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ARASTIRMA MAKALESI RESEARCH ARTICLE

Changing Scenario of Crop Diversification in Nepal: Delineating The Role of Trade
Openness, Urbanization and Rural Infrastructure

Bidyut Kumar Ghosh
Abstract

Crop diversification in the farming sectors has been accepted to be a wise strategy for augmenting the farmers’
income level as well as for mitigating the challenges for climatic change worldwide. Considering the importance
of crop diversification both from the view points of farmers and environmental aspects, this paper using the
secondary data tries to find out the pattern of growth of area, production, and yield of the major crops in Nepal,
and at the same time, it makes an attempt to examine the crop pattern changes in Nepal along with its determining
factors including both demand and supply-side factors. The growth analysis reveals that for most of the crops the
second sub-period of 1986 — 2007 was the best in terms of the growth of production as compared to the other two-
subperiods (1961 — 1985 and 2008 — 2017). The crop pattern of Nepal over the years shows that though the food
grain crops still dominate the crop mix of the economy, there is clear evidence of necessary intercrop substitution
where the traditional food grain crops are being replaced by commercial cash crops. Tea has come up with a big
way in Nepal commercial cash crop production. Also, the crop diversification indices measured by the Herfindahl
index and Shannon index, show a rising trend in diversification pattern during the nineties. Urbanization, better
infrastructural supports in terms of better technology, irrigation coverage has been found to provide a significant
positive impact on the diversification process. However, the trade openness is not found to be beneficial for Nepal’s
agricultural sector diversification process as does the policy reforms in the post-political reforms.

Keywords: Crop diversification, Trade openness, Infrastructure, Urbanization, Growth, Beta regression
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1. Introduction

Though the share of agriculture, forestry, and fishing to the Gross Domestic Product (GDP) of Nepal has been
reducing continuously since time long, still the sector holds the backbone of the Nepalese economy. According to
the World Bank, the share of this sector has decreased from 64.58 % in 1965 to 48.85 % in 1985, further to 38.24 %
in 2000, and finally reached 25 % in 2018. However, rural economy vis-a-vis the agriculture sector is predominant
of economic activities and has the potential to provide stable and productive jobs to the people of Nepal. As it is
evident from the International Labour Force (ILO) data that the agricultural sector remains the largest employer to
the country’s labor force as 82.33 % of the labor force was employed in this sector in 1991, 75.68 % in 2000 and
70.1 % in 2018. .

Of late, the climatic changes through the rising mean temperature has also become a significant cause of
concern for raising the agricultural gross domestic product (Acharya and Bhatta, 2013). So, it has been perceived
by the agricultural economists that “crop diversification can be one of the most ecologically feasible, cost-effective,
and rational ways of reducing uncertainties in agriculture especially among smallholder farmers” (Joshi et al.,
2004). It has been argued that the shift of crop mix towards the high valued crops will eventually lead to more
income for the farmers if the crops are ensured reasonable market prices as most of these crops are of high yielding
varieties. For achieving a sustainable agricultural practices concerning the global climatic changs and for reducing
the negative effects, policies should include crop and enterprise diversification, land and water management, and
livestock management (Wall and Smith, 2005).

“A proper and scientific crop mixtures are mostly like to work by increasing natural enemies of insect pests,
breaking the disease cycles, suppressing weeds and volunteer crop plants thereby creating a dilution effect by
reducing resource concentration and modification of the microenvironment within the crop canopy and or making
pest and diseases pathogen penetration more difficult” (Lin, 2011; Shoftner and Tooker, 2013).

All of these factors are supply-side factors. Coming to the demand side factors, the first essential is the food
habit of people. The food habits of the people should also be changed to create enough marketing potentials for
these new crops. The food habits of the people have also been changing gradually due to globalization as there
were significant shifts in the diet of the people of low- and middle-income countries toward increased refined
carbohydrates added sweeteners, edible oils, and animal-source foods and reduced legumes, other vegetables, and
fruits (Popkin, 2015). These are all considered as the commercial cash crops from the farmers’ viewpoint and have
the potential to generate more revenues for the farmers. So, changing the food habits of the people can also give
rise to the demand for diversified cropping patterns.

In the farming sector, diversification can take place either through area amplification or by crop substitution.
Nepal' is located mainly in the Himalayas but also includes parts of Indo-Gangetic Plain. It is a landlocked country
that borders China in the north and India in the south, east, and west. The Himalaya, high hills, mid-hills, Siwalik
and Terai, are the five main geographic divisions of Nepal. Although agriculture is the prime occupation of the
majority of the population (83 percent of population relies on agriculture), it is mostly dominated by marginal &
small farms (less than one hectare) and operates at the low economies of scale (Central Bureau of Statistics, 2013).
Around 40 % of agricultural households have less than 0.5 hectares and 26 % have between 0.5 and 1.0 hectares.
The average size of landholding is 1.3 hectares in lowland and 0.9 hectares in the hilly region. Besides, it is
challenging for the farmers with possession of fewer than 0.5 hectares of land to meet the food requirement of a
family with the above five members (Rapsomanikis, 2015). The Nepal government has decided to expand “The
Prime Minister Agriculture Modernization Project " and grants are decided to provide improved seeds and plants
of tea, coffee, cardamom, areca nuts, potato, banana, and lemon and is allocated 4.77 billion to execute this project
effectively. The government of Nepal has allocated 33.71 billion for the agricultural sector for the fiscal year
(2015-16) which is a 39.29 % increase in agricultural budget from the previous year (MOF, 2018). Similarly, rural
poverty can be reduced by increasing yields and enhancing the productivity of agricultural labor (Cervantes-Godoy
and Dewbre, 2010). Farmers in Nepal face problems in marketing and commercializing their products due to lack
of market facility, lack of transportation, and credit facility. Though most of the farmers in Nepal produce basic
staple grains where about 82 % of cultivated land is planted with cereal crops (Nepal Agricultural Research

1 Officially known as Federal Democratic Republic of Nepal
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Council, 1995), therehave been steady growths in the share of the commercial cash crops in the crop mix of the
country during the last 2-3 decades. For instance, the area under rice cultivation has increased steadily from
1368420 hectares in 1994 to 1549447 hectares in 2006 afterward it has been fluctuating continuously and settled
at 1362908 hectares in 2016. In contrast to this, the area under fresh fruits has been rising steadily since the last
decades — 12160 hectares in 1995 to 17474 hectares in 2002 and further went up to 27122 in 2017. Similarly, the
area under fresh vegetables has been rising very steadily even without any fluctuations in its cultivated area —
122012 hectares in 1991 to 229761 hectares in 2009 and finally reached at 289961 hectares in 2016.

There is plenty of literature on the specific issue of crop diversification at all levels of study — local level (using
farm-level data), national level, and international level. As the current research does not cover any farm-level data,
the review of literature will not consider the crop diversification at the farm level; rather, it will find only the macro
level (national and international level) crop diversification.

The south Asian countries are gradually diversifying with some inter-country variation in favor of “high-value
commodities, namely, fruits, vegetables, livestock, and fisheries” (Joshi et al, 2003). They have also argued that
the diversification process is strongly influenced by price policy, infrastructural development, urbanization, and
technological improvements. Agricultural diversification is also contributing to employment opportunities in
agriculture and increasing exports. Reforms in developing and strengthening desired institutions through required
legal changes would go a long way in boosting agricultural growth through these diversified agricultural practices
which in turn will augment the income of small farm holders and promote exports.

The practice of agricultural policy of staple food self-sufficiency being the cornerstone of agricultural policy
in most of the developing countries has become increasingly obsolete with the pace of economic growth (Dorjee
et al., 2003). In South Asia, the share of cereals in agricultural output has remained unchanged; however, the share
of cereals in consumption has declined markedly due to inappropriate government price support policies and
associated institutions for cereals in some countries. The main identified factors which are acting as constraints in
the process of diversifying agricultural crop mix were the size of markets and price risks, soil suitability and land
rights, the availability and quality of irrigation infrastructure, and the availability and cost of labor (Dorjee et al.,
2003). This has also been supprted by De (De, 2003) and De and Chattopadhyay (De and Chattopadhyay, 2010)
in the context of explaining the increasing importance of irrigation and technology in the phenomenal growth of
commerical crops such as potato in the West Bengal province of India.

Due to its climatic conditions and food habits of the Nepalese people, rice is the main dominant crop both in
the terai (plains) and hills followed by wheat, maize, and potato. It is true both for irrigated and non-irrigated areas.
However, in the mountains of the country, maize and vegetables are taking the dominant crop shares (Sharma,
2020). The Agriculture Perspective Plan (APP) is a 20-year plan on which the whole agricultural strategy of the
country lies. The main objectives of APP are to reduce poverty by 35 % over 20 years; and to increase the rate of
growth of agricultural GDP from the current low level of 3 % per annum to about 5 %, thereby using agriculture
as the growth engine for the rest of the economy. The government has established a strategy for implementation
of the APP, such as the pocket package strategy, and GO-NGO-Private sector partnership, etc. Pockets of
commercially available commodities will be developed and a suitable package of technologies will be provided.

One of the primary objectives of the Agriculture Perspective Plan (APP) is to reduce the poverty level by
increasing the growth rate of agricultural GDP of the country and crop diversification has been a significant thrust
engine for the long-term plan. Sharma (2020) has also pointed out some significant constraints in terms of policies,
infrastructural, and intuitional factors that act as the main bottlenecks for agricultural diversification in Nepal.

Despite several obstacles, there has been a rightward shift in favor of high-value crops between 1995 and 2004
and between 2004 and 2010, respectively (Thapa et al., 2017). They have identified that female-headed
households, caste, mother's education, net-buyer status, urban region, remittance, farm size, kitchen garden,
improved seeds, telephone, and refrigerator have a positive impact on the agricultural diversification and
diversification, in turn, has a positive impact on raising the farmers per capita consumption of the farmers.

Diversification of cropping patterns has also been very crucial from the adaptive viewpoint concerning the
climatic change (Bradshaw et al., 2004; Ellen and Barry, 2005; Kishore et al., 2018).
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Furthermore, international trade openness through the liberalization of agricultural trade might have some
impact on crop diversification. In fact, during the mid-nineties, the differences between domestic and international
prices were significantly high in many developing countries like India which helped to concentrate on ‘high value’
crops such as fruits and vegetables (Jha et al., 2009). However, there is a great deal of debate about whether
liberalized agricultural trade will lead to increased crop diversity (Fraser, 2006). There can be both beneficial and
detrimental effects of the trade liberalization on agricultural biological diversity. Non-availability of appropriate
data and methodological problems make it further challenging to prescribe robust empirical assessments of the
direction of the overall outcome (Secretariat of the Convention on Biological, 2005).

So, the rural household diversification vis-a-vis agricultural crop diversification seems to be an engine for
enhancing the farmer’s income base as well as can be used as an alternative strategy to cope up with the climatic
change. Along with the natural geographical advantages, some economic and institutional factors such as irrigation
facilities, technological innovation through the method of cultivation, improved seeds, urbanization, farm size,
foreign aid, trade liberalization, better communication, etc. might have essential bearings on diversifying the
cropping pattern (Thapa et al., 2017).

Thus, agricultural crop diversification is essentially an outcome of several socio-economic and technological
factors which are also interlinked to each other and thereby giving rise to some significant direction to the crop
mix of an economy. Also, the direction and strength of the effect of all such factors depend on the level of economic
development achieved by the country. Under these backdrops, this paper deals with the behavior of cropping
pattern changes in Nepal from 1960 to 2017. The specific objectives of the study are —

(a) To examine the growth of agricultural crop over the different phases of economic and political conditions
prevailing in Nepal;

(b) To explore the nature of the changes in the crop diversification or specialization at the macro level; and

(¢) To identify the determining economic factors behind the changes in the crop mix of the farming sector of
Nepal.

2. Materials and Methods

2.1 Data Source

The whole study is based on the secondary data for the period (1961 —2017) and the data were collected and
compiled from the Food and Agricultural Organisation® and Central Bureau of Statistics, Nepal.

2.2 Growth Decomposition by Kinked Exponential Method

For measuring the growth performances of the different crops and crop groups in Nepal, the whole period of
57 years has been divided into three sub-periods as sub-period I: 1961 to 1985, sub-period II: 1986 — 2007 and
sub-period III: 2008 -2017. Sub-period I is the era of economic development under the policy of economic
development through the state-controlled Five Years Plans. The second sub-period was capturing the Nepal
economy when the policy of economic liberalization was introduced in the mid-1980s which was accelerated
further with the start of the 1990s. Finally, the third sub-period is the mark of abolishing the monarchy and
beginning of the journey as a federal republic state.

The simple kinked (double kinked) exponential growth model has been adopted for estimating the growth
performance in the three different sub-periods.

Where;
InQ:t = ar + b1 (Dit + D2ki + Dski) + bz (Dat- D2ki - Dski + Dskz) + bs (Dst-Dskz) + u (Eq.1)
D, =1, for thesub-period I

=0, otherwise

2 FAOSTAT
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D, =1, for thesub-period 11
=0, otherwise

D, =1, for thesub-period Il
=0, otherwise

ki and ko are the first and second kink (break) points.

In (Qt) is the natural logarithm of the variable Q, and t denotes the time. The variable Q will measure the area,
yield, and production of major crops (crop-groups) over the period 1961 —2017.

In the above equation bi,b2 and bs are the growth rates for the first, second, and third sub-periods respectively.
Estimating the trend break equation also tests the significance of the difference between the growth rates in two
different sub-periods

InQt = a1 + bit + bi* (Dat -Daki - Dski + Dst) + ba* (Dst - Dska) + Ut (Eq.2)

where b1* and bo* are the divergence between the first and second sub-period growth rates and the divergences
between the third and second sub-period respectively.

2.3 Diversification Measures

For measuring the diversity in the crop mix in an economy, there are quite a few methods viz. Species Richness,
Species Evenness, Entropy Index, Gini index, Herfindahl Index, Simpson Index, Shannon's diversity index, etc.
The agricultural diversification in Nepal has been measured using both Shanon’s index and Herfindahl’s index.

Simpson's diversity index is defined as:

D= Z pi
= (Eq.3)

Now D is a measure of dominance, so as D increases, diversity decreases. Thus, Simpson’s index is usually
considered as its complement 1-D (or sometimes 1/D). Since D takes on values from zero to one and the measure
(D) approaches one in the case of a monocropping system, (1-D) provides a measure of diversity which is much
less sensitive to a richness in species.

As 0 < D <1, with values close to zero correspondings to highly diverse or heterogeneous cropping patterns
and values close to one corresponding to more homogeneous cropping pattern, it is more pragmatic to change the
directional value of the index, taking it as 1- D instead as

s
D=1-D= 1—Zp3
i=1
(Eq.4)

This quantity is called by statisticians the index of diversity. So, a higher value is indicating greater
diversification.

In Economics, virtually the same quantity is called the Hirschman-Herfindahl index (HHI).

Shannon's diversity index, simply the ecologist's name for the communication entropy introduced by Claude
Shannon, is given as:

s
H=- Z P lnp;
=1
’ (Eq.5)

Where pi is the fraction of individuals belonging to the ith species. For a well-sampled population unit, we can
estimate this proportion as pi= n;/ N, where n; is the number of individuals in species i and N is the total number
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of individuals in the sample. Since by definition, the p; will all be between zero and one, the natural log makes all
of the terms of the summation negative, which is why we take the inverse of the sum.

Typical the index values lie between 1.5 and 3.5 in most cases in agricultural crop diversification measures,
and the index is rarely greater than 4. The Shannon index increases as both the richness and the evenness of the
sample increase. The incorporation of both components of diversity can be seen as a strength as well as a weakness.
It is a strength because it provides a simple, synthetic summary, but it is a weakness because it makes it challenging
to compare two cropping patterns that differ significantly in richness. Due to the confounding of richness and
evenness in the Shannon index, many biodiversity researchers prefer to stick to two numbers for comparative
studies, combining a direct estimate of species richness (the total number of species in the sample unit, S) with
some measure of dominance or evenness. The most common dominance measure is the Simpson’s index.

2.4 Determinants of Diversification

Next, to identify the driving force behind the diversification (or concentration), a multiple linear regression
framework has been adopted.

DlIus or DIsu = Bo + BiTECH + B2 INFRA + B3 POLICY + B+ DEMAND + Bs TRADE (Eq.6)

The dependent variable is identified in two ways:
DInnis Herfindal’s index of diversification and DIsg is Shanon’s diversification index.
The independent variables are identified as:

TECH stands for technological factors, INFRA portrays all infrastructural variables, POLICY stands for a
vector of dummy variables indicating the major policy shift in the economy, DEMAND is demand-side variables
and TRADE is a vector for international trade-related variables.

Based on the availability and usability of the data, the following variables were identified:

Fertilizer usage per hectare is taken as technological variables. For infrastructure (INFRA), irrigation coverage
(% of actual cropped area irrigated) as a proxy for physical infrastructure is considered. For DEMAND, the
urbanization rate (% of urban population to total population) is taken. Finally, for the trade openness
(TRADE)(export + import/ gdp) is considered as liberalization of trade policy. The details specification of
variables and their expected sign are given in the Table I below:

Table 1. Possible determinants of diversification with desired directions of effects

Drivers Variables Units of measurement Expected
sign
TECH Fertilizer usage Tonnes of fertilizers used per hectare +
of Gross Cropped Area
INFRA Irrigation coverage Proportion irrigated are to the +
gross cropped area (%)
DEMAND Urbanization The proportion of the urban population +
to the total population (%)
TRADE Trade openness Share of export and import to the total +/-
GDP (%)
POLICY Time dummies The policy shift from a controlled +/-
Time dummyl =1, for 2 nd sub-period economy to a global economy and of
=0, otherwise abolishing the monarchy for starting
Time dummy 2 =1, for 3 nd sub-period journey as a federal republic state.
=0,otherwise

Source: Author’s own

As the value of Herfindal’s index lies between 0 and 1, it is not wise to use the Ordinary Least Squares Method
(OLSM) to estimate the parameters of the model. The use of OLSM will produce inefficient estimates, especially
when the Herfindahl Index value becomes clustered around the mean level meaning very fewer fluctuations in
diversification over the years. Instead of that, beta regression has been used to estimate the parameters of the
model. However, there is no such harm in applying the OLSM to estimate the parameters of the model, when the
extent of diversification has been measured by Shanon’s method as the index value will vary to a more considerable
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extent (not restricted between 0 and 1). Thus, the same mathematical model has been estimated twice — one by
beta regression method and the other OLSM.

3. Results and Discussion
3.1 Trends in crop area of major crops

The focus has been given on the area share of high-value crops to the total cropped area as an indicator of crop
diversity given the importance of high-value crops and emphasis placed by the Nepal government on promoting
high value and commercial crops. Table 2 illustrates the percentage of the area allocated to different crops in
1961, 1981, 1991, 2001, and 2017.

Table 2. Area shares of major crops over the years

Percentage Share in Total Agricultural Land

Crops/Crop Groups 1961 1981 1991 2001 2017
Rice 51.31 45.10 34.78 34.20 30.35
Maize 20.37 16.54 18.58 18.59 17.60
Wheat 5.18 13.63 14.60 14.45 14.39
Total pulses 8.16 9.36 6.73 6.44 6.48
Food grain crops 89.04 89.81 80.30 80.17 74.73
Oil crops 6.56 5.09 8.89 8.78 7.98
Root crops 2.31 2.20 2.79 341 4.48
Fibre Crops 1.41 1.81 0.39 0.28 0.17
Vegetable Crops NA NA NA 0.13 0.38
Sugarcane 0.33 0.83 0.81 1.34 1.40

Source: Author’s own

Major cereals (rice, maize and wheat) and pulses occupied a major sharein the total agricultural land of the
country. In 1961, these three top crops together accounted for 76.86 % of the entire agricultural land of the country
while in 2001, the share decreased to 67.24 % in 2001 and 62.34 % in 2017. The relative area under rice cultivation
has been continuously decreased over the period 2001 to 2016, the areas under the other major foodgrain crop viz.
maize has been showing a marginal fall in its relative area share while wheat has a sharp increase in relative area
gain from 5.18% in 1961 to 13.63% in 1981 and thereafter remained stagnant at that level for the subsequent time
points.

The cropping pattern was found to be dominated mostly by the food grain crops. However, some transition has
also been observed first in 1991 and second in 2017 when the food grain crops have lost their acreage to other non-
food grain crops. For instance, the area under the root crops and vegetables (high-value crops) have been found to
gain their area shares in the total agricultural land significantly at the end of the study period (2017). This area
expansion under food grain crops is quite expected to feed the 2.93 crores people of Nepal. But there has been
some intercrop substitution as the area under rice being taken away by other food grain crops (mainly wheat) and
other non-food grain crops. At the same time, it is also true that the choice of the Nepalese has also been widened
especially during the last decade as the area allocation under vegetable crops and root crops have been almost
doubled during the same period. Also, the country has been producing and exporting tea recently. Before 2000,
the tea industry was a Government monopoly and Nepal's tea exports accounted for only about 100 — 150 tons per
annum. However, due to the liberalization adopted nearly a decade ago, Nepal's tea industry witnessed an
exponential rise in tea exports, accounting for almost 4,000 — 5,000 tons per annum. At present, Nepal produces
24.653 million tonnes of tea per annum on an area of 28.522 hectares.

The following Figure I shows the area allocation of different food grain crops in Nepal during the period 1961
to 2017. Rice, the main food grain crop, has increased steadily up to 1990 and afterward it shows a declining trend
until 1995. Though it started regaining its position during the late nineties, overall, it was showing the absolute
decline in the area in the recent past. The other two food grain crops viz. wheat and maize have shown a continuous
increase in the area of cultivation over the years. However, their relative shares are not so high as compared to
rice. The area under pulses which is considered to be the primary source of protein especially for poor economies
like Nepal remained stagnant for many years. It has been a significant concern as the percentage of children under
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five years of age who are stunted (%) is very high in Nepal (57.1 %, 49.3 %, and 35.8 % respectively in 2001,
2014 and 2016, FAO). Also, due to this, the import of pulses both in value and quantity terms is quite alarming
(Figure 2).

e Import Quantity (tonnes)
150000 - e Imiport Value (USS)

50000 -

Import Quantity {tonnes) & Import Value (US$000)

o N P

1960 1970 1980 1990 2000 2010
Year

Figure 1. Import of pulses both in quantity and values terms over the years (Source: Author’s own)

Coming to the area allocations under the non-foodgrain crops, almost all the major non-food grain crops (except
the fiber crops) have witnessed steady growth over the years. The oil crops and tea have started to grow since the
mid-eighties and nineties, respectively. Thus, it has been observed that the relative area allocations of the food
grain crops have either remained stagnant or started decreasing while the area under most of the non-food grain
crops has shown a huge increasing trend since the last two-three decades.

Trends of Acreage of Foodgrain Crops

1600000 -

1200000 -

Rice

m— \Wheat
800000 ~ — laize

Area inHectares

Pulse Total
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—_— 7
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Figure 2. Trends in Foodgrain Crops in Nepal (Source: Author’s own)

3.2 Decomposition of Production Growth of Major Crops into Area and Yields Components

Further, these changes in the area allocations of different competitive crops along with their yield rates might
have some significant impact on the production of these crops. To examine the effect of both area and yield growths
on the production growth of the major crops, the simple individual crops decomposition scheme has been applied
by dividing the whole period of 1961 — 2017 into three different sub-periods, as mentioned in the methodological
section. The exponential growth rates of production, area, and yield of the major crop/crop groups have also been
calculated for all the sub-periods along with their trend break differences and reported in Tables 3, 4, and 5.
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Table 3. Exponential Growth Rates of Production Major Crops in different sub-periods

Crops Sub-period  Sub-period  Sub- First trend Second trend R-squared D.W.
I II period Il difference difference statistic

Rice 1.21 2.32 0.67 1.11 -1.65 0.89 1.81
(5.834) (10.418) (0.872) (2.87) (-1.797)

Wheat 6.99 3.70 2.56 -2.28 -1.14 0.98 1.38
(34.914) (17.274) (3.445) (-8.852) (-1.296)

Maize 0.32 3.70 1.91 3.38 -1.79 0.56 2.37
(0.71) (7.491) (1.426) (4.059) (-1.084)

Pulses 2.20° 2.22° 417" 2.697¢-04 1.944¢-02* 0.98 1.94
(11.293) (10.497) (6.145) (0.074) (2.381)

Oilseeds 3.17 3.65" 2.16" 0.48 -1.48 0.44 1.95
(3.381) (3.45) (3.78) (0.785) (-0.34)

Roots & 2.72° 7.017 2.59" 4.29* -4.43" 0.98 2.06

Tubers (6.567) (14.841) (1.891) (5.347) (-2.645)

Fiber crops -0.80 -4.25™ 1.47 -3.45 5.73 0.87 1.99
(-0.463) (-2.181) (0.213) (-1.062) (0.714)

Vegetables 8.85" 5.25" 5.30" -3.60" 0.05 0.98 2.15
(32.884) (17.749) (5.928) (-7.128) (0.043)

Sugarcane 7.28" 6.83" 0.77 -0.44 -6.07" 0.96 2.11
(13.487) (11.597) (0.414) (0.438) (-2.709)

Tea 10.51* 12.54* 541 2.03 -7.13" 0.94 1.93
(6.644) (15.127) (2.555) (0.944) (-2.694)

Source: Author’s estimation * means significant at 1% level of significance & ** means significant at 5% level of significance.

Table 4. Exponential Growth Rates of Area Under Major Crops

Crops Sub-period  Sub-period Sub-period  First trend Second trend R- D.W.
I 11 11 difference difference squared statistic

Rice 1.02* 0.56* -1.01%* -0.46* -1.57* 0.91 1.82
(14.018) (7.164) (-3.747) (-3.422) (-4.896)

Wheat 6.66* 1.14%* 0.50 -5.52% -0.64 0.97 1.72
(16.281) (2.503) (0.40) (-7.182) (-0.411)

Maize 1.56* 1.68* 0.31 0.12 -1.37 0.98 1.99
(3.163) (3.083) (0.298) (0.139) (-1.041)

Pulses 1.78* 0.13 2.38* -1.65* 2.25%* 0.98 1.73
(7.951) (0.527) (3.072) (-3.944) (2.41)

Oilseeds 3.24* 2.87%* -6.28** -0.36 -9.15%* 0.95 1.35
(2.834) (2.244) (-2.064) (-0.173) (-2.392)

Roots & 2.64% 3.58%* 2.64%* 0.94 -0.94 0.98 2.04

Tubers (8.144) (9.896) (2.359) (1.545) (-0.697)

Fiber crops -0.12 -9.78* 51.79* -9.66%** 61.58%* 0.77 1.42
(-0.04) (-2.997) (7.051) (-1.754) (6.706)

Vegetables 8.10* 3.66* -4 2%k ** 4.44* -7.89* 0.90 1.35
(13.219) (5.49) (-1.974) (-3.876) (-3.063)

Sugarcane 5.26* 4.36* -4.50%** -0.91 -8.86* 0.90 1.68
(11.363) (8.694) (-2.711) (-1.05) (-4.459)

Tea 10.08 13.39%* 38.54%* 3.41 25.06 0.55 1.29
(1.12) (3.004) (3.118) (0.281) (1.639)

Source: Author’s estimation
* means significant at 1% level of significance & ** means significant at 5% level of significance.

