger yontemde biyokat: atik
kullanimidir. Kati atiklara yalnizca kurtulunmasi
gereken bir sorun olarak bakilmasi cagdas ¢evresel
anlayiglara uygun olmayan bir yaklasimdir. Bunu
yerine, yiiksek organik madde igeriklerine sahip olan
bu maddeyi, “geri degerlendirilebilir kat1 katik™ olarak
algilamak gerekir. Bugiin birgok iilkede biyokati
atiklarin siirdiiriilebilir ve faydali bir sekilde arazide
kullanimina olanak veren uygulamalar yapilmaktadir.
Bu yontem artik basta USA olmak iizere birgok iilkede
nematodlarin miicadelesinde kullanilmaktadir ((Fan ve
ark., 2008; Zasada ve ark., 2006).

Diinyanin  degisik yerlerinde biyofumigasyon
sonucunda, bitki paraziti nematod popiilasyonlarinda
azalma ve ana iriinde verimde artis, gibi basarili
sonuclara ulagilan ¢ok sayida calisma mevcuttur.
Omegin, Amerika’da 1980li yillarin basindan beri
ozellikle R. sativus ve Sinapis alba, seker pancari
iiretim alanlarinda geker pancar kist nematoduna karsi
tuzak bitki olarak kullanilmaktadir. Yine ayni iilkede
1992 yilinda Brassica tiirlerinden saglanan yesil
giibrelerin ticari olarak denemeleri yapilmis ve
topragin kalitesi lizerine olumlu etkiler elde edilmistir
(Gies, 2008). Ingiltere’de &zellikle Avrupa Birliginin
diizenlemeleri ile kimyasal kullanimindaki azalmalar
sonucu, biyofumigasyon uygulamalari potansiyelinin
son derece fazla oldugu Lord ve ark. (2008) tarafindan
bildirilmistir. Arastiricilar Ingiltere’de patates iiretimi
yapilan alanlarda Globodera pallida’nin
miicadelesinde B. juncea cv. Fumus, B. juncea cv.
Nemfix, R. sativus cv. Weedheck‘in nematodu % 50-
90 oranlarinda baskilayarak onemli etkileri oldugunu
saptamislardir. Ayrica yapilan ekonomik analizlerde
de seker pancari kist nematodu ile bulasik alanlarda R.
sativus  yetistirilmesinin, oldukca yiiksek gelir
getirdigi ortaya konmustur (Held ve ark., 2000). Bu
tarihlerden sonra da topraktaki pek c¢ok patojen ve
zararlmin bu bitkilerce baskilandigi bildirilmistir.
Ayrica bu bitkiler ile yapilan yesil giibrelemeler
sonucunda toprak iist tabakalarinda meydana gelen
riizgar ve su erozyonunda azalma, organik madde
miktarinda ve toprak biolojik aktivitesinde artis
oldugu saptanmistir. Tiim bu nedenlerden iireticiler de
toprak kalitesindeki artisi fark edebildiklerinden,
ozellikle organik tarimin yapildig1 alanlar basta olacak
sekilde diinyada ve bagta USA’ da yaygin olarak
kullanilmaktadir (Gies, 2008). Avrupa Birliginin de
kimyasallar1 azaltma ile ilgili uygulamalar1 sonucu
biofumigasyon desteklenmesi oncelikli ¢alismalardan
olup, “Alterbromide” olarak metil bromid alternatifleri
icinde sayilmaktadir (Auger ve ark., 2008).

Biofumigasyonun bu denli yayginlagmasinin en
onemli  sebeplerinin  basinda, etkisinin  genis
spektrumlu olmasi, (fungus, yabanci ot, nematod...),
ayrica topragin su kapasitesi ile organik madde igerigi
lizerindeki olumlu etkileridir. Bu olumlu etkiler,
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ayrica dogal olarak nematodlar {izerindeki parazitik
yararlilarimn  da  artmasmma neden oldugundan,
biofumigasyonun etkisi olduk¢a uzun zaman devam
edebilmektedir. Ustelik, nematodlar ile bulasik
bitkilerde  genel olarak  besin = maddelerinin
kullanilabilirligi de azaldigindan (Melakeberhan,
1997; Melakeberhan ve ark., 2007; Trudgill, 1987)
genellikle ilave besin maddesi, bitkinin zarar tolere
etmesine yardimci olmaktadir. Bu itibarla biofumigant
etkinin yaninda topragin organik madde igerigini de
arttiracak olan uygulamalarin, bitki gelisimine de
olumlu etkileri olacaktir.

Cok hiicreli hayvansal organizmalardan 5
tanesinden 4’iiniin nematod oldugu ve 6zellikle toprak
ekosisteminin son derece yararli komponentlerinden
olan tiirleri de bulundugundan (Bongers ve Ferris,
1999), bitki paraziti nematodlar1 hedef alan miicadele
yontemlerini segerken bu yararlilar da mutlaka goz
oniinde bulundurulmalidir. Boéylece nematodlar ile
miicadelede bio-ekolojik yaklasimlardan biri olan
biofumigantlarin  kullamimi, topragin  ekolojik
dengesini de olumlu yonde destekleyecek, cevreye
dost bir uygulama olup, bozuldugunda iyilestirilmesi
son derece uzun zaman alan ve ¢ofu zaman geri
doniigiimii tamamen miimkiin bile olamayan dogal
dengeye uyumlu ile de gelecekte daha fazla yer
bulacak yontemlerdendir. Ozellikle diinya genelinde
son yillarda karsilagilan suyun azalmasi, inorganik
gibrelerin  kullaniminin ~ azaltilmasi  yoniindeki
egilimin bu {rlnlerin fiyatlari1 da arttirmasi,
fumigantlarin global olarak troposfer {izerindeki
olumsuz etkilerinden kaginilmak istenmesi ile iklim
degisiklerinin de belirgin olarak olusumu ile toprak
sagligmin gbéz Onilinde tutulmasi gibi faktorler,
biofumigasyon c¢aligmalarinin artmasmin belli basl
sebepleri olarak siralanabilir. Tim bu sebeplerden
dolay1 gelecekte, biofumigasyonun bitki koruma
icinde daha da genis bir yeri alacagindan siiphe yoktur
(Porter ve ark., 2008).
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ABSTRACT: Solid biofuels are preferred as alternative source of energy in recent years. Although it’s not yet popular in
Turkey but, there’s a big potential concerning agricultural residues. With the depletion of fossil fuels world wide researches
for alternative energy sources, especially efforts for obtaining the energy from agricultural non-food products became
important. Generally, two methods are used in mechanical processing of biofules obtained from plants and agricultural
residues. These are pelleting and briquetting methods. In the pelleting process loose material is converted to compressed
material. As a result of the pressure and heat applied to the substances, the density of the material is increased by a factor of
up to 10, in pellets with diameters of 3 up to 30mm. However, briquetting is a process where some type of solid biofuel
materials is compressed under high pressure. In the basic briquetting, input parameter is the moisture content, which is
important for the pressing of materials as biomass. If the moisture content of material exceeds 20 %, the biomass in the
pressing chamber will not be in the desired size and the briquettes will break up. The goal of this work is to give general
information on mechanical processing methods of these types of biofuels.

Key words: Biofuel, processing, pellet, briquette, presser

KATI BIOYAKIT MALZEMELERIN MEKANIiK ISLENMESi

OZET: Son zamanlarda kat1 bio-yakitlar alternatif enerji kaynagi olarak tercih edilmektedir. Bu konu Tiirkiye’de heniiz
yeteri kadar popiiler olmamasina ragmen, tarimsal atiklar agisindan iilkemizde bu anlamda biiyiik bir potansiyel
bulunmaktadir. Diinya genelinde fosil yakit rezervlerinin azalmas: ile birlikte 6zellikle gida 6zelligi tasimayan tarimsal
tirtinlerden enerji elde etme ¢abalart igin yapilan arastirmalar ¢cok onem kazanmistir. Bitkilerden ve tarimsal atiklardan elde
edilen bio-yakit malzemelerinin mekanik olarak islenmesinde genelde iki yontem kullanilmaktadir. Bunlar peletleme ve
briketleme yontemleridir. Peletleme isleminde gevsek materyal sikistirilmis hale doniistiiriilmektedir. Uygulanan basing ve
181l islem sonucunda ¢aplari 3 ile 30 mm olan pelet materyalinin yogunlugu 10 katina kadar arttirilmaktadir. Bununla birlikte,
briketleme isleminde ise bazi kat1 bio yakit materyaller yiiksek basing altinda sikigtirilmaktadir. Briketleme isleminde temel
parametre, {iriiniin bio kiitle olarak sikistirilmasinda énemli olan nem igerigidir. Eger materyalin nem igerigi % 20’den fazla
olursa sikistirma tinitesindeki bio kiitle istenilen boyutlarda olmayacak ve yapilan briketler dagilacaktir. Bu ¢alismanin amaci
bu tip bio-yakit malzemelerin mekaniksel islenmesi hakkinda genel bilgiler vermektir.

Anahtar Sozciikler: Bio-yakit, isleme, pelet, briket, pres makinesi

1. INTRODUCTION

Biomass is a general term for material derived
from growing plants or from animal manure.
Bioenergy refers to the technical systems through
which biomass is produced or collected, converted and
used as an energy source. A wide variety of
conversion routes can be distinguished that produce a
variety of energy carriers either in a solid, liquid or
gaseous form. These energy carriers address all types
of energy markets: heat, electricity and transportation.
Bioenergy already provides the majority of renewable
energy worldwide and is considered to have the
potential to provide a large fraction of world energy
demand over the next century. At present, biomass
covers approximately 11% of the global total primary
energy consumption of slightly more than 430
EJ/year3 (Heinimo, 2008). At the same time, if
biomass systems are managed properly, bioenergy will

contribute to meet the requirement of reducing carbon
emissions (Anonymous, 2009-a).

Biomass is the only renewable source of fixed
carbon and therefore it has attracted considerable
attention as a renewable energy source in recent years.
It includes agricultural residues, municipal wastes,
fuel wood, animal wastes and other fuel derived from
biological sources. Compaction of biomass waste
materials makes the material denser and easier to
handle, thus reducing the cost of transportation and
handling. Compaction can also increase the heating
value per unit volume, making the biomass fuel more
compatible with coal and more efficient in
combustion.

Among the different forms of renewable energy,
biomass energy is one of the major resources in
Turkey (Bascetingelik et al., 2005 b). Turkey is an
energy importing country. More than about 60% of
energy consumption in the country is met by imports
and the share of imports continues to grow each year.
The total recoverable bioenergy potential is estimated
to be about 16.92 Mtoe. The biomass energy



Mechanical processing of solid biofuels

production for the year 2001 is 6.98 Mtoe.
(Basgetingelik et al., 2005 a). Energy from biomass
fuels is used in the electric utility, lumber and wood
products, and pulp and paper industries (Demirbag et
al., 2004). Although this energy use is predominantly
in rural areas (comprising mostly wood and dung for
heating and cooking), it also provides an important
fuel source for the urban poor and many rural, small
and medium scale industries (Kaygusuz and Tiirker,
2001; Basgetingelik et al., 2005 a).

Biomass can be burnt directly or it can be
converted into solid, gaseous and liquid fuels using
conversion technologies such as fermentation to
produce alcohols, bacterial digestion to produce
biogas and gasification to produce a natural gas
substitute (Kaygusuz and Tiirker, 2001) but in general,
biomass usually can not be used directly in
combustion equipment for energy production. Water
and ash matter are consisting into non flammable part
of fuel, described as ballast or deadwood. Both of
them are decreasing fuel heating power. Their
presence straight influences the combustion equipment
construction and they are often sources of problems
during operations. All of the main tree fuel
components (water, ash and flammables) are very
important factors during combustion process. Their
properties influence the construction of combustion
equipment as well as its operation regime (Malat'’ak et
al., 2008). Biomass is often bulky and difficult to burn
so various conversion techniques have been
developed. One of the oldest of these is briquetting
which has been used in Europe since the 19th century
to make fuel from low-grade peat and brown coals
(Eriksson and Prior 1990). Briquetting is one of
several agglomeration techniques which are broadly
characterized  as  densification  technologies.
Agglomeration of residues is done with the purpose of
making them denser for their use in energy
production. (Grover and Mishra 1996). That’s why it
should be adjusted to a suitable shape and dimensions
using these techniques such as briquetting and
pelleting. Besides the shape and dimensions
mechanical properties of briquettes and pellets are also
very important. They fundamentally affect not only
the method of handling briquettes and pellets (storage,
dosage, etc.), but also losses in processing operations.

As the number of industries is growing day by day,
the energy required is also increasing proportionately
and the present power supply is unable to meet the
energy demand. To combat this energy shortage,
developed as well as developing countries are putting
more efforts into Research and Development areas.
These efforts should be undertaken to make pelleting
and briquetting technology economically profitable
and socially acceptable to the public so that it might
be widely adopted. In this study, general information
about mechanical processing of solid biofuels is given.

2. THE MOLDING EQUIPMENT

Different systems of molding equipment for
biomass are as follows:

a) Hydraulic or mechanical presses forming a single
brick with a diameter of 50 to 60 mm, usually used for
straw, sawdust, paper, chops with a capacity of 250
kg.h™". Generally, made up of a mill with two presses
having about 50 kW power and efficiency of up to
0.5th™.

b) Screw presses with single or double spindle with
capacity around 0.5 th” and 50 kW or up to 70 kW
(with the necessary auxiliary equipment for drying)
power. Briquettes from screw presses are
characterized by high compression and long
durability. These presses are suitable for pressing
sawdust, they are not appropriate for pressing culm
crops.

¢) Extruder derived from granulation presses for the
production of textured feed based on straw. There are
two types of extruders, with a circular vertical matrix
and with a horizontal stamping die desk.

The capacities of these presses may be greater than
1 th™ at powers up to 150 kW. Recently, extruders
equipped with self-propelled facilities are developed
(Pastorek et al., 2004).

Wooden briquettes and pellets are formed with
suitable sizes (usually with dimensions 8 x 8 x 1 mm,
depending on the parameters of briquette press) at
high pressures (up to 31.5 MPa) and temperatures
when the lignin plasticizes and assumes the function
of binder. It leads to volume reduction of input
materials in approximately 12:1 ratio. Sometimes
briquettes and pellets are produced from combination
of wood waste and coal dust. In that case, it’s mixed
with a small amount of grinded limestone, which
binds sulfur from coal.

Bio-briquettes or wood pellets from another
combustible organic material (e.g. cob), enables
further use of the hearth to the classic solid biofuels
(mainly wood and wood chips). This is especially
advantageous for low heat powered furnaces with
intermittent operation (small boilers for wood chunks
with a heating power up to 50 kW).

Energetically, the production of briquettes and
pellets is quite difficult because it requires a higher
level of disintegration of input material while reducing
its moisture content. Therefore, it’s advantageous to
produce them from dried and disintegrated side-
materials obtained during other previous technological
processes such as; sawdust and shavings from the dry
wood in carpenter shops.

The result of pressing wood material is improved
by fuel with low sulfur content (up to 0.07%, for
comparison; sulfur content of brown coal is just below
2%), with a calorific value from 18 to 20 MJ.kg’l,
relative humidity of 5 to 9%, bulk density 800 to 1000
kg.m”, with 1.2 % ash content, capable of saving
storage space, at conditions up to 80% air relative
humidity for almost unlimited time period.
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3. PELLETING

3.1. The pelleting process

In the pelleting process loose material is converted
to compressed material. As a result of the pressure and
heat applied to the substances, the density of the
material is increased by a factor of up to 10, in pellets
with diameters of 3 up to 30mm. The pellets produced
in this manner are compact, dustless and easy to
transport. Compactness and dimensions of all pellets
are always identical (under identical production
conditions). By producing pellets out of fluff (lightly
compacted materials) a high quality of substitute fuel
is obtained. In order to achieve a homogenous
processing of the different primary materials, steam or
water can be added in our conditioner before the
material is transported to the pellet mill (Anonymous,
2008-a).

The best raw material for pellet production is wood
in the form of saw dust with a minimum dust content,
which worsens the strength of pellets. The optimal
dimensions for sawdust are 2 to 3 mm. Moisture
content in the raw material should be around 10%.
The raw material with higher moisture contents must
be dried before processing. The most economic way of
drying is by means of gas heated drum type dryers.
But in recent years, hot air dryers (160 °C) are
preferred for avoiding loss of volatile flammable
substances (Sladky et al., 2002).

3.2. Wood pelleting
Wood pelleting process includes machinery for
wood grinding and pelleting inclusive chippers and
dryers to process wet and/or green wood prior to the
pelleting process. Compression by pelleting of
biomass results in a substantial increase in density.
When turning wood chips into compressed wood
pellets in increase in density typically corresponds to a
rise from 150 kg.m™ to 650 kg.m™. The steps of this
process are as follows (Anonymous, 2008-b):
\' Pre-grinding size reduction: Raw material
supplied as wooden chips with sizes 100+ mm

G.A.K. Giirdil, J. Malatak, K.C. Selvi, P. Vaculik

require size reduction in chipper and hammer mill
previous to the subsequent drying process.
Drying: Generally, Drum Driers are used for this
process. Raw material is dried before the fine-
grinding (Figure 1).

Fine grinding: Usually, raw material is not in
optimal condition for the production process (as
sawdust, shavings, and wood chunks) therefore, it
should be homogenized before the main pelleting.
This is usually done by an efficient hammer mill
with suitable screens (Sladky, 1995). The large
surface open fiber of the ground products
facilitates absorption of steam in the cascade
mixer. Steam and increased temperature in the
cascade mixer soften the lignin in the wood, after
which pelleting can go on without addition of
binders.

Pelleting: The main manufacturing machine for
pelleting is matrix extrusion press, designed as
disk-type flat or orbicular (Figure 2). Extrusion
dies are made of stainless steel which is equipped
with a set of holes for required cross-sections and
above a spin off roller which pushes the
processed material through the matrix. A
considerable heat is released while processing,
which softens and releases lignin in the raw
material (Pastorek et al., 2004).

Cooling: Cooling pellets after exiting from pellet
machine is essential, because the pellets receive
the required strength and durability, as lignin
hangs with the added binder (Sladky et al., 2002).
Due to the friction generated in the die during the
pelleting process, additional heat is developed in
the pellets. The heat must be removed before the
pellets are sifted and stored. The pellets are
cooled by air taken from the surrounding room,
and therefore the pellet temperature will always
be 5-10 °C above room temperature. Cooler
retention time and wood pellet diameter are
decisive for dimensioning of the cooler.