The growth estimates of the area, production and yield of major crops (crop-groups) show that the production
growth of the most the crops (rice, wheat, maize, oilseeds, Roots & Tubers, sugarcane) have declined during the
third sub-period as compared to the previous two sub-periods. Only pulses and fiber crop production growth have
improved significantly during the third sub-period. For these two crops, the area expansion has been the main
contributing factor for the improved growth rates during the third sub-period. As many as four crops (crop-groups)
viz. rice, oilseeds, sugarcane, and vegetables, have shown negative growth in their area in the third sub-period. In
terms of cash crops, only tea has emerged in a big way in recent times in Nepal with modest rates of growth in
area expansion in all three sub-periods. The yield growth of tea was also impressive during the third sub-period
compared to the other two. Among other crops, pulses and maize have shown some signs of improvement in their
respective yield growth rates.
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Table 5. Exponential Growth Rates of Yields of Major Crops

Sub-period . . First trend Second trend D.W.
Crops I Sub-period IT Sub-period IIT difference difference R-squared statistic
Ri ?i22056) 177 1.68* 1.57% -0.08 0.87 173
e 0ia (10.507) (2.89) (5.391) (-0.119)
’ 2.71% 1.69%%* 2.57% -1.02 0.96 1.95
Wheat f(l)'féz) 9.3) (.821) (5.142) (0.916)
Maise Cidgay LT 2.46% 3.16* 0.72%%% 0.96 170
0 (16.967) (6.918) (17.806) (1.704)
Pulses (5.399) 2.00% 3.04% 1.56% .04 0.98 2.05
790006  (14:238) (6.665) (6.466) (1.892)
Oilseed. ©.003) 9.04¢-03* 3.09¢-02%*  9.03e-03%%* 2.185¢-02 0.96 2.02
e 8.896c-04  O37Y (2.374) (1.991) (1.498)
Roots & 0.404) 3.3660-02 4.34¢-03 3.27 2.93 0.98 1.82
Tuber : (13.907) (0.591) (7.934) (-3.29)
e o2 0.87 -0.70 0.75 157
. : 1.515 -0.294 0.778 0.577 0.96 2.14
Fiber crops (0.238) g e ) (1 o ) (1 o ) FO > )
Vegetables ?5’64183) (17.499) (4.825) (7.37) (-0.944) 0.98 1.97
Sugarcan 1 4.17** 2.83* 0.81 1.36 .03
S ey G89) (0.448) (1.11) (0.897) 0.98 2.04
Tea - 23.74%%% 237 527 6.11
(0.395) (-1.878) (0.449) (-1.00) (0.93) 0.80 1.81

Source: Author’s estimation * means significant at 1% level of significance & ** means significant at 5% level of significance.

Thus, it is seen that the over the years some crop substation has taken place in the farming sector of the country.
Food grain crops (rice, wheat, maize, etc.) are being replaced by the commercial cash crops such as vegetables,

fiber crops, vegetables, and plantation crops (tea) (Figure 3). Among the food grain crops, only pulses have shown
improvement in the growth rates of production and area expansion is the main contributory factor. It is a good sign

for the economy as a whole as pulses are relatively cheap sources of protein for the people of Nepal.
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Figure 1. Area Growth of Different Crop in Nepal (Source: Author’s calculation based on FAO data)
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3.3 Changes in Crop Mix Pattern and its determinants

Although the main focus was on the share of high-value crops in the total agricultural land, as an indicator of
agricultural diversity, the Hirshman-Herfindahl index (HHI) and Shannon index have been computed to assess the
extent of crop diversification in Nepal. Both the index showing an increasing trend over the years indicates that
crop diversity has increased in the Nepalese farming pattern (Figure 4).
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Figure 2.Crop Diversification Indices over the years (Source: Author’s estimate based)

It is evident that diversity has increased with more significant momentum during the decade of the eighties as
compared to the earlier period and it seems to be stagnant in the recent past. It can be a cause of concern both from
the economic and environmental points of view. To find out the drivers of crop diversification, both the beta
regression (with Hirshman-Herfindahl index as dependent variable) and normal ordinary least squares estimation
(with Shanon index as dependent variable) were used with the same set of independent variables. The results are
displayed in the following Table 6.

Table 6. Drivers of Crop Diversification in Nepal
Model 1: Shanon Index of diversity as  Model 2: Herfindal Index of diversity

Method of Estimation the dependent variable as the dependent variable
Ordinary Least Squares Regression Beta Regression
Independent Variable Coefficient Coefficient
Constant 0.17176" 0.8474*
(0.030680) (0.02858)
Trade openness -0.0032879" -0.004933"
(0.0014910) (0.001738)
rrigation rate 0.0094354" 0.01972"
(0.0039979) (0.003654)
Urban population 0.019759* 0.01532™
(0.0073859) (0.007065)
Fertilizer 0.000068378" 0.00009416"
(0.000017005) (0.00002863)
Time dummy 1 0.12262" 0.1285*
(0.049264) (0.02895)
Time dummy 2 0.073163" 0.08085
(0.083949) (0.05.05)
. o Adj. R squared: 0.959 Log-likelihood: 188.1
Additional Model fit criteria F — stat : 221.691 Pseudo R-squared: 0.9715

Source: Author’s estimation *(All standard errors are heteroscedasticity — autocorrelation consistent)
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Based on the availability of the data for the whole study period as well as the usability of the data, it allows us
to include only five variables in the model. In both the model estimations, four out of five variables appear to be
statistically significant.

Trade openness is giving a negative impact on the diversification process. The reduction in the trade barriers
(or trade openness) will leave the producers to choose the particular basket of crops from a wide variety of crops
where they have an advantage in production and hence they can enjoy the export potentials. The export profile of
Nepal is also suggesting the same. In 2017, at the 2-digit Harmonized Tariff System code level, Coffee, tea, and
spices accounted for or $§US47.6 million which is 6.4 % of the total export value. Non-alcoholic drinks excluding
water, juices or milk constitute 5.9 %, followed by nutmeg, mace and cardamoms (5%), food industry waste and
animal fodder accounted for another $US32.6 million (4.4 %). So, the more the trade openness, the more the
chance to concentrate on particular crops where the country has an advantage over others in terms of export
potential.

Expansion of more cropped area under irrigation coverage will lead to more diversified agricultural practices
which are quite common. Irrigation is the most crucial input of agriculture as it allows the farmers to grow crops
based on their requirements and market demand as well. Provision of sustained irrigation facilities has been very
crucial for the Nepal agriculture as most of the cultivated area remain unirrigated as only 28 % of the total
agricultural land (4.21 million ha) is irrigated (The World Bank, 2020). The provision of sustained irrigation has
been the significant difficulties in boosting the agriculture production of the country for a long time. The water use
efficiency and agricultural productivity remained low in Nepal as most of the irrigation systems are fed by medium
or small rivers, which almost entirely dependent on the rain. The climatic changes have made this more difficult.

Urbanization is putting a significant positive effect on the diversification of cropping pattern. That, as the
demography of population changes from rural to urban areas, the demand for food baskets are also going to change.
Instead of staple food crops, people demand more verities of crops such as fruits and vegetables which in turn
gives rise to diversify the crop mix of the economy.

More usage of fertilizer can be considered as the proxy of better farming techniques and practices. Usually, the
high yielding varieties of crops require more usage of fertilizer, secured water supply, and improved farming
practices. As the data on these variables are not available for most of the year, fertilizer usage has been taken and
it is seen that it has a significant positive effect on crop diversification.

Finally, the time dummy has been taken to see the impact of significant policy reforms that have been
implemented extensively during the early nineties for speedy integration of Nepal with the global economy and
the shift from kingdom monarchy to a federal republic. Though the initial impact of these reforms on trade and
economic growth has not been very impressive, in the long-run, it resulted in a significant positive effect on the
agricultural sector as far as the crop diversification is concerned. It has also been seen in the growth analysis of
area, production, and yield of major crops of the economy. The second period (period of economic reforms) was
the most impressive compared to the first and third sub-period. However, the rising inequality and overall weak
infrastructural status of the economy remained as the main obstacles in terms of achieving sustained growth of the
agricultural economy and cropping pattern of the farming sector, and in the subsequent period, the impact of time
dummy has become statistically insignificant.

4. Conclusions

As far as growth analysis of different crops in Nepal, it has been seen that the second sub-period was the most
impressive as the growth rates of most of the crops were high compared to the other two sub-periods. The growth
rates of many major crops have shown a significant declining trend in the third sub-period. The main reason for
this slowing down of major crops (rice, oilseeds, sugarcane, and vegetables) production growth rates was the
decline in the area growth rates. However, the positive changes have been observed in terms of growth of pulses,
fiber, and tea as their area growth rates have significantly improved during the third sub-period. In general, it has
been observed some yield for most of the crops (except pulses, maize, and tea) yield growth rates were not very
impressive. That, there has been a rising trend of diversification in the cropping pattern of Nepal agriculture. This
trend has been started since the mid-eighties and continued to grow at a significantly high pace until the mid-
nineties. After which the pace has been slowed down relatively. Further, though there is an indication of
diversification of cropping pattern, still the food grain crops remain the dominant crop groups in the crop mix of
the farmers of Nepal.
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The regression analysis confirms that irrigation coverage and better farming technology, which was proxied
by fertilizer usage in agriculture, are helping significantly in a positive direction on diversifying the cropping
pattern of Nepal agriculture. Urbanization leads to diversified food preference for the people and so have a
favorable implication for crop diversification in Nepal. However, trade openness exerts negative impacts on
cropping pattern diversification. It indicates that Nepal has a competitive export advantage only a few selected
crops and these crops will be getting preference from the farmers’ crop selection on account of better export value
and higher income potential. So, the more the trade openness, the more the crop mix is biased towards particular
crops where the country has an advantage over others in terms of export potential. It calls for the immediate
attention of the policymakers to increase the comparative cost advantage of the other crops so that the
diversification of the crop mix is well maintained even in the wake of globalization. For instance, the tea production
has been increasing in the eastern to central and western part of country as this part enjoys plenty of rainfall
throughout the year and have suitable climatic conditions. Similar, type of crops has to be identified where farmers
can enjoy the natural advantage of growing the crops and export at a competitive price in the international markets.
It is also crucial from a sustainable environmental viewpoint. The provision of irrigation coverage and adoption of
modern farming techniques will undoubtedly be beneficial in this regard as it will enable the farmers in both
diversifying their crop mix and reducing the cost of cultivation.
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Detection of Vortex Cavitation With The Method Adaptive Neural Fuzzy Networks in the
Deep Well Pumps

Derin Kuyu Pompalarinda Uyarlanabilir Sinir Bulanik Aglar ile Girdap Kavitasyonunun
Saptanmasi

Akif DURDU', Seyit Alperen CELTEK? Nuri ORHAN*"

Abstract

Nowadays submersible deep well pumps are the most used irrigation systems in agriculture field. Efficient
operation and economical life of pumps is an important issue. One of the most important parameters affecting
pump efficiency and life is cavitation The cavitation is one of the problems frequently faced in the pump systems
that widely used in the agriculture field. The cavitation could cause more undesired effects such as loss of hydraulic
performance, erosion, vibration and noise. This paper presents a novel model for the detection of vortex cavitation
in the deep well pump used in the agriculture system using adaptive neural fuzzy networks. The data submergence,
flow rate, power consumption, pressure values, and noise values used for training the ANFIS (Adaptive-Network
Based Fuzzy Inference Systems) network are acquired from an experimental pump. In this study, we use to the
sixty-seven data for training process, while the fifteen data have used for testing of our model. The average
percentage error (APE) has obtained as 0.08 % and as 0.34 % respectively for 67 training data and for 15 test data.
The performance of the implemented model shows the advantages of ANFIS. The result of this study shows that
ANFIS can be successfully used to detect vortex cavitation. This paper has two novel contributions which are the
usage of noise value on cavitation detection and find out cavitation by using adaptive neural fuzzy networks.
During the cavitation, the pump parameters must change by controller for prevent unwanted pump errors. The
strategy proposed could be preliminary study of automatic pump control. Also proposed novel control strategy can
be used for cavitation control in agriculture irrigation pumps, because of easy set up and no need extra cost. The
ANFIS based model has real-time applicable thanks to rapid and easy control. It is possible to set safe boundaries
in submergence in this model. Thus, users by adjusting controllable parameters can prevent cavitation and increase
pump efficiency.

Keywords: Adaptive fuzzy neural networks, Cavitation, Submergence, Vortex cavitation, Deep well pumps.
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Oz

Giliniimiizde tarim alanlarmin sulanma islemlerinde en ¢ok dalgi¢ derin kuyu pompalar1 kullanilmaktadir.
Pompalarin verimli ¢aligmast ve ekonomik dmrii 6nemli bir konudur. Pompa verimlerini ve émriinii etkileyen en
onemli parametrelerden biri kavitasyondur. Kavitaasyon tarim alaninda yaygin olarak kullanilan pompa
sistemlerinde siklikla karsilasilan sorunlardan biridir. Kavitasyon, hidrolik performans kayb1, erozyon, titresim ve
giiriiltii gibi daha fazla istenmeyen etkilere neden olabilir. Bu makale, uyarlanabilir sinirsel bulanik aglar
kullanarak tarim sisteminde kullanilan derin kuyu pompasinda girdap kavitasyonunun tespiti i¢in yeni bir model
sunmaktadir. ANFIS (Uyarlanabilir Ag Tabanli Bulanik Cikarim Sistemleri) agin1 egitmek i¢in kullanilan dalma
derinligi, debi, gii¢ tiiketimi, basing degerleri ve giiriiltii degerleri deneysel bir pompadan elde edilmistir. Bu
calismada, egitim siireci i¢in altmis yedi veriyi kullanirken, on bes veri modelimizi test etmek i¢in kullanilmistir.
Ortalama ylizde hata (APE) 67 egitim verisi ve 15 test verisi i¢in sirastyla%0.08 ve% 0.34 olarak elde edilmistir.
Uygulanan modelin performansit ANFIS'in avantajlarin1 gostermektedir. Bu ¢alismanin sonucu, ANFIS'in girdap
kavitasyonunu tespit etmek i¢in basartyla kullanilabilecegini gdstermektedir. Bu caligmanin iki yeni katkisi
kavitasyon tespitinde giiriiltii seviye degisiminin kullanim1 ve uyarlanabilir sinirsel bulanik aglar1 kullanarak
kavitasyonun belirlenmesi olmustur. Kavitasyon sirasinda, istenmeyen pompa hatalarini dnlemek i¢in pompa
parametreleri kontrolor tarafindan degistirilmelidir. Onerilen strateji, otomatik pompa kontroliiniin 6n galigmasi
olabilir. Ayrica Onerilen yeni kontrol stratejisi, kurulumunun kolay olmasi ve ekstra maliyet gerektirmemesi
nedeniyle tarimsal sulama pompalarinda kavitasyon kontrolii i¢in kullanilabilir. ANFIS tabanli model, hizli ve
kolay kontrol sayesinde ger¢ek zamanli uygulanabilirlige sahiptir. Bu modelde dalma derinliginin giivenli sinirlar
ortaya koymak miimkiindiir. Bdylece kullanicilar kontrol edilebilir parametreleri ayarlayarak kavitasyonu
onleyebilir ve pompa verimini artirabilir.

Anahtar Kelimeler: Uyarlanabilir bulanik sinir aglari, Kavitasyon, Dalma derinligi, Vorteks kavitasyonu, Derin kuyu
pompalar1
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1. Introduction

Nowadays submersible deep well pumps are the most used irrigation systems in agriculture field. Efficient
operation and economical life of pumps is an important issue. The vortex which one of the factors that adversely
affect the efficiency of the pump can occur due to pumps are placed at low submergence. Due to the vortex, when
the air inlet interferes with the pump wing, it affects negatively the efficiency and economical life of the pump
(Nagahara et al. 2001). Therefore, in order to prevent vortex formation in deep well pumps, the submergence of
the pump must be operated within the safe limit (Albayrak et al. 2013). The vortex formed by the effect of the
diameter and height of the water inlet pipe in the pumps causes the pressure of the pump to decrease and to work
more loudly (Gurbuzdal, 2009; Hanson, 2000). If the pump absorbs air because of the vortex, cavitation may ocur
(Nursen, 2011).

The cavitation is a physical effect that adversely affects performance in pump applications, causes abrasions
(Yiiksel and Eker, 2009a) in pump elements and causes severe reductions in pump life. Advanced wear causes
efficiency losses in pumps (Yiiksel and Eker, 2009b).

In the case of vortex cavitation due to submergence, it is important to observe various types of vortex and
determine the beginning of cavitation in the vortex area. Cavitation causes the pump to operate loudly and vibration
(Nasiri et al. 2011). The noise and vibration caused by the pressure changes cause the pump to move away from
the optimum efficiency point (Karadogan and Uriin, 1996)

In the case of cavitation of pumps the noise levels that occur are different values according to the cavitation-
free state. The noise frequency and levels in the case of cavitation are specified as 147 Hz to 70-80 dBA. It is also
indicated that noise level is differentiated in the case of cavitation-free operation and cavitation estimation can be
done from noise level measurements (Cdina, 2003).

In this study, an artificial intelligence based approach to determine cavitation problem in deepwater pumps is
proposed. In many engineering applications, artificial intelligence based methods are being developed as
alternative methods for problem detection. An example of this is to analyze the signal obtained from the vibration
by means of fuzzy logic (Sakthivel et al. 2010; Wang and Hu, 2006). It is proposed a model for the breakdown
detection of water pump system using binary adaptive resonance network and feed forward network with back
propagation algorithm (Rajakarunakaran et al. 2008). The Support Vector Machines (SVMs) based model for
detecting and classifying pump faults is presented (Sakthivel et al. 2010a). The hybrid approach that consists of
the decision tree and fuzzy classifier is proposed for creating rules from statistical parameters derived from
vibration signals under both conditions (good and faulty) (Sakthivel et al. 2010b). It has been used artificial
immune recognition system for the fault classification of centrifugal pump(Sakthivel et al. 2011). The fuzzy neural
network has used for classification to determine errors and differentiate between error type (Wang and Chen, 2007).
The other study demonstrated an artificial neural network (ANN)-based approach for fault detection and
identification in gearboxes (Rafiee et al. 2007). It is discussed a ANFIS based error diagnosis model for induction
motor (Yang and Tan, 2009).

In this study, an approach to detect vortex cavitation in submersible pumps using adaptive neural fuzzy
networks is presented. As seen Figure I, an experimental setup was developed to study the behavior of water in
deep wells during pumping in deep wells. In the different submergence depths, the speed of the water at different
points of the well and the pump, the output pressure of the pump, the level of fall in the well, the power the pump
draws from the network, and the noise level generated are instantaneously measured. In addition, water movements
detected by video cameras (K1-K2) located at two different points of the well were recorded. Pump submergence
(S), flow rate (Q), power consumption (N), pressure values (Pb) and noise (G) values obtained from the
experimental environment were used in network training. Using an adaptive neural fuzzy network, the accuracy
of cavitation detection was obtained as nearly 99 %.

The presented study is outlined as follows Section 2 describes the data collection system that enables the
acquisition of the experimental environment and the data used in this study. In section 3, adaptive neural fuzzy
networks are defined and their layers are given in detail. The networks, network structures and parameters used to
determine cavitation in the pumps are described in Section 4. concludes the manuscript.
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2. Materials and Methods

2.1. Model of Experimental Pump

This study was carried out in the Department of Agricultural Machinery and Technology Engineering of the
Faculty of Agriculture of Selcuk University in the Deep Well Pump Test Tower (Figure 1), which was established

under the project number TUBITAK 2130140.
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Figure 1. Deep Well Pump Test Tower and Installations

A typical submersible deep well pump placed in the well are given in Figure 2 as the basic elevation terms

appropriate to the terminology.
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Figure 2. Deep well characteristic curve and basic height terms

Submersible deep well pump was used in the experiments. For pump actuation, 4 kW motor was used for pump.
Technical specifications for measurement devices used in present experiments were provided in Table 1.

Test assembly with deep wells equipment is high 10 m. Test assembly is kept constant during trials 4 m
plexiglass pipe and 2 m well screen pipe from the bottom, 4 m steel casing pipe. Besides around the well screen

pipe of 10 ¢cm in width has filled with gravel which bulk density 1.54 kg m™ geometrical diameter between 7-15
mm. Thus it has formed environmental working of deep well. Submersible pump has mounted form may seem at

plexiglass pipe 2 m column pipe by connecting (Figure 3).
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Table 1. Technical specifications for measurement devices
Device Technical specifications

Flow meter S MAG 100 TIP, DN 80 flange connection electromagnetic flow meter,
220 V supplied digital indicator, instant flow, percent flow, total flow
indicators. Adjustable 4-20 m/A plus and frequency output. Measurement
error: 0.5%.

Manometer ~ WIiKA, 0-10 bar, Bottom installed, 4-20 m/A output.

Water level ~ Hydrotechnik brand, 010 type/1.5 V, 150 m scaled cable, voice and light

meter indicator type.

Velocimeter  FLS brand, F3.00 winged-type, measurement range 0.1-8 m s™!, accuracy
+ %0.75, output type: pulse.

Noise CT-2012 model, input 4 mA, DC 24V power supply output indicator.

Sensor Sound level Transmitter model: TR-SLT1A4, Measurement range:30-80
dB, 50-100 dB, 80-130 dB, output 4-20 mA, 90-260 ACV 50Hz/60Hz,
Operation temperature 0-50 °C.

Temperature Turck brand, 10-24 VDC, -50...100 0C, 4-20mA output.

sensors

Computer Asus intel core 17

Figure 3. Submersible pump and connection of the camera

The standard of EN ISO 9906 is used for measurements and calculations of the pump operating characteristics
and the standard of EN ISO 3740 is measurement of the noise level. Noise meter which is next to the drain header
has remained stationary throughout the whole measurement. Two cameras for side-view and top-view are used to
view the of vortex cavitation. The place of the camera for top-view is changed according to the water level and the
camera angle. Side camera is connected to outside of the transparent pipe in order to track the pump-inlet and the
of vortex cavitation (Figure 3).

Experiments were conducted at 1880 mm pump submergence (constant hydraulic head). Depression was
measured with a water level meter and submergence depth was calculated with the aid of Eq. 1;

§=1880-A (Eq.1)

Where; S= Submergence (mm) and A = Drawdown (mm).

Figure 4 and Figure 5 show images of vortex cavitation occurring at low submergence
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Figure 5. The images of vortex cavitation (Q = 60 m’h'; S = 20 mm)

2.2. Record Process

A software and automation system has been implemented to record the measured quantities in the study. The
block diagram of this system was given in Figure 6. As you can see from the block diagram, the information

received from the sensors in the system is transferred to the computer wirelessly (Bluetooth) via a central data
collection card (Figure 7).

The information stored in the central processor is registered with the appropriate names at the intervals
requested by the operator via the software interface prepared on the computer. The recording system was designed
for can receive one data at a each second. After the pump has entered the regime, the recording process has started
and 50 data have been received from a sensor. The average of these data is given in tables (Table 2).

Noise Pressure “Flow Dept
Sensor Sensor Sensor Meter
4 N

CENTRAL PROCESS UNIT (CPU)

__ i

\V'i;eless Communication

. U_- ——
[ COMPUTER ) <:>

Figure 6. Block Diagram of the Automation System
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The submersible pump has taken measurements at 5-7 different dynamic levels for each of the 4 different flow
ranges (40-50-55-60 m> h'!") at the optimum operating speed. The pump is operated at any specified flow rate and
the submergence is reduced after the initial values are recorded. With the drop of the water level, the changing
flow rate is readjusted by the valve in the measuring pipe. In this way, five different levels of submergence
measurements at one flow rate are recorded and displayed.

Wireless - 4 . 4 E ‘ [ Power
Comm. ; ) Supply
Module

Entries
of
Sensors

Entries
of
Sensors

Flow-
Rate
Sensor

Figure 7. Data collection card used in the automation system

Table 2. A part of the data in different flow belonging to a pump

Vi Pb

(ms')  (kPa)
40.02 159 290 75.84 4.37 0.21 152.19
40.10 1305 570 74.97 4.37 0.21 149.48
40.07 870 1010 73.48 4.37 0.21 143.71
40.14 250 1630 72.73 4.36 0.21 138.74
40.06 100 1780 70.73 4.38 0.21 136.95
37.75 20 1860 82.29 4.19 0.20 126.85
50.12 1430 450 71.42 4.50 0.27 122.83
50.06 1195 685 72.17 4.50 0.27 120.27
50.13 810 1070 72.70 451 0.27 116.92
50.15 240 1640 73.04 451 0.27 110.37

Q(m*h?') S(mm) A(mm) G (dBA) N (kW)

49.99 40 1840 72.16 4.50 0.27 109.16
38.64 20 1860 82.59 3.49 0.21 60.28
60.11 1250 630 73.10 4.51 0.32 87.30

60.09 1160 720 73.07 4.51 0.32 86.61
60.20 905 975 74.98 4.51 0.32 83.61
60.12 600 1280 71.61 4.52 0.32 80.61
60.08 180 1700 74.63 4.50 0.32 76.85
60.12 70 1810 72.10 4.53 0.32 75.75
53.63 20 1860 83.901 4.15 0.29 63.46

2.3. Adaptive Neural Fuzzy Networks

In the section 3, it is presented the basic theory of ANFIS model. A detailed coverage of ANFIS can be found
in (Jang, 1993; Jang, 1996). An adaptive neuro-fuzzy inference system (ANFIS) developed by Jang is a hybrid
artificial intelligence method that uses parallel computing and learning ability of artificial neural networks and
fuzzy logic extraction (Atmaca et al. 2001; Jang, 1996). ANFIS consists of if-then rules and couples of input—
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output which as a part of fuzzy logic. The learning algorithms of neural network are used for training process in
ANFIS model (Atmaca et al. 2001; Avci and Akpolat, 2006; Avci et al. 2005; Boyacioglu and Avci, 2010; Jang,
1993).

The ANFIS networks consist of directly connected nodes that exemplify a processing unit (Demirel et al. 2010).
The links between the nodes indicate a weight value. The weight value has an important role in adaptation. It
determines the output of nodes for suitable adaption. The other significant part of the ANFIS is the learning rules.
These rules minimize the error value which is the difference between the output of the whole network and the
target value.