Figure 1. Drum dryer
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Figure 2. Matrix granule extruder with horizontal matrix and rolling wheels (Pastorek et al., 2004) (1. insertion of crushed
straw, 2. extrusion wheel, 3. matrix openings, 4. horizontal matrix, 5. transmission and electric motor, 6. removal of pellets)

3.3. Advantages of Pellet Fuel
The advantageous of pellet fuels are as follows
(Anonymous, 2009-b):
\ Storage: Since pellet fuel is compressed, storage
space is cut in half or more.
\' Handling: Pellet fuel is free flowing and can be
easily handled by bulk conveying equipment.
\' Durability: Pellet fuel can be either manually or
automatically handled with little degradation.
\' Transportation: Pellets can be moved in bag or
bulk at double or more payloads on trucks and
rail cars.
Packaging: Pellets can be bagged in various size
bags (including the one ton "tote" bag) or trucks.
Availability: Pellets are available over all of
North America.
Longevity:  Pellet
indefinitely if kept dry.
Renewable: Pellet fuel is made from waste
materials that would largely go into landfills.
Blending: The raw material can be easily mixed
with other ingredients to lower emissions.
Aeration: The shape and density of pellets assures
combustion air is circulated throughout the fuel.
Pricing: Cost per kW is competitive to oil,
propane and coal and cheaper than chunk wood
or electricity.
Ignition: Ignition is quick and easy due to density,
aeration and surface area.
Standard Uniformity: Pellets are uniform in size
and moisture.
Residues:  Pellet fuel ash is
enhancement, mostly potash.
Environment: Pellets are usually made from
organic, non-polluting materials and are clean
burning.

quality is  maintained

<2 2 2 2 2 2 2

good  soil

R .

V' Clean: Densified fuel is clean and stays that way
to keep living and work areas clean.

V' Combustion Chamber: Because pellets are
densified, the combustion chamber can be
adaptable, much smaller and less expensive to
build and will work in existing solid fuel system.

V' Standardization: Pellets meet the standards set by
the Pellet Fuels Institute for dependability of heat,
cleanliness, size and moisture.

3.4. Pellets

Pellets are usually circular cross-section with a
diameter from 6 to 20 mm and a length of 10 to 50
mm which are made exclusively from organic
materials and biomass (wood, wood waste, sawdust,
culm crops) without chemical additives and binders.
Pellets are pressed in high pressured extrusion
matrixes. The characteristics of pellets for domestic
use are given in Table 1 (Anonymous, 2009-a).

Wood pellets have a calorific value from 18 to 19
MIJ kg, which is in between the black and brown coal
the list of fuel ranks, in this sense. They have,
however, higher combustion efficiency and unlike in
coal which has up to 30% of solid waste, wood pellets
only have 0.5-1% of waste (ash). Ash from the wood
pellet is an excellent garden mineral fertilizer. In
comparison with conventional timber, which has 15-
20% moisture content and also lower calorific value
approximately 14 MJ kg after two years of storing,
wood pellets have moisture content among 8-10%.
They provide higher life span for combustion
equipment. Pellets are produced in two types; pellets
from culm crops and wood pellets (Sladky, 1995).
Other specifications of pellets are given in Table 2.
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Table 1. Pellet characteristics for domestic use (Anonymous, 2009)

Heating value > 4.7 kWh (>17 MJ/kg)
Moisture content Max. 10%
Ash content Max. 0.5%

Dimension

Diameter: 6 mm; Length: 25 mm

Table 2. Properties of pellets

Origin

Commercial form Pellets

e

D

Dimensions DXL (mm)

Diameter (D) and length (L)

Biomass from wood, plants, fruits or mixtures

D06 <6 mm= 0.5 mm and L <5 x diameter
D08 <8 mm= 0.5 mm and L <4 x diameter
D10 <10 mm + 0.5 mm and L <4 x diameter
D12 <12 mm+ 1.0 mm and L <4 x diameter
D25 <25 mm + 1.0 mm and L <4 x diameter
Water (%)
MI10 <10 %
M15 <15%
M20 <20 %
Ash (%)
A0.7 <0.7%
Al5 <15%
A3.0 <3.0%
A 6.0 <6.0%
A 6.0+ >6.0 %
Sulfur
S 0.05 <0.05 %
S 0.08 <0.08 %
S0.10 <0.10 %
S 0.20+ >0.20 %
Mechanical resistance (%)
DU 97.5 >975%
DU 95.0 >95.0%
DU 90.0 >90.0 %
Amount of fine parts (%)
F1.0 <1.0%
F2.0 <2.0%
F 2.0+ >2.0%
4. BRIQUETTING briquettes will break up. Moisture content up to 15%

Briquetting is a process where some type of
material is compressed under high pressure. If the raw
material is wood, the lignin content of the wood is
liberated under this pressure thus binding the material
into a briquette. During the compression of the
material, temperatures rise sufficiently to make the
raw material liberate various adhesives (Anonymous,
2009-c). The basic briquetting input parameter is the
moisture content, which is important for the pressing
of materials for biomass. If the moisture content of
material exceeds 20 %, the biomass in the pressing
chamber will not be in the desired size and the

is recommended for high quality compaction (Plistil et
al., 2002; Plistil and Malat'ak, 2004).

Mechanical and chemical properties of materials
are used for briquetting by means of high pressure
compresses into the compact shapes without using a
binder just with the resin contained in the material.

Limiting factors for the processing of material are
the moisture content of the material which should not
exceed 15 % and granularity which should not exceed
® 15 mm in one direction. The pressed material
should not contain more than 6-8% of bark and 20%
of dust. The degree of compression affects the quality
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of parameters such as calorific value, shape stability,
etc.

Briquetters originated in Europe and were used for
converting wood particulate in smaller woodworking
shops to a format which could be used for heating the
building. Many European woodworking operations
today use these machines for this reason. Briquette
presses may have different structures according to
driving unit, press chamber or pressing tool
functioning at 400 MPa or more pressures and
temperatures at about 70 °C (Figure 3). They provide a
volume reduction of approximately 12:1 (Plistil et al.,
2004-a). There are basically two types of briquetters;
hydraulic types with hydraulic pumps and mechanical
types. The hydraulic systems come in vane, gear and
positive piston displacement pumping systems. Vane
and gear types tend to be less expensive and should be
used only where daily operation is a few hours. The
reason for this is they are viscosity dependent. As they
continue to operate the hydraulic oil heats up and gets
thinner, causing the pumps to work harder and causing
the oil to heat up even more eventually resulting in
pump failure.

Mechanical type briquetters are usually for larger
capacity operations and lack the complications of
hydraulic types while still employing modern
automated control systems (Anonymous, 2009-d).
Two types of mechanical briquetters are available,
piston presser and screw presser. Although both
technologies have their merits and demerits, it is
universally accepted that the screw pressed briquettes
are far superior to the ram pressed solid briquettes in

terms of their storability and combustibility. (Grover
and Mishra 1996). Best briquettes are produced by
screw pressers (compaction to 100:1) used for
producing fire-briquettes which has a central hole on it
for better combustion. Table 3 shows a comparison
between a screw extruder and a piston press.

Figure 3. Briquette press (1. hopper crushed straw (sawdust)
with spiral discharger, 2. transmission of electromotor for
vertical spiral feeder, 3. V-belt of balance wheel for crank
mechanism, 4. vertical bailer of straw for presser, 5.
pressure regulator, 6. electromotor for discharging spiral
conveyor, 7. condenser of cooling unit, 8. electromotor of
presser, 9. counter for produced briquettes (length))

Table 3. Comparison of screw extruder and a piston press

Piston press

Screw extruder

Optimum moisture content of raw material 10...15% 8...9%

Wear of contact parts Low in case of ram and die High in case of screw
Output from the machine In strokes Continuous

Power consumption 50 kWh.ton™! 60 kWh.ton™!

Density of Briquitte 1...12 gem? 1...1.4 gem?
Maintenance High Low

Combustion performance of briquittes Not so good Very good
Carbonization to charcoal Not possible Very good
Suitability in gasifiers Not suitable Suitable
Homogeneity of briquettes Non-homogeneous homogeneous

Normally, briquettes have 18 to 20 MI.kg"
calorific values according to the quality standards but,
high calorific values up to 33 MI.kg" can be achieved
with hard wood and wood dust materials. (Plistil et al.,
2004-b).

Briquettes

Briquettes are fuels artificially made by pressing
bulk material without additional binders into the
desired forms for burning. Different types of
briquettes are demonstrated in Figure 4 (Anonymous,

2009-e). It is created by pressing the heterogeneous
components (stems, leaves etc.). It is therefore
impossible to speak of a homogeneous body. Local
bulk density (p) of briquettes is a function of (X, y, z)
and depends on:

e  Pressing pressure

Structure of the material

Moisture content of the material

Type of pressing material
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Wood
Paper
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Paper Flax

Figure 4. Briquettes (Anonymous 2009-¢)

Briquettable materials are; waste wood, bark, old
forest, chips and dusts from the wood and paper
working, jute fibers and dust, filter dusts from exhaust
air and flue gas dust collection of garbage invineration
plants, paper scraps from shredder, hay straw, particle
board chips, tobacco dusts, polystyrene, polyurethane
foams, cotton stalks, vine cuts, rigid PVC dust,
gypsum, spelt, peanut shells, coconut fibers, etc.
(Anonymous 2009-¢).

Briquettes must meet the safety, health, technical,
trade and other requirements including provisions
relating to the protection of the environment.

Standard form of fuel for its other usage in
combustion equipment is achieved in briquetting. This
is achieved by volume reduction and increase in the
bulk density therefore increase in available energy.
From the mechanical properties of standards for
briquettes essential parameters are bulk density and
mechanical strength. These parameters are dependent
on used materials, its structure, moisture content and
compression pressure.

Figure 5. Briquettes from energy plants

Wood briquettes are mainly suitable for burning in
furnace, stoves and garden grills. They are
advantageous for their small demands on storage
space, insensible of relative humidity and the
possibility of using the ash as an excellent mineral
fertilizer (ash content is 0.5-2%). Average density for
briquettes varies among 1000-1200 kg.m>. Other
properties of briquettes are given in Table 4.

Agricultural residues are also very suitable for
briquetting especially briquettes from energy plants
can be a good source for heating (Malatak and
Vaculik, 2008) (Figure 5). There’s a big potential for
briquetting of hazelnut shells or husks in Black Sea
region in Turkey. Unprocessed hazelnut shells are
already used as a source of heating energy in the
region. They can be well managed if they are
briquetted like almond shells (Figure 6). But, more
researches must be done on mechanical processing of
hazelnut shells and husks especially searching their
appropriateness for pelleting or briquetting.

Figure 6. Briquettes from almond shells
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Table 4. Properties of briquettes

Origin
Commercial form

Dimensions DxL (mm)

Diameter (D)
D40

D50

D60

D80
D100
D125
D125+
Length (L)
L50

L100
L200
L300
L400
L400+
Water (%)
M10

MI15

M20

Ash (%)
A0.7
AlS
A3.0
A6.0
A10.0
Sulphur

S 0.05

S 0.08

S 0.10
S0.20

S 0.20+
Density (kg.dm™)
DE 0.8
DE 1.0
DE 1.1
DE 1.2
Nitrogen (%)
NO0.3
NO0.5

N 1.0

N 3.0

N 3.0+

Biomass from wood, plants or mixtures

Briquettes
L 3 L
A (  — e |
. ) —_—
L
L
25<D <40
<50
<60
<80
<100
<125

<125, actual measured values

<50

<100

<200

<300

<400

> 400, actual measured values

<10 %
<15%
<20 %

<0.7%
<15%
<3.0%
<6.0%
<10.0 %

<0.05 %
<0.08 %
<0.10 %
<0.20 %
> 0.20 %, actual measured values

0.80 t0 0.99
1.00 to 1.09
1.09 to 1.19
>1.20

<03 %
<0.5%
<1.0%
<3.0%
> 3.0 %, actual measured values

5. BRIQUETTES VERSUS PELLETS

Briquettes are an attractive alternative to pellets.

plant when making the comparison with the
investment in a pellet plant. The advantages are as
follows (Anonymous, 2009-c):

There are many advantages in favour of a briquetting

142



\' Briquettes can be produced on a mechanical
briquetting press from volumes of 225 kg per
hour up to 1800 kg per hour,

V' The mentioned production volumes makes it
attractive to a larger number of investors to invest
in their own plant,

\' The overall investment is considerably lower than

a pellet plant, but also the calculated investment

per ton,

Operating costs such as labor and electricity are

lower per ton produced,

Maintenance costs such as wear parts are lower

per ton produced,

Briquettes can be produced from material not

acceptable to pelleting,

Particle sizes can be larger than for pellets —

moisture level is similar,

Transportation, loading and storage system are

similar,

Bulk density and fuel values are similar.

A

Comparison between briquettes and pellets is
given in Table 5 (Anonymous, 2009-a).

6. BASIC TYPES
BIOFUELS

OF SELECTED SOLID

A summary of basic types and properties of
selected biofules which are used in international
markets are given below (Malat’ak and Vaculik,
2008):

Wood pellets: Mechanically processed under high
pressure, from dry, clean wood chippings, sawdust (6
to 12% moisture content), with some wood dust in the
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form of cylinders with a diameter of 6 and 20 mm
(exceptionally to 40 mm), length from 10 to 50 mm,
with density 1 to 1.4 kg.dm™. Calorific value 16.5 to
18.5 MJ.kg™" and ash content in dry matter from 0.5 to
1.1 %. Maximum allowable content of pollutants, bark
and organic binder is up to 2%. Has good bulk and
storage properties and high concentration of energy
for local automatic furnaces, small family stoves, can
also complement the coal in boiler plants. The ratio of
diameter to the length should not be greater than 1:3.

Wood briquettes: Mechanically processed under
high pressure from dry wood pulp, sawdust and fine
shavings (6 to 12 % moisture content) in the form of
cylinders, prisms, or hexahedron, with a diameter of
40 to 100 mm, length 300 mm and density 1 to 1.4
kg.dm™. Calorific value 16.5 to 18.5 MJ.kg" and ash
content in dry matter from 0.5 to 1.5%. Allowable
content of pollutants and organic binder is set by
standards. It can be used in small stoves, local heaters
and in manually charged boilers and hearths.

Wooden, straw, rind and paper packets:
Composite roughly crushed biomass pressed with
medium pressure (25 MPa) in the form of cylinders
with a diameter up to 150 mm and length of 300 to
500 mm, with density of 0.3 kg.dm™ and moisture
content below 18%. It has a calorific value of 15
MJkg'. They are not common commercial fuels,
needs technological modifications of mixed fuel,
production residues and packing in storage before
combustion chamber. The aim of the adjustment is to
increase energy concentration and saving storage
space. Suitable for boilers with an output power over
500 kW as an energetically supporting fuel.

Table 5. Comparison between briquettes and pellets

Pellets

Appearance
Dry and grinded wood or agricultural residues

Raw

material

Shape Cylindrical (generally @ 6 to 12 mm, with a
length 4 to 5 times the ©).

Structure Stable, hard, without dust

Bulk density Min. 650 kg/m3

Aspect "Smooth"

Transport Bulk, bags, big bags

Handling Manual or automatic use

Briquettes

Dry and grinded wood or agricultural residues.
Raw material can be more coarse than for
pelleting, due to the larger dimensions of final
product

Cylindrical (generally @ 80 to 90 mm) or
parallelepiped (150*70*60 mm)

Relatively friable, fragile

600 to 700 kg/m3

Mostly "rough"

Unit, pallet

Manual use
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Pellets from culm crops: Mechanically processed
under high pressure from dry, crushed culm crops
(cereals straw, oilseeds, grass, energy plants; having
moisture content of 8 to 15 %), in the form of
cylinders with a diameter of 6 to 20 mm
(exceptionally prisms with a diameter of 40 mm),
length from 10 to 50 mm with density of 1 to 1.4
kg.dm™. It has a calorific value of 16.5 to 17.5 MJ kg’
(from straw of oil plants up to 19MJkg"') and ash
content of 5 to 6%. Allowable content of pollutants
and organic binder is set by standards. It can be used
as additive fuel in automatic furnaces with heat output
over 25 kW. Combustion, ash and emission problems
may occur while burning pellets with diameter greater
than 6 mm.

Briquettes from culm crops: Mechanically
processed under high pressure from dry, crushed or
short cut culm crops (cereal straw, oil plants, grass,
energy plants, weed seeds; having moisture content of
8 to 14%) in the form of cylinders, prisms or
hexahedron having a diameter of 40 to 100 mm,
length 300 mm with a density of 1.2 kg.dm™. It has a
calorific value of 16.5 to 17.5 MJ.kg" and from straw
of oil plants up to 19MJ.kg" and ash content of 5 to 6
%. Impurity and organic binder is set by standards. It
can be used in stoves and in manually charged boilers
and hearths having powers over 25 kW.

Bark as fuel: Dry bark from conifers is a part of
wood fuel or used separately, in the form of
briquettes, small pellets. Calorific value with regard to
the resin content is up to 20 MJ.kg”, but if polluted
with soil it has higher ash content (up to 6%).

Composite briquettes and pellets: Mechanically
processed under high pressure from dry, crushed
substrates dominated by wood or stalk substances with
low sulfur, lime dust, paper contents and organic
binders (starch, molasses). They have moisture
contents 8-15% and calorific value up to 22 MJI.kg",
diameter to 20 mm and length 50 mm, Ash content up
to 8%. They are prospectively formed biofuels for
universal use in automatic boilers with higher heat
output

Culm crop bales: There are four types of bales;
bales with low density of about 60 kg.m™ and
weighing 3 to 10 kg/bale. Second type; high density
bales (120 kg.m™) and 10 to 20 kg/bale. Giant
cylindrical bale with density of 110 kgm™ and
weighing 200 to 300 kg/bale. The last type is giant
prism bale with density about 150 kg.m™ and having
300 to 500 kg/bale.

7. CONCLUSION

The mechanical process of solid biofuels was
analyzed in terms of molding equipments, pelleting
and briquetting technologies. Basic types of selected
solid biofuels were also introduced.

Solid biofuels are used to recuperate energy from
the wastes mainly from agricultural wastes. Support of
agricultural non-food products for its use as a

renewable energy source is considered as innovative
but, biofuels are not competitive with the classical
energy sources without subsidizes. Current agrarian
policy of EU accentuates for such use of agricultural
products. But, of course a state support is also needed
to gain a larger share on the market.

Biofuels can not be used directly in combustion
equipment for energy production. It should be
adjusted to a suitable shape and dimensions using
methods of briquetting and pelleting. Solid biofuels in
the form of briquettes or pellets and mechanical
processing of them is a quite new topic for Turkey.
When viewed from this aspect, Turkey has big
potential of biomass especially when the agricultural
residues concerned. The total agricultural biomass
potential was approximately 363.1 PJ per year in
Turkey. Even though Turkey has such big biomass
potential, adequate enterprises yet to be established.
This huge waste must be utilized by carrying out more
scientific researches and by developing appropriate
mechanization systems for them. In this study a
theoretical approach was provided in a comprehensive
manner, in this sense.
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ABSTRACT: In the present study, non-infested soil, naturally infested soils of aviruliferous Polymyxa betae and
viruliferous P. betae carrying Beet necrotic yellow vein virus (BNYVV) and Beet soilborne virus (BSBV) were obtained
from sugar beet fields during surveys in central and northern parts of Turkey in 2005. These soils, alone and in combination
were compared to non-infested soil for their effects on plant fresh weight and virus content by using partially resistant (cv.
Leila) and susceptible (cv. Arosa) varieties to the rhizomania disease (caused by BNYVV). Soils infested with P. betae,
carrying one and both viruses, showed significantly reduced fresh weight of seedlings, and aviruliferous P. betae
significantly decreased sugar beet growth. Partially resistant cultivar to rhizomania did not show resistance to BSBV in
single infection under controlled room conditions. However, ELISA result for BSBV in mixed infection was negative in the
partially resistant cultivar to rhizomania. Also, the ELISA absorbance value of BNYVV in the susceptible cultivar to
rhizomania was found to be lower in mixed infection than in single infection.