ANFIS is one of the very powerful approach to establishing a complex, nonlinear relationship between a set of
input and output data sets (Guney and Sarikaya, 2007). ANFIS consists of a set of rules and input / output
information pairs in the fuzzy inference system (Kumasg, 2014). ANFIS can make rules for the problem or make
use of expert opinions to create rules possible.

Layer 4
Layer 1 l
l Layer 2 Layer 3

A
X <

A

A
y <

._ll

xy
l ’ ! Layer 5

il

Figure 8. ANFIS Architecture

The ANFIS’ architecture with two inputs and one output is as shown in Figure 8. ANFIS architecture consists
of 5 different layers (Avci and Akpolat, 2006; Caner and Akarslan, 2009; Jang, 1993). These layers are as follows;

Layer (i): 1t is also called fuzzification layer. The fuzzification layer fuzzyfies the input signals. The output of
each node consists of membership values that depend on the input values and the membership function used. The
node output is the result of a predetermined membership function.

Layer (ii): Rule layer. Each node in this layer represents the rules and number of rules generated by the fuzzy
logic inference system.

Layer (iii): Normalization layer. Each node in this layer accepts all nodes coming from the rule layer as input
values and calculates the normalized value of each rule.

Layer (iiii): Defuzzification layer. The weighted result values of a given rule are calculated at each node in the
defuzzification layer. The parameters in this layer are called result parameters.

fourth layer is summed up, resulting in the real value of the ANFIS system.

The most important parameters of an ANFIS structure are the initial and result parameters. The data to be used
in education are introduced to the artificial neural network and the input-output functional relation of the training
data is best learned with a random training algorithm. This is an optimization process. It is aimed to determine the
minimum conditions (difference function) between the model output and the output of the training data, that is, to
determine the appropriate values of the parameters (Caner and Akarslan, 2009).
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3. Results and Discussion

3.1. The Training of ANFIS and Training Results

The research data used in this study derived from the experimental pump (submergence, flow rate, diameter of
pipe, power consumption, pressure and noise values) were used for train the ANFIS. These parameters given as
input of ANFIS while corresponding status of cavitation (1 or 0) was given as target, as indicated in Figure 9. In
this figure, the parameters are taken from Table 3.

G —> 1 Cavitation
. }
N =1 ANFIS 5 Results
Ph —>
N —

Figure 9. Training Schema of ANFIS

Totally, the eighty-two data were utilised for both process; the sixty-seven data for training and the fifteen data
for testing.

Table 3. The ANFIS Training Parameters

Parameter Value
The number of epochs 100
The accept ratio 0.5
The reject ratio 0.15
The squash factor 1.25
The range of influence 0.5
The number of MFs 12
The number of linear parameters 112
The number of nonlinear parameters 192
The nodes 233

The used ANFIS parameter values were shown Table 4. The triangular-shaped membership function (MF) was
selected as an input member function, and the linear function was used for output.
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Figure 10. Comparative Results of Training ond ANFIS Training Outputs
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Figure 10 shows that the experimental data and training findings are in really good agreement. The
performance criteria (APE) has found to really good value that 0.08 for 67 training data.

3.1. The Test of ANFIS and Test Results

The fifteen data which were obtained from the experimental pump, were employed to test the model. The test
of ANFIS is described in Figure 11.

G — Experimental Cixr
—> Value
A 4
N |(‘ur - ('\\u\l
APE Crxr
Pb Yotal Data
S — .
ANFIS Cans
—_

Figure 11. ANFIS Testing Process

As indicated in Figure 12, there is a good agreement between the experimental outputs and our model results.
The result is that is the APE value 0.34 % fairly good for 15 inputs. The results show that the ANFIS based
approach accurately detects the cavitation of the water pump. The experimental outputs and ANFIS model’s results
are very close to each other. So the success of this model supports the validity of the ANFIS model presented here.
It is shown that automatic cavitation detection is possible with the ANFIS model proposed in this work.

82

o ¥
°

80

78

76 *

Test Data

74 |

*e
o
o

72} »

70 1 1 J
0 5 10 15

ANFIS Results

Figure 12. Comparative Results of Test Data and Anfis Outputs

4. Conclusions

Cavitation is formation of vapour bubbles within a liquid at low-pressure regions. It may make mechanical
damage to the pump and may reduce the capacity of the pump over time. Therefore, cavitation shortens pump life
and causes noisy operation. Detecting the cavitation is a significant task because the successful detection may
increase pump efficiency and economic life. We recommend an ANFIS based approach (Sugeno-type FIS) for
detection of cavitation phenomenon in deep well pump used in agriculture system. They used data from the
experimental pump contains of input (submergence, flow rate, power consumption, noise value and pressure
values) and target data (cavitation status ). For the obtain experimental data, 82 different cases are investigated.
To training process, the 67 data was used and remain 15 data was for the test of ANFIS. The study shows that the
detection of cavitation in deep well pump can be significantly succeed by using ANFIS. The results of proposed
model are very satisfying. The APE has obtained as 0.08 % and as 0.34 % respectively for 67 training data and for
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15 test data. The performance of implemented model shows the advantages of ANFIS. These findings demonstrate
that ANFIS can be a useful tool for detection of cavitation. During the cavitation, the pump parameters must
change by controller for prevent unwanted pump errors. The strategy proposed could be preliminary study of
automatic pump control. Also proposed novel control strategy can be used for cavitation control in agriculture,
because of easy set up and no need extra cost.

Furthermore, the ANFIS based model has real-time applicable thanks to rapid and easy control. It is possible
to set safe boundaries in submergence in this model. Thus, users by adjusting controllable parameters can prevent
cavitation and increase pump efficiency.
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Abstract

In many developing countries, farmers are struggling to improve their productivity and economic performance.
This is due to the markets' imperfections, including information market. Numerous empirical studies point to the
limitations of the so-called conventional information system set up by public institutions, which forces farmers to
bear significant additional transaction costs to access information. These limits have led to the emergence of other
modes of information transfer, of which collaboration seems to be the most successful. Social networks, by their
very conception, have allowed this mode to materialise and develop rapidly. Algeria is no exception, since these
techniques are found in some of the country's agricultural contexts. By analyzing the dairy value chain in the
wilaya of Ghardaia (South of the country), we evaluate in this study the impact of the use of social networks on
farmers' performance. We surveyed 50 farmers in the region, randomly selected using the snowball method — one
respondent leads to another. The results highlight the relevance of information obtained from social networks,
which allows farmers to make savings (13.000 DZD per year per dairy cow: production and transaction costs) and
technical changes, and thus leads to a significant improvement in productivity and economic performance (net
profit per year per dairy cow: 170.000 DZD versus 78.000 DZD, net profit per litre of milk: 20 DZD versus 11
DZD respectively). The study shows, however, that the use of social networks is not generalized and remains
subject to structural variables specific to farmers such as age and level of education.
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1. Introduction

Conventional information systems are often presented by analysts as one of the main causes of entrepreneurial
failure (Ramezani et al., 2021). In order to compensate for the inadequacies of conventional systems, several
mechanisms, developed by private initiatives, are gradually being imposed on the market. For a better
understanding, in economics, these mechanisms are read through the theory of induced institutional change of
Ruttan and Hayami (1984).

These authors consider that institutional changes are endogenous, if they result mainly from technical changes
that lead to a modification of the relative prices of factors. Basically, two types of information transfer mechanisms
can be distinguished. The first consists of vertical mechanisms, generated by private actors, suppliers and
customers (seed companies, importers - Goulet, 2011; Laouar and Dugué, 2019). These appear in particular in the
context of coordination practices, for example contract farming, where private companies, which have directly
invested in improving crop yields, provide technical advice to farmers (Assassi et al., 2020). These mechanisms
are also observed in agricultural markets, where information about technology and market demand is channelled
through traders (Assassi et al., 2017). The second category is collaborative, horizontal mechanisms: exchanges
between farmers themselves (Isollah et al., 2010; Hansen et al., 2014; Casey et al., 2016).

Collaborative mechanisms have developed significantly around the world, especially social networks (SNs),
thanks to the widespread use of the internet. In this text, SNs refer to the digital exchange platforms of the web
(such as Facebook and YouTube, etc.). SNs technologies have been around since the 1990s, but it is especially
since the 2000s that their use and usage has increased significantly, with the use of mobile phones (Casey et al.,
2016).

Several researchers have analysed the effectiveness of collaborative systems via SNs and show that they allow
farmers to access relevant information on production techniques, innovation and markets quickly and cheaply,
helping them to improve their productivity and economic performance (Galtier et al., 2014; Allen et al., 2012;
Wyn and Penri, 2017; Bite and Anand, 2017). Others have attempted to identify the strengths and weaknesses of
the conventional information system and make proposals to improve its performance (Demiryurek, 2008;
Vidanapthirana, 2012; Kizilaslan, 2006) but whose results encourage the adoption of collaborative system.

These mechanisms are increasingly observed in developing countries (Mukherjee et al, 2017). Algeria is no
exception, with this collaborative system gaining ground in some sectors and regions (Issolah et al, 2010; Laouar
and Dugué, 2019). But in this context, these mechanisms are rarely discussed. This article attempts, therefore, to
conduct a pioneering analysis of these emerging collaborative mechanisms via SNs within the strategic milk sector
in Ghardaia, a region that has experienced great agricultural development in recent years (Ministry of Agriculture
and Rural Development — MADR, 1998 and 2015). Our main research question is the following: what is the impact
of the use of the SNs on the breeders' performance. It is thus a question to know (i) whether the place that SNs
occupy in the sector studied, (ii) the determinants of their use and (iii) to what extent they are able to fill the gap
left by the conventional information system.

The remainder of the text is organized as follows: The first part describes the study region and provides a
review of the literature on the 'standard', or 'conventional', information system in Algeria, its shortcomings, the
information needs expressed by farmers and the new information modes that are emerging, including SNs, and
then describes the survey conducted among farmers. The second part is devoted to the presentation of the survey
results, and the third part is dedicated to the discussion of the obtained results.

2. Context, methodology and surveys

2.1.Study Region

The study region, the wilaya (county) of Ghardaia, is in a vast arid zone of the Algerian Sahara, 600 km south
of Algiers (Figure 1). Ghardaia has a surface area of 8.4 million ha, including a utilized agricultural area of 44 ha
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(MADR, DSA!, 2017). It is characterized by a hyper-arid Saharan climate, which results in high average annual
temperatures, sometimes above 45°.

Ghardaia

Algiers

Algeria

Developed by ourselves using maps from d-maps.com.
Figure 1. Location of the study area

The region's agriculture, formerly dominated by date palms (1.1 million productive palm trees, MADR, DSA
2017), has been gradually transformed and diversified following the implementation of various development
policies during the 1980s, notably the law on Accession to Agricultural Land Ownership (APFA - Baroud et al.,
2018). New agricultural dynamics based on the exploitation of new sites, underground water and the introduction
of new crops with high added value (cereals, market gardening, arboriculture, livestock farming) have been
emerging in the region for several decades. In December 2017, Ghardaia totaled 75 major agricultural investments
covering an area of 15.000 ha.

Dairy cattle breeding is one of the new dynamics which is undergoing significant development in Ghardaia.
The volume of milk collected exceeded 13 million liters in 2017 (making it the leader in its region, i.e. 74% of the
production of the great Algerian south? - DSA, 2017) to reach 15 million liters during the 2018-2019 campaign.
In 2016, Ghardaia had 2.700 dairy cows spread over 170 dairy farms (according to the DSA).

In Ghardaia, most herders do not own land (landless livestock farming), which forces them to outsource their
cattle feed to other farmers and feed mills. To this dependence is added the absence of a physical market to match
supply and demand, so these herders are left to find on their own, the right supplier, check and compare prices and
quality.

Concerning dairy cows, the livestock of the wilaya is exclusively made up of modern dairy cattle of imported
breeds. Herders in Ghardaia are also expanding their herd through the purchase of heifers from other local herders.
That said, the breeders still express a need for support given their lack of experience working with this breed of
cattle in the region and the scarcity of information surrounding it.

As for marketing, it is done entirely through triangular marketing contracts specifying prices and quantities,
signed between farmers, private collectors and the 11 dairies present in the wilaya. These contracts are part of a
broad national coordination mechanism, contract faring, set up by the state in 2009. The state provides premiums
for farmers, collectors and dairies (14.5 and 10 DZD per liter of milk produced, collected and processed
respectively, in this framework) in order to encourage them to adhere to these contracts (Daoudi et al., 2017). The
dairies have a total processing capacity of 75.500 liters per day (MADR, DSA, 2020), giving them the capacity to
absorb the region's production without any difficulty and thus avoid any disposal problems for farmers. In

! Directorate of Agricultural Services
2 The wilayas of the great south of Algeria are Ghardaia, Ouargla, El Oued, El Bayedh, Laghouat, Djelfa, Naama, Bechar,
Tindouf, Adrar, Tamenrasset and Illizi.

627



Nechar & Assasst & Bendrissou
What Impact of Social Networks on Farmer's Performances: Case of The Milk Sector in Ghardaia, Algeria

Ghardaia, farmers sell milk at a price between 62 and 64 DZD per liter. From this total price, the dairies are paying
farmers 48 to 50 DZD and the rest of 14 DZD is paid by the state (12 DZD plus 2 DZD if the farmer has a health
approval) plus 0.5 DZD for each additional gram of fat contained in the milk over the threshold of 34 g per liter
(Decision No. 528 of 08 May 2016, MADR).

2.2.Conventional agricultural information system: between stakeholders' expectations and the limits of supply

In Algeria, the content of the information campaigns is developed by the technical institutes (National Institute
of Agricultural Extension, Technical Institute of Marshland and Industrial Crops, Technical Institute of Livestock,
Technical Institute of Field Crops). The difficulties that these institutes face when transmitting information to the
farmers are often observed (Bedrani, 1993, Anseur, 2009; Issolah et al., 2010). This is due to the divergence, both
spatial and functional, between these institutes and farmers. Algerian farms, especially those that have emerged in
the new agricultural basins, such as Ghardaia, are widely dispersed in space and are often very far from urban
centers, and therefore from state institutions. Lacking the necessary means (transport means, manpower, etc.), state
institutions could not manage to ensure proximity support to the farmers. The national average being less than one
extension worker per commune (all sectors). This manpower lack does not allow proximity extension, forcing
farmers to travel to these institutions to obtain the needed information. Beside the significant internal material
difficulties (equipment, laboratories, financing) faced by Algerian technical institutes, the geographical distance
between farmers and extension workers also hinders the transfer of information on farmers' needs (Bedrani, 1993;
Issolah et al., 2010). This remoteness is increased crucially by the development of agriculture in the Saharan and
steppe regions (Bedrani, 1993; Bedrani 1994; Anseur, 2009; Issolah et al., 2010; Assassi et al., 2017).

These findings are validated by dairy cattle breeders in the Bouira, Algiers and Boumerdes regions surveyed
by Anseur (2009), who affirm the existence of this gap between the need of information and its supply. These
breeders, expressed in particular, the need of precise and urgent information concerning the choice of breeds,
animal health, food and reproduction. They qualified the information offer of these institutes as insufficient, out
of step and difficult to access (Jargon, dissemination platform, distance from the premises of institutes, absence of
delegates, etc.). So, they are therefore forced to incur significant transaction costs, particularly in terms of research,
to fill this void. The wilaya of Ghardaia, by being in the Saharan region, the problem is even greater, in fact the
wilaya has 15 extension workers for 16.129 farmers (MADR, DSA, 2018) all sectors combined. It would be worth
mentioning that this workforce does not have a vehicle and has not benefited from training dedicated to the mastery
of extension approaches nor communication skills. These circumstances have contributed to strengthening
exchanges between farmers themselves, particularly via information and communication technologies, to the
detriment of those with institutes’ experts (Issolah et al., 2010).

2.3. Methodology, data and surveys

This study aims to assess the relevance of SNs as a new mode of access to information by determining the
impact of social networks on farmers' economic performance. We first evaluated the use, or not, of SNs. We then
studied the determinants of their use. Finally, we evaluated their impact on farmers' performance. For the impact
study, we compared the benefits of two groups of farmers, those who use SNs and those who do not. The
differences observed were used to identify the factors determining the use of SNs. We then compared these
determinants according to different factors, namely the cost structure (feed price, personnel costs, veterinary costs,
transport costs, electricity costs) and the determinants of milk yields (quantity and quality of feed, veterinary care
and labour). Finally, we highlighted the links between the use of SNs and the differences in input costs, quality
and quantity between the two groups studied.

To carry out this methodology, we used analytical methods and some statistical tools:

— The student’s t-test is used to characterise the two groups of farmers, and to identify the main differences
between them that could explain the use of SNs. The same test was used again to compare performance
indicators and technical itineraries (feed, labour, veterinary care) between the two groups of farmers.

— The OLS regression allowed the identification of the production factors that are the most important
determinants of the variation in performance.

— Pearson's KHI 2 and Cramer's V tests were used to assess the influence of factors in order to validate results
obtained by reading the determinants of SN use.
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— A descriptive study and a qualitative reading were used to highlight the information domains sought by
farmers and compare them with the types of information found on the SNis.

This approach also allowed us to attribute the differences between the two groups of farmers to the use or non-
use of SNs. The implementation of this methodology required several pieces of information from farmers (SNs
users, and non-users), namely: their structural characteristics (age, education, etc.), farm functioning, performance
(costs, returns and net benefits, etc.) and use of SNs. This information was collected through a face-to-face survey
of dairy farmers, users and non-users of SNs during April and May 2019. In the face of the inexistence of an
exhaustive list of producers in the region, the study sample was constituted using the snowball method — one
respondent leads to another. The only selection criterion was to be a dairy farmer in the wilaya. A sample of 50
users and non-users of SNs was constituted (30% of farmers in the region. in our judgment).

The survey questionnaire is organised in three parts, each with a specific objective. Data from the exploratory
surveys, as well as numerous bibliographic works on SNs, were used to construct the content of the three parts
(Anseur, 2009; Wyn and Penri, 2017; Bite and Anand, 2017), devoted respectively to the characterisation of the
farmers and their farms, the sources of information they use and their performance.

3. Results and Discussion

3.1.Characterization of livestock keepers and analysis of the determinants of the use of social networks

Our sample consisted of two groups: the first is the SNs users, with 31 farmers. The second is the SNs non-
users, and it includes 19 farmers. The sample characteristics are presented in 7able 1. The comparison presented
in the Table is based on Student's test. It reveals more differences than similarities. Some differences are significant
at the 5% confidence level such as age, internet use, education level and performances.

The others are not significant at the 5% confidence: the practice of plural-activity, forage area, number of cows,
number of employees, investment. When compared to non-users, 3 criteria emerge where the differences are
crucial: age (the SNs users are younger), the degree of internet « dependency » (the users use the internet more
frequently) and the education (the users are more educated). Some of these differences (see Table 1), for example:
investment, farm size - number of cows and employees - intermediate consumption, when considered with some
field observations such as: profiles, risk-taking, objectives, show that the SNs users includes relatively more
entrepreneurial farmers.

Table 1. Characterization of livestock owners as users and non-users of social networks

Non-users of social networks users of social networks
N=19 (38%) N=31 (62%)

Mean Standard deviation Mean Standard deviation t-value
Breeder
Age (years) 52 5.50 37 8.08 6.88%**
Internet use (%) 0 0.00 100 0.00 1.00***
Educational level (years) 6 2.23 11 1.99 -5.50%**
Practice of multiple activities (%) 0 0.00 0.09 0.30 -1.39
Holding
Surface area used (ha) 2.58 1.88 14.11 62.35 -0.80
Number of cow 21 16.69 40 55.63 -1.44
Number of employees 2 1.50 3 4.38 -1.15
Investment (DZD) 2.735,789 1.481,010 5.157,096 7.999,910 -1.30
Productive performance
Total production (1) 148.736 125.515 326.835 434.902 -1.73*
Yield per cow (1) 6.915 418 8.216 664 -7.63%*

* Significant at the 10% level; ** Significant at the 5% level; *** Significant at the 1% level.
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Furthermore, these results suggest that the use of SNs could be conditioned by certain structural criteria.
According to the “technology acceptance model” proposed by Davis in 1989 (Davis et al., 1989), the adoption of
technology is conditioned by the perceived usefulness and its ease of use. So the use of SNs in the case study is
determined firstly by farmers' needs, and secondly by their ability to access the information available on this
platform. Fieldwork shows that approximatively 68% of non-SNs farmers do not use these SNs because their lack
of familiarity with the new technologies. More than 32% of them show little interest in SNs. In order to obtain

information, they mainly turn to professional agricultural organizations that they consider satisfactory. They also
exchange information between farmers but in the conventional ways: phone calls and SMS. Nevertheless, it should
be stressed that they adopt a collaborative attitude by referring to farmer-to-farmer exchange as a means of
information, as indicated in previous work (Issolah et al., 2010).

In addition, livestock farmers using SNs utilize this technology to learn about their field of activity. because of
their dissatisfaction with the standard information system (93%), which is considered poorly accessible and
moderately relevant. SNs are also in this case as a mean of communication and exchange with other farmers, again
for information purposes.

As can be seen from the characterization of the two groups of livestock owners surveyed (Table 1), the lack of
mastery of SNs can in turn be explained mainly by two factors, namely age and level of education. The use of such
platforms requires a minimum level of computer and language skills (Arabic and French in particular). Non-users
of SN are relatively old (15 years older than the users) and poorly educated (5 years less education) and are more
likely to encounter difficulties in accessing SNs themselves. The results of Pearson and Carmer's tests, shown in
Table 2, demonstrate the existence and importance of relationships between the determinants (education and
satisfaction with the standard system) and the use of SNs and thus validate these results.

Table 2. Measuring the influence of factors on the use of social networks

Pearson Chi-Square  Asymp.Sig Cramer's V Approx.Sig
Age 26.55* 0.00 0.72%** 0.00
Educational level 31.75* 0.00 0.79%** 0.00
Satisfaction with the standard system 45.89* 0.00 0.95%** 0.00

P<1%%*; V >0.7***

3.2. Characterization of social networks

Opverall, the survey highlights three main domains of information sought by livestock farmers, namely innovations
(100%), input supply (90%) and animal health (64%). The use of SNs enables livestock owners, most of them are
located far from urban centers, to keep abreast of technical progress. Regarding supply, livestock owners aim to have
access to inputs that are cheaper and have a better quality. The inputs concerned are essentially related to livestock
feed, particularly green fodder and concentrated feed. At this level, livestock owners are trying to widen their circle of
input providers by broadening their networks via SNs in order to maximize choices whenever a supply operation is
planned. Another priority in which SNs are used is to look after recruitment, by searching for skilled labour. In terms
of health, livestock farmers seek information on preventive monitoring and damage control, in order to react quickly
in the event of health problems or digestive pathologies, which are very detrimental to production, or even the life of
the animal.

The respondents also state that the information available on SNs mainly concerns the latest breeding techniques
adopted and the latest technological inventions (96%). By using SN, livestock farmers say they have access to a more
abundant supply at competitive prices (70%), particularly in terms of animal feed, spare parts and second-hand
equipment, and even acquire "soft" veterinary knowledge (93%) enabling them to diagnose certain pathologies
(lameness and digestive disorders) and react quickly. Even labour recruitment (45%) seems to be much more attractive
in the SNs than in the conventional labour market, both in terms of the number and nature of qualifications offered and
the wages demanded.

Among the wide range of SN available on the web, Facebook and YouTube seem to be the favored by our sample
of breeders. YouTube is appreciated for its illustrative videos, while on Facebook there are different platforms: pages,

groups, people and marketplace. The totality of farmers who are using SNs adhere to groups on Facebook, of which
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the best known are (i) "agriculture in Algeria", used by 52% of respondents and totaling more than 19.000 members
with an average of 60 publications per day, (ii) and "milk producers in Algeria", used by 48% of respondents and with
20.000 members making an average of 50 publications per day.

In order to understand this new behaviour, it is necessary to take a closer look at the mechanisms underlying the
functioning of SNi; the creation of content, knowledge sharing and exchange (Casey et al., 2016), and above all, the
free provision of services and the possibility of reaching a maximum audience.

The two Facebook groups we are interested in are specialized groups with an agricultural or dairy production theme.
It should be remembered that these are public groups where all members can express an offer or a request free of charge.
In addition to the groups, farmers also consult the specialized pages (92%) for information related to their activity. The
specialized pages differ from the groups in that members are not free to publish, but they can freely access, comment
and share information published by the page moderators, usually experienced farmers.

On SN, information has a viral effect. Because it is free, it spreads rapidly to reach a maximum audience in record
time. This lightens the information quest for the breeder and saves him precious time and money.

Unlike farmers and herders in many countries, who have access during their working day (Casey et al., 2016), the
surveyed farmers have to adapt to unpleasant experience of the unavailability of the internet network at site (in the
farm) where the information is mostly needed, forcing them to delay the search until they go back home (generally
after 8 pm). Resulting in a reduction of the responsiveness of herders to the problems they may encounter during the
day while working.

3.3. Effects of social networks on livestock performances

On average, SNs-using farmers make a much higher net profit per cow than non-SNs users; 170.000 DZD
compared to 78.000 DZD. The same is true for the net profit per liter of milk - respectively 20 DZD versus 11
DZD. It should be recalled that the selling price is the same for all farmers, i.e. 62 DZD per liter. This price is set
by the state within the framework of contract farming and is practiced by all actors in Ghardaia. Overall, variations
in profit are explained by both production costs and yields per cow. The correlation coefficient between variations
in costs and variations in profits per cow is -66%. The correlation coefficient between changes in yields and profits
per cow is 92%. In order to assess the effect of SNs on profits, we first need to determine the nature of their
influence on these two determinants, costs and yields.

A comparison of the production costs per cow of users and non-users of SNs using the student test shows a
slight difference. This difference is significant at the 5% confidence level. These annual costs are 339.000 DZD
per cow for SNs users and 351.000 DZD per cow for non-users. Respondents point to a positive effect of SNs on
the prices of certain inputs. A comparison of the structure of these costs, including feed and electricity, which is
considered one of the main expenses in dairy cattle farming (Delice et al., 2021), presented in Table 3, reveals
significant differences. These concern green fodder costs at the 1% level and concentrate feed costs and personnel
costs at the 5% level.

Table 3. Comparison of cost structure per dairy cow between the two groups of farmers

Non-users social networks Users social networks
Mean Star.ldz'lrd Mean Stal}da}rd t-value
deviation deviation

Green fodder (DZD) 114.000 10.000 114.000 7.000 -0.03***
Concentrated feed (DZD) 171.000 14.000 175.000 11.000 -0.97**
Veterinary care (DZD) 4.000 946 3.000 930 1.14
Staff costs (DZD) 48.000 26.000 35.000 15.000 2.17%*
Transport load (DZD) 6.000 2.000 4.000 3.000 1.42
Electricity charge (DZD) 5.000 2.000 4.000 2.000 0.79

* Significant at the 10% level; ** Significant at the 5% level; *** Significant at the 1% level.