Key Words: Sugar beet, rhizomania, Beet soilborne virus, Polymyxa betae, ELISA, bait plant.

FARKLI SEKER PANCARI CESITLERINDE BEET NECROTIC YELLOW VEIN VIRUS VE
BEET SOILBORNE VIRUS ARASINDAKI iLISKiLER

OZET: Bu galigmada, Tiirkiye’nin i¢ ve kuzey bélgelerinde seker pancari tarlalarinda 2005 yilinda yapilan siirvey
calismalart ile aviruliferous (viriis tasimayan) Polymyxa betae, Beet necrotic yellow vein virus (BNYVV) ve Beet soilborne
virus (BSBV)’ili iceren P. betae ile dogal olarak bulasik ve bu etmenler ile bulasik olmayan topraklar elde edilmistir.
Rhizomania hastaligimma (BNYVV tarafindan sebep olunan) kismi dayanikli (cv. Leila) ve hassas (cv. Arosa) seker pancari
cesitleri kullanilarak, tek ya da karigik enfeksiyona sahip bu topraklar, bulagik olmayanlar ile viriis igerikleri ve yas bitki
agurliklar1 yoniinden karsilastirilmistir. Bir ya da her iki viriisii birden tastyan P. betae ile enfekteli topraklardaki fidelerin yas
bitki agirliklarmin 6nemli derecede sinirlandigi ve viriis icermeyen P. betae ile bulasik topraklarda ise seker pancari
gelisiminin 6nemli Ol¢lide azaldigi gorlilmiistiir. Rhizomania’ya kismi dayanikli olan ¢esit, kontrollii sartlar altinda tek
enfeksiyonda BSBV’ye dayaniklilik gdstermemistir. Bununla birlikte, bu g¢esitte karisik enfeksiyonlarda BSBV’nin ELISA
degeri negatif olmustur. Rhizomania’ya hassas ¢esitte ise tek BNYVV enfeksiyonu ile karisik enfeksiyon kiyaslandiginda,
BNYVV’nin ELISA absorbans degerinin karisik enfeksiyonda BNYVV’nin tekli enfeksiyonuna gore daha diisiik oldugu

belirlenmistir.

Anahtar Sozciikler: Seker pancari, rhizomania, Beet soilborne virus, Polymyxa betae, ELISA, tuzak bitki.

1. INTRODUCTION

Beet necrotic yellow vein virus (BNYVV) and
Beet soilborne virus (BSBV) are important soilborne
viruses in the production areas of sugar beet (Beta
vulgaris L.) in Turkey. BNYVV is member of the
genus Benyvirus (Tamada, 1999) while BSBV is
classified in the genus Pomovirus (Koenig and
Lesemann, 2005). Both viruses are transmitted by the
plasmodiophorid vector Polymyxa betae Keskin
(Ivanovic et al., 1983; Asher and Thompson, 1987,
Prillwitz and Schlésser, 1992).

BNYVV is responsible for rhizomania disease of
sugar beet, was first reported in Turkey in 1988
(Vardar and Erkan, 1992), and then it has spread
throughout most provinces where sugar beet is grown
(Ozgor, 2003).

The disease causes large economic losses by
reducing yields up to 100% (Whitney and Duffus,
1998) and decreasing the sugar content from 16-18%
to less than 7% (Bongiovanni and Lanzoni, 1964).
Also, BSBVcan cause a yield loss of up to 70%

(Prillwitz and Schldsser, 1992; Prillwitz, 1993).
BNYVV and BSBYV are closely related pathogens
and these viruses often occur together in the same
field (Prillwitz and Schldsser, 1992; Turina et al.,
1996; Mouhanna et al., 2002; Meunier et al., 2003;
Kutluk Yilmaz et al., 2005). Both viruses can survive
within thick-walled resting spores of P. betae for
several years in soil (Abe and Tamada, 1986, Prillwitz
and Schldsser, 1992). Therefore, partially resistant
cultivars have been the only economical way of
controlling rhizomania disease. A number of cultivars
with varying degrees of resistance or tolerance to
BNYVYV have been developed and presently grown in
rhizomania infested regions. Resistance to rhizomania
in most sugar beet cultivars is controlled by the
dominant gene Rz (Wisler et al., 1999). The resistance
of such cultivars has been reported to be caused by a
restriction of virus multiplication and/or translocation
in the roots (Scholten et al., 1994). Some of these
cultivars have shown a variable response in yield
when grown in different countries and/or under
different conditions (Heijbroek et al., 1999). Besides



this, wild beet accessions like Beta vulgaris spp.
maritima WB41 and WB42 served as sources for
additional resistance genes Rz2 and Rz3, respectively
(Lewellen et al., 1987; Whitney, 1989).

The aim of this experiment was to determine the
effects of P. betae, BNYVV, BSBV, alone and in
combination, on growth and the virus titers of
partially resistant and susceptible sugar beet cultivars
to the rhizomania disease in naturally infested soils.

2. MATERIALS AND METHODS
2. 1. Soil Samples

Aviruliferous P. betae, non-infested, BNYVV
and BSBV-infested soils were collected from sugar
beet fields during surveys in central and northern parts
of Turkey in August and September 2005 (Table 1).
After soil samples were dried at room temperature in
a laboratory and sieved through 2 mm screens, some
physical and chemical soil properties were determined
as follows; particle size distribution by hydrometer
method (Day, 1965), soil reaction, pH, 1:1 (w:v)
soil:water suspension by pH meter, -electrical
conductivity (ECysec) in the same suspension by EC
meter, organic matter (OM) content by Walkley-
Black method, exchangeable cations by ammonia
acetate extraction (Kacar, 1994), and according to
Bower (US Salinity Lab. Staff, 1954). Locations,
physical and chemical properties of the soil samples
were given in Table 1.

Before this experiment, all virus-infested and
virus free soils were tested prior to this study to
confirm the presence or absence of the desired viruses.
For this reason, roots from sugar beet plants grown in
these soil samples containing cystosori of P. betae
isolates were stained with lactophenol containing 0.1
% acid fuchsin and were detected by light microscope
(Leica, Sweden) (Abe and Tamada, 1986). Then,
seedlings were tested for BNYVV and BSBV by
ELISA. Non-infested soil was autoclaved prior to use.

2. 2. Bait Plant Technique

A rhizomania-susceptible cultivar (cv. Arosa)
and a rhizomania-partially resistant cultivar (cv. Leila)
were used in this experiment. This study consisted of
following treatments: (i) non-infested soil, (ii)
aviruliferous P. betae infested soil, (iii)) BNYVV-
infested soil, (iv) BSBV-infested soil, (v) BNYVV-
and BSBV-infested soil. In this trial, pots were
arranged on controlled room benches in a randomized
complete block desing with three replications for each
treatment.

Each of the soil samples were mixed in equal
parts with autoclaved sand to facilitate ease of root
removal of bait plants at harvest. Then, approximately
10 sugar beet seeds were sown in 300 mL each plastic
pots containing mixed soil. The plants were grown
under controlled conditions with a 16-h photoperiod
at 20°C (night) and 23°C (day). The pots were
watered directly as needed. The bait plants were
harvested weekly for 6 weeks starting 2 weeks post
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emergence of seedlings. In the harvest, the number of
plants per pot was determined, their roots were
carefully washed in running top water, cut and
weighted. After the fresh weight was obtained, the
combined roots of each pot were tested for BNYVV
and BSBV by enzyme linked immunosorbent assay
(ELISA).

2. 3. Serological Tests

The roots of sugar beet plants were tested for the
presences of BNYVV and BSBV by ELISA. The
double-antibody sandwich (DAS)-ELISA was used to
determine BNYVV infection by using antiserum
supplied by Sediag Biochemica (France). DAS-
ELISA was performed according to Clark and Adams
(1977), except that extraction buffer included 0.1%
nonfat dry milk instead of bovine serum albumin (Arif
etal., 1994).

A triple-antibody sandwich (TAS)-ELISA were
used to test for BSBV. TAS-ELISA was performed
according to instructions of the antiserum producer
(Adgen, England). The plates were measured using a
microplate reader (Tecan Spectra II, Grodig/
Salzburg, Austria). All reported ELISA values were
taken after 2 hr substrate incubation and samples
were considered positive when the absorbance at Ays
nm values exceeded the mean of the healthy controls
by at least factor of three (Wisler et al., 2003).

2. 4. Statistical Analyses

Data obtained from each individual pot were
used in statistical analyses. Analyses of variance were
run using SPSS 11.0 statistical software programme
(SPSS Inc., Cary, NC, USA). Then, LSD Multiple
Range Test was used to reveal if difference is present.
Significance was evaluated at P<0.01 or P<0.05 for all
tests.

3. RESULTS

All soil samples in this experiment showed
similar properties each other according to the results
that can be summarized as follows; textural classes of
the soils are clay, slightly alkaline in pH, moderate in
organic matter, non saline according to EC value
(Soil Survey Staff., 1993) (Table 1).

F values and significant levels of the variance
analyses for ELISA absorbance values and total plant
fresh weight are shown in Table 2. There were
significant  differences among cultivars, soil
treatments, harvest date, and their interactions for the
BNYVV ELISA wvalues. Significant differences
among the BSBV ELISA absorbance values occurred
for soil treatments, interactions of cultivar x soil
treatments and cultivar x harvest date under
controlled room conditions. There were also
significant differences for the total plant fresh weight
among cultivars, soil treatments, harvest date,
interaction of cultivar x soil treatment and soil
treatments x harvest date (Table 2).
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The total plant fresh weight was significantly  reduction in plant weight in both partially resistant
decreased by single and mixed infections of BSBYV, and susceptible cultivars (Figure 1). The P. betae
BNYVV and P. betae when compared with the non- cystosori in the roots of BNYVV-infected sample is
infested treatment (Table 3). Additionally, infection shown in Figure 2.
by aviruliferous P. betae caused a significant

Table 1. Origines and physicochemical properties of aviruliferous P. betae, non-infested, BNYVV and BSBV-infested
soil used in this study.

Non-infested Aviruliferous BNVYY infested BSBV BS]?BI\\]/YinZ ;e d
soil P. betae infested soil soil infested soil soil
Kocakavak/ Durakbasi / Kiyikavurgali / Derekoy / A. Narli/
Soil Locations Carsamba/ Carsamba / Kizilirmak / Havza / Vezirkopru /
Samsun Samsun Cankiri Samsun Samsun
Clay, % 58.14 47.66 48.07 42.83 48.06
Silt, % 28.70 36.15 30.09 25.34 25.39
Sand, % 13.16 16.88 21.83 31.83 26.54
Texture class Clay Clay Clay Clay Clay
pH (1:1) 7.75 7.75 7.77 7.73 7.88
EC, dSm’ 0.598 0.583 0.850 0.367 0.615
CEC, cmol kg 21.25 35.49 37.12 27.15 26.43
Organic matter, % 3.27 3.17 4.19 2.66 3.81
CaCO;, % 522 8.52 7.00 2.62 18.75
Na, cmol kg™ 0.281 0.512 0.540 0.081 0.435
K, cmol kg™! 0.410 0.641 0.973 0.492 0.949
Ca, cmol kg™! 35.31 31.84 29.40 28.5 29.66
Mg, cmol kg 6.46 11.77 11.66 5.66 7.83
Table 2. F values from variance analyses for ELISA absorbances values and total fresh weight.
F values

Source df BNYVV BSBV Weight (g)
Cultivar 1 210.62%* 1.01 ns 17.58%%*
Soil treatment 4 152.66** 48.33** 259.34%*
Cultivar x Soil treatment 4 84.41%* 5.47%%* 10.30%*
Harvest date 5 4.26** 1.91 ns 28.83**
Cultivar x Harvest date 5 3.88%* 3.06* 1.94 ns
Soil treatment x Harvest date 20 11.20%* 2.00 ns 21.83%*
Cultivar x Soil treatment x Harvest date 20 7.83%* 2.38 ns 1.98 ns
Error 118

ns: not significant; * and ** indicate significance at the P<(0.05 and 0.0! levels, respectively, according to F test.

Table 3. Main effect treatment means for ELISA values for BNYVV, BSBV and total fresh weight evaluated for two
cultivars over five soil treatments and six weekly harvest dates*

Treatments BNYVV BSBV Weight (g)
Grand mean 0.567 0.444 0.520
Cultivar
Susceptible (cv. Arosa) 0.809° 0.464 0.572%
Partially Resistant (cv. Leila) 0.325° 0.423 0.467°
Soil treatment
Noninfested 0.235°¢ 0.223°¢ 1.319*
Polymyxa betae 0.235°¢ 0.223°¢ 0.416°
BSBV 0.235°¢ 0.887° 0.254°
BNYVV 1.166" 0.223¢ 0.337"
Mixed infection 0.965" 0.662° 0.271°
Harvest date
Week 1 0.528% 0.361 0.2647
Week 2 0.572% 0.409 0.383¢
Week 3 0.641° 0.483 0.530°
Week 4 0.586" 0.398 0.646°
Week 5 0.654° 0.461 0.690°
Week 6 0.423° 0.549 0.604™
e  Means within the colums followed by a different letter are significant at P<0.0! according to LSD multiple range

test.
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Table 4. ELISA values for BNYVV and BSBYV in single and mixed infections rhizomania-partially resistant and -susceptible

sugar beet cultivars*

Susceptible Partially Resistant
Soil treatment BNYVV BSBV BNYVV BSBV
Noninfested 0.235°(-) 0.2237(-) 0.235° () 0.2237()
Polymyxa betae 0.235(-) 0.223°(-) 0.235 (-) 0.223%(-)
BNYVV 1.885% (+) 0.2237(-) 0.436%(-) 0.2237(-)
BSBV 0.235 (=) 0.794° (+) 0.235 () 0.980° (+)
Mixed infection 1.447° (4) 0.860° (+) 0.484¢ () 0.469¢ (-)

LSD=0.2095

* Means within columns followed by a different letters are significant at P<0.0I according to LSD multiple range test. Ratios
of > 3 times the healthy ELISA absorbance mean are considered positive (+).

1

Plant Weight (g)

Leilax P.b.S

oo oo A A A a
[ I N I U - )
P i

Arosax NIS  ArosaxP.b.S Leila x NIS

1. Effects of aviruliferous P. betae-infected soil on
plant weight in rhizomania- susceptible (cv.
Arosa) and rhizomania-partially resistant (cv.
Leila) sugar beet cultivars. Means followed by a
different letters are significant at P<0.05 according
to LSD multiple range test (NIS: non-infested soil;
P.b.S: P. betae infested soil).

Figure

Figure 2. P. betae cystosori in the root tissues of BNYVV
infected sample.

The absorbance values of BNYVV for single and
mixed infection were 5 and 4.1 times higher than that
of the healthy mean, respectively. Similarly, ELISA
values of BSBV in single infection were almost 4
times greater than of healthy controls and 3 times
greater in mixed infection (Table 3). There were
slightly significant differences for the BNYVV ELISA
values in six harvest dates, however there were not
significant differences for the BSBV ELISA values
(Table 3).

Rhizomania-partially resistant cultivar did not
show resistance to BSBV in single infected plants
under controlled room conditions (Table 4). In the
partially resistant cv. Leila, titer of BSBV was
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significantly increased in single infected plants.
However, the ELISA value in the mixed infection for
BSBV was low in the partially resistant cultivar to
rhizomania. But, the ELISA values for BSBV were
not changed either in single or mixed infections in the
rhizomania susceptible cultivar and their absorbance
values were above the positive scoring threshold
(Table 4).

In the absence of BSBV, BNYVYV value had the
highest titer in BNY VV-susceptible plants. For the cv.
Leila, BNYVV ELISA values were negative for all
treatments (Table 4). However, ELISA values of
BSBV-infected plants never attained higher titers than
the titers of BNYVV in mixed infection with either
rhizomania susceptible or partially resistant cultivars.
Additionally, the ELISA value of BNYVV in mixed
infection in susceptible cultivar was lower than that of
BNYVV in single infection (Table 4).

4. DISCUSSION

P. betae is not truly considered as pathogens but
as vector of sugar beet viruses, and it plays crucial role
in the epidemiology of viral diseases. Thus, little is
known about the incidence and distribution of P. betae
in the absence of BNYVV and BSBV. However, our
previous study in sugar beet fields in central and
northern parts of Turkey showed that percentage of
soil samples with P. betae cystosori infestation was
91.25%. Besides this, 127 soil samples were infested
with viruliferous P. betae cystosori (58%) (Kutluk
Yilmaz et al., 2005). The previous study showed that
aviruliferous P. betae is common in sugar beet fields
in Turkey and a negative impact on sugar beet yield
could be expected, despite many samples having
neither BNYVV nor BSBV. Indeed, infection of
aviruliferous P. befae caused at least 3 times more
reduction in plant weight for both partially resistant
and susceptible cultivars in this study comparing to
non-infested soil (Figure 1). In contrast, Tamada et al.
(1990) did not find any effect on root weight by virus-
free P. betae when plants were grown for 40 days in a
climate room followed by 3 months in a greenhouse.
On the other hand, Blunt et al. (1991) reported that P.
betae, which was assumed to be virus-free, reduced
dry weight of roots of young plants. Gerik and Duffus
(1988) found that three out of six isolates of P. betae
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reduced lateral root weights compared to that in non-
infested soil in a 2-months assay, whether or not the
isolates were viruliferous. Similarly, Wisler et al.
(2003) have emphasized that aviruliferous P. betae
infection was caused a significant reduction in
seedling weight for both BNYVV-susceptible and
BNYVV-resistant cultivars, compared with sugar beet
grown in non-infested soil in greenhouse studies.
Conflincting studies on root weight could be due to
fact that isolates of P. betae might be differ in
aggressiveness.

This experiment also showed that there was no
evidence of resistance to P. betae in partially BNYVV
resistant cultivar. This confirms previous evidence
that the resistance conferred by genes is expressed
specifically against the BNYVV (Scholten et al.,
1996). Also, evidence for the greater role of BNYVV
than of P. betae in causing root yield reduction in the
field is derivered from the results of a field trial with
different initial inoculum levels of BNYVV (Tuitert
and Hofmeester, 1992). Besides this, the total plant
fresh weights were significantly decreased by single
and mixed infections of BSBV and BNYVV (Table
3). In parts of the BSBV genome, there are
considerable sequence variabilities among different
isolates of the same soil sample. It might be explained
why there have been different estimations of potential
yield reduction between 0 and 70% (Koenig et al.,
2000). Based on the these data, BSBV can be
considered to have much impact on plant weight as
well as BNYVV.

In BSBV alone treatment, the ELISA values for
BSBYV were high levels in both partially resistant and
susceptible rhizomania varieties. Rhizomania partially
resistant cultivar did not affect resistance to BSBV in
sugar beet under controlled room conditions. In the
absence of BSBV, BNYVV attained high titers in
BNYVV-susceptible plants, but low titers in -partially
resistant plants. Indeed, the effect of the partial
resistance in Leila could be seen clearly, by
considering the titer of ELISA for BNYVYV in this
study. In previous studies, the virus was also not often
detectible or its concentration was very low in
partially resistant genotypes (Biircky and Biittner,
1988; Koenig and Stein, 1990; Sayama et al., 1991).
Additionally, resistance in this original ‘Holly’
genotype has been shown to affect the multiplication
of BNYVV in the lateral roots (Scholten et al., 1996)
which are the site of initial infection, as well as
reducing subsequent migration of the virus into the top
root (Heijbroek et al., 1999).