Differences in feed costs are small. On the other hand, the difference noted for staff costs is significant and
amounts to 37%. On average, farmers using SNs manage to save 13.000 DZD per cow a year - what kind of
relationship with SNs?
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Livestock farmers who are using the SNs assert their preference for recruitment via digital web platforms. They
note that this is the main method of recruitment, especially for seasonal employees. They explain these preferences
by the more abundant and interesting offer in terms of qualifications and salary. Indeed, seasonal employees
interested in short-term recruitment (students, pupils, holidaymakers) offer their services on the SNs to quickly
access jobs. The latter are generally less demanding in terms of salary. Beside the effect of SNs on labour costs,
by making it easier for livestock keepers to find work, SN also reduce transaction costs (recruitment, search for
inputs).

As shown in Table 1, a significant difference of 5% is also noted between the yields per cow of SNs users and
non-users, which are the most important determinant of income. To nuance the relationship between SNs and
yields, we first tried to detect the most important determinants of yields and then compare the combinations of
inputs of SN users and non-users. The results of the OLS regression, which attempts to explain the variations in
yields by those of the production factors considered to be determining factors, by the experts (technicians and
farmers), presented in Table 4, show a significant positive effect of concentrated feed, working time and veterinary
care. This means that a variation in these elements induces a significant variation in milk yields.

Table 4. Determinants of milk yield per cow

Non-standardised coefficients Standardised

Model B Standard error Coefficients LAELLE
(Constant) 4,931.17 2,722.79 1.81*
Green fodder (kg per year) 0.04 0.18 0.02 0.20
Concentrated feed (kg per year) 0.94 0.38 0.33 2.45%%*
Veterinary care (number of visits per year) -361.88 177.01 -0.26 2.04**
Working hours (h) -1.54 0.59 -0.33 2.60***

* Significant at the 10% level; ** Significant at the 5% level; *** Significant at the 1% level.

The quantities (and/or qualities) of the most important inputs determining yields (concentrated feed, care and
labour), used by SNs users and non-users, are compared. The result (Table 5) shows that only the difference in the
consumption of concentrated feed, which is the most important determinant of yields, is significant at the 5%
confidence level - what kind of relationship with SNs?

Table 5. Comparison of production factors per dairy cow between the two groups of farmers

Non-users social networks Users social networks
N=19 (38%) N=131 (62%)
Mean Stalgdgrd Mean Stal}dz}rd t-value
deviation deviation
Concentrated feed (kg per year) 4,089 351 4,177 285 -0.97**
}\]/:;:)rmary care (number of visits per 279 063 258 062 114
Working hours (h) 321 216 281 169 0.71

* Significant at the 10% level; ** Significant at the 5% level; *** Significant at the 1% level.

Non-users of SNs note difficulties in accessing the necessary amounts of concentrated feed, especially during
certain suture periods. For their part, SNs users report that problems with the availability, quantity and even quality
of such feeds are reduced considerably as a result of using SNs. SNs can be used to act mainly on two parameters:

— Informational monitoring: SNs allows users to have a better visibility on the state of the input market insofar
as they can be informed on the evolution of supply in more or less real time. Certain elements, accessible
free of charge, are more or less reliable indicators, such as the quantities put up for sale by input producers
and alerts issued by livestock owners in other regions. This information enables livestock owners in the
region to take preventive measures and avoid stock shortages (early searches, spatially oriented searches,
stock building).

— Access to more abundant supply: The SNs have enabled users to build up highly developed networks of
suppliers over time. According to the respondents, these networks generally include suppliers from the
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wilaya of Ghardaia as well as from neighboring wilayas and sometimes even from distant wilayas. At the
time of the transactions, livestock owners using SNs consult a relatively larger number of suppliers in a
short time (Expression of a request on the groups and rapid contact). Even during periods of low supply,
having access to many suppliers still enables the livestock owners in question to purchase the quantities
they need. This means that supply from SNs rather than the conventional informational system, usually
small and slow channels, greatly reduce the risk of unavailability.

4. Conclusions

Private alternatives to standard agricultural information systems are emerging significantly, especially in
developing countries where markets are the most imperfect. The most important of these alternatives consists of
collaborative systems emerging via social networks (SNs). The emergence of this new mode to access information
has resulted in the rise of many debates, both academic and developmental, concerning its current place in the
local production system and its capacity to fill the gap left by the conventional information system. This study
contributes to this debate by evaluating the impact of SNs on the performance of dairy farmers in Ghardaia, Algeria.

The results of our study show the place occupied by the SNs, which are used by 62% of our sample, with free
access, but remains conditioned by structural characteristics specific to the farmer, namely, age and level of
education. The importance of SN is reflected in their positive impact on the performance of the farms surveyed.
Indeed, the difference in annual net profit per dairy cow of SNs users compared to non-users is very significant
(more than 92.000 DZD). These variations in profit can be explained by both production costs and yields per cow.

Firstly, SNs users make significant savings on annual costs per cow amounting to 13.000 DZD; these savings
are achieved through better information collected on the SN. Indeed, the descriptive and statistical analysis carried
out showed that the information provided by the SNs mainly allowed farmers to reduce their labour costs. Secondly,
among the determinants of milk yields, the quantity (and quality) of concentrate feed seems to be the most
important one, and the SNs allow farmers to access better offers (wider choice, better quality products and better
prices) especially for this feed, which has the effect of improving the yield of their farms.

It should also be noted that the social networks used by our breeders are popular social networks (such as
Facebook and YouTube) and not professional, the information circulating there is not controlled a priori and is not
necessarily complete. This is in contrast to institutionalised collaborative systems, where information is provided
and validated by experts. In spite of this fact, this information can significantly improve the performance of farms.

It should be mentioned that other factors, independent of the SN, also explain these significant differences in
profit, notably the relatively more entrepreneurial nature of SNs users. This entrepreneurial attitude affects
investment, technical itinerary, risk-taking and thus performance.

Most of the results obtained are in line with those put forward in the literature by similar works, describing (i)
the nature of this information system (Facebook and YouTube - Bite and Anand, 2017; Wyn and Penri, 2017), (ii)
the elements constraining its development (Difficulties in use by older and less educated farmers - Wyn and Penri,
2017) and (iii) asserting its positive effects on costs and yields, and thus on farmers' productive and economic
performance (Casey et al. 2016; Wyn and Penri 2017; Bite and Anand 2017). A difference is however noted with
the results of other studies, it concerns the time of consultation of SRs by our farmers (Casey et al., 2016).

The potential of SNs seems clear. They allow better supply/demand matching, faster dissemination of
information and cheaper access to information. However, two main limitations of this collaborative system in
Ghardaia should be mentioned, namely (i) the difficulties in using them and (ii) the limited availability and
reliability of technical information. Difficulties of use constitute a major limitation since they concern intrinsic
elements of the operation, which are difficult to change. The second limitation is a direct consequence of the
horizontal organization of this collaborative system, based on exchanges between actors of the same category
(farmers) in the absence of an information-producing actor. To make better use of these platforms and make SNs
a real information system complementary to the conventional system, these limits must be overcome. To do so,
several actions are possible, such as (i) to upgrade farmers' knowledge enabling them to use of information and
communication technologies, (ii) the twinning of conventional linear systems and collaborative systems in order
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to give a vertical dimension to the latter and/or (iii) the creation of digital platforms for collecting and
disseminating information specific to state institutes to serve as an information production and verification body
for the collaborative system. The implementation of these solutions requires a deepening of knowledge on the use
of SNs in agriculture. The Other issues, such as the twinning models to be adopted, the farmer upgrading actions
to be carried out and the organizational model to be set up, therefore deserve to be addressed in the future.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Kirece Bir Alternatif Olarak Slam Uygulamasimin Asit Reaksiyonlu Toprakta Biber
(Capsicum annuum var. Cerasiforme) Bitkisinin Beslenmesine Etkileri

The Effects of Vinasse Application as an Alternative to Lime on Nutrition of Pepper Plant
(Capsicum annuum var. Cerasiforme) in an Acidic Soil

Biilent YAGMUR'*, Biilent OKUR? , Nur OKUR?

Oz

Bu c¢aligmada; farkli form, miktar ve kombinasyonlarda kiregleme materyalleri (graniil ve toz) ile seker fabrikas1
atig1 slam uygulamalariin asit reaksiyonlu bir topragin pH, mineral madde igerigi ile biber bitkisinin verim ve
besin madde igerigi lizerine etkisi arastirtlmigtir. Arastirma saksi denemesi seklinde serada yiiriitilmistiir.
Arastirma materyali topragin pH’sin1 bir birim yiikseltmek i¢in (pH 5.50’den pH 6.50’e) gerekli olan kireg ihtiyact
hesaplandiktan sonra deneme konulari olusturulmustur. Deneme konular1 K (Kontrol), TK (Toz Kireg; %90
CaCOs, %5 MgC0s), GK (Graniil Kireg; %90 CaO), SL (Slam), ¥4 TK+%4 SL, Y2 TK+Y% SL, 3% TK+Y SL, Y4
GK+% SL, /2 GK+Y% SL ve % GK+% SL seklinde saptanmistir. Arastirmada toprak pH’sin1 bir birim ytikseltmek
i¢in yapilan hesaplama sonucunda saksilara 300 kg. da! hesabu ile kireg uygulanmis ve saksilar bir ay siire ile
inkiibasyona birakilmigtir. Saksilara biber fidesi dikiminden once temel giibreleme (N, P, K) yapilmistir.
Arastirmadan elde edilen sonuglara gore; toprak pH’sinin yiikselmesinde en fazla etkili uygulama toz kire¢ olmus,
granill kirecin ise slam ile aym etkiyi gosterdigi saptanmistir. pH’s1 5.50 olan kontrol topraginin pH’s1t TK
uygulamasi ile 6.42°ye, 2 TK+'4 SL uygulamasi ile de 6.41°e kadar ¢ikarilmasi saglanmistir. Uygulamalar gerek
topragin makro ve mikro (toplam N, faydali P, Ca, Fe ve Zn ) gerekse bitkinin makro ve mikro besin element
(toplam N, P, Fe, Cu, Zn ve Mn) iceriklerini kontrole oranla énemli oranlarda artirmistir. Biber verimini artiran
ilk ii¢ uygulama ise TK > SL > GK seklinde bir siralama gdstermistir. Aragtirma sonucunda asit reaksiyonlu
topraklarda kire¢ uygulamalarinin yani sira, slamin da alternatif bir kire¢ materyali olarak tarimsal alanlarda
kullanilabilme potansiyeli bulundugunu gostermistir.

Anahtar Kelimeler: pH, Toz kire¢, Graniil kire¢, Slam, Biber, Toprak, Verim, Besin maddesi
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Abstract

This study was carried out to investigate the liming materials (granule and powder) with the different form, amount
and combinations and sugar beet factory waste (vinasse) on pH, mineral matter content of an acid soil and the
yield and nutrition of pepper plant. The experiment was carried out in pots under greenhouse conditions. Lime
required to neutralize the total acidity of the soil (6.5 from 5.50) was calculated and then the experiment subjects
were determined as follows K (Control), PL (Powder Lime; %90 CaCOs, %5 MgCOs), GL (Granular Lime; %90
Ca0), V(Vinasse), ¥4 PL+4 V, Y2 PL+% V, % PL+Y% V, V4 GL+34 V, %2 GL+% VL and % GL+% V. To increase
pH of soils, 300 kg.da™! lime was applied and then the experiment soils were incubated for one month. N, P, K as
basic fertilization was applied by mixing the soil before planting. According to the results; the most effective
application in increasing soil pH was powder lime, and granular lime had the same effect with slime. The pH of
the control soil with a pH of 5.50 has been increased to 6.42 with TK application and 6.41 with TK + % SL
application. The applications significantly increased the total N, available P, Ca, Fe and Zn contents of the soil and
the total N, P, Fe, Cu, Zn and Mn contents of the plant compared to the control. The first three applications that
increase pepper yield showed a ranking as TK> SL> VK. According to the results, it determined that vinasse can
be used as an alternative lime material in agricultural fields besides lime applications in acid reaction soils.

Keywords: pH, Powder lime, Graniile lime, Vinasse, Pepper, Soil, Yield, Plant nutrient
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1. Giris

Toprak pH’s1 (reaksiyonu), bitki gelisimi lizerinde dogrudan etkisi olan topragin fiziksel, kimyasal ve biyolojik
stiregleri lizerinde 6nemli bir etkisi olan bir parametredir. Toprak verimliligi ve bitkisel iiretkenlik, toprak pH’s1
ile yakindan iligkilidir. Tarimsal iiretim genellikle hafif asidik ile hafif alkali toprak reaksiyonlarinda
gerceklestirilir ve bu pH araliginda besin maddeleri topraklarda optimal diizeylerde bulunur. Tiim topraklarda iz
elementlerin eriyebilirligi, hareketliligi ve biyo yarayisliligi, pH tarafindan gok kuvvetli bir sekilde etkilenmektedir.
Kuvvetli asit veya alkalin topraklarda besin maddelerinin yarayish formlar1 azalir ve bu durum bitki gelisimini
kisitlar. Bitkilerin ekstrem pH diizeylerine toleranslari farklilik gosterse de bir ¢ok kiiltiir bitkisi notrale yakin bir
pH'da optimum performans gosterir (Lauchli ve Grattan, 2012). Bitkisel iiretim sirasinda veya oncesinde ve
sonrasinda toprak yonetimi ile ilgili tiim yonetim bigimleri (topragin islenmesi, giibre veya kire¢ uygulamas gibi)
ve iklim degiskenleri (yagmur gibi), topraktaki pH degisimi ile yakindan ilgilidir. Toprak reaksiyonunun
asitlesmesi diger toprak ozelliklerinin de bozulmasina neden olabilmektedir. Bu nedenle gerekli dnlemlerle pH
degerlerinin optimum diizeylere getirilmesi gerekmektedir. Aksi takdirde topraklarin asitlesmesi sonucu mevcut
bitkisel iiretimde kayiplarin meydana gelme olasilig1 yiiksektir.

Asidik topraklarin yonetimi, bu topragin iiretim potansiyelinin geri kazanilmasimi saglamak igin dolayl ve
dogrudan ¢esitli araglarin uygulanmasimi gerektirir. Dogrudan uygulamalar, optimum bitkisel iiretim igin
topraklarin kireglenmesi ve bazi tarimsal uygulamalarin manipiilasyonunu igerir (Yirga ve ark., 2019). Kiregleme,
asit reaksiyonlu topraklar1 yonetmende bilinen en 6nemli yontemlerinden birisidir. Genelde saf kalsiyum
karbonata yakin diizeyde Ca igermesi nedeniyle, kire¢ ayni1 zamanda topraga 6nemli miktarda Ca’un girmesine
neden olmaktadir. Bir bitki besin maddesi olmasi nedeniyle kalsiyum, hem biyokimyasal hem de fonksiyonel etkili
olup ayrica bitkinin stres kosullarma dayanikliligini artirmast agisindan da énemli bir role sahiptir. Karabulut ve
Bellitiirk (2013) farkli Mg kaynaklarimi uyguladiklar asit reaksiyonlu topraklarda misir bitkisinin potasyum,
kalsiyum ve magnezyum igeriginin toprak biinyesine gore farklilik gosterdigini saptamislardir. Tarim
topraklarinda genellikle yeteri kadar kalsiyum bulunmasina ragmen asit reaksiyonlu ve yikanma 6zelligi yiiksek
kum biinyeli ve baz doygunlugu diisiik topraklarda yetistirilen bitkilerde kalsiyum eksikligi ortaya ¢ikabilmektedir
(Karaman ve ark., 2012).

Asit topraklara verilecek kire¢ miktarini hesaplarken topragin pH’sinin yaninda degisebilir katyonlar ve baz
doygunluk oranin da bilinmesi gerekir (Altinbas ve ark., 2016). Ayrica topragin kil tipi, organik madde igerigi,
biinyesi, bitkinin pH istegi, uygulanacak kiregleme materyalinin saflik derecesi ve parga biiyiikliigii de dnemlidir.
Tarim topraklarinin kireglenmesinde; kireg, dolomit, kalsiyum oksit ve kalsiyum hidroksittir en ¢ok kullanilan
kirecleme materyalleridir. Kire¢cleme amaciyla kullanilan materyallerde Ca ve Mg elementlerinin bulunmasi
yeterli olmayip, ayni zamanda mevcut anyonlarin da bitki besin elementlerin alinabilirligini saglayan toprak
¢ozeltisinde bulunan hidrojen ve aliiminyum iyonlarinin aktivitesini azaltacak Ozellige sahip olmasi da
gerekmektedir. Baska bir ifadeyle kireglemede kullanilan kimyasalin toprak ¢ozeltisinde bulunan iyonlar
notrlestirmesi gerekmektedir (Msimbira ve Smith, 2020). Asit reaksiyonlu topraklarin 1slahinda kireg, dolomit,
kalsiyum oksit ve kalsiyum hidroksit gibi kiregleme materyalleri disinda ayrica ¢imento, ¢elik ve kagit endiistrisi
atiklari, bazi deniz canlilarinin ve salyangoz gibi hayvanlarin kabuklari, kalsiyum ve magnezyum silikat igeren
ciruf, seker fabrikasi atig1 slam ve dogal kalsitik kire¢ gibi alternatif kaynaklar da kullanilmaktadir (Gonzalez-
Fernandez ve ark., 2004; Castro ve Crusciol, 2013).

Seker pancarini igleyerek seker elde edilmesi esnasinda geker fabrikasi sanayi atig1 olarak ortaya ¢ikan glam,
ham serbetin kireg siitii (CaO) ile muamele edilmesi sonucunda elde edilen ve organik ve inorganik bilesiklerden
olusan bir maddedir (Ozen ve Arat, 1999, Ozyazici, 2014). Bu atik ya sulandirilarak derelere verilmekte veya
¢oktiirme ¢ukurlarinda toplanmaktadir (Aksoy ve Danigsman, 1989). Slam, CaCO; (kalsiyum karbonat % 70) ve
organik madde igerigi yiiksek bir atik materyaldir. Bu nedenle slamin asit reaksiyonlu topraklarin 1slahinda
kullanilabilme potansiyeli bulunmaktadir. Béylece bir atik durumunda bulunan slamin ¢evre kirliligine neden
olmadan tarim topraklarinda degerlendirilmesi s6z konusu olacaktir.

Bu c¢alismada, asit reaksiyonlu topraklarda oOncelikle pH derecesini optimal diizeye getirmek igin
uygulanabilecek kireg formlarinin belirlenmesi, ve ayrica seker sanayi atik {irlinii olarak bilinen glamin kiregleme
materyallerine alternatif bir materyal olup olamayacagi ve tiim bu uygulamalarin biber bitkisinin gelisimi iizerine
etkileri arastirilmustir.
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2. Materyal ve Metot

2.1 Materyal

Izmir ili Odemis ilgesindeki bir {iretici tarlasindan 0-30 cm derinliginden alan yiizey topragi arastirmanin
toprak materyalini olusturmustur. Hava kurusu hale getirilen ve elenen topraktan fiziksel ve kimyasal analizler
icin yeterli miktar ayrildiktan sonra geri kalan kismu saksi denemesinde kullanilmistir. Orta derecede asit
reaksiyona sahip deneme topragina ait analiz sonuglart Tablo 1‘de verilmistir.

Tablo 1. Toprak érneginin fiziksel ve kimyasal ézellikleri
Table 1. Physical and chemical properties of soil sample

Fiziksel ve Kimyasal Ozellikler Sonug Yorum
pH (1:2.5 su) 5.55 Orta Derecede Asit
Toplam Tuz (%) 0.037 Sorun yok
Kireg (CaCOs) (%) 1.21 Kiregge fakir
Kum (%) 72.00
Silt (%) 14.00
Kil (%) 14.00
Biinye Kum-Tin
Toplam Organik Madde (%) 1.94 Fakir
Toplam Azot (N) (%) 0.086 Orta
Fosfor (P) 10.80 Yeterli
__ Potasyum (K) 178 Fakir
.TQD Ealsiyum (Ca) 960 Orta .
0 agnezyum (Mg) 70.0 Yeterli
& Sodyum (Na) 19.80 Sorunsuz
:; Demir (Fe) 7.16 Yeterli
E Cinko (Zn) 1.27 Yeterli
Bakir (Cu) 0.94 Yeterli
Mangan (Mn) 17.91 Yeterli

Aragtirmada kullanilan kire¢ materyalleri( %90 saflikta graniil (CaO) ve toz (CaCOs3+%5 MgCQO3) tarim kireci)
Kimtas Kireg¢ San. Tic. A.S. firmasindan, slam ise Susurluk Seker Fabrikasindan temin edilmistir. Kuvvetli alkalin
reaksiyona sahip slam materyalinin (Ozyazic1, 2014) diger kimyasal 6zellikleri Tablo 2*de verilmistir.

Tablo 2. Kirecleme materyali olarak kullanilan slamin kimyasal ézellikleri
Table 2. Chemical properties of vinasse used as liming material

Parametreler Sonu¢  Yorum
pH 9.45 Kuvvetli alkalin
Toplam Tuz (%) 0.046 Tuzsuz
Kireg (CaCOs) (%) 80.41 Cok fazla Kiregli
Toplam Organik Madde (%) 3.40 Iyi
Toplam Azot (N) (%) 0.045 Fakir
Faydali Fosfor (P) (mg kg 1) 2.20 Yetersiz
Faydali Potasyum (K) (mg kg ) 78.4 Yetersiz
Faydali Kalsiyum (Ca)(mg kg ') 5242 Yiiksek
Faydali Magnezyum (Mg) (mg kg ) 157.4 Yeterli
Faydali Sodyum (Na) (mg kg ) 29.18 Yeterli
Faydali Demir (Fe)(mg kg ) 26.04 Yeterli
Faydali Cinko (Zn) (mg kg ™) 0.12 Yetersiz
Faydali Bakir (Cu) (mg kg 1) 0.31 Yetersiz
Faydali Mangan (Mn) (mg kg ) 2.40 Yeterli
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Arastirmanin bitki materyalini ise meyveleri oval, yuvarlak, kiire seklinde veya uzunca yassi sivribiber seklinde
olan Capsicum annuum var. cerasiforme ¢esidi kiraz biberi olusturmustur. Arnavut biberi olarak adlandirilan bu
biber ¢esidinin meyvelerinin uzunluklari 2-3 cm olup ¢aplart 1-1.5 cm arasindadir.

2.2.Yontem
2.2.1.8aks:1 denemesi

Orta derecede asit reaksiyona sahip deneme topraginin kireg ihtiyact Dunn yontemine gore belirlenmistir. Bu
tip topraklara uygulanacak kire¢ ihtiyacinin belirlenmesinde en ¢ok kullanilan ve en uygun yontem bu yontemdir
(Dunn, 1943). Arastirma topraginin kireg ihtiyact hesaplanmasinda 5.55 olan toprak pH’sin1 6.5’a ¢ikarmak
amaclanmistir. Buna gore arastirmada uygulanan deneme konular1 ve uygulanan kire¢ miktarlari ile oranlar Tablo
3’de verilmistir

Tablo 3. Deneme konulari ve kire¢c materyallerinin uygulama miktarlar
Table 3. The experiment subjects and the amount of applications of liming materials

Uygulamalar Uygulama miktarlari (kg. da™!)
1-K (Kontrol) 0

2-Y4 TK+% SL 75+280
3-% TK+Y% SL 150+187
4-% TK+Y SL 22.5+287
5-Y% GK+% SL 75+280
6-% GK+': SL 150+187
7-% GK+Y4 SL 22.5+280
8-TK (Toz Kireg) 300
9-GK (Graniil Kireg) 300
10-SL (Slam) 373

Deneme 4 kg toprak alan toplam 30 adet plastik saksida sera kosularinda yiiriitiilmiis, tesadiif parselleri deneme
desenine planlanmistir. 7ablo 3’de verilen kireg¢ ve slam miktarlar1 uygulandiktan sonra saksilar 30 giinliik bir
inkiibasyona birakilmislardir. Saks1 agirliklart iki giin ara ile tartilarak tarla kapasitesine gelinceye kadar, eksik
olan su miktar1 saksilara ilave edilmistir. Biber tohumlar1 fide yetistirme ortami olan torf-perlit ortaminda
¢imlendirilip fide haline geldikten sonra uygulama saksilarmin her birine iki adet olacak sekilde 30 giinliik
inkiibasyon siiresi sonunda sasirtilmistir. Fide sasirtmasi yapilmadan Once saksilara temel giibreleme olarak
amonyum siilfat (%21 N), TSP (%43 P20s) ve potasyum siilfat (%50 K20) giibreleri kullanilarak; 200 mg.kg! N;
100 mg.kg! P20s ve 250 mg.kg! K20 olacak sekilde giibreler toprakla iyice karistirilarak uygulanmustir. Ayrica
daha sonra iist giibre olarak her saksiya 50 mgkg' N olacak sekilde amonyum nitrat giibresi (%33 N)
uygulanmustir. Arastirmada uygulamalarin yapildigi saksilar her giin tartilmak suretiyle baslangicta su tutma
kapasitesinin % 60’1 olacak sekilde eksilen su verilerek sulama yapilmis ve vejetasyon siiresi igerisinde bu miktar
su tutma kapasitesinin %80’ine c¢ikarilmigtir. Sera kosullarinda 4 ay siirdiiriilen caligmada sakst verimini
belirlemek i¢in saksilardan hasat zamanlarinda toplanan biber meyveleri tartilarak meyve verimleri belirlenmis ve
ayrica uygun yaprak alma doneminde saksilardan alinan yaprak orneklerinde makro ve mikro besin element
miktarlari tespit edilmistir (Seki/ / ve 2). Ayrica deneme sonunda alinan toprak drneklerinin de pH ile birlikte
makro ve mikro besin element miktarlar1 belirlenmistir.

2.2.2. Bitki orneklerinin kimyasal analiz yontemleri

Aragtirmada konusu saksilardan tekerriirlii olarak alinan yaprak ornekleri yikanip temizlendikten sonra 65
0°C’de sabit agirliga ulagincaya kurutma dolabinda bekletilerek kurutulmustur. Kurutma sonucunda sabit agirliga
erisen yaprak drnekleri dgiitiilerek analize hazir hale getirilmistir (Kacar ve Inal, 2008). Analize hazir hale getirilen
bitki 6rneklerinde makro ve mikro besin elementleri sirastyla, toplam azot makro Kjeldahl yontemiyle; yas yakma
yontemi uygulanarak elde edilen bitki ekstraktlarinda; toplam P kolorimetre, toplam K, Ca, Na alev fotometresi,
toplam Mg, Fe; Cu, Zn ve Mn ise atomik absorpsiyon spektrofotometrede okunarak belirlenmistir (Kacar, ve inal
2008).
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Figure 1. Pepper plants in the pot experiment
Sekil 1. Sakst denemesi biber bitkileri

Figure 2. Pepper fruits in the pot experiment
Sekil 2. Saks: denemesi biber meyveleri

2.2.3. Toprak orneklerinin kimyasal analiz yontemleri

Hasat sonras1 deneme saksilarindan alinan toprak érneklerinde fiziksel ve kimyasal analizler yapilmistir. pH
ve suda ¢oziiniir toplam tuz saf su ile sature edilen (1:2.5) saturasyon ¢camurunda cam elektrotlu pH metre ve sature
toprak macununun elektriksel gegirgenliginin EC-metre cihazinda 6l¢iilmesi ile kire¢ (CaCOs) ise voliimetrik
olarak Scheibler kalsimetresi ile belirlenmistir. Toprak orneklerinde biinye (kum, mil, kil) hidrometrik yontemi ile
organik madde yas yakma yontemi uygulanarak saptanmistir. Toplam N, Kjeldahl yontemi ile faydali P, sodyum
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bikarbonatin kullanildig: ekstraksiyon yontemi ile kolorimetrik olarak, faydali K ve Ca, 1 N Amonyum Asetat
(pH=7,0) ¢ozelti kullanilarak elde edilen ekstraktin alev fotometresinde okunmasi ile, ayni ekstrakta magnezyum
ise atomik absorpsiyon spektrofotometresinde dlgiilerek, faydali demir, bakir, ¢inko ve mangan igerikleri toprak
orneklerinin DTPA + TEA ile ekstraksiyonu sonrasi siiziiglin atomik absorpsiyon spektrometrede okunmasi
suretiyle tayin edilmistir (Kacar, 2016)

2.2.4. Istatistik degerlendirme yontemi

Kire¢ uygulamalarinin bagimli degiskenler iizerindeki etkisi faktoriyel olarak ANOVA analizi ile test
edilmistir. Ortalama degerlerin karsilastirmasi ise LSD’e gore yapilmigtir. Tiim verilerin istatistiki analizi IBM
SPSS Statistics 15.0 programinda yapilmistir.

3. Arastirma Sonuclar ve Tartisma
3.1. slam uygulamalarinin toprak reaksiyonu ile makro ve mikro element miktarlari iizerine etkisi

Farkli kiregleme materyalleri (graniil-toz kireg) ve seker fabrikasi atig1 slam uygulamalarimin toprak reaksiyonu
(pH) ile topraklarin toplam N, faydali P ve Ca igerigi lizerine etkisi istatistiki anlamda 6nemli olurken, faydali K
ve Mg miktarlari tizerinde herhangi bir etkisi ortaya ¢ikmamustir (7ablo 4).

Tablo 4. Kire¢ ve slam uygulamalarinin topragin pH ve makro element miktari iizerine etkisi
Table 4. The effect of lime and vinasse applications on pH and the content of macroelements of soil

Uygulamalar oH Toplam Faydal (mg . kg!)
N (%) P K Ca Mg
Kontrol 5.50d 0.085c¢ 9.01d 160 920d 61
V4 Toz Kireg+%4 Slam 640a 0.101b 9.13ab 162 1084 ab 64
Y2 Toz Kireg+'2 Slam 641a 0.107a 9.14a 165 1070ab 65
% Toz Kire¢tVs Slam 636b 0.105ab 9.14a 163 1042 ¢ 65

V4 Graniil Kire¢+% Slam 6.35b 0.102b 9.08 ¢ 162 1050 ¢ 67
Y4 Graniil Kireg +% Slam 6.34b 0.104 ab 9.10b 162 1062 b 62
% Granill Kire¢ +% Slam 6.29¢c 0.100b 9.12ab 161 1070 ab 62

Toz Kireg 642a 0.106a 9.12ab 160 1064b 63
Graniil Kireg 634b 0.100b 9.10b 161 1078ab 62
Slam 636b 0.104ab 9.14a 160 1090a 65
LSD ok * * ad ok ad

Ayni harfle gosterilen ortalamalar arasindaki farklilik 6nemli degildir,
*: P<0.05 diizeyinde 6nemli farklilik, **: P<.01 diizeyinde 6nemli farklilik, 6d: 6nemli degil

Kire¢ ve slam uygulamalar1 toprak pH’si1 kontrole gore artirmistir. En yiiksek artislar TK (6.42), 4 TK+%
SL (6.40) ve /2 TK+ SL (6.41) uygulamalarinsa tespit edilmistir. Toprak pH’sinin yiikselmesinde en biiyiik etkiyi
toz kirecin yaptig1, graniil kirecin ise slam ile ayn1 etkiyi gosterdigi anlasilmistir. Slam ve kire¢ uygulamalar
kontrole gore toprakta 0.8-0.9 birim pH artig saglamistir. Aragtirmada topraklarin pH’simin 6.5 olacak sekilde
kirecleme materyalleri uygulanmas1 planlanmis ve bu hedefe az bir farkla yaklasilmistir. Ulgen (1967) ise Dogu
Karadeniz Bolgesi topraklarinda yaptigi ¢alismada toprak pH’sini yiikseltmede slamin kirecten daha etkili
oldugunu saptamistir.

Kire¢ ve slam uygulamalar: topraklarin toplam N, faydali P ve Ca igeriklerini kontrole oranla artirmistir. En
yiiksek toplam azot TK ve %2 TK+". SL uygulamalarinda, en yiiksek faydali fosfor SL, /2 TK+'2 SL ve % TK+V4
SL uygulamalarinda ve en yiiksek faydali Ca ise SL uygulamasinda saptanmustir (7ablo 4). Toprak pH’sinin
artmasina bagli olarak topraktaki mikrobiyal aktivitenin ve dolayisiyla enzim aktivitesi ve mineralizasyon
olaylarinin artmasiyla toprak ¢ozeltisine gegen mineral madde miktar1 da artabilmektedir. Tevali (2021) slam
kompostu uygulamalariin topraktaki iireaz, alkalin fosfotaz ve B-Glukozidaz enzim aktivitelerini artirdigini ve
bu artiga bagl olarak topraktaki degisebilir K hari¢ besin madde miktarlarimin arttigini bildirmistir. Benzer sonug
bizim ¢aligmamizda da ortaya ¢ikmis ve faydali K yaninda Mg’da slam uygulamalarindan etkilenmemistir. Toprak
pH’stile topraklardaki mineral madde miktarlar1 arasindaki korelasyon analizi sonucu da pH ile toplam azot, fosfor
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ve kalsiyum arasinda % 1 diizeyinde 6nemli iliskiler ortaya ¢ikarken, pH ile K ve Mg arasinda ise bir iliski
saptanamamustir (7ablo 5). Sezen (1981) kirecleme ile yilikselen pH’a bagl olarak topraktaki K yarayishiliginin
azaldigimi tespit ederken, Ozyazic1 ve ark. ise (2014), artan slam uygulamalarina paralel olarak toprak reaksiyonu
(pH) ile yarayish P, K ve degisebilir Ca arasinda pozitif iligkilerin ortaya ¢iktigini ileri stirmiislerdir.

Tablo 5. Toprak pH’st ile topragin mineral madde kapsami arasindaki iligkiler ve korelasyon katsayilar:

Table 5. Correlations between soil pH and soil elements

Toprak Elementleri Toprak pH’s1
Toplam N 0.923**
Faydali P 0.896**
Faydali K od

Faydali Ca 0.964**
Faydali Mg od

Faydali Fe 0.928**
Faydali Cinko od

Faydali Bakir -0.748*
Faydali Mangan od

*: P<0.05, **: P<.01 diizeyinde dnemli, 6d: 6nemli degil
Graniil ve toz kireg ile slam uygulamalarinin topragin faydali mikro elementlerinden Fe ve Zn igerigine etkisi
istatistiki anlamda 6nemli olurken, faydali Cu ve Mn iizerinde ise herhangi bir etkisi ortaya ¢ikmamustir (Tablo 6).

Tablo 6. Kire¢ ve slam uygulamalarinin topragin mikro element icerigi iizerine etkisi
Table 6. The effect of lime and vinasse applications on the content of microelements of soil

Faydali (mg . kg!)

Uygulamalar T Cu 70 Mo
Kontrol 742 g 0.81 1.24d 17.11
Vi Toz Kire¢t+%4 Slam 922 ¢ 0.81 1.27d 17.12
V5 Toz Kiregt's Slam 9.70 a 0.81 1.62a 17.08
% Toz Kireg+% Slam 9.54b 0.82 1.54 ab 17.13
Y4 Graniil Kire¢+%4 Slam 9.51b 0.80 1.22d 17.96
Y4 Graniil Kireg +% Slam 9.01e 0.80 1.34c 17.12
%4 Graniil Kire¢ +V4 Slam 9.19c¢c 0.81 1.21d 17.10
Toz Kireg 793 f 0.82 1.22d 17.64
Graniil Kireg 743 ¢ 0.81 1.24d 17.15
Slam 9.10d 0.83 145b 17.87
LSD ok od ok od

Ayni harfle gosterilen ortalamalar arasindaki farklilik 6nemli degildir,
*: P<0.05 diizeyinde 6nemli farklilik, **: P<.01 diizeyinde 6nemli farklilik, 6d: 6nemli degil

Kire¢ ve slam uygulamalar topraklarin faydali Fe ve Zn igeriklerini kontrole oranla 6nemli miktarlarda
artirmistir. En yliksek faydali Fe ve Zn konsantrasyonlar1 /2 TK+)2 SL uygulamasinda saptanmigtir. Topraklardaki
mikro elementlerin azami yarayisli miktarlar1 genellikle 5.0-6.5 pH arasinda bulunmaktadir. Daha yiiksek ve daha
diistik pH derecelerinde ise yarayisl miktarlar degismektedir. Arastirma topraklarinin pH’st 6.4’li gegmedigi ,
mikrobiyal aktivite i¢in daha uygun kosullar ortaya ¢iktig1, slamin organik madde ve bir miktar bitki besin maddesi
icermesi, ayrica biber bitkisi yetistirme ortami topragin mikrobiyal aktivitesi lizerine de etki yapabilecegi igin
mikro element miktarlarinda bir yiikselme meydana geldigi diisiiniilmektedir. Benzer sonuglar Kumar ve Chopra
(2010) tarafindan da bulunmus ve Hindistan’da seker fabrikasi atiklarinin topraga uygulanmasi ile topraktaki Fe,
Zn, Cd, Cu, Pb and Cr miktarlarinin arttig1 rapor edilmistir.

3.2. Kire¢ materyalleri ve slam uygulamalarinin biber bitkisi yapraklarinin besin elementi icerigine etkisi

Kirec ve slam uygulamalarinin biber bitkisi yapraklarindaki tiim makro ve mikro element miktarlar iizerindeki
etkisi istatistiki anlamda 6nemli ¢ikmistir. Kireg¢ ve slam uygulamalari yapraklarin N ve P igeriklerini kontrole
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oranla dnemli miktarlarda artirmistir. En yiiksek toplam azot TK uygulamasinda, en yiiksek toplam P ise SL ve /2
TK+%, SL uygulamalarinda saptanmustir. Biber bitkisinin K igerigi sadece TK, SL ve Y4 TK+% SL
uygulamalarinda artmig, bu uygulamalar disindaki tiim uygulamalar kontrol uygulamas ile ayni istatistiki grupta
yer almigtir (Tablo 7). Bu durum kireglemeyle birlikte K’un yarayisliligindaki azalmadan kaynaklanmig (CaxK
interaksiynu) olabilir. Bitkinin Ca ve Mg igerikleri iizerine ise kire¢ materyallerin tek basina uygulamalart,
kombine uygulamalara oranla daha fazla etkili olmustur.

Tablo 7. Toz ve graniil kireg ile slam uygulamalarinin biber bitkisinin makro element icerigine etkisi

Table 7. The effect of lime(powder and graniile) and vinasse applications on the content of macroelements of

pepper
Toplam (%)
Uygulamalar N P K Ca Mg
Kontrol 355g 036e 3.10b 250ab 0.40d-f
Vi Toz Kire¢+%4 Slam 391cd 0.65ab 436a 2.02ce 0.50cd
V4 Toz Kireg+'4 Slam 393bc  0.68a 3.09b 2.06c-e 0.50cd
% Toz Kireg+% Slam 390cd 0.66ab 3.20b 2.09cd 048c-e

Y4 Graniil Kire¢g+%4 Slam 375ef 0.55cd 2.79b 1.90c-f 0.46c-f
V5 Graniil Kireg +% Slam 3.83de 0.58bc  2.79b 1.75d-g 0.36f
% Graniil Kire¢ +%4 Slam  3.81de 048d 3.04b 1.72e-h  0.39ef

Toz Kireg 446a 0.67ab 4.15a 2.77a 0.77b
Graniil Kireg 3.65f 0.66ab 3.02b 2.76a 0.51c
Slam 402b 0.69a 446a 2.19bc 0.89a

Ayni harfle gosterilen ortalamalar arasindaki farklilik 6nemli degildir,
*: P<0.05 diizeyinde nemli farklilik, **: P<.01 diizeyinde 6nemli farklilik, 6d: 6nemli degil

Kireg ve slam uygulamalart mikro elementlerin tiimiinii kontrole oranla 6nemli oranlarda artirmistir. En yiiksek
Fe ve Zn miktarlar1 TK uygulamasinda, en yliksek Cu miktar1 SL ve en yiiksek Mn miktarlar1 ise SL ve ¥4 TK+%4
SL uygulamalarinda ortaya ¢ikmustir (Tablo 8).

Tablo 8. Toz ve graniil kireg ile slam uygulamalarinin biber bitkisinin mikro element igerigine etkisi

Table 8. The effect of lime (Powder and graniile)and vinasse applications on the content of microelements of

pepper
Toplam (mg kg™!)

Uygulamalar Fe Cu Zn Mn
Kontrol 70.37 g 7.74 ¢ 60.33 ¢ 68.19 ¢
Ya Toz Kireg+%: Slam 95.13b 9.17cd 6798cd 8043 a
V5 Toz Kireg+'% Slam 97.44 ab 9.6lc 77.76 b 77.37b
% Toz Kire¢t%s Slam 81.87d 937c¢ 6924cd T7486¢c

Y4 Graniil Kire¢+% Slam 84.99d 893cd 64.56de  73.22d
V4 Graniil Kireg +% Slam 82.96d 9.0lcd 6925cd 7191e
%4 Graniil Kire¢ +4 Slam 75.11F 834de 68.79cd 72.56de

Toz Kireg 100.14 a 11.14b 85.73 a 75.95 ¢
Graniil Kireg 8431c 11.10b 6954 ¢ 78.14 b
Slam 97.84 ab 1363a  7539b 79.67 a

Ayni harfle gosterilen ortalamalar arasindaki farklilik 6nemli degildir,
*: P<0.05 diizeyinde onemli farklilik, **: P<.01 diizeyinde 6nemli farklilik, 6d: 6nemli degil

Biber bitkisi yapraklarinda saptanan makro ve mikro besin element miktarlar: Jones ve ark. (1991) tarafindan
verilen yeterlik sinir degerleriyle kiyaslandiginda, biber bitkisinin makro ve mikro besin element igeriginin
yeterlilik smir degerleri icinde yer aldigir dolayisiyla beslenme yoniinden herhangi bir sorunun olmadigi
anlasilmistir (Tablo 9). Hindistan’da seker fabrikasi atiklarinin topraga uygulanmast ile topraktaki Fe, Zn, Cd, Cu,
Pb and Cr miktarlarinin arttig1 rapor edilmistir (Kumar ve Chopra, 2010).
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Asit reaksiyonlu bir topraga uygulanan kiregleme materyallerinin (CaCOs, CaO, MgCOs ve MgO) musir
bitkisinin verim ve mineral madde igerigine etkisini belirlemek iizere yapilan bir aragtirmada; kiregleme
materyallerinin misir bitkisinin toplam N, P, K, Ca ve Mg konsantrasyonlarini artirdig1 saptanmistir (Kant ve ark.,
(2006). Ayni arastirict bizim bulgularimizdan farkli olarak kire¢ materyallerinin bitkideki Fe, Mn, Zn ve Cu
alimlarii azalttigini saptamislardir. Benzer sonuglar bir¢ok arastirici tarafindan yapilan ¢aligmalarla da ortaya
konulmustur (Aydin ve ark., 1997; Turan ve ark., 2002; Simsek ve Aydin, 2002; Adiloglu ve ark., 2016)

Tablo 9. Biber bitkisi yapraklarinin makro ve mikro besin elementleri icin onerilen yeterlik sinir
degerleri (Jones ve ark., 1991)

Table 9. Sufficiency limit values recommended for macro and micro nutrients of pepper plant leaves
(Jones ve ark., 1991)

Besin Elementi  Yeterlilik Sinir degeri Besin Elementi Yeterlilik Sinir degeri
Toplam N (%) 3.50-5.00 Toplam Fe (mg kg™!) 60-300
Toplam P (%) 0.22-0.70 Toplam Cu (mg kg™!) 6-25

Toplam K (%) 3.50-4.50 Toplam Zn (mg kg™!) 20-200
Toplam Ca (%) 1.30-2.80 Toplam Mn (mg kg™!) 50-250
Toplam Mg (%) 0.30-1.00

3.3. Graniil ve toz kireg ile slam uygulamalarinin biber verimi iizerine etkisi

Kireg¢leme materyalleri toz ve graniil kireg ile seker fabrikasi atig1 slamin farkli kombinasyonlarinin arastirma
materyali biber bitkisinin saks1 verimi lizerine etkisi istatistiki anlamda %! diizeyinde 6nemli bulunmustur. Tiim
uygulamalar verimi kontrole oranla artirmistir. En yiiksek biber verimi TK (toz kireg) (276 g.saks1™!) ve en diisiik
verim ise K (kontrol) uygulamasinda (114 g.saksi™) elde edilmistir (Tablo 10).

Tablo 10.Kire¢ ve slam uygulamalarinin biber verimi iizerine etkisi (g/sakst)
Table 10. The effect of lime and vinasse applications on pepper yield (g/pot)

Uygulamalar Verim (g/saks1)
Kontrol 114 g
V4 Toz Kireg+¥4 Slam 171d
Y2 Toz Kiregt+%2 Slam 190 d
% Toz Kire¢+V4 Slam 186d
V4 Graniil Kire¢+% Slam 159 ¢
4 Graniil Kireg +% Slam 134 ef
%, Granill Kire¢ +%4 Slam 121 ef
Toz Kireg 276 a
Graniil Kireg 231 be
Slam 249 b
LSD ok

Aymni harfle gosterilen ortalamalar arasindaki farklilik 6nemli degildir,
**: P<.01 diizeyinde dnemli farklilik

Toz kire¢ uygulamasindan sonra biber verimini en fazla artiran uygulamalar SL ve GK olmustur. Bunlar1
izleyen uygulamalardan 2 TK+Y% SL, % TK+Y SL ve 4 TK+% SL ise aym istatistiki grup igerisinde yer
almislardir. Toprak pH’sini yilikseltmek amaciyla farkli form, kombinasyon ve miktarlarda uygulanan
materyallerin (kireg-slam) etkisiyle toprak pH’sinin yiikselmesine bagl olarak verimde 6nemli diizeyde artiglar
sagladig1 saptanmistir. Kire¢lemenin verimi artirdigini bildiren ¢esitli arastiricilar, aragtirmamizda elde ettigimiz
bulgulara benzer sonuglari farkli bitkiler {izerinde yaptiklar1 ¢aligmalarda da saptamislardir. Farkli bitki ¢esitlerinin
yetistirildigi (misir, soya fasulyesi, bugday, yerfistig1, yonca, ay¢igegi, celtik ve kislik arpa) asit reaksiyonlu
topraklara kireg ve kirecli materyal uygulamalarinin verimi arttirdig: birgok arastirici tarafindan bildirilmektedir
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(Busari ve ark., 2008; Kovacevic ve Rastija, 2010; Andric ve ark., 2012; Ngane ve ark., 2012; Rastija ve ark.,
2012; Ataur Rahman ve ark., 2013; Karalic ve ark., 2013; Osundwa ve ark., 2013). Arastirmamizda toprak
pH’sindaki degisime paralel olarak biber bitkisi veriminde meydana gelen artis sonucu birgok arastiricinin farkl
bitkiler ile yapti81 ¢aligmalardan elde edilen bulgularla benzerlik gostermektedir.

4. Sonug ve oneriler

Farkli form, miktar ve kombinasyonlarda kiregleme materyalleri (grantiil-toz kireg ile seker fabrikas1 at1g1 slam)
uygulamalarinin asit reaksiyonlu bir topragin pH, mineral madde igerigi ile biber bitkisinin verim ve besin maddesi
igerigi iizerine etkisinin aragtirildig1 bu ¢aligmada; toprak pH’sinin yiikselmesinde en fazla etkili uygulamanin toz
kire¢ oldugu, graniil kirecin ise slam ile ayn1 etkiyi gosterdigi belirlenmistir. pH’s1 5.50 olan kontrol topragin
pH’smmin TK uygulamasi ile 6.42°ye, 2 TK+Y2 SL uygulamasi ile de 6.41°e kadar ¢ikmasi saglanmuistir.
Arastirmamizda kiregle birlikte slam uygulamasinin, sadece toz kire¢ uygulamasi ile benzer etkiler gostermesi
nedeniyle, asit reaksiyonlu topraklarda pH diizenlenmesi amaciyla slam atiginin rahatlikla kullanilabilecegi
belirlenmistir. Graniil ve toz kireg ile slam uygulamalar1 gerek topragin ve gerekse bitkinin mineral madde
icerikleri lizerine de etkili olmus ve topraklarin toplam N, faydali P, Ca, Fe ve Zn igerikleri ile bitkinin baz1 makro
(toplam N, P) ve mikro (Fe, Cu, Zn ve Mn) besin element iceriklerini kontrole oranla 6nemli oranlarda artirmustir.
Buna bagli olarak biber verimi de uygulamalardan etkilenmis ve biber verimini artiran ilk ti¢ uygulama TK > SL >
GK seklinde bir siralama gostermistir. Sonug olarak pancar sekeri iiretimi esnasinda agiga ¢ikan ve bir gesit
tarimsal atik olan slamin asit reaksiyonlu topraklarda toprak pH’sin1 yiikseltmek amaciyla alternatif bir kiregleme
materyali olarak kullanilabileceginin saptanmasi ve tarimsal liretim agisindan degerlendirilebilir olmasi olduk¢a
onemli bir sonugtur. Bu durum tarimsal atiklarin geri kazaniminin yani sira, tarimsal siirdiiriilebilirlige de 6nemli
bir drnek teskil etme potansiyeli tasimaktadir. Bu atigin degerlendirilmesine katki saglayacak benzer ¢alismalarin,
farkli toprak reaksiyonuna sahip topraklarda ve farkli bitki cesitlerinde iiretici kosullarinda yapilmasinin daha
yararl1 olacag diistiniilmektedir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Yogun Sulama Uygulamalarinin Taban Suyu Kalitesi ve Derinlikleri Uzerine Olan
Zamansal ve Mekansal Etkilerinin Degerlendirilmesi: Akarsu Sulama Birligi Sahasi
Ornegi

Evaluation of Spati-Temporal Effects of Intense Irrigation Practices on Groundwater Quality
and Depths: A Case Study in the Akarsu Irrigation District Area

Mahmut CETIN', Harun KAMAN?>", Sertan SESVEREN?
Oz
Yogun sulama uygulamalariin yapildig1 tarimsal havzalarda kimi sorunlar meydana gelebilmektedir. Sulama
sebekesindeki ve sulama yonetimindeki eksiklikler, diisiik sulama randimani, agir toprak biinyesi ve tarla i¢i drenaj
sistemlerinin yetersizligi vb. nedenler topraklarda tuzlanma, drenaj ve taban suyu tuzlulugu sorunlarma neden
olmaktadir. Anilan sorunlar, bitkisel {iretimi olumsuz yonde etkilemektedir. Bu nedenle, zaman ve mekan
boyutundaki taban suyu gozlemleri, siirdiiriilebilir su kaynaklar1 yonetimi i¢in son derece énemli bilgilerin elde
edilmesini saglamaktadir. Bu ¢alismada, genis bir sulama havzasinda taban suyu seviyesi ve taban suyu kalitesinin
zaman ve mekan boyutunda degerlendirilmesi amaglanmistir. Arastirma, Tiirkiye’nin glineyinde Asagi Seyhan
Ovast’nda (ASO) yer alan, Akarsu Sulama Birligi (ASB) sahasinda yiiriitiilmiistiir. Arastirma alani, 60 yildan bu
yana sulanmaktadir. Sulama sebekesi, iireticilerin gece ve giindiiz sulama uygulamalarini siirekli yapabilmeleri
icin “devaml akis yontemi”ne gore isletilmektedir. Taban suyu derinligi ve taban suyu kalite gézlemleri 108 adet
drenaj gozlem kuyusunda yapilmistir. Gozlemler, yilda dort farkli donemde (subat, nisan, temmuz ve ekim
aylarinda) gerceklesmistir. Kis yagislarinin, aragtirma alanin tigte birinden fazlasinda, asir1 drenaj sorununa neden
oldugu ortaya konulmustur. Akarsu Sulama Birligi sahasinin kuzey kesimlerinde, taban suyu derinliginin kritik
seviyelerde (< 1 m) oldugu tespit edilmistir. Taban suyu tuzlulugu alansal ortalamalari, kritik deger olan 5 dS m!
ile karsilastirildiginda oldukga diisiik bulunmustur. Bununla birlikte, ortalama taban suyu tuzlulugu kis aylarinda
yagislarin seyreltme etkisi nedeniyle en diisiik degere ulasmistir. Alanin %15-26’sinda, kis ay1 hari¢ yil boyunca
her zaman taban suyu tuzlulugu >5 dS m™! degerlerini almigtir. Taban suyundaki toplam ¢dziinmiis tuzlar (TDS),
sulama mevsiminin sonunda en yiiksek seviyeye ulagsmistir. Alansal ortalama taban suyu alkaliligi (Sodyum
Adsorpsiyon Orani-SAR), esik SAR degerinin altinda (SAR<13) bulunmustur. Arastirma alanindaki
yetistiricilerin yogun sekilde sulamalarini giindiiz yapmalarindan dolay1 fazla sulama suyu gece boyunca drenaj
kanallarina tahliye olmaktadir. Sebeke alanindaki sulama yonetiminden sorumlu yetkililerin, gece sulama
uygulamalarin1 tesvik etmeleri; hakim yiizey sulama ydntemleri yerine, sulama suyundan tasarruf saglayan
yagmurlama ve diisiik basingli damla sulama yontemlerini yayginlastirmaya yonelik faaliyetlere agirlik vermeleri
onerilmistir.