When two viruses infected same plant
simultaneously, disease symptoms may be increased,
decreased, or unaffected. BNYVV and BSBV are
often found in the same field, sometimes infecting
same plant. Under these conditions, the potential for
interaction between virus species is greatly increased
(Rush, 2003). Prillwitz and Schlésser (1993)
demonstrated that pre-infection with BSBV could
reduce virus titer and attenuate symptom development
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in sugar beets subsequently challenged with BNYVV.
So, damage from rhizomania was 50% less in
protected beets than in non-protected control plants.
Because, BSBV needs lower temperature than
BNYVYV, it was suggested that early infection by
BSBYV in the field might reduce incidence and severity
of rhizomania. Similar results were obtained in the
studies investigating interactions between BNYVV
and another soilborne virus, Beet soilborne mosaic
virus (BSBMV) (Mahmood and Rush, 1999). Using
field soils naturally infested with BNYVV or BSBMV
as inoculum, Wisler et al. (2003) found that in the
absence of BNYVV, BSBMV always attained high
titers in plants susceptible or resistant to BNYVV. In
the absence BSBMV, BNYVV attained high titers in
BNYVYV susceptible plants, but low titers in resistant
plants. However, when the soils with either BNYVV
or BSBMV were mixed, BSBMV never attained high
titers in either BNY V'V susceptible or resistant plants.
It was concluded that BNYVV was able to out-
compete BSBMV or suppress BSBMV in mixed
infections.

In this study, ELISA absorbance value in mixed
infection for BSBV was significantly reduced in the
rhizomania partially resistant variety in which
BNYVYV level was low. In this case, the ELISA values
for BNYVV were not significantly changed either
single or mixed infections. In the susceptible cultivar
to rhizomania, the BNYVV ELISA absorbance value
was lower in mixed infection compared with BNYVV
alone. However, the titer of BSBV in the susceptible
plants was not significantly changed in mixed
infection compared with BSBV alone. There may be
several reasons for low BSBV content in the roots of
rhizomania-partially resistant plant in mixed infection.
For example, BNY VV-infected zoospores of P. betae
might be more aggressive than BSBV-infected
zoospores of P. betae. On the other hand, there may be
compatition for infection sites by viruliferous P.
betae. Because, there are only fixed number of
possible infection sites on the root system (Rush,
2003; Wisler et al., 2003). Whether BNYVV or BSBV
predominates largely depens on environmental
conditions and inoculum densities of the two
viruliferous populations of P. betae. In this study, the
mean absorbance value of BNYVV was 1. 885
whereas that of BSBV was 0.794 in single infection
for rhizomania susceptible cultivar. Same infested soil
was used in this experiment. Therefore, inoculum
density of BNYVV carrying populations of P. betae
was probably higher. Similarly, it was reported that
the virus with the highest inoculum density in
naturally infected soil samples usually colonize more
in the root system, and the virus that infects the root
system first usually reaches high levels (Rush, 2003).
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OZET: Bu calisma, 2002 — 2003 yillar1 arasinda Samsun ilindeki findik iiretim alanlarinda Palomena prasina’nin zarar
orani ve zarar seklini kafes denemeleri ile belirlemek amaciyla yapilmistir. Bu amagla 2002 yilinda Nisan ay1 basinda 125
adet, 2003 yilinda ise 150 adet naylon elek telinden yapilmus silindirik kafes findik dallarina takilmistir. 2002 yilinda kislik
ergin, 3. nimf déneminden ergin oluncaya kadar olan donem ve yeni nesil erginlerin zarar sekli ve orani belirlenmigtir. 2003
yilinda 2002 yilinda yapilana ilave olarak her bir nimf (2.3.4 ve 5. nimf) dénemin zarar orani ve sekli ayr1 ayr1 arastirilmstir.
Belli sayidaki kafes kontrol igin bos birakilmigtir. Kafesler 3 giinde bir kontrol edilerek dlen bocekler ayn1 donemdeki canli
bireyler ile degistirilmistir. Hasat zamani kafesler agilarak findiklar dis (saglam, karanfil dokiimii, sartkaramuk, karakaramuk
ve gelismemis) ve i (saglam, bos, sekilsiz i¢ ve lekeli i¢) dzelliklerine gore siflandirlmistir. Istatistiki analiz sonucu sadece
kontrole gore farklilik gdsteren zarar sekillerinin sonuglari degerlendirmeye alinmistir.

2002 yilinda findiklarda findik kokarcasinin dis goriiniis bakimindan findik meyvelerinde sadece sartkaramuk (% 10.42)
zararina neden oldugu tespit edilmistir. Dis goriiniis olarak saglam olan findik meyvelerinin i¢ kisimlari kontrol edildiginde;
lekeli i¢ (% 11.84) ve bos (% 9.48) findik zarar1 oldugu belirlenmistir. 2003 yilinda zararlinin dénemlerinin tamami goz
oniine alindiginda ise sartkaramuk (% 8.43) ve ayrica bir onceki yildan farkli olarak karakaramuk (% 2.52) zararma neden
oldugu saptanmistir. Normal gelisme gosteren i¢ findiklar incelendiginde lekeli i¢ (% 9.58), bos findik (% 6.98) ve sekilsiz i¢
(% 3.01) zarar1 tespit edilmistir.

Anahtar Sozciikler: Palomena prasina, findik, zarar sekli, zarar orani

RESEARCH ON DAMAGE RATE AND TYPE OF GREEN SHIELDBUG (Palomena prasina L.
HETEROPTERA: PENTATOMIDAE) ON HAZELNUT

ABSTRACT: This study was carried out to determine damage rate and damage types of P. prasina through cages
experiments in hazelnut orchards in Samsun province in 2002 and 2003. For this aim, 125 and 150 shoots were caged with
using cylindrical netting nylon cages in early April. In 2003 Damage rates and types of each nymphal stage (3 — 5 nymphal
stage) were determined separately in addition to the experiments carried out in 2002. Damage type and damage ratio were
evaluated separately for each period of nymph in 2003. One pair of P. prasina adult or nymph were released in treatment
cages. No insect was released in control cages. Each cage was checked in every 3 days and when the insect death was
observed, new insects introduced in cages. In harvest time the cages were removed and all the nuts were classified according
to external (normal nut, dropped female flowers, prematurely dropped nuts that light brown in color and shrieked at the
bottom, well-developed in size and grey-black in color nuts without kernel and underdeveloped nut) and internal
peculiarities (normal kernel, blank, shriveled kernels and spotted kernel). As a result of statistical comparison only damage
types that were different from those in control cages were considered.

P. prasina caused only “prematurely dropped nuts that light brown in color and shrinked at the bottom type damage”
(10.42 %) in external examinations in 2002. When developed hazelnut kernels were examined internally, spotted kernels
(11.84 %) and blank nuts (9.48 %) were observed. The same experiment was repeated in 2003. In this year, “prematurely
dropped nuts that light brown in color” and “shrinked at the bottom” type damages were 8.43 % and also “well-developed in
size and grey-black in color nuts without kernel type damage” was also determined (2.52%), which was absent in previous
year. In 2003, when well developed hazelnut kernels were checked, kernels were damaged as spotted kernels (9.58 %), blank
nuts (6.98 %) and shriveled kernels (3.01 %).

Key words: Palomena prasina, hazelnut, damage type, damage ratio

1. GIRiS

Findik, Tiirkiye’nin en 6nemli ihrag {irlinlerinden
biri olup, yaklasik olarak yillik 770 milyon dolar
doviz  getirisi ile tarim  dirtinlerinin  baginda
gelmektedir. Diinya findik {iretiminin % 65-75’1 ve
toplam ihracatin % 70-75’1 {lkemiz tarafindan
karsilanmaktadir. Ulkemizde yaklagik 2 milyon insan
gecimini findiktan saglamaktadir (Bozoglu, 2001;
Anonymous, 2002 ve 2004; Tuncer ve ark., 2002a).

Findikta zararli olan bdcek tilirleri kalite ve
kantiteyi etkileyerek zararli olmaktadir. Heteroptera
takiminin Pentatomidae familyasina ait olan tiirler de
bu grup icinde yer almaktadir. Bu zararlilar findik

meyvelerini sokup emmek suretiyle verim ve i¢
kalitesinin diigmesine neden olmaktadirlar (Kurt,
1975a; Tuncer ve ark., 2002b).

Karadeniz Bolgesi findik iiretim alanlarinda
bulunan emici boceklerden Findik kokarcasi
(Palomena prasina L.) gerek yogunluk, gerekse findik
bahgelerinin timiinde ekonomik zarar esiginin
istiinde bulunmasi bakimindan en 6nemli tiir olarak
kargimiza ¢ikmaktadir (Isik ve ark., 1987; Saruhan,

1998, 2004).
Karadeniz Bolgesindeki findik  bahgelerinde
kimyasal miicadele ¢ogunlukla Findik kurduna

(Curculio nucum L.) kars1 yapilmakta olup, yukarida
bahsedilen emici boceklere karsi ilagli miicadele



Findik kokarcasi (Palomena prasina L. Heteroptera: Pentatomidae)’nin findik meyvelerindeki zarar sekli ve orani

hemen hemen hi¢ yapilmamaktadir (Kurt, 1975b;
Tuncer ve Ecevit, 1996).

Findik bahgelerinde bulunan emici bocekler
ciftciler tarafindan taninmakla ve varligi bilinmekle
birlikte, findiga verdigi zarar bilinmemekte veya
onemsenmemektedir.  Emici  bdceklerin  findik
meyvelerinde meydana getirdigi “lekeli i¢” seklindeki
zarar tipi, dig goriiniis ile ayirt edilemediginden,
iiretici Uriiniinii sorun ¢ikmadan satabilmektedir. Bu
nedenle de bu zararin olugsmasini engellemeye yonelik
bir miicadele gabasi gostermemektedir. Oysa 6zellikle
findik ihra¢ eden firmalar i¢in “lekeli i¢” seklindeki
zarar olduk¢ca Onem arz etmektedir. Lekeli ig
seklindeki zarar, iiriiniin tat ve goriiniimiinii bozarak
ozellikle c¢ikolata yapimi ve kuruyemis olarak
kullanimi asamasinda sorun yaratmaktadir.

Zarar orani her gegen giin artan P. prasina igin bu
giine kadar yapilan c¢alismalar yeterli seviyede
degildir. Bu nedenle bu calismada, Karadeniz Bolgesi
findik iiretim alanlarinda goriilen findik kokarcasinin
zarar oraninin belirlenmesi ve ¢iftcilerin bu zararliya
dikkatlerinin g¢ekilmesi amaglanmistir. Ayrica, zarar
sekillerinin tanimlanmasinda giftciler ve arastiricilar
arasinda tam bir standart bulunmamaktadir. Bu
calismada zarar sekilleri tanimlanarak bu durumun da
netlik kazanmasi saglanmustir.

2. MATERYAL VE METOT

Findik kokarcasinin findik meyvelerindeki zarar
sekli ve oraninin belirlenmesi amaciyla, 2002 ve 2003
yillarinda, Karadeniz Tarimsal Arastirma Enstitiisiine
ait yaklasik 10 da biiyiikliigiindeki findik bahgesinde
kafes denemeleri kurulmustur.

Denemede; 2002 yilinda, findikta karanfillerin
(disi ¢igek kiimesi) goriilmeye baglandig 22.04.2002
tarihinde toplam 125 adet, 2003 yilinda ise 14.05.2003
tarihinde 150 adet 50x60 cm boyutlarinda naylon elek
telinden yapilmis kafesler kullanilmistir. Kafeslerin
her biri, ortalama 8-9 karanfil (her karanfil ortalama
3,6 meyve icermektedir) bulunduran dallar1 igine
alacak ve digaridan herhangi bir zararlinin girigine izin
vermeyecek sekilde asilmigtir. Kafeslere salinacak
olan kislk erginler Samsun ilindeki degisik findik
iiretim alanlarindan toplanmuistir.

P. prasina’nin zarar smiflandirmast konusunda
yapilmis olan sl sayidaki aragtirmanin  bir
kisminda, bu zararlilarin sarikaramuk, karakaramuk,
burusuk i¢ ve lekeli i¢ seklinde (Kurt,1975a) zarar
yaptig1 belirtilirken, bazi yabanci kaynaklarda ise
zarar1 erken meyve dokiimii, bos meyve olusumu ve
lekeli i¢ seklinde tanimlanmaktadir (Viggiani, 1984;
Tavella ve ark., 2001). Bu literatlir 1s18inda findik
dallarina asilan kafeslerdeki meyveler siniflandirilmig
ve incelenmistir. Hasada kadar agizlar1 kapali tutulan
kafesler hasat doneminde agilarak incelenmis ve
dokiilen meyveler sayilmigtir. Olusan meyveler
laboratuara getirilerek el ile zurufundan ayrildiktan
sonra kabuklart tek tek kirilarak, 6nce dis ve daha
sonra saglam meyveler i¢ Ozellik bakimindan
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incelenmistir. Elde edilen verilere Khi-kare testi
yapilmis ve sadece analiz sonucunda kontrole goére
farkli olan zarar sekilleri Schneider-Orelli formiilii
uygulanarak diizeltilmigtir

Dis  Ozellikleri; saglam, karanfil dokiimii,
sarikaramuk, karakaramuk ve gelisememis olarak, ic
ozellik olarak; saglam, bos ve sekilsiz i¢ olarak
gruplara ayrilarak incelenmistir. Findik i¢ meyve
biiyilikligii 2 mm den kii¢iik olanlar bos meyve olarak
kabul edilmistir. Saglam olan i¢ findiklarin her biri
“lekeli i¢” zarar oranini belirlemek igin jilet ile 4
parcaya ayrilmak suretiyle incelenmistir. Boylece bir
¢ift bocegin, farkli donemlerinin ne kadar meyveye ve
ne sekilde zarar verdigi ortaya konmustur.

Ayrica P. prasina tarafindan zarar gormils ic
meyvelerdeki renk degisimlerini belirlemek amaciyla
iki farkli sekilde analiz yapilmustir. Tk analiz sadece
zararli noktalar findik meyvesinden Dbir jilet
yardimiyla kesilip alinarak yapilmustir. Tkinci analiz
ise zarar gormils findiklarin tamaminda yapilmistir.
Omekler ogiitiildiikten sonra renklerdeki degisimler
Hunter renk dl¢iim degerleri (L, a, b) Minolta Chroma
metre (CR-300, Japonya) ile belirlenmistir.

2.1. 2002 yiinda yapilan kafes c¢alismalann 3
asamadan olusmaktadir.

1. Asama: Kislik erginlerin vermis oldugu zarar
sekillerini ve oranini belirlemek amaciyla; 26.04.2002
tarihinde her kafese bir erkek bir disi olacak sekilde,
20 ayn kafese birer ¢ift kislik ergin konulmustur.
Ergin bireyler kafeste 15 giin kaldiktan sonra, daha
once asilan boceksiz kafeslere aktarilmig, boceklerin
alindigr kafesler ise, hasada kadar (19.08.2004)
dallarda muhafaza edilmistir. Bu aktarma iglemine,
etiketlemek suretiyle 15 giin ara ile 2 kez daha
periyodik olarak devam edilmistir.

2. Asama: Zararlinin Findiklarda beslenmeye
basladigi 3. nimf doneminden ergin olup hasada kadar
olan dénemde vermis oldugu zarar sekli ve oranini
belirlemek amaciyla; Arazide findik kokarcasinin 3.
donem nimflerinin goriilmeye baslandigr 22.07.2002
tarihinde degisik findik bahgelerinden toplanan 3.
donem nimfler, ikiser adet olarak 22.04.2002 tarihinde
asilmis olan 20 adet boceksiz kafese konulmus ve
hasada kadar bu kafeslerde tutulmustur. Kafesler 2
giinde bir kontrol edilerek, o&len bireyler stok
kiiltirden aym1  yastaki yeni  bocekler ile
degistirilmigtir. Kafesler hasada kadar bdcekli
tutularak zararlmin 3., 4., 5. nimf ve ergin
donemlerinin findik meyvelerindeki toplam zarar
orani belirlenmistir.

3. Asama: Sadece yeni nesil erginlerin zararin
belirlemek amaciyla 22.04.2002 tarihinde asilmis olan
20 adet bos kafese, arazide yeni nesil erginlerin
goriilmeye baslandigi 25.07.2002 tarihinde bir erkek
ve bir disi konmus ve hasada kadar bu kafeslerde
kalmalar1 saglanmistir.

Ayrica, deneme baginda (26.04.2002) hi¢ bocek
konulmayan toplam 25 kafes kontrol kafesi olarak
kullanilmustir.



2.2. 2003 yih c¢ahsmalarn1 2002 yilindan farkh
olarak 5 asamada yiiriitiilmiistiir.

1. Asama: Sadece kislik erginlerin vermis oldugu
zarar sekilleri ve oranlarint belirlemek amaciyla;
14.05.2003 tarihinde takilan 150 adet kafesin 15
adedine degisik findik bahgelerinden toplanan 1 erkek
ve 1 disi kislik ergin konulmug (31.05.2003) ve bu
bocekler dliinceye kadar kafeslerde birakilmustir.

2. Asama: Sadece 3. donem nimflerin vermis
oldugu =zarar sekilleri ve oranlarin1 belirlemek
amaciyla; Kafeslerin 15 adedine 3. donem nimfler
2’ser adet olarak konulmus (08.07.2003) ve bu
bocekler 4. donem nimf olunca kafeslerden alinmustir.
Denemeye {igiincli nimf doneminden baglanmasinin
sebebi, findik kokarcasinin 1. ve 2. nimf dénemlerinin
yabanci otlarda beslenmesidir.

3. Asama: Sadece 4. donem nimflerin vermis
oldugu =zarar sekilleri ve oranlarin1 belirlemek
amaciyla;  Mevsim basinda meyveler olusmadan
takilmis diger 15 adet kafese 4. donem nimfler 2” ser
adet olarak konulmus (22.07.2003) ve 5. donem
olunca kafeslerden alinmistir.

4. Asama: Sadece 5. donem nimflerin vermis
oldugu =zarar sekilleri ve oranlarin1 belirlemek
amaciyla; Diger 15 adet kafese 2° ser adet 5. donem
nimf konulmus (30.07.2003) ve ergin olunca
alinmistir.

5. Asama: Sadece yeni nesil erginlerin vermis
oldugu =zarar sekilleri ve oranlarin1 belirlemek
amaciyla; Daha once takilan 15 adet kafese 1 erkek
ve 1 disi olmak iizere yeni nesil erginler konulmus
(30.07.2003) ve hasada (22.08.2003) kadar
birakilmastir.

Her doneme ait denemenin kontrolii ayr1 ayri
yapilmistir. ~ Bu amagla toplam 75 adet kafes
findiklarin karanfil doneminde dallara takilmustir.