Anahtar Kelimeler: Sulama randimani, Toplam ¢dziinmiis tuz, Taban suyu alkaliligi, Sulama yonetimi
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Sahast Ornegi

Abstract

Some site specific problems may arise in agricultural catchments where irrigation practices are intensive. Some
causes such as shortcomings in irrigation water management, low irrigation efficiencies, heavy soil texture,
insufficiencies in field drainage systems, etc. mostly result in problems of salinity in soil profile, waterlogging and
groundwater salinity. Those problems negatively affect crop yield. In turn, drainage observations in space and time
provide important information for sustainable water resources management. In this study, it is aimed at evaluating
spatio-temporal characteristics in quality and quantity of groundwater in a large irrigation district area. In line with
the objective, the study was conducted in the Akarsu Irrigation District (AID) area of the Lower Seyhan Plain
(LSP), located in the south of Turkey. Irrigation has been practiced in the study area for more than 60-year.
Irrigation scheme has been managed by adopting continuous flow regime so as to ensure continuous water supply
for the growers at night and during the day. In this research, groundwater depth and groundwater quality data were
collected from 108 drainage observation wells. Observations in each well were made four times a year, i.e. in
February, April, July and October. It was figured out that severe drainage problems occurred in more than one-
third of study area due to heavy winter rains. It was determined that depth of the groundwater was less than the
critical levels (<1 m) in the northern parts of Akarsu command area. On the other hand, areal averages of
groundwater salinity were found to be quite low compared to the critical value of 5 dS m™!. However, the average
groundwater salinity reached at its lowest value in cool season, due to the dilution effect of rainfall in winter.
Groundwater salinity was determined to be >5 dS m™! in the 15 to 26 % of the area throughout the year, except
winter season. Total dissolved solid (TDS) in the groundwater body were found to be the highest at the end of the
irrigation season, i.e. in October. Areal average of excess sodium, i.e Sodium Adsorption Ratio (SAR), in
groundwater system was found to be less than the threshold SAR value of 13. Excessive irrigation water is
discharged into the drainage channels during the night because the growers in the study area irrigate intensely
during the day. Authorities in charge of irrigation management in the area are supposed to encourage irrigators to
get used to nocturnal irrigation practices. Additionally, it was recommended that more effort be made in order to
extend areas where sprinkler or low pressure drip irrigation systems are practiced instead of surface irrigation
methods.

Keywords: Irrigation efficiency, Total dissolved solid, Groundwater alkalinity, Irrigation management
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1. Giris

Tarimsal tiretimde sulama, verim artis1 saglayan Onemli bir uygulamadir. Ancak, sulamanin yanlis
uygulanmasi tuzluluk vb sorunlari meydana getirmektedir. Genel olarak, sulanan tarim alanlarinda yiiksek ve tuzlu
taban suyu problemi meydana gelebilmektedir ((Istanbulluoglu ve ark., 2006; Konukcu ve Akbuga, 2006).
Bununla birlikte, iklim degisikligi giinlimiizde 6nemli bir olgudur. Kiiresel 1sinma ve buna bagli olarak ortaya
¢ikan kuraklik, suya olan talebi arttirmaktadir. Bu baglamda, toprak ve su kaynaklarinin iyi yonetilmesi ve
gelistirilmesinin dnemi apagik ortadadir. Toprak ve su kaynaklarmin iyi yonetimi ve gelistirilmesiyle kaynaklar
rasyonel kullanilabilmekte, tarimsal {iretimde biiyiik artislar saglanabilmektedir. Ancak, Cetin ve Ozcan (1999)
tarafindan da vurgulandig1 iizere, sulama ve drenaj yatirimlarinin pahali olmasi, planlamalarda meydana
gelebilecek muhtemel hatalar vb. faktorler yatirimlarin maliyetini ylikseltmektedir. Bu nedenle, sulama ve drenaj
yatirnmlarinda su-bitki-toprak-atmosfer iliskilerinin ¢ok iyi arastirilmasi ve bilinmesi gerekmektedir.

Genel olarak her toprak ¢esidinin kendine 6zgii bir kullanim ve yonetim istegi vardir (Cetin ve Ozcan, 1999).
Bu nedenle, topraklarin ozellikle sulama kosullari altinda iyilestirilme olanaklari dikkate alinmalidir. Aksi
durumda, diinyada oldugu gibi iilkemizin bir¢ok yoresinde de drenaj, tuzluluk ve alkalilik sorunlarinin meydana
gelmesi kaginilmazdir. Buna ilave olarak topografik yapi, dogal drenaj durumu, iklim 6zellikleri, jeolojik durum,
ana materyal yapisi ve denize olan mesafe gibi dogal etkenler de tuzluluga yol agmaktadir (Amezketa, 2006).
Tuzluluk, sulu tarimin siirekliligini engelleyen ve bitkisel verimi sinirlayan en 6nemli sorunlardan birisidir. Eger
tuzluluk kontrol altina alinamazsa sulanabilir alanlarin tarim dis1 kalmasi beklenmelidir. Diinyada, 100’den fazla
iilke tuzluluktan etkilenmektedir (Szabolcs, 1989). Her y1l yaklasik 4x10* ha alan tuzluluk sorunu nedeniyle tarim
dis1 kalmakta (Lamsal ve ark., 1999), bu rakamlar tedrici olarak giin gectikge artis gostermektedir. Ulkemizde de
tuzluluk problemi bulunan araziler, sulanabilir arazinin %20’sine ulasmistir (Konak ve ark., 1999); onlem
alinmadig1 takdirde bu alanlarin artmasi beklenmektedir.

Su kaynaklarindan en yiiksek diizeyde faydanin saglanmasi, suyun var olmasi ile yeterli olmayip, su kalitesinin
de amacina uygun olmasi gerekmektedir (FAO, 2001; Cetin ve Kirda, 2003). Ulkemizde, tarim en gok su talep
eden sektor konumundadir (Cetin ve Ozcan, 1999; Giindogdu, 2004; Cetin ve ark., 2007). Son yillarda hizli niifus
artis1 ve sanayilesme suya olan talebi giderek arttirmakta ve bunun bir sonucu olarak da su kithgi sorunu
tetiklenmektedir. Biiylikcangaz ve Degirmenci (2002) tarafindan da belirtildigi gibi, giiniimiizde iklim degisikligi
ve olas1 sonuglar1 yaygin olarak tartisilmaktadir. Bu tartismalar, su kaynaklarinin gelistirilmesi, korunmasi ve etkin
bir sekilde yonetiminde uygun stratejilerin hizli bir sekilde belirlenmesini ve uygulamaya konulmasinin
gerekliligini ortaya koymaktadir. Ulkemiz sulu tarim alanlarinda sulama randimanlarinin istenilen diizeylere
yiikseltilememesi 6nemli bir sorundur (Cetin, 2020). Bu nedenle, tarim sektoriinde suyun daha etkin kullanilmasi
sonucunda 6nemli oranda su tasarrufu (FAO, 2001; FAO, 2002) saglanabilecegi dngoriilmektedir. Bu nedenle,
deniz ve okyanuslara yakin olan kiy1 ovalarinda (Said ve ark., 2021) su kalitesinin izlenmesi 6zel dnem arz
etmektedir. Diiz ve taban arazilerde de siirdiiriilebilir tarimsal iiretim ve su yOnetimi i¢in taban suyu seviyesi ve
taban suyu kalitesinin periyodik olarak izlenmesi ve irdelenmesi gerekmektedir. Taban suyu seviyesi ve taban
suyu kalitesi durumunun takip edilmesi sonucu saglanacak bilgiler vasitasiyla muhtemel sorunlar karsisinda
tedbirler almabilecektir. Taban suyu kalitesinin diisiik ve taban suyu sorunu olan yerlerde, gelecekte topraklarin
gecirgenliginin azalacagi, tuzluluk ve alkalilik gibi sorunlarin yayginlasma riskinin artabilecegine vurgu
yapilmaktadir (FAO, 2001; Cetin ve Kirda, 2003; Demir ve Antepli, 2004).

Iyi kalitede sulama suyu kullanilmis olsa bile, sulama uygulamalarmin ¢ok yogun olarak yapildigi tarim
alanlarinda; sulama yonetimindeki eksiklikler, diigiik sulama randimani, agir toprak biinyesi ve tarla i¢i drenaj
sistemlerinin yetersizligi vb. nedenlerle drenaj ve taban suyu tuzlulugu sorunlari ortaya ¢ikmaktadir. Anilan
sorunlar, bitkisel iiretimi olumsuz yonde etkilemektedir. Bu nedenle, taban suyu kalitesi ve kantitesine iligkin
gozlemler siirdiiriilebilir su kaynaklart yonetimi i¢in son derece 6nemli bilgilerin elde edilmesini saglamaktadir.
Bu calismada, biiytlik 6l¢ekli bir sulama sebeke alaninda taban suyu derinligi ve kalitesinin zaman ve mekan
boyutundaki degisimlerinin izlenmesi ve degerlendirilmesi amaglanmustir.
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2. Materyal ve Metot

Bu arastirma, Tiirkiye’nin giineyinde Asag1 Seyhan Ovasi’nda (ASO) yer alan, 60 yildan daha uzun bir siiredir
sulama ve drenaj sistemi bulunan 9495 ha genisligindeki Akarsu Sulama Birligi (ASB) alt havzasinda
ylriitiilmiistiir. Aragtirma alanini i¢ine alan ASO, 213200 ha’lik bir delta ovasini kapsar; 174088 ha alan sulu tarim
arazi siniflandirma standartlarina gore sulu tarima uygundur (Cetin ve Ozcan, 1999; Cetin ve Kirda, 2003; Cetin
ve ark., 2007). ASB, 36° 57' 32"-36° 50' 43" kuzey enlemleri ile 35° 40' 22"-35° 28' 42" dogu boylamlar1 arasinda
olup, Ceyhan Nehri’nin sol sahilindedir (Sekil ). Sulama sebekesi DSI tarafindan insa edilip isletilmistir. Ancak,
1994 yilinda sulama sebekesi Devlet Su Isleri tarafindan bir protokol ile ASB’ne devredilmistir.
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Figure 1. Location of the study area in Turkey (Kaman et al., 2011)
Sekil 1. Arastirma alanimin Tiirkiye’deki konumu (Kaman ve ark., 2011)

Arastirma alanindaki topraklarm toprak serilerine gére dagilimi incelendiginde, en yaygin toprak serileri Arikli
(30%), Incirlik (27%) ve Yenice (14%) serileridir (Ding ve ark., 1995). Digerleri ise Ismailiye (0.9%), Golyaka (0.5%)
ve Innapli (0.4%) serileridir.

Arastirma alanina sulama suyu Seyhan barajindan saptirilmakta olup, Seryhan Nehri nin y1llik ortalama su verimi
6.3 km® yil'! dolayindadir. Ovanin yegane su kaynagi Seyhan Nehridir; Seyhan baraj goliindeki su, sulama igin iyi
kalitededir (EC<0.5 dS m!). ASO’da, genel olarak sulama randimam diisiik olan yiizey sulama yontemleri (%52)
uygulanmakta; yagmurlama sulama ile sulanan alanlar %7, damla sulama altindaki alanlar ise %41 dolayindadir.

Akdeniz ikliminin hiikiim siirdiigli arastirma alaninda yazlar sicak ve kurak, kislar ilik ve yagishdir. Yagislar
genellikle en diisiik buharlasmanin oldugu kis aylarinda yagmur seklinde diismektedir (Cdlasan, 1970). Adana
meteoroloji istasyonu gozlem sonuglarina gore, arastirma alani ve gevresinde ortalama sicaklik 18.7 °C, minimum
sicaklik 13.1 °C ve maksimum sicaklik ise 25.2 °C’dir. En yiiksek sicakliklar haziran, temmuz, agustos ve eyliil
aylarmda gozlemlenirken, en diisiik sicakliklar ise aralik, ocak, subat ve mart aylarinda meydana gelmektedir (Colasan,
1970).

Arastirma alanindaki taban suyu goézlem noktalarinin yerleri, arazide yapilan 6n c¢aligmalar ve harita tizerinde
yapilan degerlendirmelere gore belirlenmistir. Caligma alanina tesis edilen ilave drenaj gézlem kuyulari ile birlikte
toplam 108 adet drenaj (taban suyu, TS) gozlem kuyusu izlemeye alinmustir (Sekil 2). Drenaj gbzlem kuyu koordinatlari,
Magellan Explorist 600 Reference Manual (Thales, 2005)’de verilen yontem kullanilarak GPS ile (Datum=ED50)
UTM olarak yerinde belirlenmistir.
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Figure 2. Spatial distribution of groundwater observation wells in research area (Kaman et al., 2011)

Sekil 2. Arastirma alamindaki drenaj gozlem kuyularinin dagilimi (Kaman ve ark., 2011)

Arastirmada, 2008 y1l1 subat, nisan, temmuz ve ekim aylarinda yapilan taban suyu kalitesi ve derinligi gozlemleri
kullanlmugtir. Taban suyu derinlikleri (m) ve taban suyu kalite parametreleri DSI (1982), Cetin ve Diker (2003)’de
belirtilen yontemlere gore elde edilmistir. Taban suyu kalite parametreleri olarak; elektriksel iletkenlik (EC, dS m™),
toplam ¢dziinmiis tuzlar (TDS, g L™!) ile SAR degerleri incelenmistir. Bu parametrelerin kapladigi alanlar cografi bilgi
sistemleri (CBS) ortaminda belirlenmis ve alan yiizdeleri elde edilerek gizelgeler halinde sunulmustur.

CBS ortaminda taban suyu derinlik ve tuzluluk haritalarinin ¢iziminde, “ters uzaklik enterpolasyon (IDWI)”
teknigi (Cetin ve Diker, 2003) kullanilmigtir. Bu amagla, ¢alisma alani1 0.25 ha biiyiikligiinde kare hiicreler
olusturacak sekilde gridlenmistir. Her bir degiskenin grid hiicresindeki alacagi deger, IDWI yontemi ile
kestirilmigtir. IDWI yonteminin ayrintilar: ve kullanilan parametreler i¢in Cetin ve ark. (2007)’den yararlanilmustir.

3. Arastirma Sonuclar1 ve Tartisma

Uydu goriintiileri ve yer gozlemleri kullanilarak arastirma alanindaki bitki deseni belirlenmistir. Aragtirma
havzasindaki hakim bitkiler ve dagilimi Sekil 3’te sunulmustur. Goriilecegi iizere, en fazla ekim alanina sahip olan
bitki misir olup, %39.6 oraninda alan kaplamaktadir. Narenciye bahgelerinin kapladig: alan ise %29.2 ile birinci
irtin musir bitkisini takip etmistir. Bugday ekilen alanlarin oran1 %17.7 olmustur. Bu durumda, ikinci iiriin ekim
alanlarinin %18 ve daha diisiik olacag1 sonucuna varilmustir. Sekil 3’te verilen ikinci {iriin ekim alanlar1 bu tespite
paralel bulunmustur.
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Figure 3. Spatial distribution of major crops grown in the research area

Sekil 3. Arastirma alaninda yetistirilen bagslica bitkilerin dagilim

3.1.Taban suyu derinliginin zamansal ve mekansal degisimi

Tiim 6rnekleme donemleri igin taban suyu derinlikleri CBS ortaminda islenmis ve arastirma havzasi 6zelinde
ortaya cikan drenaj problem alanlar1 haritalar iizerinde saptanmistir. Uretilen haritalarin zonal istatistikleri
degerlendirilmis, kategorize edilmek sureti ile sonuglar ¢izelgelerde 6zetlenmistir. Taban suyu derinligi iizerine
sulama ve yagislarin etkisi vardir. Bu nedenle, 6ncelikle aragtirma alanindaki yagislarin zamansal degisimleri Seki/
4’de verilmistir. Bu sekil iizerine, aragtirma alaninin merkezinde yer alan bir drenaj gézlem kuyusunda gozlenen
taban suyu seviyesi degisimleri de konulmak sureti ile taban suyunun yagis olaylarina olan tepkisi ortaya
konulmaya calisilmistir. Bu grafikten, taban suyunun kis yagislarinin etkisinde oldugu agikca goriilmektedir. Bu
baglamda, Aralik/2007 ve Subat/208 aylarinda meydana gelen yiiksek yagis miktarlarinin sahadaki taban suyu
derinligi izerine, dolaysiyla da taban suyu seviyesine direk etki ettigi agik¢a goriilmektedir.
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Figure 4. Temporal distribution of rainfall and groundwater elevations in in the resarch catchment
Sekil 4. Arastirma havzasindaki yagislarin ve taban suyu seviyelerinin zamansal degisimi
Arastirmanin yiriitildiigii tarim havzasinda, sulama uygulamalari temmuz ayinda pik degere ulagmaktadir.

Sulamanin en yogun oldugu temmuz ayi1 taban suyu derinligi haritast Seki/ 5’te verilmistir. Narenciye
plantasyonlariin yogun oldugu alanlarda taban suyu derinliginin 1.0-1.5 m arasinda oldugu tespit edilmistir.
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Aragtirma alanmin kuzeyinde, 6zellikle L7 akim gbzlem istasyonu ve Araplar koyili boyunca uzanan kesimlerde,
taban suyu derinligi drenaj problemi bakimindan kritik seviyelere (< 1.0 m) ulagtig1 goriilmiistiir (Sekil 5).
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Figure 5. Spatial distribution of groundwater (GW) depths in the research catchment during the peak
irrigation season, i.e. July

Sekil 5. Arastirma alaninda sulamanin en yogun oldugu temmuz ayinda suyu derinliginin dagilimi

Tablo I’de ise taban suyu derinlikleri (m) ile kapladiklar1 alanlara (%) iliskin bulgular verilmistir. En yogun
sulama mevsimi olan temmuz ayinda, arastirma sahasinin %66.3’{inde taban suyu derinliginin 1.5 m’den az oldugu;
bir baska ifade ile taban suyunun bir ¢ok bitkinin etkili kdk derinligi i¢inde oldugu saptanmustir (7ablo 1). Kis
mevsiminde ise, siddetli yagislarin kok bolgesine siiziilerek taban suyunu yiikseltmesi sonucunda arastirma
alaninin ticte birinden fazlasinda, ciddi drenaj sorunlart meydana gelmistir. Kisin subat ayinda, alansal ortalama
taban suyu derinligi 1.13 m olarak hesaplanmistir (7ablo 1). Sulama mevsiminin sonunda ciddi drenaj sorunu (<
1 m) olan alanlarin yiizdesi oldukga diisiik (%2.7) bulunmustur. Yagis ve sulama sularindan kaynaklanan drenaj
sorunlart kisin subat aymda; yazin ise temmuz ayinda meydana gelmistir. Bu nedenle, drenaj sorununun
¢Oziimiinde kis yagislar1 ve sulama uygulamalari dikkate alinmasi gereken iki faktordiir.

Tablo 1. Arastirma sahasinda taban suyu derinliginin (m) alansal dagilimi (%)

Table 1. Areal coverage (%) of groundwater depths (in the unit of m) in the research area

Taban suyu derinligi (m)

Zaman Alansal ortalamalar ve <1.0 1.0-1.5 1.5-2.0 2.0<
standart sapmalari
Kapladigi alan (%)
Subat/08 11340 33 359 514 11.1 1.7
Nisan/08 1.3840.28 6.5 59.3 32.1 2.1
Temmuz/08 13740 43 20.6 45.7 25.6 8.2
Ekim/08 1.70+0.36 2.7 25.8 51.8 19.6

Bu arastirmanin yiiriitiildiigti Cukurova ydresinde Demir ve Antepli (2004) tarafindan yapilan bir ¢aligmada,
sulama uygulamalarinin en yiiksek diizeylere temmuz ayinda ulastigi bildirilmektedir. Bu sonuglar, temmuz
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ayimndaki tarimsal amacli su kullanimindaki artigin, drenaj sorununun siddet ve yayilimi tizerine etki ettigi anlamina
gelmektedir. Tarimsal bir havzada yapilan bu arastirmada elde edilen bulgular; Demir ve Antepli (2004), Cetin ve
ark. (2007)’in ayn1 bolgede yaptiklar ¢alisma sonuglartyla da uyumlu bulunmustur.

3.2. Taban suyu tuzlulugunun zamansal degisimi

Taban suyu kalite parametreleri olarak; taban suyu elektriksel iletkenligi (EC, dS m™), taban suyunda toplam
¢Oziinmiis tuzlar (TDS, g 1) ile taban suyunda SAR degerleri incelenmistir. Bu parametrelerin CBS ortaminda
haritalar1 ¢izilerek alansal dagilimlari incelenmis, alansal dagilim yiizdeleri hesaplanarak cizelgeler halinde
sunulmustur.

Tablo 2’de aragtirma sahasinda yer alan drenaj gézlem kuyularindan alman su drneklerinde 6l¢iilen taban suyu
EC (dS m™) degerleri ile alansal dagilimlari (%) sunulmustur. Taban suyu tuzlulugunun alansal ortalamalari, kritik
deger olan 5 dS m™! degeri ile karsilastirildiginda oldukga diisiik oldugu dikkati ¢ekmektedir. Bununla birlikte,
ortalama taban suyu tuzlulugu, yagislarin seyreltme etkisi nedeniyle kis aylarinda en diisiik degere ulagmustir.
Ancak, kis aylarinda taban suyu tuzlulugunun degiskenligi artmaktadir. Aragtirma alaninin %10’undan fazlasinda,
kis aylari hari¢ olmak iizere, y1l boyunca taban suyu tuzlulugu > 5 dS m™! olmustur. Sulama mevsimi sonunda
taban suyu tuzlulugu artmakta ve drenaj miihendisligi agisindan kritik deger (Cetin ve Diker, 2003) olan 5 dS m!
iizerine ¢ikmaktadir. Ekim ayinda taban suyu tuzlulugunun > 5 dS m™! oldugu alanlar, toplam alanin dértte birinden
daha biiyiiktiir. Bu degerler, sahada yapilan literatiir ile (Cetin ve Diker, 2003) uyumlu bulunmustur.

Tablo 2. Calisma alaninda taban suyu EC (dS m™) degerleri ile alansal dagilimi (%)
Table 2. Areal coverages (%) of groundwater EC (dS m™) values in the study area

Taban suyu tuzlulugu (EC, dS m™)

Zaman Alansal ortalamalar ve <2 2-3 3-5 5-10 10-30 30<
standart sapmalari Kapladig: alan (%)

Subat/08 2.51+£2.60 59.8 22.7 10.0 4.1 34 0.0

Nisan/08 3.39+£3.32 39.7 20.8 23.6 11.4 4.4 0.1

Temmuz/08 3.00+3.30 50.6 20.5 16.9 7.6 4.2 0.2

Ekim/08 3.80£3.55 39.9 16.2 18.3 20.5 4.9 0.1

3.3.Taban suyunda toplam ¢oziinmiis tuzlarin zamansal degigimi

Aragtirma alanindaki taban sularinda gozlenen toplam ¢oziinmiis tuzlarin (TDS, g L!) zamansal degisimleri
ve kapladigi alanlar Tablo 3’te verilmistir. Tablo incelendiginde, taban suyundaki toplam ¢6ziinmiis tuzlarin
alansal ortalamalarinin zamana gore Onemli bir degisim goOstermedigi ve birbirine yakin degerler aldigi
goriilmektedir. Sulama mevsiminin tamamlanmasindan sonra, taban suyunda toplam ¢6ziinmiis tuzlarin ortalama
degerinde hafif bir artig meydana gelmistir. Taban suyunda toplam ¢oziinmiis tuzlarin 2 g L'"’den biiyiik oldugu
alanlar, y1l boyunca toplam alanin %28’in {izerinde bulunmustur. Sonug olarak, taban suyunda toplam ¢dziinmiis
tuzlarin siddeti ve kapladig1 alanlar sulama mevsiminin sonuna dogru artmustir.

Ulkemizde taban suyu tuzlulugunun sulama sezonunun en yogun oldugu temmuz ayimnda genellikle diisiik
diizeylerde oldugu bilinir. Bu ¢alismada da, sulamanin en yogun oldugu dénemde asir1 sulama suyu kullaniminin
bir sonucu olarak temmuz ayinda taban suyu orneklerinde 6lgiilen tuzluluk degerleri ekim ay1 degerlerine kiyasla
daha kiiciik ¢ikmigtir. Bununla birlikte, Cemek ve ark. (2006) sulanan alanlarin yaklasik {igte birinin tuzluluktan
kiiresel olarak etkilendigini belirtmistir. Benzer sekilde, Akdeniz havzasinda birgok kurak ve yar1 kurak bolgedeki
tuzluluk, sulu tarimi tehdit etmektedir (Aragues ve ark., 2011). Drenaj mithendisligi bakimindan kritik deger olarak
kabul edilebilecek taban suyu tuzlulugunun 5 dS m™"’den daha biiyiik (DSI, 1982; Cetin ve Ozcan, 1999; Cetin ve
Kirda, 2003; Cetin ve Diker, 2003) oldugu alanlarin yayilimi nisan aymda %15.8, temmuz ayinda %12 ve ekim
ayinda %?25.5 olarak gerceklesmistir (7ablo 2). ASO’da gozlenen bu degisimler Cetin ve Kirda (2003) tarafindan
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yapilan aragtirmadaki bulgulara paralel olup, Said ve ark. (2021)’de denize yakin olan kiy1 akiferlerde bu hususun
onemine dikkat ¢ekilmistir.

Tablo 3. Calisma sahasinda taban suyunda giézlenen toplam ¢oziinmiis tuzlarin (TDS, g L) zamansal
degisimi ve alansal dagilimlar: (%)

Table 3. Temporal changes of areal means of total dissolved solids (TDS in the units of g L") in GW and
areal coverages (%)

Toplam coziinmiis tuzlar (TDS, g 1)
Alansal ortalamalar ve

Zaman

standart sapmalari <14 1.4-2 2-5 5-10 >10
Kapladigi alan (%)
Subat/08 2.2242.700 433 28.3 21.7 4.4 24
Nisan/08 2.356+2.318 39.8 20.6 31.9 5.8 1.9
Temmuz/08 2.202+2.250 43.5 222 27.1 5.4 1.8
Ekim/08 2.72342.311 359 16.0 35.5 10.7 1.8

3.4. Taban suyu sodikliginin zamansal degisimi

Taban suyunun alkaliligi (sodikligi), genellikle sodyum adsorpsiyon orami olan SAR kullanilarak
degerlendirilmektedir (Said ve ark., 2021). Arastirmada, gbzlem siiresi boyunca taban suyunda g6zlenen SAR’1n
alansal ortalamalarinin, esik SAR degeri olan 13’{in altinda (Said ve ark., 2021) dl¢iilmiistiir (Seki/ 6). Bununla
birlikte, Sekil 6’da goriildiigi gibi, sulama mevsiminin sonunda (ekim ayinda), toplam alanin %10’undan daha
genis alanlarda kritik SAR degerinden daha biiyiik degerlere ulasildigi goriilmektedir. Mekansal dagilimlar
incelendiginde, sulama mevsimi baslangici olan nisan ay1 ve sulamalarin en yogun oldugu temmuz ay1 arasindaki
donemde bir fark bulunamamustir (Sekil 6).
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Figure 6. Temporal changes in the hypsometric curves of groundwater SAR in the research area.