Hasada kadar agizlar1 kapali tutulan kafesler bir
onceki yilda oldugu gibi i¢ ve dis Ozelliklerine gore
siniflandirilip incelenmistir. Elde edilen sonuglara
Khi-kare  testi  yapilmistir.  Boylece  Findik
kokarcasinin zarar sekli ve zarar orami ortaya
konmustur.

3. BULGULAR
3.1. Findik kokarcasinin findik meyvelerinde
neden oldugu zarar sekilleri

Deneme kafeslerindeki sonuglara bakilarak P.
prasina’nin findik meyvelerine vermis oldugu zarar
sekilleri asagidaki gibi tanimlanmigtir.
3.1.1 Sarikaramuk

Di1s goriiniis olarak normal irilige ulagsmamis
meyvelerde P. prasina’nin  beslenmesi sonucu
kahverengilesme ve zamanla meyvelerin dip kisminda
kivrilmalar meydana gelmektedir. Zarar goren
meyveler zaman ilerledikge kiigiilmekte, dip kisminda
olusan kivrim iyice belirginlesmekte ve saglam
meyvelere nazaran kiigiik bir yapir almaktadir. Bu
zarar sekli kontrol kafeslerinde de yok denecek kadar
az miktarda rastlanmistir. Akc¢a (2003)’nin findik
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kurdunda  (Curculio  nucum) yaptigt  doktora
caligmasinda bocekli kafeslerde sarikaramuk zararina
yogun bir sekilde rastlamistir. Buradan da anlasilacagi
iizere sarikaramuk zarar1 sadece findik kokarcasi
tarafindan olusturulmamakta ve bu zarar sekli
bocekler tarafindan  arttirilmaktadir.  Hem  bu
calismada hemde Akca (2003) tarafindan yapilan
calismalarda kontrol kafeslerinde ¢ok az miktarda bu
zarar sekline rastlanmasi bu zararin nedeninin saprofit
bir fungus olabilecegi ve bu tiir boceklerin vektorliik
yapabilecegi kanisina varilmistir.  Bu  konunun
arastirilmasi gerekmektedir.

Bu tip meyvelerden yapilan izolasyonlarda basta
Pestalotiopsis guepinii olmak iizere degisik saprofit
fungus tiirleri saptanmustir. Ozellikle Pestalotiopsis
guepinii’nin P. prasina gibi bdcekler tarafindan
tasindigl ve bu zararlimin a¢mig oldugu yaralardan
meyveye girdigi disiiniilmektedir. Sarikaramuk zarar
sekli genellikle kislaklardan gelen erginler tarafindan
yapilmaktadir ve bu donemlerde findik meyveleri

heniiz i¢ bagla

Sekil 1. Sarikaramuk zararinin ilk doneminden hasada
kadar olan evreleri

3.1.2. Karakaramuk

Meyvelerin dig goriiniis olarak normal biiyiikliige
ulastig1 andan i¢ dolduruncaya kadar gegen donemde
zarar gormesiyle, kabuk ve i¢ kismu zamanla
siyahlagmaktadir.

Karakaramuk zarar seklinde findiklar saglam
meyvelerle ayni biiyiikliiktedir. Fakat meyvelerin dis
gorliniistinde  herhangi  bir  sekil  bozuklugu
bulunmamaktadir. Sadece dis kabugun rengi siyah bir
renk almakta ve i¢ kismi1 bos yada tamamen ¢iiriimiis
bir i¢ bulunmaktadir. Karakaramuk zarar1 daha cok
kishk erginlerin son donemlerinde meydana
gelmektedir (Sekil 2). Akga (2003) tarafindan yapilan
calismada findik kurdunun da kararkaramuk zararina
neden oldugu belirtilmektedir.
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Sekil 2. Karakaramuk zararinin ilk déneminden
hasada kadar olan evreleri.

3.1.3. Sekilsiz i¢

Findik meyveleri i¢ doldurmaya basladig:
donemlerde fazla saldirtya ugrarsa, findik igleri kiigiik,
sekilsiz ve burusuk bir hal almaktadir. Fakat bu zarar
sekline  kontrol  kafeslerinde az  miktarda
rastlanilmaktadir. Bundan dolay1 bu zarar seklinin P.
prasina tarafindan yapildigi konusunda elimizde kesin
bir sonu¢ bulunmamaktadir. Ancak, burusuk icler
kesilerek i¢ kontrolii yapildiginda P. prasina’nin
emgisinden dolayr olusan lekelerin bulundugu da
tespit edilmistir (Sekil 3). Yapilan ¢alisma sonucunda
2002 yilinda sadece yeni nesil erginlerin bulundugu
kafeslerde, 2003 yilinda ise 3.ve 4. donem nimf ve
yeni nesil erginlerin bulundugu kafeslerde sekilsiz i¢
zarar1 kontrole gore farkli bulunmustur.

H ¥

Sekil 3. S.ekilsiz i(;. ve saglam flnd1k1£r1n géﬁinﬁmﬁ

3.1.4. Lekeli i¢c Zarar

Findik meyveleri i¢ baglamaya basladigi esnada P.
prasina yumurtalar1 agilmakta ve nimfler ¢ikmaktadir.
P. prasina’nmn 3., 4., 5. donem nimfleri ve yeni nesil
erginleri findik meyvelerinde bitki 6z suyunu emmek
suretiyle beslenmektedir. Zararlinin findik
meyvelerinde  beslenmesi  sonucunda  emilen
bolgelerde kahverengi, sarimsi ve beyaz renklerde
lekeler olusturmaktadir. Bu lekelerden dolayr findigin
tadinda bir acilagsma meydana gelmektedir ve findik
ticareti ile ugrasan firmalar tarafindan istenmeyen bir
durum olugmaktadir. Lekeli i¢ seklindeki zarar
kabuklu meyvelerin dis kismindan anlasilmamaktadir.
Ancak meyvelerin kabuklarindan ayrilip findik
iclerinin 2 ya da 4 parcaya bolindiginde ya da
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kavrulup i¢ kabuklar1 ¢ikartildiginda P. prasina’nin
emgi yaralari agik olarak goriilmektedir (Sekil 4).

Sekil 4. P. prasina’nin emgi yerlerinin distan ve igten
gorinimii

3.2. P. prasina’nin zarar yaptigl
meydana gelen renk degisimleri

Findik kokarcasinin i¢ findiklarda beslendigi
bolgelerin renginde degismeler meydana gelmektedir.
Bu aragtirma ile renk degisimi ortaya konmustur ve
calisma iki asamada yiritilmiistir. Sadece zarar
goren noktalar dikkate alindiginda 4 farkl renk goze
carpmaktadir (Sekil 4). Zarar géren kisimlar hi¢ zarar
gormeyen findik meyveleri ile “L” degerleri
bakimindan karsilastirildiginda lekeler beyazdan siyah
renge dogru bir artig gostermektedir (Cizelge 1).

meyvelerde

Cizelge 1. P. prasima’nin beslenmesi sonucu
findiklardan alinan zarar gérmiis kisimlarin renk degerleri

i¢

Renk Ornek
degerleri Kontrol 1 2 3 4
L’ 81.6 798  69.9 | 67.8 65.6
a’ -1.1 11 38 16 39
b 21.1 137 243 160 194

L’= siyah (0)’ dan beyaza (100); a’= yesilden (-) kirmiziya
(#); b'=maviden(-)sartya(+)

Zarar gOrmils meyvelerin tamamindaki renk
degisimi bir onceki bdlimde oldugu gibi 4 farkh
gruba ayrilmistir. Hi¢ zarar gérmemis i¢ findiklar ile
“L” degerleri bakimindan karsilastirildiklarinda ¢ok az
da olsa bir renk koyulagmasi goriilmektedir (Cizelge
2).

Cizelge 2. P. prasina’nin beslenmesi sonucu zarar
gormiis i¢ findiklarin tamamindaki renk degerleri.

Renk Ornek
degerleri Kontrol 1 2 3 4
L” 793 768 755 749 71.1
a’ 0.8 01 06 13 1.1
b 257 237 246 314 245
L= siyah(0)’dan beyaza(100); a = yesilden(-)

kirmuziya(+); b"= maviden (-) sartya (+)



3.3. P. prasina’nin findik meyvelerine vermis
oldugu zarar oram

3.3.1. P. prasina’min 2002 yihindaki zararinin
belirlenmesi

Yapilan analiz sonuclarina gore kiglik erginlerin
beslendigi kafeslerdeki meyvelerin dig ozelliklerine
bakildiginda, saritkaramuk oraninin kontrol
kafeslerdeki sarikaramuk oranina gore farkinin 6nemli
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oldugu belirlenmistir. Karanfil dokiimii, karakaramuk
ve gelismemis findik zarar sekillerinin kontrolden
farkli olmadigi saptanmistir. Boylece 2002 yilinda
kislik erginlerin kafes denemesi sonucunda sadece
sartkaramuk zararina neden oldugu tespit edilmistir.
Kislaklardan gelen bir ¢ift findik kokarcasi omrii
boyunca ortalama % 18.09 oraninda sarikaramuk
zararina neden olmaktadir (Cizelge 3).

Cizelge 3. P. prasina’nin farkli donemlerinin kafes kosullarinda findik meyvelerinde beslenmesi sonucu meyvede

meydana gelen dis belirtiler ve oranlar1 (%) (2002 yil1)

Meyvenin dis 6zellikleri

Tarih
Doénemler Toplam Saglam Karanfil Sarikaramuk Gelismemis Karakaramuk
meyve(adet) zarari

26.04.02 .
10.05.02 (kislik ergin) 453 79.03 022 a 19.20 a 1.32 a 0.22 a
10.05.02 .
24.05.02 (kislik ergin) 487 82.14 0.21 a 16.22 a 1.43 a 0 a
24.05.02 .
22.06.02 (kislik ergin) 297 79.80 0 a 18.86 a 1.01 a 0.34 a
22.07.02 3-5. donem nimf ve
19.08.02  yeni dénem ergin 643 95.02 0 a 4.20 b 078 a 0 a
25.07.02 Yeni nesil ergin 575 9235 0.52 5.22 b 1.91 0
19.08.02 eni nesil erg . . a . . a a
04.04.02
19.08.02 Kontrol 667 9460 1.35 a 1.05 b 2.99 a 0 a

* Ayni siitunda ayni1 harfle gosterilen ortalamalar arasinda 0.05 seviyesinde fark yoktur.

3. donem nimflerin ergin olup, hasada kadar kafeslerde bulunan meyvelerde kiglik erginler

kaldig1 donem ile kontrol kafesleri karsilastirildiginda
findiklarin dig 6zellikleri bakimindan herhangi bir fark
bulunamamis, boylece 3. nimf doneminden hasada
kadar olan donemde ve sadece yeni nesil erginlerin
bulundugu kafeslerde findik kokarcasinin, findiklarin
dis ozellikleri bakimindan her hangi bir zarara neden
olmadiklart belirlenmistir (Cizelge 3).

Kafes denemesi sonucunda findiklar i¢
ozelliklerine gore de siniflandirilarak kontrol ile
kargilagtirtlmistir.  Yapilan  analizler  sonucunda

ortalama % 31.23 oraninda bos findik olugumuna ve 3.
nimf doneminden itibaren hasada kadar (3., 4., 5. nimf
donemleri + yeni ergin) kaldigi kafeslerdeki
meyvelerde % 28.30 oraninda lekeli i¢ ve % 6.55
oraninda bos findik zararina neden oldugu
belirlenmistir. Sadece yeni nesil erginlerin bulundugu
kafeslerde ise % 15.50 oraninda lekeli i¢ zarari
belirlenmistir (Cizelge 4).

Cizelge 4. P. prasina’nin farkli donemlerinin kafes kosullarinda findik meyvelerinde beslenmesi sonucu olusan ig¢

belirtiler ve oranlari (%) (2002 yil1).

Meyvenin i¢ ozellikleri

Tarih
Doénemler Saglam Lekeli i¢ Bos Sekilsiz i¢
26.04.02 - 10.05.02 (kislik ergin) 76.81 0 ¢ 24.05 a 1.11 a
10.05.02 - 24.05.02 (kislik ergin) 63.75 0 ¢ 3340 a 2.75 a
24.05.02 - 22.06.02 (kislik ergin) 59.49 0 ¢ 4093 a 0 a
22.07.02 - 19.08.02 3-5. donem nimf ve yeni nesil ergin 63.01 2830 a 8.67 b 0 a
25.07.02 - 19.08.02 Yeni nesil ergin 72.50 1550 b 8.09 b 433 a
04.04.02 - 19.08.02 Kontrol 87.32 0 c 1046 b 222 a

* Ayni siitunda ayni1 harfle gdsterilen ortalamalar arasinda 0.05 seviyesinde fark yoktur.

Sonu¢ olarak, findik meyvelerinin i¢ ve dig
ozellikleri bakimindan beraberce incelendiginde, 2002
yilinda yapilan kafes denemesi sonucunda findik
kokarcasmin sarikaramuk, bos findik ve lekeli ig
zararina neden oldugu belirlenmistir. Bazi bocekli
kafeslerde gelismemis ve sekilsiz i¢ zarari kontrol
kafeslerden farkli olmustur, fakat yapilan analizler
sonucunda 6nemli bulunmamistir (Cizelge 7, 8).
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3.3.2. P. prasina’nin 2003 yihinda zarar orani ve
kapasitesinin belirlenmesi

2002 yilinda oldugu gibi 2003 yilinda da arazideki
kafeslerden hasat edilen findik meyveleri laboratuara
getirilerek i¢ ve dis dzellikleri kontrol edilmistir. Fakat
bu yil findik kokarcasinin zararini belirlemek igin
kislik ergin, 3., 4., 5. donem nimflerin ve yeni nesil
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erginlerin findik meyvelerine vermis oldugu zarar
oranlar1 ayr1 ayr1 belirlenmistir.

Kishik erginlerin bulundugu kafeslerden hasat
edilen meyvelerin dig goriiniisleri  bakimindan
siiflandirilip istatistik analiz yapildiginda zararlinin
sarikaramuk ve karakaramuk zararlarina neden oldugu
belirlenmistir. Bu yi1l bir 6nceki yildan farkli olarak
karakaramuk zarar1 tespit edilmistir. Bir ¢ift kislhik
ergin omrii boyunca % 30.14 oraninda sarikaramuk’a
ve % 4.93 oraninda karakaramuk’a neden olmaktadir
(Cizelge 5).

Ugiincii donem nimflerin beslendigi kafeslerde
elde edilen verilerde yapilan analiz sonucunda 3.
donem nimflerin dig belirtiler bakimindan sadece
karakaramuk zararina neden olmaktadir. Bir ¢ift 3.
donem  findik kokarcast % 3.52  oraninda
karakaramuk’a neden olmaktadir.

2003 yilinda 4., 5. donem nimflerin ve yeni nesil
erginler ile yapilan ayni1 ¢alisma sonucunda findiklarin
dis ozellikleri bakimindan herhangi bir zarara neden
olmadig1 saptanmustir (Cizelge 5).

2003 yilinda kurulan kafes denemesinde findik
meyvelerinin i¢ &zellikleri de incelenmistir. Kiglik
erginlerin % 33.18 oraninda bos findiga neden oldugu
belirlenmistir.

Sadece 3. donem nimflerin bulundugu kafesler
kontrol kafesleri ile karsilastirildiginda lekeli ic, bos
findik ve sekilsiz i¢ zarar1 oldugu saptanmustir. Bir ¢ift
findik kokarcasinin 3. nimf dénemi boyunca % 4.31
oraninda lekeli i¢, % 25,58 oraninda bos findik ve %
5.98 oraninda sekilsiz i¢ zararina neden oldugu tespit
edilmistir.

¢ findiklarda yapilan inceleme sonucunda 4.
donem nimflerin lekeli i¢ ve sekilsiz i¢ zararina neden
oldugu belirlenmistir. Bir ¢ift findik kokarcasinin 4.
nimf dénemi boyunca % 10.17 oraninda lekeli i¢ ve %
8.07 oraninda sekilsiz i¢ zararina neden oldugu
saptanmustir.

Findik kokarcasinin 5. donem nimflerin sadece
lekeli i¢ zararina neden oldugu saptanmustir. Bir ¢ift
findik kokarcasinin 5. nimf dénemi boyunca % 8.06
oraninda lekeli i¢ zararmma neden oldugu tespit
edilmistir.

Yeni nesil erginlerin bulundugu kafeslerden hasat
edilen  meyvelerin  i¢  Ozellikleri  incelenip
degerlendirildiginde, yeni nesil erginlerin findik
meyvelerinde lekeli i¢ ve sekilsiz i¢ zararina neden
oldugu ortaya konulmustur. Bir ¢ift findik
kokarcasinin yeni nesil erginlerin hasada kadar %
21.32 oraninda lekeli ice ve % 3.9 oraninda sekilsiz i¢
zararina neden oldugu saptanmistir (Cizelge 6).

Sonug olarak, 2003 yilinda 2002 yilindan farkli
olarak karakaramuk ve sekilsiz i¢c zarar1 tespit
edilmistir. 2003 yilinda karakaramuk zarar1 kontrol
kafeslerinde rastlanilmamis, fakat bocekli kafeslerde
az da olsa rastlamlmistir. Buda bize karakaramuk
zararinin ~ findik  kokarcasi1 tarafindan meydana
getirebilmis olabilecegi izlenimini vermektedir. Her
iki yilin sonuglarina gore findik kokarcasinin findik
meyvelerinde sarikaramuk ve lekeli i¢ zararina neden
oldugu kesin olarak ortaya konulmustur. Kuvvetli bir
ihtimalle de karakaramuk, bos findik ve sekilsiz i¢
zararina da neden oldugu kanisina varilmigtir.

Findik kokarcasinin 2002 ve 2003 yillarinda
mevsim boyunca findik meyvelerine vermis oldugu
ortalama zarar oranlar1 dig goriiniislerine gore Cizelge
7 ve 9°da, i¢ goriiniislerine gore ise Cizelge 8 ve 10°da
smiflandirilarak  verilmistir. Cizelgelerdeki toplam
zararin  ortalamalart ile kontrol kafeslerindeki
zararlarin  ortalamalar1  Schneider-Orelli  formiili
uygulanarak diizeltilmistir. Schneider-Orelli formiili,
yapilan Khi-kare testi sonucunda kontrole gore fark
bulunan zarar sekillerine uygulanmistir.

Cizelge 5. P. prasina’nin farkli donemlerinin kafes kosullarinda findik meyvelerinde beslenmesi sonucu meyvede

meydana gelen dis belirtiler ve oranlari (%) (2003 yil1)

Meyvenin dis 6zellikleri

Tarih
Doénemler Toplam Saglam Karanfil Sarikaramuk  Gelismemis Karakaramuk
meyve(adet) zarari
31.05.03 Kislik ergin 345 61.16 2.61 a 30.14 a 1.16 a 4.93 a
28.06.03 Kontrol 378 93.12 344 a 079 b 2.38 a 0.26 b
08.07.03 3. donem nimf 341 88.27 322 a 3381 b 1.17 a 3.52 a
22.07.03 Kontrol 260 93.85 3.85 a 154 b 0.77 a 0 b
22.07.03 4. dénem nimf 328 86.89 366 a 7.01 b 0.61 a 1.83 b
04.08.03 Kontrol 380 9237 342 a 1.58 b 2.63 a 0 b
30.07.03 5. donem nimf 331 93.65 2.11 a 272 b 0 a 1.51 b
22.08.03 Kontrol 304 94.74 428 a 033 b 0 a 0 b
30.07.03 Yeni nesil ergin 365 91.23 3.56 a 4.1 b 0.66 a 1.09 b
22.08.03 Kontrol 398 92.96 1.76 a 201 b 3.27 a 0 b

* Ayni siitunda ayni1 harfle gosterilen ortalamalar arasinda 0.05 seviyesinde fark yoktur.
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Cizelge 6. P. prasina’nmn farkli dénemlerinin kafes kosullarinda findik meyvelerinde beslenmesi sonucu olusan i¢ belirtiler
ve oranlari (%) (2003 yili).

Meyvenin i¢ 6zellikleri

Tarih Toplam meyve

Doénemler (adet) Saglam Lekeli i¢ Bos Sekilsiz i¢
31.05.03 Kislik ergin 211 66.35 0 d 33.18 a 0.95 c
28.06.03 Kontrol 352 86.65 0 d 11.64 d 1.70 be
08.07.03 3. donem nimf 301 64.12 431 ¢ 2558 b 5.98 a
22.07.03 Kontrol 244 80.74 0 d 1721 c 2.05 be
22.07.03 4. dénem nimf 285 61.05 10.17 b 20.70 c 8.07 a
04.08.03 Kontrol 351 81.19 0 d 17.66 c 1.14 c
30.07.03 5. dénem nimf 310 69.03 8.06 b 19.67 c 3.22 b
22.08.03 Kontrol 288 75.00 0 d 21.17 be 3.82 ab
30.07.03 Yeni nesil ergin 333 57.66  21.32 a 17.11 c 3.90 ab
22.08.03 Kontrol 370 82.43 0 d 17.57 c 0 c

* Ayni siitunda ayni1 harfle gdsterilen ortalamalar arasinda 0.05 seviyesinde fark yoktur.

Cizelge 7. 2002 yil1 sonuglarina gore P. prasina’nin findik meyvelerine dmrii boyunca verdigi toplam zararin meyvelerin
dis 6zelliklerine gore simiflandirilmasi

Meyvenin dis 6zellikleri

Kafes(n) Saglam Karanfil S. Karamuk Gelismemis K.karamuk Incelenen
zararl meyve
Bocekli Toplam 100 2137 5 279 32 2 2455
kafes % 87.04 0.20 11.36 1.30 0.08
Kontrol Toplam 25 631 9 7 20 0 667
kafes % 94.60 1.35 1.05 2.99 0 -
Schneider-Orelli (%) - - 10.42 - - -

Cizelge 8. 2002 yili P. prasina’nin findik meyvelerine émrii boyunca verdigi toplam zararlarmn i¢ dzelliklerine gore
siniflandirilmasi

Meyvenin i¢ ozellikleri

Kafes(n) Saglam Lekeli i¢ Bos Sekilsizic  incelenen meyve
Bocekli Toplam 100 1441 253 405 38 2137
kafes % 67.43 11.84 18.95 1.78 -
Kontrol Toplam 25 551 0 66 14 631
kafes % 87.32 0 10.46 222 -
Schneider-Orelli (%) - 11.84 9.48 - -

Cizelge 9. 2003 y1li sonuglarina gore P. prasina’nin findik meyvelerine dmrii boyunca verdigi toplam zararin meyvelerin
dis 6zelliklerine gore siiflandirilmasi

Meyvenin dis 6zellikleri

Kafes(n) Saglam Karanfil S. Karamuk Gelismemis K.karamuk Incelenen
zararl meyve
Bocekli Toplam 75 1440 52 164 10 44 1710
kafes % 84.21 3.04 9.60 0.60 2.58 -
Kontrol Toplam 75 1605 56 22 36 1 1720
kafes % 93.31 3.26 1.28 2.09 0.06 -
Schneider-Orelli (%) 8.43 2.52

Cizelge 10. 2003 yili P. prasina’nin findik meyvelerine 6mrii boyunca verdigi toplam zararlarin i¢ 6zelliklerine gore
siniflandiriimasi

Meyvenin i¢ 6zellikleri

< - R Incelenen
Kafes(n) Saglam Lekeli i¢ Bos Sekilsiz i¢ mecyevz €
Bocekli Toplam 75 911 138 325 66 1440
kafes % 63.26 9.58 22.57 4.58 -
Kontrol Toplam 75 1310 0 269 26 1605
kafes % 81.62 0 16.76 1.62 -
Schneider-Orelli (%) 9.58 6.98 3.01
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Cizelge 11. P. prasina’nin findik meyvelerinin i¢ ve disg zarar 6zelliklerine gore bir giinde verebildigi zarar oraninin

hesaplanmasi1(2003)
Biyolojik donem Kafeste kalma siiresi Kafesteki zarar gormiis Meyveyedeki zarar
(periyot) (max. giin) toplam meyve (adet)* (adet /giin/2 bocek)
Kislamis ergin
(31.05.03 - 28.06.03) 29 121 4.18
3. Donem nimf
(08.07.03 - 22.07.03) 14 12 0.86
4. Dénem nimf
(22.07.03 - 04.08.03) 13 100 7.7
5. Dénem nimf
(30.07.03 - 22.08.03) 23 35 1.52
Yeni nesil ergin
(30.07.03 - 22.08.03) 23 83 3.6
Tiim dénemler 102 351 3.4

*Sadece istatistiki analiz sonucu 6nemli ¢ikan zarar sekillerinin toplami alinmistir.

4. TARTISMA VE SONUC

Calisma sonucunda yukarida bahsi gecen zarar
sekillerinin istatistiki agidan karsilagtirdigimizda;
saritkaramuk, karakaramuk, bos findik, sekilsiz i¢ ve
lekeli i¢ zararlart farkli bulunmus ve bu zararlara
findik kokarcasinin neden oldugu belirlenmistir.
Ancak, karanfil dokimii ve gelisememis findik
zararlar1 kontrol kafesleri ile karsilagtirildiginda fark
¢ikmamis ve bu zarar sekillerinin findik kokarcasi
tarafindan yapilmadigi kanaatine varilmistir.

Kurt (1975a) ve Kurt ve Kansu (1975) yaptiklari
calisgma sonucunda, findik kokarcasinin erginlerinin
saritkaramuk, karakaramuk, sekilsiz i¢ ve lekeli ige,
nimflerin ise karakaramuk, sekilsiz i¢ ve lekeli i¢
zararina neden oldugunu tespit etmislerdir. Tavella ve
ark., (1997) findik kokarcasi’nin lekeli i¢lere neden
oldugunu bildirmektedir. Tuncer ve ark., (2004)
yaptiklart ¢aligmada findik kokarcasinin karamuk,
sekilsiz i¢ ve lekeli i¢ zararina neden oldugunu
belirlemislerdir. Arastiricilarin elde ettigi sonuclar ile
bizim bulgularimiz paralellik gostermektedir. Sonug
olarak, findik kokarcasinin en Onemli zararmn
sarikaramuk  ve lekeli i¢  oldugu yapilan
degerlendirmeler sonucunda ortaya konulmustur.

Findik kokarcasindan dolayr zarar goren ig
findiklarda 6nemli oranda renk degisimi gozlenmistir.
Yapilan renk analizleri sonucunda zarar gormiis
iclerin zarar gérmemis iglere nazaran daha koyu renge
dogru gittigi saptanmistir. Bu durum P. prasinan 'nin
meydana getirdigi lekeli i¢ zarari insanlar tarafindan
rahatlikla fark edilebilecegini ve dolayisiyla boyle
meyvelerin tiiketiciler tarafindan tercih edilmeyecegi
ortaya koymaktadir.

Findik kokarcasinin zarar orani iki farkli yilda
belirlenmistir. 2002 yilinda findik kokarcasinin biitiin
vejetasyon buyunca vermis oldugu zarari belirlemek
icin yapilan kafes denemesi sonucunda findik
kokarcasinin  dig  gorlinisii  bakimindan sadece
sarikaramuk (% 10.42) zararina neden oldugu tespit
edilmistir. Yapilan c¢aligmada dig goriinlis olarak
saglam olan findiklarin i¢ kisimlar1  kontrol
edildiginde; lekeli i¢ (% 11.84) ve bos (% 9.48) findik
zararl oldugu belirlenmistir. 2003 yilinda ise
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sarikaramuk (% 8.43), karakaramuk (% 2.52), lekeli i¢
(% 9.58), bos findik (% 6.98) ve sekilsiz i¢ (% 3.01)
zararina sebep oldugu tespit edilmistir. Tuncer ve ark.,
(2004) P. prasina’nin % 4 oraninda karamuk, % 1.6
oraninda sekilsiz i¢ ve % 8.4 oraninda lekeli i¢
zararina neden oldugunu belirtmektedirler. Kurt
(1975a) yaptig1 bir caligmada, findik kokarcasinin
sadece kishik erginlerinin % 17.5 oraninda
sarikaramuk’a ve % 33.75 oraninda karakaramuk’a
neden oldugunu bildirmektedir. Ayrica, Findik
kokarcasinin 0mrii boyunca i¢ findiklarda % 11.4
oraninda lekeli i¢ ve % 30.6 oraninda sekilsiz ig
zararina neden oldugunu belirlemistir. Kiper ve
Yiicetin (1971) findik kokarcasinin i¢ findiklara
vermis oldugu lekeli i¢ zarar oranimi belirlemek
amaciyla yaptiklar1 bir ¢aligmada, findik kokarcasinin
sebep oldugu lekeli i¢ zararinin bolgelere gore
degisiklik gostermesi ile birlikte ortalama % 5.1
oraninda oldugunu bildirmektedir. Bizim ¢aligmamiz
ve literatiir arasinda zarar sekilleri ve oranlari
bakimindan farkliliklar bulunmaktadir. Bunun kontrol
edilemeyen biyotik ve abiyotik nedenlerden
kaynaklanabilecegi diistiniilmektedir.

Findik kokarcasinin kiglik erginleri daha c¢ok
sarikaramuk, bos findik olusumuna, az oranda da
karakaramuk neden oldugu belirlenmistir. Nimf ve
yeni nesil erginler ise findigin i¢ kalitesini etkiledigi,
lekeli i¢ ve sekilsiz i¢ seklinde zararlara neden oldugu
saptanmustir. Elde edilen sonuglar ile Kurt (1975a)’un
elde ettigi sonuclar arasinda oldukga biiyiik farkliliklar
bulunmaktadir. Bunun nedeni olarak, arastiricinin
vermis oldugu zarar oranlarinin, bir bdcekbasina
diisen zarar oram1 degil de birden fazla bdcek
tarafindan meydana getirilmis zarar oranlar1 olmasidir.

Lekeli i¢, bos findik ve sekilsiz i¢ zararina
sebep olan bir ¢ift 4. donem nimf en fazla zarl (7.7
adet/glin/2 bdcek) olan biyolojik doénem olarak
kargimiza ¢ikmaktadir. Bunu kiglamig erginler (4.18
adet/glin/2 bocek) ve yeni nesil erginler (3.6
adet/glin/2 bocek) takip etmektedir. Biitiin donemler
bir arada disiiniildiigiinde bir ¢ift findik kokarcas1 bir
giinde ortalama 3.4 adet findiga zarar vermektedir
(Cizelge 9). Elde edilen sonuglar bize zararlinin findik



meyvelerinde zarar yapma kapasitesinin yiiksek
oldugunu gostermektedir.
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OZET:Bafra ovasi kosullarinda karik sulamada uygun karik boylarinin belirlenmesi icin akis denemeleri yapilmis ve akis
parametreleri degerlendirilmistir. Kariklarda 1.5, 2.0 ve 2.5 L/s debiler kullanilarak akis denemeleri yapilmis infiltrasyon
durumu ortaya ¢ikarilmigtir. Net infiltrasyon siirelerinin 1.5, 2.0 ve 2.5 L/s debide sirasiyla 205 dakika, 159 dakika ve 117
dakika oldugu belirlenmistir. Karik boylarinin belirlenmesinde net infiltrasyon siiresinin %4’{i kadar siirede suyun karitk
sonuna ulasmasi gerektiginden 1.5, 2.0 ve 2.5 L/s debilerde ortaya ¢ikarilan ilerleme egrileri kullanilarak sirasiyla 86.6, 92.5

ve 97.3 m olarak en uygun karik boylar belirlenmistir.

Anahtar Sozciikler: Karik Sulama, Karik boylari, {lerleme egrisi, Bafra.

DETERMINING THE APPROPRIATE FURROW LENGTH IN BAFRA PLAIN LAND CONDITIONS

ABSTRACT:In this study, flow experiments were conducted, and flow parameters were evaluated to determine the suitable
furrow length in furrow irrigation under Bafra plain conditions. By using 1.5, 2.0 and 2.5 L/s inflow rate, flow experiments
were conducted and infiltration situation were determined. . Net infiltration times were determined as 205, 159 and 117 min
for 1.5, 2.0 and 2.5 L/s inflow rates, respectively. Advance trajectories caused by 1.5, 2.0 and 2.5 L/s inflow rates were used
as water should arrived to the end of furrow in a time duration which is % of net infiltration time in determining furrow
lengths. As a result of the application, the most suitable furrow lengths were determined as 86.6, 92.5 ve 97.3 m, respectively.
Key Words: Furrow Irrigation, Furrow Length, Advance trajectory, Bafra.

1.GIRIS

Karik sulama yontemi, ozellikle siraya ekilen
bitkilerin sulanmasinda yaygin olarak kullanilan bir
yiizey sulama yontemidir. Bitki sira aralarindaki
kariklara uygulanan su bir yandan karik igerisinde
ilerlerken bir yandan da topraga infiltrasyonla girerek
diisey ve yatay dogrultuda hareket eder ve bitki kok
bolgesinde depolanir. Bu yontemde bitki kok bogazi
islatilmamaktadir. Bu nedenle de kok bogazi
islatilmasindan  kaynaklanan hastaliklara  duyarl
bitkiler i¢in en uygun yilizey sulama ydntemi olarak
ortaya c¢ikmaktadir (Hart ve ark, 1980; Yildirim,
1996).

Ulkemizde biiyiik yatirimlarla tesis edilen ve
genis alanlar1 kaplayan sulama projelerinin = %951
ylizey sulama yontemleriyle sulanmaktadir (Yildirim,
1996). Ayrica ekonomik imkanlar 6Slgiisiinde biiylik
rakamlara varan yatirnmlarla sulu tarim alanlarinin
artirillmasina calisilmaktadir. Ancak tarimsal sulamada
her zaman var olan sorunlarin giiniimiizde
gergeklestirilen modern sulama tesislerinde bile tam
anlamiyla ¢6ziime kavusturulamadigi goriilmektedir.
Sulama suyunun kaynaktan alinarak sulanacak araziye
iletilmesi i¢in insa edilen tesisler basarili birer
mithendislik ~ 6rnegi  olmalarma  karsin, aym
mitkemmellik suyun arazi i¢inde dagitimi ve topraga
verilmesi sirasinda ne yazik ki goriilememekte,
sulama tesisinden beklenen yarar saglanamamaktadir
(Delibas, 1986).

Cogu zaman tarlanin sekli ve egimi bilinmektedir.
Tarlaya verilmesi gereken su miktar1 ve topragin
infiltrasyon 6zellikleri de dnceden belirlenebilir. Asil

sorun verilecek debiye bagli olarak akis uzunlugu ile
su uygulama siiresi arasinda iyi bir dengenin
saglanmasidir. Akis uzunlugunun gereginden fazla
olmas1 tarla basinda derine sizma kayiplarinin
artmasina, gereginden kisa olmasi ise tarla sonunda
ylzey akigla kaybolan su miktarinin artmasina yol
acmaktadir (Delibas, 1984).

Karik uzunlugu, uygulanan su debisine ve arazi
egimine baglh olarak belirlenmektedir. Erozyon
tehlikesi olmadigi kosullarda, genel olarak biiylik akis
debisi kullanilmas1 ve bodylece karik boylarmin
uzatilmast tercih edilmektedir. Kisa kariklarin
kullanilmas1 gerek karik tesisinde gerekse sulamanin
kontroliinde ¢ok zaman ve emek harcanmasina neden
olmaktadir. Bu nedenle istenilmeyen sulama kosullari
yaratmamak kosulu ile karik boylar1t miimkiin oldugu
kadar uzun olmalidir (Ertugrul ve Apan, 1979).

Tarla denemelerinin yapilacagr alanda akig
ozelliklerinin saptanmasi amaciyla kariklar agilarak
erozyona neden olmayan maksimum debi uygulanir.
Maksimum debinin belirlenmesinde Hamad ve
Stringham  (1978) yaptiklar1 ¢alismada  toprak
gruplarma gore degisik katsayilar elde ederek
erozyona neden olmayan maksimum karik debisini
esitlik 1 ile belirlemislerdir (Cizelge 1).

Quax=a.S. B (1)
Esitlikte;
Qmax : Erozyona neden olmayan maksimum karik
debisi, L/s
S : Karik egimi, %

ave B : Toprak dzelligine bagl katsayilardir



Cizelge 1. Maksimum Karik Debisinin Belirlenmesinde
Kullamlan Toprak Ozelliklerine Bagli o ve B Katsayilari
(Hamad ve Stringham, 1978)

Toprak Grubu o (L/s) B (birimsiz)
Agir 0.892 -0.937
Orta Agir 0.988 -0.550
Orta 0.613 -0.733
Hafif 1.111 -0.615
Cok Hafif 0.665 -0.548

Karik uzunluklar 5 ile 500m arasinda degisebilir,
ancak 100 ile 200m arasindaki karik uzunluklari
oldukca genellesmistir. Fazla uzun karik boylart karik
baslarinda yeterinden fazla derine sizma kayiplarina
ve toprak erozyonuna neden olmaktadir (Asawa,
2008).

Karik sulama ¢iftlik su yonetiminde daha esneklik
saglar. Tava ve uzun tavalara gore daha az arazi

tesviyesi  gerektirirken aym  yiiksek  sulama
iiniformluguna ulasabilir (Trimble, 2008).
Sulama randimanmi yiikseltmek i¢in suyun

tarlaya ne sekilde, ne miktarda ve ne kadar siireyle
verilecegi, sulanacak iinitenin boyutlarinin ne olacagi
gibi sorunlara ¢6ziim aramak gerekmektedir. Bu
nedenle yiizey sulama yontemlerinin yogun bir sekilde
kullanildig1 Bafra ovasi i¢in ¢aligma yiirtitilmiistiir.

2. MATERYAL VE METOT

Arazide, yorede yetistiriciligi yiiksek oranda
yapilan ve karik sulama i¢in uygun olan domates
bitkisinin karik araligi olarak 1.2m aralik ve 100m
uzunlugunda kariklarda denemeler yiiriitilmistiir.
Deneme alanina su kanalet sebekesinden saglanmuistir.

Kariklarda 1.5, 2.0 ve 2.5 L/s degerlerinde debiler
kullanilarak akis denemeleri yapilmis, sulamalar sezon
boyunca 3 defa tekrarlanmistir.