Sekil 6. Arastirma sahasinda taban suyu SAR degerlerinin hipsometrik egrileri: Mekansal ve alansal
degisimler.

Taban suyunda tuz igeriginin yiiksek olmasi, yetersiz drenaj, yiiksek SAR degerlerinin tuzluluk ve alkalilik
sorunlarint tetikleyecegi (FAO, 2001; Cetin ve Kirda, 2003; Demir ve Antepli, 2004) agiktir. Bu baglamda taban
suyu SAR degerlerine dikkat edilmesi ve siirekli izlenmesi 6nem arz etmektedir. Aragues ve ark. (2011), sulanan
alanlardaki tuzlulugun ve alkaliligin yetersiz sulama yonetiminin, sulama suyunun diisiik randimanli yilizey sulama
yontemleri ile uygulanmasinin bir sonucu olabilecegine isaret etmisler; Akdeniz havzasindaki sulama alanlarinda
ortaya ¢ikan sorunlara deginmislerdir.
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4. Sonug

Aragtirma alaninda, 60 yildan daha uzun bir siiredir sulu tarim uygulamalar1 yapilmaktadir. Sulama
uygulamalarinin yogun bir sekilde yapildigi bolgelerde zamanla taban suyu ve tuzluluk gibi sorunlar ortaya
¢ikabilmektedir.

Kisin meydana gelen yagislar, arastirma alaninin iigte birinden fazlasinda ciddi drenaj sorunlarina neden
olmustur. Arastirma alaninin kuzey kesimlerinde, taban suyu derinligi kritik seviyelerde (< 1 m) tespit edilmistir.
Sulama uygulamalarinin en yogun temmuz ayinda, alanin %66.3’linde taban suyu derinligi 1.5 m’den daha s1g
bulunmustur. Arastirma alanindaki drenaj sorununun temel kaynagi kis aylarinda yagislar; yaz aylarinda ise asir1
sulama suyu uygulamalaridir. Yagisli donemler ile pik sulama mevsiminde aragtirma alaninin 6nemli bir kisminda
taban suyu derinligi bitki kok bolgesinde kalarak drenaj sorununa neden olmustur.

Taban suyu tuzlulugunun alansal ortalamalari, kritik deger olan 5 dS m™ ile karsilastirildiginda, oldukga diisiik
bulunmustur. Bununla birlikte, ortalama taban suyu tuzlulugu, kisin yagislarin seyreltme etkisi nedeniyle en diigiik
degere ulagmistir. Ancak, taban suyu EC degerlerinin degiskenligi olduk¢a yiiksek diizeylere c¢ikmustir.
Alanin %10’undan fazlasinda, kis ay1 harig, y1l boyunca her zaman taban suyu tuzlulugu > 5 dS m™! degerine sahip
olmustur.

Taban suyunda toplam ¢oziinmiis tuzlarin siddeti ve kapladigr alanlar sulama mevsiminin sonunda en yiiksek
seviye ulagmustir. Taban suyunun alansal ortalama SAR degerleri, gdzlem siiresi boyunca esik SAR degeri olan 13’{in
altinda kalmstir. Bununla birlikte, sulama mevsiminin sonunda kritik degerden daha biiyiik SAR degerlerine sahip
olan ve izlenmesi gereken alanlar, toplam alanin %10’undan daha biiyiik bulunmustur.

Arasgtirma alanindaki sulama gebekesi, “devamli akis yontemi’yle igletilmektedir. Bu isletme yonteminde
genellikle gece sulamalar1 yapilmadigindan sulama randimanlarinin diismesine; sistemdeki sulama suyunun geceleri
drenaj olarak sebekeden akmasina neden olmustur. Sulama suyundan tasarruf saglanmasi ve asir1 sulama suyu
uygulamalarinin neden oldugu drenaj sorunlarinin azaltilmast i¢in sulama yonetiminin gece sulama uygulamalarmi
tesvik etmesi; ylizey sulama yontemleri yerine yagmurlama ve damla sulama ydntemlerinin yayginlastirilmasina
yonelik tedbirlerin ivedilikle alinmasi 6nerilmektedir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Santrifiij Giibre Dagitma Makinesinde iki Farkh Tahrik Sisteminin Karsilastiriimasi

Comparison of Two Different Drive Systems on Fertilizer Broadcaster

Cengiz MERT', Ali AYBEK*', Hamza KUZU?

Oz

Bir¢ok tarim makinesi (toprak frezeleri, ekim, giibreleme, ilaglama, sulama, bigme balyalama, silaj vb. makineler)
traktor kuyruk milinden hareket alarak ¢alistirilmaktadir. Traktor kuyruk milinden hareket, bir mafsallt mil (ara
mil) ile tarim makinelerine aktarilmaktadir. Mafsalli mille hareket iletiminde, mekaniksel olumsuzluklarin yaninda,
caligma sirasinda operatoriin saglik ve giivenligini etkileyecek giirtiltii, titresim ve mile dolanma riskleri de vardir.
Bu calismada, santrifiij giibre dagitma makinesine traktdr kuyruk milinden verilen harekete alternatif olarak
olusturulan hidrolik bir sistemin, agik devre hidrolik sisteme sahip traktoriin hidrolik sistemine baglanarak
calismasi saglanmigtir. Her iki hareket iletimi (mafsalli mil ve hidrolik motor) durumlarinda makinenin ¢alisma
kosullarinda; giibre dagilim diizgiinliigii, traktor yakit tiiketimi, olusan giiriiltii ve titresim degerleri belirlenerek
karsilastirilmigtir. Mekanik sistemli ¢aligmada ortalama giiriiltii diizeyi; makine iizerinde 91.01 (dBA), traktor
kabini igerisinde ise 81.93 (dBA) olarak belirlenmistir. Hidrolik sistemli ¢alismada ise ortalama giiriiltii diizeyi,
makine tizerinde 81.15 (dBA), traktor kabini icerisinde ise 71.85 (dBA) olarak belirlenmistir. Mekanik sistemin
toplam titresim ivmesi makine iizerinde 68.36 m s2, traktdr siiriicii koltugunda ise 3.23 m s olmakta iken hidrolik
sistemin toplam titresim ivmesi makine iizerinde 60.02 m s, traktér siiriicii koltugunda ise 2.64 m s olarak
belirlenmistir. Hidrolik sisteme sahip makinenin giibre dagilim diizgiinliigli a¢isindan mekanik sisteme gore
onemli bir farklilig1 olmadigi, ancak yakit tiikketimi ve traktdr siiriiciisiiniin saglig1 agisindan 6nemli olan giirtiltii
ve titresim degerleri bakimmdan daha uygun oldugu belirlenmistir. Giibre dagitma makinelerinin hidrolik sistem
ile caligtirilmast makinenin hem verimini hem de etkinligini arttirabilecek ergonomik ac¢idan da alternatif bir sistem
olabilecektir. Traktor kuyruk milinden hareket alan diger makinelerin de hidrolik motor uygulamalari ile
calistirilmalari konusunda ¢alismalar yapilabilir.

Anahtar Kelimeler: Hidrolik motor, Giibre dagitma makinesi, Traktor hidrolik sistemi, Giibre dagilim diizgtinliigii, Traktor
yakat tiiketimi
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Abstract

Many agricultural machines (rotary tiller, planting, fertilizing, pesticide, irrigation, shearing, baling, silage
machines etc.) are operated by getting motion from the tractor power takeoff. The motion from the tractor power
takeoff (PTO) is transferred to the agricultural machines via an articulated shaft (the intermediate shaft). In motion
transmission with an articulated shaft, in addition to mechanical adversities, there are risks of noise, vibration and
entanglement which will affect the operator's health and safety during operation. In this study, a hydraulic system,
which is formed as an alternative to the movement given by the PTO to the fertilizer broadcaster is connected to
the hydraulic system of the tractor with open circuit hydraulic system. In the case of both motion transmissions
(articulated shaft and hydraulic motor), operating conditions of the machine; fertilizer distribution uniformity,
tractor fuel consumption, noise and vibration values were determined and compared. While mean noise level in
mechanical system were determined as 91.01 (dBA) on the machine and 81.93 (dBA) in the tractor cabine, mean
noise level in hydraulic system were determined as 81.15 (dBA) on the machine and 71.85 (dBA) in the tractor
cabine. While the total vibration acceleration of the mechanical system were determined as 68.36 m s on the
machine, 3.23 m s on the tractor driver seat, the total vibration acceleration of the hydraulic system were
determined as 60.02 m s? on the machine and 2.64 m s on the tractor driver seat. It has been determined that the
machine with hydraulic system does not differ significantly from the mechanical system in terms of fertilizer
distribution uniformity, but it is more suitable in terms of fuel consumption and noise and vibration values that
important for the health of the tractor driver. Operating the Fertilizer broadcaster machines with a hydraulic system
can be an alternative system in terms of ergonomics that can increase both the efficiency and effectiveness of the
machine. Works can be done to operate other machines driven from the PTO with hydraulic motor applications.

Keywords: Hydraulic motor, Fertilizer broadcaster, Tractor hydraulic system, Fertilizer distribution uniformity, Tractor fuel
consumption.
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1. Giris

Her yil diinyada 10 milyonlarca ton kimyevi giibre, form olarak graniil halde, tarla yiizeylerine elle veya
makinelerle serpilerek toprakta giibreleme islemi yapilmaktadir. Ulkemizde tarimin gelisimine bagli olarak
kimyevi giibre kullanimi giin gegtikge artmaktadir. Bu baglamda, 2017 y1li kimyevi giibre ihtiyacimiz 2015 yilina
gore %8.7 oraninda artarak 6.3 milyon tona ulasmistir (Anonim, 2019a). Ulkemizdeki tarim isletmelerinin genis
capli tarim arazilerinde graniil kimyevi giibre uygulamalarinda santrifiij giibre dagitma makinelerinden

yararlanilmaktadir. 2019 yili tarim istatistiklerine gore iilkemizde 434 755 adet kimyevi giibre dagitma makinesi
bulunmaktadir (Anonim, 2021).

Graniil kimyevi giibrenin tarlaya atilmasinda farkli ¢alisma sistemlerine sahip makineler kullanilmaktadir
(Safer, 2008). Bunlar; 1) Traktor kuyruk milinden hareketli mafsalli bir mille ¢alistirilan, 2) Tekerlekten hareket
alarak calistirilan, 3) Hidrolik motor vasitasi ile hareketlendirilerek ¢aligtirilanlardir.

Bu makinelerden en yaygin kullanim alanina sahip olani traktor kuyruk milinden mafsalli bir mille hareket
alarak ¢alisan santrifiij glibre dagitma makineleridir. Bunun nedeni makinelerdeki sistemin basit ve ucuz olmasinin
yaninda giibreyi istenilen bicimde tarla yiizeyine dagitabilmesidir. Santrifiij gilibre dagitma makinelerinde
kullanilan bu hareket sisteminin bazi olumsuzluklar1 gozlenmektedir. Bunlar1 siralamak gerekirse operatdriin
makineyi traktore baglamasi veya g¢alistirmas1 durumlarinda mile dolanma riski, sistemin mekanik olmasindan
kaynakli yiiksek oranda giiriiltii, titresim vb. risklerdir. Is saghgi ve giivenligini saglamak icin Oncelikle
kullanilacak makine ve sistemlerin kabul edilmis saglik ve gilivenlik standartlarimi karsilamasi gerekmektedir
(Temel ve Oztekin, 2020).

Hidrolik motor vasitasi ile hareketlendirilerek ¢alistirilan makinelerdeki sistem yapi itibari ile mafsalli mille
hareketlendirilen sisteme gore karmasik ve maliyeti yiiksektir. Buna karsin bu sistem geleneksel mekanik
sistemlere gore bircok olumlu ¢iktiyr (daha diisiik degerlerde enerji, giiriiltii, titresim saglama) da igerisinde
barindirmaktadir (Anonim, 2017a).

Bu caligmada traktorden santrifiij giibre dagitima makinesine hareket aktarimi gergeklestiren mafsalli mile
alternatif olabilecek bir hidrolik sistem olusturulmustur. Bu sistem traktoriin hidrolik pompasindan gelen hidrolik
enerjiyi traktdriin hidrolik yag ¢ikislarindan alarak hidrolik hortumlar vasitasi ile giibre dagitma makinesi {izerine
monte edilen hidrolik motora iletilmesi ve buraya iletilen hidrolik enerjinin yine hidrolik motor vasitasi ile
mekanik enerjiye doniistiiriilmesiyle gergeklestirilmistir. Calismada kullanilan sisteme benzer olarak hidrolik
motor ile hareketlendirilen makineler gelismis tilkelerde hali hazirda kullanilmaktadir. Ancak s6z konusu sistem,
bu ¢alisma ile tilkemizde ilk kez uygulanmustir.

Bu calismanin genel amaci; santrifiij giibre dagitma makinesine traktdr kuyruk milinden verilen harekete
alternatif olarak traktoriin hidrolik sistemine baglanan bir hidrolik motor yardimi ile hareketlendirilmesini
saglamaktir.

Spesifik amaglar ise sunlardir;

e Santrifij glibre dagitma makinesinin hareketlendirilmesi i¢in bir hidrolik sistem tasariminin
gergeklestirilmesi,

o Santriflij giibre dagitma makinesinin 2 farkli yonteme (mekanik, hidrolik) gore; arazi testleri ile giibre
dagilim diizgiinligii, yakit, giic tiiketimi degerlerini ve traktor operatdrii iizerindeki etkisini (giiriilti,
titresim) belirlemek,

o Santriflij giibre dagitma makinesi iizerinde yapilan konstriiktif degisikligin, makine iizerinde olumlu ve
olumsuz bir etki yapip yapmadigini degerlendirmek ve degerlendirme sonucunda, daha saglikli ve giivenli
calisma sartlarinin olusturulmasi i¢in dneriler geligtirmek,

o Gelecekte yapilacak olan benzer ¢alismalara temel olusturmak.
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2. Materyal ve Metot

2.1. Materyal

Denemelerde New Holland TD100D marka traktdr kullanmilmigtir. Calismada bu tip bir traktoriin
kullanilmasimin amaci gliniimiiz tarim tekniginin gerekliligi olan yiiksek hidrolik kapasiteyi biinyesinde
barindirmasidir. Denemede kullanilan traktoriin hidrolik sistemi agik devre mantig ile ¢aligmaktadir. Katalog
verileri goz oniine alindiginda, bu traktor arka hidrolik ¢ikislarindan azami 200 bar basmgta 50.1 L min™! hidrolik
yag debisi saglamaktadir.

Caligmada 600 L kapasiteli, 8 ile 16 metre arasi ¢aligma genisligine sahip AgroFem marka ¢ift diskli santrifiij
giibre dagitma makinesi kullanilmistir. Makinenin genel odlgiileri; agirhigr 210 kg, disli kutusu disli oran1 1:1,
genislik 1500 mm, uzunluk 1190 mm’dir.

Giibre serpme makinesini traktor hidrolik sistemi ile eszamanli bir sekilde calistirabilmek igin tasarimi
gergeklestirilen mekanik baglanti kiti, hidrolik motor, hidrolik kontrol, hidrolik yag ve hidrolik baglanti
elemanlarindan olusan hidrolik sistem tasarlanmigtir. Bu sistemde bulunan pargalarin 6zellikleri ayrintili olarak
bulgular kisminda yer almaktadir.

Denemelerde 20-20 NP graniil giibre kullanilmistir. Denemelerin ekim ayi icerisinde yapilmast nedeniyle bu
giibrenin kullanim1 daha uygun goriilmiistiir.

Kuyruk mili torku ve kullanilan graniil giibre serpme makinesinin, ¢alisabilmesi i¢in ne kadarlik bir kuvvet
gerektigi, Datum 420 PTO elektronik gii¢ 6l¢lim cihazi yardimiyla dl¢lilmiistiir (Anonim, 2016). Torkmetre; tork,
devir ve buna bagli olugan giicii kW olarak gostermektedir. Bu 6l¢iim sonucu bulunan degerler 1s1ginda hidrolik
olarak hareketlendirilen sistemin de tasarimi sekillendirilmistir. Tasarimi gergeklestirilen yeni hidrolik sisteme
gore caligan giibre serpme makinesi sorunsuz bir sekilde ¢alistigi gdzlemlenmistir.

Calisma esnasinda traktdr operatoriiniin maruz kaldig: giiriiltii seviyesi ve giibre dagitma makinesinin kabin
disindaki serbest ortama yaydig: giiriiltii diizeyi Briiel & Kjaer 2250 marka cihazla belirlenmistir (Anonim, 2019b).

Traktoriin operator koltugu ve direkt olarak graniil giibre dagitma makinesinin gévdesinde yatay, dikey ve
diisey diizlemede olusan titresimler, giibre dagitma makinesinin disklerine hareket iletimi saglayan sanzimana
baglanarak, PCE-VM 3D marka titresim 0l¢iim cihazi yardimiyla belirlenmistir (Anonim, 2015).

Giibre dagilim diizgiinliigiiniin belirlenmesi i¢in toplanan graniil giibre 6rneklerinin tarttminda AND-HR-250
AZ marka mikro terazi kullanilmistir (Anonim, 2019c). Mikro terazi +0.0001 g hassasiyette Olgiim
yapabilmektedir.

Traktor hidrolik sisteminden gelen akiskan yagin basinci PCE-SCJN 400 marka manometre ile belirlenmistir
(Anonim, 2017b). Dijital ekranl elektronik esasa gore ¢alisan, manometre kullanilmasinin temel amaci, gliniimiiz
arastirma teknigine uygunluk ve bu caligma agisindan yiliksek dnem arz eden verilerin en hassas ve dogru bir
bi¢imde belirleyebilmektir.

Graniil gilibre dagitma makinesi tarafindan tarla yiizeyine serpilen giibre drneklerinin toplanmasi amaciyla igi
100x100 boliintii olacak bigimde 500x500 kare kutular kullanilmstir (Sekil/ 1). Calismada kullanilan kare kutularin
boyutlari, ISO 5690/1 ve ASAE Standard (1998) S 341.2 gercevesinde olusturulmustur.

Traktor kuyruk mili ile giibre dagitma makinesi arasina baglanan mafsalli milin ve hidrolik motorun giibre
dagitma makinesi hareket mili devri, PCE-151 marka devir 6lger ile belirlenmistir (Anonim, 2017¢). S6z konusu
devir 6lgerin kullanilmasinin nedeni hem temas hem de donel bir parganin iizerine yapistirilan yansitici vasitasiyla
temassiz olarak uzaktan optik algilama yontemi ile devir tespiti yapabilmesidir.
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Figure 1. Square boxes with compartments

Sekil 1. Boliimlii kare kutular

2.2. Metot

Caligmada, santrifiij giibre dagitma makinesinin mekanik ve hidrolik hareket iletim sistemlerinin
karsilastirilmast yapilmistir. Bunun i¢in geleneksel mekanik sistemle galisan bir makine kullanilmakla birlikte,
ayn1 makinenin hidrolik sistemle ¢alisacak sekilde hidrolik sistem olusturulmustur. Hidrolik olarak hareket alan
sistemin kurulumu kisaca asagidaki siralamaya gore gerceklestirilmistir.

Sistemin kurulumu igin gerekli olan hidrolik baglant1 elemanlar1 (hidrolik motor, valfler, hidrolik borular vb.)
temin edilmistir. Santrifiij giibre dagitma makinesinin {izerinde bulunan mile hidrolik gii¢ transferi ile makinenin
hareketlenmesini saglayacak mekanik baglanti kiti imal edilerek makine {izerine montaji ger¢eklestirilmistir.
Baglant:1 kitinin 3 boyutlu gorseli Sekil 2’de goriilmektedir. Bu gorselin ve ¢alisma ¢ergevesinde olusturulan
hidrolik sistem parcalarinin tasarimi SolidWorks 2013 ¢izim programinda gergeklestirilmis daha sonra ise
montajlanan modeller KeyShot 4 programinda render iglemine tabi tutularak gorsel gergeklik arttirilmigtir. Son
olarak imalati gerceklestirilen ve standart olarak segilen tiim pargalar montajlanarak santrifiij giibre dagitma
makinesi hidrolik gii¢ yardimi ile hareketlendirilmistir.

|

Figure 2. Mechanical connection kit transferring hydraulic power to the manure spreader

Sekil 2. Hidrolik giicii giibre dagitma makinesine aktaran mekanik baglant kiti

Santrifiij giibre dagitma makinesi arazi kosullarinda testlere tabi tutularak, her iki yontem (mekanik, hidrolik)
icin asagida siralanan dl¢limler standartlara uygun bir bigimde gerceklestirilmistir.

2.2.1. Giibre dagilim diizgiinliigiiniin belirlenmesi

Bu o6l¢iimde; ilk olarak geleneksel sistemde makinenin giibre dagitim diizgiinliigii belirlenmeye ¢alisiimistir.
Bu iglem su sekilde gergeklestirilmistir. Tarla yiizeyine 100x500x500 mm boyutlarindaki kare kutular yan yana
dizilmistir. Traktor tekerleginin kutulari ezmemesi i¢in ortada bulunan 2 adet kutunun sagindan ve solundan ikiser
tane kutu kaldirilmistir. Daha sonra soldan baslanarak, kutular birden otuz ikiye kadar numaralandirilnustir. igerisi
dnceden graniil ile giibre doldurulan giibre dagitma makinesi, kuyruk mili devri 540 min "¢ ulastiktan sonra traktor
hareket ettirilmis ve giibrenin tarla yiizeyindeki kutularin igerisine dolmasi saglanmistir. Seki/ 3’te traktorle tarlada
calisirken giibre dagitimi goriilmektedir.
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Figure 3. Manure distribution when working in the field with a tractor
Sekil 3. Traktorle tarlada ¢alisirken giibre dagitimi

Kutularin igerisinde biriken giibre taneleri kiigiik posetler i¢ine alinarak kutu numarasina gore etiketlenmis ve
ornekler olusturulmustur. Toplanan o6rneklerin laboratuvar ortamindaki tartimlari asagidaki siralamaya gore
gergeklestirilmistir:

= Ornek poset icerisinde olmak kaydi ile uygun sekilde hassas teraziye yerlestirilmistir.
= QOlusan deger hassas terazinin dijital ekranindan okunarak kayda gecirilmistir.
= Buislem tiim 6rnekler i¢in tekrarlanarak, net olmayan agirliklar belirlenmistir.

Tiim 6rneklerin net olmayan agirliklar1 belirlendikten sonra 1 adet bos posetin agirligi hassas terazi yardimi
ile dl¢iilmiis ve 6rneklerin net olmayan agirliklarindan ¢ikarilarak, drneklerin gergek agirliklar: belirlenmistir.

Ayni iglemler hidrolik olarak hareket iletimi saglanan sistemde de gergeklestirilmis ve gilibre dagilim
diizgiinliigii belirlenmeye ¢alisilmistir. Bu islemler ISO 5690-1: 1985 ve TS 2541 deney esaslarina uygun olacak
bigimde 3 tekerriirlii olarak gerceklestirilmistir.

2.2.2. Traktoriin giic ve yakit tiiketiminin belirlenmesi

Mekanik ve hidrolik sistemle hareketlendirilen santrifiij giibre dagitma makinesine gii¢ saglayan traktoriin
kuyruk mili giici degerleri elektronik esasli torkmetre ile belirlenmistir. Traktoriin her iki sisteme gore yakit
tiikketimi degerleri, traktdr yakit deposuna, her bir islem igin 6l¢iilii kap yardimi ile ekleme yapilarak belirlenmistir.

2.2.3. Giiriiltii diizeyinin belirlenmesi

Giiriilti diizeyinin belirlenmesinde ilk olarak geleneksel sisteme (mafsallt mille hareketlenen) goére yapilmis
daha sonra hidrolik giicle hareketlenen sisteme de uygulanmistir. Olgiimler deneme parselinde calisilirken traktor
kabini igerisinde siiriicii kulak diizeyinde ve giibre dagitma makinesi tizerinde yapilmigtir. Her bir ortam igin 3
tekerriirlii olarak, her tekerriir igin 13 kez tekrarlanmig ve her ortam i¢in toplamda 39 adet deger 6l¢iilmiistiir.

Traktor kabini iginde giiriiltii diizeyinin belirlenmesinde 6l¢iime baslamadan 6nce denemede kullanilan traktor
uygun sekilde hazirlanmustir. Santrifiij giibre dagitma makinesi yiiklii ve ¢alisir vaziyette, traktdriin 540 min!
kuyruk mili doniisiinii sagladigi katalog degerine ulagildigt anda traktor devri sabitlenmis ve 6lglim cihazi traktor
operatdrii kulak seviyesinde tutularak, cihaz iizerinde bulunan baslat tusuna basilarak dlciime baglanmustir. Olgiim
cihazinin sayisal ekraninda olusan degerler 3 saniye arayla okunarak belirlenmigtir. Ortalama giiriiltii diizeyinin
belirlenmesi bu veri 15181inda degerlendirilmistir.

Traktor kabini disinda giiriiltii diizeyinin belirlenmesinde 6l¢iime baglamadan once traktor iizerinde gerekli
kontroller yapilmustir. Bu &l¢iim, deneme parseli iizerinde ilerleme olmadan, traktoriin 540 min' kuyruk mili
doniisiinii sagladig1 gerekli motor devrinde ve graniil giibre dagitma makinesi yiiklii ve ¢alisir durumdayken,
giiriiltii 6l¢iim cihazinin glibre dagitma makinesine 1 metre mesafede olacak sekilde gergeklestirilmistir. Kabin
icindeki 6l¢timde oldugu gibi gerekli sartlar saglandiktan sonra, cihaz iizerinde bulunan baslat tusuna basilmis ve
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giiriiltii 6l¢limi sonucu olusan degerler sayisal ekran yardimi ile 3 saniye arayla okunarak belirlenmistir. Kabin
dis1 ortalama giiriiltii diizeyi bu verilere gore belirlenmistir.