2.1. Arastirma Alam

Arastirma, Samsun ili, Bafra ilgesi, Altinova
koyiindeki cift¢i arazisinde yiiriitilmiistiir. Arazi Bafra
ilgesine 11 km, Samsun iline 61 km uzakta olup
deneme arazisinin bulundugu kdy 41° 38 - 41° 42°
Kuzey enlemleri ve 35° 57° - 36° 00 Dogu Boylamlar1
arasinda yer almaktadir. Denizden yiiksekligi ise 7-8
m dir.

2.2. Toprak Ozellikleri

Deneme alani topraklarmi Kizilirmak’in getirdigi
altivyon topraklar olusturmaktadir. Arastirma alaninda
toprak derinligi 1.5 m ve daha derindir. Toprak
blinyeleri agwr olup gecirgenlikleri  dusiiktiir.
Topraklarin biiylik bir kismu tasinma topraklardir.
Biriktikleri yerlerde drenaj, havalanma ve kok isleme
durumlaria bagl olarak genellikle graniile ve blok
yapilar1 elde etmislerdir (Apan ve Bayrak, 1988).

2.3. iklim Ozellikleri
Proje alaninda Karadeniz Bolgesinin 1liman iklim
Ozellikleri  goriilmektedir.  Bafra ~ Meteoroloji

Miidirliiginden alinan uzun yillar ortalama gozlem
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sonuglarina gore en yagish ay Aralik, en kurak ay ise
Temmuz ayidir. Yillik yagis toplami uzun yillar
ortalamasina gore 722.5 mm dir. En sicak ay 22.7 °C
ile Temmuz ve en soguk ay ise 5.7 °C ile Ocak ayidir.
Karadeniz Bolgesi kuzey-bati Avrupa’daki alcak
basing ile Sibirya’daki yiiksek basincin etkisi altinda
kalmaktadir. Bafra ile Carsamba’ya kadar olan sahil
seridinde Kuzey Anadolu sira daglarmin yiiksekligini
kaybetmis olmasi dolayisiyla diisiik degerli yagislar
goriilmektedir.

2.4. Debi Olgiimleri

Karik girig debisinin dl¢iilmesinde iizerinde sabit
su yiiki bulunan sifona bagli kiiresel vana ve bu
vanadan ¢ikan suyun debisinin volumetrik yonteme
gore ayarlanmast ile saglanmigtir. Gegen siirenin
belirlenmesinde kronometre kullanilmistir (Yildirim,
1996).

Karik ¢ikis debisinin tespit edilmesinde H
savaklarindan yararlanilmigtir. Kullanilan H savaklari
6 in¢ (15.24 cm) derinliginde ve yaklasik 5-6 L/s
Olciim yapabilen oOzellikte olup krom malzemeden
yapilmugtir (Sekil 1).

Sekil 1. Kariklardan ¢ikan debilerin saptandigi H savaklari

2.5. Su Tutma Kapasitesinin belirlenmesi

Toprak orneklerinde Tarla kapasitesi ve Solma
Noktast  degerlerinin  belirlenmesinde  basinglt
membran aleti kullanilmigtir  (Sekil 2). Basingh
membran aleti Kompresor, solma noktasi kabi, tarla
kapasitesi kabi1 ve manometrik diizenekten olusan
sisteme sahiptir. Cihazda Ornekler {izerine tarla
kapasitesi ve solma noktas1 i¢in sirastyla 1/3 atm ve
15 atm basinglar uygulanarak oOrneklerin belirtilen
nem diizeylerine ulasmalari saglanmistir. Tarla
kapasite degeri ile solma noktasi degerleri arasindaki
fark su tutma kapasitesini vermektedir.
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Sekil 2. Toprakta su tutma kapasitesinin belirlendigi basingl
membran aleti
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Bafra ovasi arazi kogullarinda uygun karik uzunluklarinin belirlenmesi

2.6. infiltrasyon Testleri

Suyun yilizeyden toprak igerisine disey
dogrultuda girmesine topragin su almasi (infiltrasyon),
birim zamanda topraga giren su derinligine ise su alma
hiz1 (infiltrasyon hiz1) adi verilmektedir. Topragin su
alma hizina bir¢cok etmen etkili olmaktadir. Bunlarin
en Onemlileri toprak biinyesi, topragin yapisi, toprakta
mevcut nem miktari, topragmn islenme ve sikisma
durumu, toprak yiizeyindeki su yiiksekligi ve
topraktaki tuzlarin cinsi ve miktaridir. Topragin su
alma hizi, sulama yontemlerinin se¢imi yaninda yiizey
sulama yontemlerinde akis uzunluklari, debi ve
sulama siiresine etki eden onemli bir parametredir.
Suyun yanal dogrultuda da topraga girdigi karik
sulama yontemi i¢in kariklara giren ve ¢ikan suyun
Olcililmesi yontemiyle infiltrasyon parametrelerinin
belirlenmesi daha uygun olmaktadir (Giingdr ve ark.,
2002).

Kariklara giren ve ¢ikan suyun Ol¢iilmesi suyun
yanal dogrultuda da topraga girdigi karik sulama
yontemi i¢in kullanilan infiltrasyon ydntemidir
(Delibas ve Okuroglu, 1987). Bu amagla arazide,
yetistirilecek bitkilerin sira araliklarina uygun aralikta
kariklar agilir. Ortadaki kariklar deneme karig olarak
secilir. Deneme kariklarinin her iki tarafinda en az
birer adet tampon karik olusturulur. Deneme kariginin
bagindan 60-150m ilerisinden ¢ikan suyun Olglilmesi
i¢in orifis tesis edilir. Karik bagindan erozyona neden
olmayan ve su yiiksekligi karik yiiksekliginin %75’ini
gecmeyecek debi kariklara uygulanir (Yildirim, 1996).
Bu amacla ¢alismada da yan yana bes kariga ayn1 anda
esit debide su uygulanmis Ol¢iimler igerideki iig¢
karikta yapilmistir. Kariklarda {iggene benzer kesit
geometrisinde Uist genisligi 44cm ve derinligi ise 8cm
olan kariklar kullanilmistir.  Elde edilen 6l¢iimler
degerlendirilerek eklemeli su alma derinlikleri
belirlenmis ve Excel program kullanilarak Lewis-
Kostiakov tarafindan onerilen D= kt" (Christiansen ve
ark.,1966)  bi¢cimindeki  eklemeli  infiltrasyon
esitligindeki parametreler belirlenmistir.  Yildirim
(1996)’da kariklarin yeni acgilmis olmasi ya da ¢ok
diigiik toprak nemi icermesi durumunda elde edilen
infiltrasyon degerlerinin gergegi yansitmadiginin
belirtilmesi nedeniyle ikinci sulamalarda elde edilen
degerler dikkate alinmistir.
2.7. Kank Boylarinin Arazi
Belirlenmesi

Yiiksek su uygulama randimani elde edebilmek
icin karik boyunca topraga giren su miktarinin olanak
Olciistinde es bir dagilim gostermesi gerekir. Bu kosul
suyun karik sonuna hizli bir sekilde ulagtirilmasiyla
saglanir. Uygulamada genellikle net infiltrasyon
siiresinin '4’ii kadar siirede suyun karik sonuna
ulagmasi istenir (Hart ve ark,1980; Ertugrul ve Apan,
1979; Sohrabi ve Behnia, 2007). Karik debisi ve kartk
uzunlugu bu kurala goére belirlenir. Bunun igin de,
sulanacak arazide topragin su alma hizi - zaman
iliskisi ile suyun karikta ilerleme hizini belirlemek
amaciyla karik testleri yapilir (Kara ve ark., 2008).

Kosullarinda
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3. BULGULAR ve TARTISMA

3.1. Toprak Ozellikleri

Araziden alinan toprak orneklerinde kullanilabilir
su tutma kapasitesi ve net sulama suyu derinliginin
hesaplanabilmesi igin gerekli olan tarla kapasitesi ve
solma noktast nem degerleri ile hacim agirhig
degerleri ve toprak biinyesi belirlenmis; toprak
profilinin 90 cm’lik bolimii igin topraklarin bu
ozelliklerine iligkin sonuglar 30 cm’lik katmanlar
halinde ¢izelge 2’de verilmistir.

Cizelge 2. Deneme Alani1 Topraklart Tarla Kapasitesi (TK),
Solma Noktas1 (SN) hacim agirlik ( yt ) ve biinye degerleri

perimic. 1K SN vt Biinye

erinlik Pw Pw (g/cm3)

cm 0 0 : 0 :

(cm) %) (%) % Kum % Kil % Silt  Sif
00-30 40.1 254 1.37 21 49 30 C
30-60 28.5 145 1.53 38 34 28 CL
60-90 245 6.2 148 54 12 34 SL

Cizelge 2’deki degerler dikkate alinarak deneme
alaninda 90cm toprak derinligi i¢in kullanilabilir su
tutma kapasite 205.9 mm olarak tespit edilmistir.
Yapilan akis denemelerinde kullanilabilir su tutma
kapasitesinin yaris1 tiiketildiginde sulama yapilacagi
gdz Oniline alinarak her sulamada verilecek sulama
suyu derinligi 103 mm olarak belirlenmistir.

3.2. Kariklara Giren — Cikan Akim Olgmelerinden
infiltrasyon Parametrelerinin Belirlenmesi

Kariklara giren — ¢ikan akimin dlgiilmesi ile elde
edilen Kostiakov esitligine ( D(m=k. t" ) iligkin k ve n
katsayilar1 degerleri, kariga uygulanan 1.5, 2.0 ve 2.5
L/s debilerde 2. ve 3. sulama icin hesaplanarak
Cizelge 3’de verilmistir. Yildirim (1996) kariklarin
yeni ac¢ilmis olmasi, ya da diisiik toprak nemini
icermesi durumunda, infiltrasyon denemesinden Once
kariklara su verilerek, toprak nemi istenilen diizeye
diismesinin  beklenilmesinin gerektigini belirtmesi
nedeniyle degerlendirmede 2. ve 3. sulama verileri
dikkate alinmigtir.

Cizelge 3. Deneme Kariklarma Ait Net Infiltrasyon
Siiresi  (tn) ve Kostiakov Infiltrasyon  Esitliindeki
Katsayilara Iliskin Degerler.

Debi oo K Net Inf. siiresi
(L/s) (tn,) (dakika)
15 2.Sulama 0.8257  0.4746 203.9
' 3.Sulama 0.6920  0.5064 206.9
20 2.Sulama 0.7828  0.5096 157.0
’ 3.Sulama 0.7205  0.5233 161.3
55 2.Sulama 0.4887  0.6477 110.6
' 3.Sulama 0.4368  0.6558 123.8

Cizelge 3°den de goriilebilecegi gibi, 2. ve 3.
sulamalara iligkin k degerleri 0.4368 ile 0.8257
arasinda, n degerleri 0.4746 ile 0.6558 arasinda ve bu
degerlerin  kullanilmasiyla elde edilen infiltrasyon



stireleri de 110.6 dakika ile 206.9 dakika arasinda
degismektedir. Kariga uygulanan debinin artisina
bagli olarak ayni karik uzunlugu i¢in net infiltrasyon
siiresinin azaldigr goriilmektedir. Bu durum, debi
miktarinin artmasiyla suyun karik i¢erisinde daha hizli
ilerlemesinin ve 1slatilan karik kesit uzunlugundaki
artigin dogal bir sonucudur.

3.3. Karnklarda
Sonugclar
Kariklarda infiltrasyon denemeleri ile birlikte,
10’ar metre araliklarla olusturulan istasyonlara suyun
ulagma siireleri kaydedilmistir. Belirlenen bu degerler
karik uzunlugu boyunca isaretlenerek her bir debi igin
ilerleme egrileri cizilmistir. ilerleme egrilerinin
T=a.X" (Delibas, 1988; DeTar,1989) gibi iistel bir
esitlige uygunluk gosterdigi varsayilarak 2. ve 3.
sulamalarda her 3 debi igin ilerleme esitlikleri ve bu
esitliklerin r° degerleri belirlenmistir (Sekil 3 ve 4).

Akis Denemelerine iliskin

100 y=0.0455¢* |y=00781x""* |y =0.0678x""
% R'=09685 | | R*=09879 | | R°=0.9939
80 —o—15Ls —o—20Ls —n—25L

S
Us (25 L/s)‘

5Us) ——-—Us (20Us)

ilerleme Siresi (dakika)

10 20 30 40 50

Kank Boyu (m)

60 70 80

Sekil 3. Ikinci sulamalara iliskin ilerleme egrileri ve
esitlikleri

100 |y = 00496 ly=00806¢"%] |y = 0.0674 7

oo | RP=09807 | | R=09533 | | R®=09835
S w
2 —o—15Lis —o0—20Us —a—25Us
S 0 Us (1.5Ls) —---Us (2.0L/s) Us (2.5 L/s)
gl e
& 5 g //
D o
a4 A —
g i it
g 4 _ ’ ,—;ﬁ/’%

40 50 40 70 80 90 100

Kark Boyu (m)

Sekil 4. Ugiincii sulamalara iliskin ilerleme egrileri ve
esitlikleri

Sekil 3 ve 4’den elde edilen esitlikler T=a. X °
formunda elde edilmis esitliklerdir. Bu esitlikte karik
uzunluguna (X) gore ¢éziim yapilip (1/a)(1/b) yerine
c, 1/b yerine d yazilarak olusturulan ve karik
uzunlugunu veren esitlik ( X=c.T%) i¢in belirlenen ¢ ve
d katsayilari, net infiltrasyon siiresinin % i kadar
stireler i¢in hesaplanan karik uzunluklar ¢izelge 4’de
verilmistir.
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Cizelge 4. Arazi Denemelerinden Elde Edilen ilerleme
Esitlikleri Katsayilart ve Uygun Karik Uzunluklari

Debi c d Net Infilt.  Karik
Siir. (tn,) uzunlugu
(dakika)  (m)
1.5L/s 6.9975 0.6386 205.4 86.6
2.0L/s 6.3204 0.7276 159.2 92.2
2.5L/s 7.5769 0.7508 117.2 95.7

Sekil 3 ve 4’te arazide oOlgiilen degerlere gore
cizilen egri ile olusturulan {istel esitlige gore cizilen
egrilerin karik uzunlugunun 80. metresine kadar
birebir uyum sagladigi ve bu uzunluktan sonra az da
olsa bir sapmanin oldugu goriilmektedir. Bu grafikler
degerlendirildiginde bolgede karik uzunlugunun 80 m
almmasiin uygun olacagt sOylenebilir. Bu durumu
cizelge 4.4’de belirlenen karik uzunluklart da
destekler niteliktedir.  Cizelgede verilen karik
uzunluklart 86.6m ile 95.7 m arasinda degismekle
birlikte, karik uzunluklarinin g¢ogunlukla 80-90 m
arasinda degistigi goriilmektedir. Her bir debi igin
ortalama karik uzunluklar1 dikkate alindiginda
uygulanan  debi  miktarindaki  artisgin karik
uzunlugunda bir artisa neden oldugu goriilmektedir.
Bu durum, debi artist1 sonucunda karik igerisinde
suyun ilerlemesinin daha hizli olusunun bir
sonucudur. Yildinm ve ark. (1989) %1.7 egimli
arazide 1m karik araligmmda 1.117 L/s debi
uyguladiklarinda net infiltrasyon siiresinin 170 dakika
akis uzunlugunun ise 85 m oldugunu belirlemiglerdir.
Benzer sonuglar Kara ve ark. (2008) tarafindan da
saptanmuigtir.

4. SONUC VE ONERILER

Bu calismada, Bafra ilgesi, Altiova koyii deneme
alaninda, Bafra ovasi arazi kosullarinda yiizey sulama
yontemlerinden karik sulama boyutlarinin
belirlenmesi amaciyla ylriitilmiistiir. Arazide belirli
boyutta kariklar olusturularak deneme yapilmis, elde

edilen  veriler  yardimiyla ~ uygun  boyutlar
belirlenmistir.
Kariklarda infiltrasyon = durumunu  ortaya

¢ikarmak i¢in infiltrasyon testleri yapilmis, kariklara
giren ¢ikan akimdan faydalanarak elde edilen
infiltrasyon parametreleri belirlenmeye c¢alisilmistir.
Kariklarda 1.5 L/s de net infiltrasyon siiresinin 205
dakika, 2.0 L/s de 159 dakika ve 2.5 L/s’de ise 117
dakika oldugu belirlenmistir.

Kariklarda 1.5, 2.0 ve 2.5 L/s debiler uygulandig:
her bir durum i¢in yapilan akis denemesinde 10 m
araliklarla olusturulan istasyonlara suyun ulasma
siireleri  kaydedilirken; karik sonundan ¢ikan su
miktarlart H savagi yardimiyla belirlenmistir. Karik
boylarinin belirlenmesinde net infiltrasyon siiresinin
Y4’ kadar siirede suyun karik sonuna ulagmasi 6l¢iitii
dikkate alinarak, uygulanan her bir debinin karik
sonuna ulasma siireleri belirlenmistir. Belirlenen bu
stirelerde suyun karik icerisinde ulasabildigi uzaklik,
uygun olan en uzun karik uzunlugu olarak alinmistir.
Arazi kosullar1 géz oniine alindiginda 1.5, 2.0 ve 2.5



Bafra ovasi arazi kogullarinda uygun karik uzunluklarinin belirlenmesi

L/s debilerde sirasiyla 86.6, 92.5 ve 97.3 m olarak en
uygun karik boylari belirlenmistir. Kariga uygulanan
debi miktar1 dikkate alinmadigt durumda, her ii¢
debinin ortalamasi olarak, bolgede karik uzunlugunun
90m olarak uygulanmasi 6nerilebilir.
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OZET: Erzurum ilinin Askale, Merkez ve Pasinler ilgelerindeki korunga tarlalarindaki yabanci otlari, yogunluklarini,
rastlama sikliklarin1 belirlemek amaci ile 2007-2008 yillarinda yiiriitiilen calismada, 1 tohumsuz, 11 tek ¢enekli
(monokotiledon) ve 67 ¢ift ¢enekli (dikotiledon) olmak tizere 26 familya ve 67 cinse ait 79 farkli yabanci ot tiirli saptanmistir.
Bu yabanci otlarn metrekaredeki yogunluklarmm 1 ile 2448 arasinda degistigi ve ortalama yogunlugun 57.86 bitki/m?
oldugu belirlenmistir. Poa pratensis L. (Cayir salkim otu) 18.13 adet/m’, Poa bulbosa L. (Yumrulu salkim otu) 14.25 m?,
Bromus tectorum L. (Piiskiillii cayir) 7.05 m?, Cirsium arvense (L.) Scop. (KSygogiiren) 2.79 m* ve Convolvulus arvensis L.
(Tarla sarmasig1) 2.16 m* ile en yogun tiirler olarak belirlenirken, C. arvense (%25.93), C. arvensis (%22.94), P. pratensis
(%20.72), B. tectorum (%17.78) ve Rochelia disperma (L. fill.) C. Koch (Iki tohumlu tagkesen) (%14.80) ise rastlama
sikliklar en yiiksek tiirler olarak tespit edilmistir.

Anahtar Sézciikler: Korunga, Yabanci Ot, Yabanci Ot Yogunlugu, Rastlama Sikligi, Erzurum
SPECIES, DENSITY AND FREQUENCY OF SOME SAINFOIN WEEDS IN ERZURUM, TURKEY

ABSTRACT: This study was carried out in order to determine weed species, their density and frequency in sainfoin fields
in Askale, Center and Pasinler districts of Erzurum in 2007 and 2008. In this study, 79 different weed species belonging to 67
genus and 26 families (1 cryptogamae, 11 monocotyledoneaus and 67 dicotyledoneaus) were identified. Density of weed
species varied between 1 and 2448 in square meter, and a density of 57.86 plant/m*> of weeds per square meter on average
were determined. At the experiment site were determined, the most common species Poa pratensis L. (Kentucky blue grass)
(18.13 plant/m®), Poa bulbosa L. (Bulbous bluegrass) (14.25 plant/m®), Bromus tectorum L. (Downy brome) (7.05 plant/m?),
Cirsium arvense (L.) Scop. (Canada thistle) (2.79 plant/m?) and Convolvulus arvensis L. (Field bindweed) (2.16 plant/m?); in
addition to this study, the most frequent weed species observed were C. arvense (25.93%), C. arvensis (22.94%), P. pratensis

(20.72%), B. tectorum (17.78%) and Rochelia disperma (L. fill.) C. Koch (14.80%).
Key Words: Sainfoin, Weed, Weed Density, Frequency, Erzurum

1. GIRiS

Tirkiye’de 2007 verilerine gore toplam 21 milyon
ha tarim alani igerisinde 17 milyon ha alanda ekim
yapilmaktadir (Anonymous, 2009). Erzurum ilinde
2008 yilinda 17 bin ha’lik alanda korunga ekimi
yapilmakta ve 200 kg/ha yesil, 50 kg/ha ise kuru ot
elde edilmektedir (Anonymous, 2009).

Korunga uzun Omirli, ¢ok yillik, kuraga ve
ozellikle soguga c¢ok dayamkl, diger bitkilerin
yetismedigi kirag, kiregli topraklarda iyi gelisen bir
yem bitkisi olup, kalkerli ve sulanmayan topraklarda
yoncadan daha verimlidir (A¢ikgoz, 2001; Elgi, 2005).

Korunga bitkisi, yalniz veya bugdaygillerle karisik
olarak kuru ot tretiminde, mera tesisinde, toprak
1slahinda, erozyonun kontroliinde, bal iiretiminde ve
miinavebede ¢ok genis bir kullanim alanima sahiptir
(Serin ve Tan, 2008).

Yabanci otlar kiiltiir bitkilerinde ¢esitli etmenlerin
meydana getirdigi iiriin kayiplarindan daha fazla zarara
sebep olmaktadirlar (Ozer, 1993). Yabanci otlarmn tiim
tarimsal dretimde %9.7'lik bir azalmaya neden oldugu
bildirilmistir (Cramer, 1967). Parker ve Fryer (1975),
yapmis olduklar1 degerlendirmede zararin tiim
diinyada %14.6 oldugunu belirtmislerdir.

Rusya’nin Belgorod bolgesinde korungada dnemli
zarar yapan ve sigirlar i¢in zehirli bir yabanci ot

Cynoglossum officinale L.(K6pekdili) tizerinde ¢esitli
caligmalar yapilmistir  (Yakovleva, 2004). Buna
ilaveten korungada zarar yapan Bromus arvensis L.
(Tarla bromu), Elymus repens (L.) Gould. (Ayrik),
Cynodon dactylon (L.) Pers. (Kopek disi ayrig1) ve
Sorghum sudanense (Piper) Stapf. (Sudanotu)’nin
onemli tiirler olduklari bildirilmistir (Elgi, 2005).
Erzurum yoresinde yem bitkilerinden yoncada
yapilan bir ¢alismada, yogunluk olarak, Poa pratensis
L. (Cayrr salkim otu) 21.96 adet/m®, Poa bulbosa L.
(Yumrulu salkim otu) 15.04, Bromus tectorum L.
(Puskiillii cayir) 11.47, Elymus repens (L.) Gould.
(Ayrik) 9.07 ve Carum carvi L. (Kir kimyonu) 3.05 ile
en yogun tirler olarak belirlenirken, P. pratensis
(%58.73), B. tectorum (%49.21), C. carvi (%38.10),
Descurainia sophia (L.) Webb. ex Prant (Uzun
siiplirge otu) (%36.51) ve Convolvulus arvensis L.
(Tarla sarmasigl) (%33.33), Lactuca serriola L.
(Dikenli yabani marul) (%33.33) ve P. bulbosa
(%33.33) ise rastlama sikliklart en yiiksek tiirler
olarak tespit edilmistir (Coruh ve Zengin, 2007).
Ulkemizde korunga ekim alanlarinda bulunan
yabanci otlar ve yogunluklar1 ile ilgili fazla bir
calisma bulunmamaktadir. Korungada yabanci otlarla
basarili bir miicadele yapabilmek igin, ekim
alanlarindaki yabanci ot tlrlerinin ve bunlarin
yogunluklarinin tespit edilmesi 6énemlidir. Bunun igin,



Erzurum yéresinde bazi korunga ekim alanlarinda bulunan yabanci otlar, yogunluklari ve rastlama sikliklari

Erzurum’da korunga yetistirilen alanlarda sorun
olusturan yabanci otlar, yogunluklari ve rastlama
sikliklar1 saptanmustir.

2. MATERYAL ve METOT

Calismanin materyalini, Erzurum iline bagh
Askale, Merkez ve Pasinler il¢elerindeki 4 veya 5
yasindaki korunga tarlalar1 ile buralarda bulunan
yabanci otlar olusturmaktadir.

Calisma, 2007-2008 yillarinda Erzurum ili
Merkez, Askale ve Pasinler ilgelerindeki korunga
ekilen alanlarda yiiriitiilmiistir. Ornekleme her 3
calisma alaninin genelini kapsayacak bigcimde 2007
yilinda 8 Haziran ve 9 Temmuz tarihleri arasinda 25
korunga tarlasinda, 2008 yilinda ise 6 Haziran 7
Temmuz tarihleri arasinda 20 korunga tarlasinda
yapilmigtir. Yabanci ot yogunlugunu tespit ederken,
sansa bagli olarak yaklagik 3 da’lik her bir korunga
tarlasina 3 kez cerceve atilarak, igerisine diisen
yabanci otlarin cins veya tiirleri iizerinden sayimlar
gerceklestirilmigtir. Bu esnada Poaceae familyasina
ait bitki tlirlerinde her bir kardes bir bitki olarak
sayllmigtir. Yabanci otlarin  yogunluklar1 tespit
edilirken tarla kenar tesirinden kagimilarak kosegenler
dogrultusunda 10 m igeriden baglanarak, obiir uca 10
m kalana kadar uzunluklar1 1 m olan 4 cita ile
olusturulan 1 m®lik cerceve atilmistir. Daha sonra
siirvey yapilan korunga tarlalarindaki yabanci ot
yogunlugun aritmetik ortalamasi almarak m*’deki
yabanct ot yogunlugu bulunmustur. Stirvey sirasinda,
tanis1 yapilamayan yabanci otlar herbaryuma alinarak
numaralanmig ve teshisleri Davis (1965-1988) ve
Atatiirk Universitesi, Ziraat Fakiiltesi, Bitki Koruma
Boliimii Herbaryumu’ndan yararlanilarak yapilmistir.
Bitkilerin Tiirk¢e adlart Ulug ve ark., (1993)’dan
faydalanilmustir.

Siirvey yapilan korunga tarlalarindaki yabanci ot
tirlerinin dagilislarinin homojen veya heterojenligi
hakkinda bilgi edinmek i¢in rastlama sikliklar1 tespit
edilmistir.

Bunun igin,
(Uygur, 1985).

Rastlama Siklig1 % =N /M x 100

N: Tiirlin rastlandig1 ¢ergeve sayisi

M: Atilan toplam gergeve sayisi

asagidaki formiil kullanilmigtir

3. BULGULAR ve TARTISMA

Erzurum yoresi korunga ekim alanlarinda 1
tohumsuz, 11 tek ¢enekli (Monocotyledoneae)
sinifindan ve 67 ¢ift c¢enekli (Dicotyledoneae)
sinifindan olmak tizere 26 familyaya ait 67 cinse giren
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79 farkli yabanci ot tiirii belirlenmistir. Bu yabanci
otlarn m”>’deki yogunluklarnmn 1 ile 2448 arasinda
degistigi ve ortalama yogunlugun ise 57.86 oldugu
belirlenmistir.

Caligma alanlarinda P. pratensis L. (18.13
adet/m®), P. bulbosa (14.25 adet/m®), B. tectorum
(7.05 adet/m®), Cirsium arvense (L) Scop.
(KSygogiiren) (2.79 adet/m?®) ve Convolvulus arvensis
L. (Tarla sarmasigl) (2.16 adet/m?) en yogun, (0.01
adet/m®) ile Anthemis cretica L. (Dag papatyasi),
Hyoscyamus niger L. (Siyah banotu), Sanguisorba
officinalis L. (T1bbi gayir dligmesi), Papaver orientale
L. (Dogu hashasi) ve Wiedemannia multifida (L.) en
az yogun tiirler olduklari tespit edilmistir (Cizelge 1).

Rastlama sikliginda ise C. arvense (%25.93), C.
arvensis (%22.94), P. pratensis (%20.72), B. tectorum
(%17.78) ve Rochelia disperma (L. fill.) C. Koch (iki
tohumlu taskesen) (%14.80) en yaygin; (%0.74) ile
Achillea millefolium L. (Tibbi civan pergemi), A.
cretica, H. niger, Koeleria cristata (L.) Pers. (Ibikli
cayir otu), S. officinalis, P. orientale ve W. multifida
nadir yaygin yabanci ot tiirleridir (Cizelge 1).

Van ve Orta Anadolu’da yapilan yonca ve korunga
ile 1ilgili iki c¢aliymada Agropyron cristatum (L.)
Gaertn. (Adi otlak aynigt), Alyssum desertorum Stapf.
(Kiigtik tagotu), B. tectorum, Capsella bursa-pastoris
(L.) Medik. (Coban ¢antasi), Cardaria draba (L.)
Desv. (Yabani tere), Centaurea spp., C. arvense, C.
arvensis, Descurainia sophia (L.) Webb. ex Prant.
(Uzun stipiirge otu), Equisetum spp., Falcaria vulgaris
Bernh. (Falgata otu), Fumaria spp., Geranium spp.,
Lactuca spp., Papaver spp., Plantago lanceolata L.
(Dar yaprakli sinir otu), Poa spp., Polygonum spp.,
Setaria viridis (L.) P.B. (Yesil kirpi dar1), Sinapis
arvensis L. (Yabani hardal), Thlaspi arvense L. (Tarla
akga ¢icegi) ve Tragopogon spp. 6nemli tiirler olarak
tespit edilmistir (Tepe, 1988; Cali ve ark., 1993). Bu
sonuglar arastirmanin sonuclariyla uyum
gostermektedir.

Sonu¢ olarak, Erzurum ve yodresinde korunga
tarlalarinda yabanci ot tilirlerinin yogunluk ve
yayginlik durumunun ele alindigi bu calismada,
onemli derecede dar ve genis yaprakli tiirler ortaya
¢tkmaktadir. Bundan dolayi, c¢alisma alaninin
kapsadig1 bu yorelerde korunga ekim alani kurulurken
ornegin B. tectorum (tek yillik), C. arvense (gok
yillik) ve C. arvensis (¢ok yillik) gibi tohumla
¢ogalabilen yabanci otlardan arindirilmis sertifikali
tohumlugun kullanilmasi yaninda kiltiirel
onlemlerinde almmmasi gerekir. Bu tiir caligmalarin
belirli araliklarla giincellenerek bizlere ileride daha iyi
bilgi verecektir.
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Cizelge 1. Erzurum Yoresi Bazi Korunga Ekim Alanlarinda Saptanan Yabanci Otlar, Yogunluklari ve Rastlama Sikliklart

Yabanci Ot Tiirleri ve Familyalart S({ailgettl/nnl:%( sljlzsltgliﬂ(r;/i)
EQUISETACEAE
Equisetum ramosissimum L. (Cok dall1 at kuyrugu) 0.07 2.22
LILIACEAE
Allium rotundum L. (Yabani sarimsak) 0.02 2.22
POACEAE
Avena fatua L.(Yabani yulaf) 0.05 2.22
Bromus japonicus Thunb. (Japon bromu) 1.20 7.41
Bromus lanceolatus Roth (Mizraks1 brom) 0.16 1.48
Bromus tectorum L. (Piiskiillii cayir) 7.05 17.78
Elymus repens (L.) Gould. (Ayrik) 0.92 4.44
Koeleria cristata (L.) Pers. (Ibikli cayir otu) 0.19 0.74
Phleum pratense L. (Cayir kelp kuyrugu) 1.13 5.92
Poa bulbosa L. (Yumrulu salkim otu) 14.25 14.06
Poa pratensis L. (Cayir salkim otu) 18.13 20.72
Triticum aestivum L. (Yazlik bugday) 0.02 1.48
AMARANTHACEAE
Amaranthus retroflexus L. (Kirmiz1 kokli tilki kuyrugu) 0.21 3.70
APIACEAE
Carum carvi L. (Kir kimyonu) 0.27 5.93
Turgenia latifolia (L.) Hoffm. (Pitrak) 0.17 7.41
ASTERACEAE
Achillea millefolium L. (T1bbi civan percemi) 0.02 0.74
Anthemis cretica L. (Dag papatyasi) 0.01 0.74
Carduus nutans L. (Egik bash kangal) 0.04 3.70
Centaurea depressa Bieb. (Yatik gbkbas) 0.04 2.22
Centaurea solstitialis L. (Giines dikeni) 0.02 1.48
Cichorium intybus L. (Yabani hindiba) 0.10 5.93
Cirsium arvense (L.) Scop. (Kdygdciiren) 2.79 25.93
Lactuca serriola L. (Dikenli yabani marul) 1.56 11.85
Picnomon acarna (L.)Cass.(Pamuk dikeni) 0.04 2.22
Senecio vernalis Waldst. and Kit. (Kanarya otu) 0.02 2.22
Sonchus arvensis L. (Esek marulu) 0.02 1.48
Taraxacum crepidiforme DC. (Yayla aslandisi) 0.04 2.22
Tragopogon aureus Boiss (Altuni yemlik) 0.03 2.22
Tragopogon buphthalmoides (DC) Boiss. (Okiiz gdziimsii teke sakalr) 0.06 3.70
Tragopogon dubius Scop. (Biiyiik yemlik) 0.07 4.44
BORAGINACEAE
Anchusa azurea Miller. (Italyan sigir dili) 0.02 2.22
Anchusa arvensis (L.) Bieb. (Tarla sig1r dili) 0.03 2.22
Anchusa leptophylla Roemer et Schultes (Kiigiik yaprakli sigir dili) 0.04 2.96
Cerinthe minor L. (Sar1 mum c¢icegi) 0.04 2.22
Mpyosotis alpestris F.W. Schmidt (Unutmabeni) 0.05 2.96
Neatostema apulum (L.) Johns. (Yalanci taskesen otu) 0.17 5.18
Rochelia disperma (L. fill.) C. Koch (iki tohumlu tagkesen) 1.36 14.80
BRASSICACEAE
Alyssum desertorum Stapf. (Kiigiik tasotu) 0.03 1.48
Capsella bursa-pastoris (L.) Medik. (Coban cantasi) 0.03 2.22
Camelina rumelica Vel. (Rum yalanci keteni) 0.04 2.96
Cardaria draba (L.) Desv. (Yabani tere) 0.42 7.40
Conringia orientalis (L.) Andrz. 0.03 2.22
Descurainia sophia (L.) Webb. ex Prant. (Uzun siipiirge otu) 1.33 8.14
Isatis sp. (Civit otu) 0.02 2.22
Sinapis arvensis L. (Yabani hardal) 0.10 2.96
Thalaspi arvense L. (Tarla akca ¢igegi) 0.04 3.70
CAMPANULACEAE
Campanula rapunculoides L. ( Siirliniicii ¢an ¢icegi) 0.02 1.48
CARYOPHYLLACEAE
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Cerastium anomalum Wald. et Kit. (Garip boynuz otu) 0.06 2.96
Silene vulgaris (Moench) Garcke. ( Adi nakil) 0.03 2.22
CHENOPODIACEAE

Chenopodium album L. (Sirken) 0.40 4.44
CONVOLVULACEAE

Convolvulus arvensis L. (Tarla sarmagi1g1) 2.16 22.94
Convolvulus sepium L. (Cit sarmasig1) 0.05 2.96
DIPSACACEAE

Cephalaria procera Fisch. et Lall. (Gevrek) 0.02 2.22
Cephalaria sparsipilosa Matthews.(Top ¢igekli pelemir) 0.03 2.22
EUPHORBIACEAE

Euphorbia virgata Waldst. et Kit. (Cubuksu siitlegen) 0.16 9.62
FABACEAE

Astragalus ponticus Pall. (Pontus geveni) 0.02 2.22
Melilotus officinalis (L.) Desr. (Kokulu sar1 yonca) 0.02 2.22
Trifolium trichocephalum Bieb. (Kill1 bagh tiggiil) 0.05 1.48
Vicia cracca L. (Kus figi) 0.06 2.96
GERANIACEAE

Geranium tuberosum L. (Yumrulu jeranyum) 0.15 4.44
LAMIACEAE

Acinos rotundifolius Pers. (Glizel nane) 0.05 2.96
Lamium amplexicaule L. (Ballibaba) 0.12 5.92
Marrubium parviflorum Fisch. And Mey. (It sinegi) 0.02 2.22
Salvia verticillata L. (Halkavi yaprakl adacay1) 0.03 2.96
Sideritis montana L. (Balliot) 0.39 9.62
Wiedemannia multifida (L.) Bentham (Cok dall1 ballibaba) 0.01 0.74
PAPAVERACEAE

Fumaria officinalis L. (Hakiki sahtere) 0.06 2.96
Papaver orientale L. (Dogu hashasi) 0.01 0.74
PLANTAGINACEAE

Plantago lanceolata L. (Dar yaprakl: sinir otu) 0.02 1.48
POLYGONACEAE

Polygonum bellardii All. (Siipiirge) 0.15 5.18
Polygonum convolvulus L. (Sarmagik coban degnegi) 0.13 4.44
Rumex crispus L. (Kivircik labada) 0.07 6.66
RANUNCULACEAE

Adonis aestivalis L.(Yaz kanavci otu) 0.21 5.18
ROSACEAE

Sanguisorba minor Scop. (Kiiciik ¢ayir diigmesi) 0.22 2.22
Sanguisorba officinalis L. (T1bbi cayir diigmesi) 0.01 0.74
RUBIACEAE

Galium incanum Sm. (Grimsi dilkanatan) 0.27 2.96
SOLANACEAE

Hyoscyamus niger L. (Siyah banotu) 0.01 0.74
SCROPHULARIACEAE

Linaria kurdica Boiss. and Hohen. (Nevruz otu) 0.04 2.96
VIOLACEAE

Viola arvensis Murray (Yabani hercai menekse) 0.18 3.70
Genel Ortalama 57.86
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