2.2.4. Titresim degerlerinin belirlenmesi

Calismada mekanik ve hidrolik sistemle hareketlendirilen ayni santrifiij giibre dagitma makinesi, bu arastirma
i¢in 6zel olarak tasarlanan hidrolik uyum kiti ve mafsallt mil yardimiyla farkli zaman araliklari ile ¢aligtirtlmig ve
asagida siralanan titresim Olglimleri ayni sartlar saglanarak yapilmistir. Bu sistemlerin olusturdugu titresimlerin
traktoriin stiricii koltugundan, operatore hangi siddette etki ettigi; ayrica bu iki sistemin ortaya ¢ikardigi
titresimlerin makinenin konstriiksiyonu iizerine etkileri gozlemlenmistir. Titresim degerleri; hem traktor kabini
icinde bulunan siiriicii koltugunda hem de graniil giibre dagitma makinesi iizerinde olusan titresimler dikkate
almarak 3 boyutlu (X, y, z) olarak belirlenmistir.

Siiriicii koltugunda olusan titresimlerin belirlenmesi i¢in kalibrasyon islemi daha 6nceden yapilan 3 boyutlu
titresim Ol¢iim cihazinin miknatisli 3 boyutlu algilayict probu, siiriicii koltugunun metal olan alt kismina
sabitlenmesi ile dl¢lime baslanmistir. Bu 6l¢lim, traktér deneme parselinde ilerlemekteyken ve graniil giibre
dagitma makinesi ¢aligir vaziyetteyken gergeklestirilmistir.

Makine govdesinde olusan titresim degerlerinin belirlenmesi, traktoriin sabit graniil giibre dagitma makinesinin
calisir vaziyette oldugu durumda gerceklestirilmigtir. Titresim 6l¢iim cihazinin miknatisli metal algilayici probu
makine ¢aligir vaziyetteyken, makine gévdesinin iist kismina sabit olarak yerlestirilmis ve makine {izerinde olusan
titresim degerleri belirlenmeye caligilmigtir.

Titresim degerlerinin belirlenmesinde TS EN ISO 5349-1 standardina gore frekans agirlikli ivmenin karelerinin
ortalamasinin karekokii (Root Mean Square — RMS) degeri (ahw) ele alinmaktadir (TS EN ISO 5349-1, 2005;
Civelek ve Giilsoylu, 2010; Sabanci1 ve Siimer 2011). Olgiimlerde her titresim koordinat ekseni i¢in ivme degerleri
olgiilmektedir. Ug eksenli frekans agirlikli ivmeleri birlestiren toplam titresim ivmesi degerleri (Ky) ise Esitlik 1
ile belirlenmektedir (Babalik, 2007).

K, = JKZ+ KZ+K? (Es. 1)

Esitlikte; Kx: x eksenindeki, Ky: y eksenindeki, Kz: z eksenindeki frekans agirlikli ivmenin RMS degeri (m s
2y dir. Tiim eksenlerdeki dlgiimler herhangi bir diizeltme yapilmadan ham veri seklinde alinarak degerlendirilmistir.

2.2.5. Verilerin degerlendirilmesi

Santrifiijlii giibre dagitma makinesinin her iki tahrik (mekanik ve hidrolik) sisteminden elde edilen veriler
(glibre dagilimi, gii¢ ve yakit tiikketimi, giiriiltii ve titregim) tablo ve grafiklere aktarilarak degerlendirilmistir.

Iki bagimsiz grup arasindaki farklilig: test etmek i¢in Mann-Whitney U testi kullanilabilir. Bu test bagimsiz
ornekler i¢in uygulanan t-testlerinin parametrik olmayan alternatifidir. T-testinde oldugu gibi, iki grubun
ortalamalarinin karsilastirilmast yerine, Mann-Whitney U testi gruplarin medyanlarin1 karsilagtirir. Stirekli
degiskenlerin, iki grup igerisinde degerlerini siral1 hale doniistiiriir. Boylece, iki grup arasindaki siralamanin farkl
olup olmadigin1 degerlendirir (Demirgil, 2005). Her iki sistemde giibre dagilimi, giiriiltii ve titresim degerleri
arasinda istatistiksel olarak 6nemli bir fark olup olmadigina karar vermek i¢in SPSS programinda 6nce verilerin
normal dagilim testi yapilmistir. Analiz sonucunda veriler normal dagilim gostermedigi igin parametrik olmayan
testlerden Mann-Whitney U testinin uygun oldugu goriilmiis ve bu teste gore her iki sistem arasindaki fark
istatistiksel olarak karsilagtirilmistir.

3. Arastirma Sonuclar1 ve Tartisma

3.1. Hidrolik motor ile hareketlendirilen sistemin tasarimi ve kurulumu

Bu calisma kapsaminda olusturulan hidrolik hareket sistemi santrifiij giibre dagitma makinesine monte
edilmeden once makinenin graniil giibreyi dagitabilmesi igin gerekli giic ve konstriiktif degisiklikler mekanik
sistem ile ¢alisan makine lizerinde yapilan testler sonucu elde edilen sayisal veriler kullanilarak hidrolik sisteme
uyarlanmasi ile gerceklestirilmistir.
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Hidrolik sistemin ¢aligabilmesi i¢in gerekli olan gii¢ belirlenmeye c¢aligilmigtir. Bunun i¢in mekanik sistemle
calisan giibre dagitma makinesiyle traktor kuyruk mili arasina mafsalli bir mil baglanmistir. Mafsalli milin giibre
dagitma makinesine baglanan ucuna torkmetre ile test deney seti kurulmustur. Daha sonra giibre dagitma makinesi
grantll giibre ile doldurulmus ve denemede kullanilan traktor sert beton zemin tizerinde sabit olarak ¢alisir duruma
getirilmistir. Torkmetre vasitasiyla 6lgiilen sayisal veriler bilgisayarda bulunan 6zel bir program vasitasi ile kayda
almmustir. Bu veriler Tablo 1’de yer almaktadir.

Tablo I’de yer alan tork degerleri belirlendikten sonra graniil giibre dagitma makinesinin ¢aligir durumda
ortalama olarak ne kadar mekanik giig tiikettigi, Esitlik 2 yardimiyla bulunmustur (Ozmerzi ve ark., 2004; Sabanc1
ve ark., 2010).

_ Mdxn

Nm = —— (Es. 2)

Burada;

Nm : Motor mekanik giicti (kW),
Md : Olgiilen tork degeri (Nm),
n : Mil devir sayist (540 min)’dir.
Bulunan mekanik gii¢ degeri 4.941 kW olmaktadir. Bu deger kullanilarak, hidrolik giiclin giibre dagitma

makinesi izerine aktarilmasinda en énemli unsur olan hidrolik motorun se¢imi gergeklestirilmistir.

Tablo 1. Torkmetre ile traktér kuyruk milinden 540 min™’de élciilen tork degerleri (Nm)
Table 1. Torque values (Nm) measured at 540 min™ from the tractor PTO shaft with torque meter

Olciim Olusan deger Olgiim Olusan deger
1 85.83 8 75.23
2 96.71 9 85.88
3 95.59 10 82.76
4 85.34 11 89.13
5 82.74 12 91.82
6 81.85 13 87.68
7 89.81 14 93.15

Hidrolik olarak hareketlendirilen sistem; mekanik baglanti kiti, hidrolik motor, akig kontrol valfi, basing ayar
valfi, flangli ge¢me, disli kovan, elektronik manometre ve hidrolik baglanti elemanlarindan (1:2 jak, hidrolik yag
hortumlari vb.) olugmaktadir. Bu hidrolik ayar ve baglanti elemanlarinin se¢imi denemelerde kullanilan traktdriin
hidrolik kapasitesi ve segilen hidrolik motorun maksimum hidrolik debide ortaya koydugu basing ve giic
degerlerine gore belirlenmistir. Hidrolik motor giicii Esitlik 3 yardimiyla belirlenmistir (Anonim, 2018). Bu
calisma igin yiiksek hidrolik giice sahip bir traktoriin gerekliligi bir kez daha ortaya konulmustur.

th = a (ES' 3)
Burada;

Nim : Hidrolik motor giicii (kW),
P : Pompa basinc1 (bar),
Q : Pompa debisi (L min')’dir.

Hidrolik motor giiciiniin belirlenmesinde pompa verimi %90 olarak almmustir.

Bu ¢alisma ¢ergevesinde yukarida siralanan hidrolik sisteme ait elemanlar, birbiri ile uyumlu bir sekilde ¢aligir
hale getirilerek Sekil 4’te 3 boyutlu gorseli bulunan hidrolik sistem olusturulmustur.
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Figure 4. Hydraulic moving system in fertilizer broadcasters

Sekil 4. Santrifiij giibre dagitma makinesine hidrolik olarak hareket veren sistem

3.2. Mekanik ve hidrolik sistem agisindan giibre dagitma makinesinin performans degerleri

Giibre dagitma makinesinin her iki sistem (mekanik, hidrolik) i¢in giibre dagilimlar1 ve traktor yakit tiiketimi
degerleri belirlenmistir. iki sistem arasinda arazi sartlarinda 3 tekerriirlii olacak bigimde, riizgarsiz duragan hava
kosullarinda tarla denemeleri yapilmistir. Bu denemeler sonucu tarla yiizeyine konulan, kutularda biriken giibre
miktarlart Tablo 2’de yer almaktadir.

Tablo 2. Mekanik ve hidrolik sistemde giibre kutularinda biriken graniil giibre miktarlari (g)
Table 2. The amount of granular fertilizer (g) accumulated in the manure boxes in the mechanical and hydraulic

system

Mekanik sistem

Giibre kutular:

Hidrolik sistem

1. Deneme 2. Deneme 3. Deneme 1. Deneme 2. Deneme 3. Deneme
0.0080 0.0098 0.0110 Kutu-7 0.6526 0.5674 0.5226
0.4031 0.4232 0.3424 Kutu-8 2.2227 2.2672 2.3685
2.0889 2.1899 2.0418 Kutu-9 5.7511 5.0324 5.0562
5.2939 6.0588 5.1735 Kutu-10 5.5623 5.3651 5.2748
6.1443 6.2693 6.3308 Kutu-11 6.1594 6.0415 6.0562
6.1074 6.2488 6.0426 Kutu-12 7.1189 6.3017 5.9674
7.2214 6.9589 7.2506 Kutu-13 5.5906 5.0762 5.2572
4.3732 4.4694 4.3221 Kutu-14 4.0155 4.0449 4.0424
42312 4.3699 4.1575 Kutu-15 4.2820 4.3695 4.2585
7.5671 7.7163 7.4015 Kutu-16 7.1051 7.9218 7.8291
6.5616 6.7966 6.7024 Kutu-17 7.3997 6.8979 7.2630
6.1550 6.2574 6.0564 Kutu-18 5.6412 5.3651 5.2624
6.6960 6.9064 6.5695 Kutu-19 6.5359 6.2660 6.3651
8.1520 8.6195 8.0312 Kutu-20 6.7116 5.9312 5.9189
6.1427 6.1715 6.1582 Kutu-21 5.9217 5.6314 59112
3.2005 3.3224 3.1722 Kutu-22 4.9347 4.9232 4.7258
2.3548 2.4558 2.3584 Kutu-23 3.7992 3.0417 3.2610
0.7914 0.8015 0.7234 Kutu-24 2.7787 2.1694 2.4565
0.0892 0.1922 0.1222 Kutu-25 0.6960 0.6309 0.3805
4.399 4.538 4.366 Ortalama 4.888 4.623 4.640

19 19 19 n (0rnek sayisi) 19 19 19
2.643 2.703 2.635 S (standart sapma) 2.007 1.983 1.997
0.600 0.595 0.603 CV (varyasyon 0.410 0.428 0.430

katsayis1)

Tarla galigmalar1 sonucu; mekanik sistemli santrifiij giibre makinesinin giibre dagilim diizgiinliigii Sekil 5’te,
hidrolik sistemli santrifiij giibre makinesinin giibre dagilim diizgiinliigii ise Sekil 6’da yer almaktadir.
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Dagilim desenleri incelendiginde, ‘W’ sekilli bir goriiniim ortaya ¢ikmaktadir. Dagilim desenlerinin normal
dagilima benzer olmasi, giibre dagilim diizgiinliigi bakimindan istenilen 6zelliklerdendir (Grift, 2000). Normal
dagilima benzer olamayan ‘W’ sekilli dagilim desenleri ortme payindaki degisikliklere karsi ¢ok hassas
olduklarindan giibre dagilim diizgiinliigii bakimindan istenmeyen desen tiplerindendir (Glover ve Baird, 1973).
Bu tiir desenlerde, tarlada ¢aligma sirasinda gidis ve donislerde is genisligindeki kiigiik sapmalardan dolay1, CV
degerleri bir anda ¢ok yiiksek degerlere ulagsmakta ve dagilim diizgilinliigii bozulmaktadir. Tablo 2°de verilen iki
sistemin karsilastirildign CV degerleri 1s1ginda hidrolik sistemde olusan degerler mekanik sistemde olusan
degerlere gore daha az farklar olugmaktadir. Sekil 5 ve Sekil 6’da goriildigii gibi giibre dagiliminin diizglinligii
hidrolik sistemde, mekanik sisteme nazaran normal dagilima yakin bir goriinimdedir. Bu verilere gore hidrolik
sistemin giibre dagilim diizgiinliigii agisindan mekanik sisteme gore iistiin oldugu goriilmektedir. Ancak yapilan
Mann-Whitney U testine gore aradaki fark istatistiksel olarak dnemsizdir (P> 0.05).

=4&— |. Deneme ~#- 2. Deneme 3. Deneme

Giibre kiitlesi (g)
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Figure 5. Fertilizer distribution uniformity of the fertilizer broadcaster with mechanical system

Sekil 5. Mekanik sistemli santrifiij giibre makinesinin giibre dagilim diizgiinliigii
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Figure 6. Fertilizer distribution uniformity of the fertilizer broadcaster with hydraulic system
Sekil 6. Hidrolik sistemli santrifiij giibre makinesinin giibre dagilim diizgiinliigii

Tarla sartlarinda iki sistemin ¢aligmasi sonucu traktoriin yakit tiiketimi 7ablo 3’te goriilmektedir. Hidrolik
sistemli giibre dagima makinesi ile yapilan tarla demelerinde daha diigiik bir hizla graniil giibre arazi yiizeyine
istenilen sekilde dagitilabilmektedir. Pratik agidan ¢ok fark olmamasina ragmen hidrolik sistemli santrifiij giibre
dagitma makinesinin yakit tiiketimi 10.44 L h' mekanik sistemli giibre dagitma makinesinin yakit tiiketimi ise
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10.71 L h!' olmaktadir (Tablo 3). Yakit tiiketiminin azalmas1 Cetin ve ark. (2020) dikkat ¢ektigi, tarimdaki
karbondioksit emisyonlarinin neden oldugu ¢evre kirliliginde de bir azalma egilimi gostermesine yardimei
olabilecektir.

Tablo 3. Traktoriin yakit tiiketim degerleri
Table 3. Tractor fuel consumption values

Mekanik sistemli giibre dagitma  Hidrolik sistemli giibre dagitma

LRI O makinesi ile calismada makinesi ile calismada
Alman yol (m) 200.00 200.00
Is genisligi (m) 12.00 12.00
Caligma hizi (km h!) 8.57 8.40
Yakit tiiketimi (L h'!) 10.71 10.44

3.3. Iki Sistemin Ergonomik Olarak Degerlendirilmesi

Bu calisma i¢in iki sistem arasinda arazi sartlarinda 3 tekerriirlii olacak bigimde giiriiltii ve titresim diizeyi
ol¢timleri yapilmustir.

3.3.1. Giriiltii diizeyi degerleri

Iki sistemin graniil giibre dagitma makinesi {izerindeki giiriiltii degerleri Tablo 4’te, traktdr kabini igerisindeki
giiriiltii degerleri ise Tablo 5°te verilmistir.

Mekanik sistemli ¢aligmada ortalama giiriiltii diizeyi; makine tizerinde 91.01 (dBA), traktor kabini igerisinde
ise 81.93 (dBA) olarak belirlenmistir. Hidrolik sistemli ¢aligmada ise ortalama giiriiltii diizeyi; makine iizerinde
81.15 (dBA), traktor kabini igerisinde ise 71.85 (dBA) olarak belirlenmistir (Tablo 4 ve 5).

Calisanlarin giiriiltii ile ilgili risklerden korunmalarina dair yonetmelige gore, en diisiik maruziyet eylem degeri
80 dBA, en yiiksek maruziyet eylem degeri 85 dBA, maruziyet sinir degeri 87 dBA’dir (Anonim, 2013). Buna
gore mekanik sistemli ¢alismada makine {izerinde olusan giiriiltii degerleri (91.01 dBA), en yiiksek maruziyet
eylem degerini (85 dBA) ve maruziyet sinir degerini (87 dBA) asmakta, traktor kabini igerisindeki giiriiltii degeri
(81.93 dBA) ise en diisiik maruziyet eylem degerini (80 dBA) asmaktadir. Hidrolik sistemli ¢alismada ise makine
iizerinde olusan giiriiltii degeri (81.15 dBA) en diisiik maruziyet eylem degerini (80 dBA) asmakta, traktor kabini
icerisinde olusan giiriiltii (71.85 dBA) ise en diisiik maruziyet eylem degerinin (80 dBA) yaklasik 10 dBA altinda
kalmaktadir. Yapilan Mann-Whitney U testine gore her iki sistemin hem makine tizerinde hem de traktor kabini
igerisinde olusan giiriiltii degerleri istatistiksel olarak 6nemli bulunmustur (P< 0.05).

Tablo 4. Iki sistemde makine iizerinde olusan giiriiltii degerleri (dBA)
Table 4. Noise values (dBA) on the machine in two systems

Mekanik sistem Hidrolik sistem
1. Deneme 2. Deneme 3. Deneme 1. Deneme 2. Deneme 3. Deneme
90.0 89.0 90.0 80.0 81.0 80.0
92.0 91.0 91.0 81.0 82.0 81.0
91.0 90.0 89.0 83.0 81.0 80.0
90.5 89.5 89.5 80.0 82.0 82.0
93.0 92.0 91.0 82.5 82.0 84.5
92.0 91.0 92.0 80.0 81.0 81.0
91.0 90.0 90.0 80.0 80.0 82.0
92.0 92.0 89.0 79.0 81.0 82.5
91.0 93.0 92.0 84.0 81.0 80.0
93.0 90.0 93.0 80.5 80.0 80.0
90.0 90.0 91.0 81.0 82.0 81.0
92.0 91.0 92.0 80.0 80.0 82.0
92.0 92.0 90.0 82.0 83.0 80.0
Toplam o6rnek sayist 13 Toplam ornek sayist 13
Ortalama giiriiltii diizeyleri (ABA)
91.01 81.15
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Tablo 5. Iki sistemde traktor kabini icerisinde olusan giiriiltii degerleri (dBA)
Table 5. Noise values (dBA) in the tractor cabin in two systems

Mekanik sistem Hidrolik sistem
1. Deneme 2. Deneme 3. Deneme 1. Deneme 2. Deneme 3. Deneme
80.0 79.0 81.0 72.0 73.0 72.0
82.0 81.0 79.0 70.5 74.0 71.0
81.0 82.0 78.0 73.0 72.0 74.0
81.5 80.0 79.0 72.0 71.0 72.0
81.0 82.0 83.0 72.0 70.0 72.0
82.0 81.0 82.0 74.0 72.0 71.0
83.0 80.0 82.0 73.0 70.0 73.0
81.0 80.0 81.0 72.0 74.0 72.0
84.0 81.0 83.0 71.5 72.0 71.0
83.0 84.0 82.0 70.0 71.0 70.5
85.0 83.0 84.0 71.0 73.0 71.0
84.0 85.0 84.0 72.0 71.0 70.0
84.5 83.5 84.0 70.0 75.0 72.0
Toplam 6rnek sayist 13 Toplam 6rnek sayist 13
Ortalama giiriiltii diizeyleri (dBA)
81.93 71.85

3.3.2. Titresim diizeyi degerleri

Bu calismada iki sistemde (mekanik ve hidrolik) arazide ¢aligirken makine iizerinde ve siiriicii koltugunda
olusan titresim degerleri belirlenmistir. Iki sistemin makine iizerindeki titresim degerleri Tablo 6°da, traktor siiriicii
koltugundaki titresim degerleri ise Tablo 7°de verilmistir.

Tablo 6. Iki sistemde arazide calisirken makine iizerinde olusan titresim degerleri (m s)
Table 6. Vibration values (m s*°) on the machine while working in the field in two systems

Mekanik sistem Hidrolik sistem
1. Deneme 2. Deneme 3. Deneme 1. Deneme 2. Deneme 3. Deneme
X y z X y z X y z X y z X y z X y z

250 210 530 240 220 570 180 190 470 209 199 503 207 180 512 2.1 189 521
290 170 540 28.0 190 550 31.0 250 600 213 200 473 210 191 498 183 19.1 482
31.0 260 61.0 270 250 71.0 270 190 590 185 173 506 189 180 50.7 207 179 542
180 19.0 440 220 190 490 290 21.0 720 221 201 499 227 201 592 197 19.1 50.1
31.0 180 77.0 320 250 69.0 250 180 61.0 21.7 183 573 189 180 572 215 227 585
250 210 640 270 200 61.0 220 190 550 198 181 515 199 185 521 206 19.7 554
280 180 63.0 290 21.0 620 260 200 580 207 172 506 221 191 559 230 21.5 609

Ortalama titresim diizeyleri (m s%)
X y z X y z
26.4 20.6 59.6 20.7 19.1 53.0

Mekanik sistemli ¢aligmada ortalama titresim diizeyleri; makine iizerinde x ekseninde 26.4 m s, y ekseninde
20.6 m s, z ekseninde 59.6 m s%; traktdr siiriicii koltugunda x ekseninde 1.1 m s, y ekseninde 1.4 m s2, z
ckseninde 2.7 m s olarak belirlenmistir. Hidrolik sistemli caligmada ortalama titresim diizeyleri; makine iizerinde
x ekseninde 20,7 m s, y ekseninde 19.1 m s, z ekseninde 53.0 m s%; traktor siiriicii koltugunda x ekseninde 0.7
m s, y ekseninde 1.1 m s, z ekseninde 2.3 m s olarak belirlenmistir (Tablo 6 ve 7).
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Tablo 7. Iki sistemde arazide calisirken siiriicii koltugunda olusan titresim degerleri (m s°)

Table 7. Vibration values (m s7°) occurring in the driver's seat while working in the field in two systems

Mekanik sistem Hidrolik sistem
1. Deneme 2. Deneme 3. Deneme 1. Deneme 2. Deneme 3. Deneme
X y z X y z X y z X y z X y z X y z

0.4 0.3 0.6 0.4 0.4 0.7 3.2 53 6.1 0.2 0.3 0.5 0.3 0.6 2.9 0.1 0.2 0.4
0.5 0.4 1.9 0.3 0.5 1.7 0.5 0.6 1.7 0.4 0.3 0.7 1.9 4.1 5.7 0.5 0.4 0.8
0.5 0.4 1.5 1.2 0.9 5.8 0.4 0.5 1.2 0.3 0.2 1.3 0.2 0.3 1.2 0.2 0.3 0.9
0.5 0.6 0.8 0.4 0.5 0.6 0.6 0.4 0.6 1.2 1.7 3.7 0.1 0.2 0.4 2.1 3.7 55
1.3 1.8 6.7 1.1 1.7 3.5 0.5 0.6 1.5 23 4.8 52 0.4 0.5 1.7 1.4 1.6 2.9
0.6 0.2 0.7 3.2 5.1 6.7 0.9 0.7 3.5 0.3 0.3 0.6 1.1 1.2 4.5 0.7 0.6 3.9
33 5.6 6.3 2.8 1.9 2.5 1.2 1.5 2.8 0.7 0.6 1.9 0.5 0.4 0.9 0.4 0.5 1.7

Ortalama titresim diizeyleri (m s%)
X y z X y z

1.1 1.4 2.7 0.7 1.1 2.3

Bu degerlere gore mekanik sistemin toplam titresim ivmesi makine iizerinde 68.36 m s2, traktdr siiriici
koltugunda ise 3.23 m s olmaktadir. Hidrolik sistemin toplam titresim ivmesi ise makine iizerinde 60.02 m s,
traktor siirticii koltuguna 2.64 m s olmaktadir. Yapilan Mann-Whitney U testine gore istatistiksel olarak her iki
sistemin makine {izerindeki titresim degerleri farki 6nemli (P< 0.05), siiriicii koltugunda olusan titresim degerleri
farki ise 6nemsiz (P> 0.05) bulunmustur.

Titresime maruz kalan insanlarda omurga deformasyonlari, mide rahatsizliklari, zihinsel yiik ve yorgunluk
meydana gelmektedir (Sabanci, 1981; Akiner ve ark., 1996; Babalik 2007; Sabanci ve Siimer 2011).

Ergonomi agisindan titresimin insan bedenine etkisi iki sekilde olmaktadir. Bunlar; ayak veya genellikle
tasitlarda oturma diizlemi ve ellerdir. Birinci halde tiim viicut titresimi, ikinci halde el-kol titresimi s6z konusudur
(Babalik, 2007).

Titresimin sadece K degeri degil titresimin etkidigi zaman da 6nemlidir. Birkag dakika etkidiginde higbir zarar1
olmayan bir titresim daha uzun etkidiginde sirasi ile once rahati bozmakta, ardindan performansi olumsuz
etkilemekte ve en sonunda saglhiga da zararli olmaktadir. Ornegin K degeri 12.5 olan titresimde 8 dakikalik
calismada hicbir olumsuz etki olmazken, 30 dakikalik ¢aligmada huzursuzluk olusmakta, 4 saatlik ¢aligmada
performans diismekte 8 saatlik ¢alismada ise sagliga zararl olabilmektedir. Buna gore 10 dakikalik ¢aligmada ii¢
yonden gelen titresimlerde yaklagik K=65 iken ulasilmaktadir (Babalik, 2007). Bu ¢alismada ele alinan hidrolik
sistemli makineyle caligmada, siiriicii koltugunda olusan titresim degeri (K=2.64 m s?) siiriiciiniin sagligim
olumsuz etkilemezken, mekanik sistemli makineyle ¢alismada traktor siiriicii koltugunda olusan titresim degeri
(K=3.23 m s?) sadece 5 saatlik ¢alismaya kadar rahatlik saglamakta, bu siireden sonra rahatsizlik olusturmaktadir.

4. Sonug

Ulkemizde kullanilan santrifiij giibre dagitma makineleri graniil haldeki giibreyi tarlaya dagitmak igin hareketi
traktor kuyruk milinden mafsalli mil vasitasiyla gergeklestirmektedirler. Bu ¢aligmada, gii¢ kaynagi olarak kuyruk
miline alternatif olabilecek bir hidrolik sistem uygulamasi olusturulmustur. Bu hidrolik motor uygulamasi
giliniimiiz teknik sartlarina uygun ve ergonomik agidan da daha avantajli olabilmektedir. Hidrolik motor traktdrden
aldig1 hidrolik gii¢ ile santrifiijlii glibre dagitma makinesini ¢alistirmaktadir. Caligmada elde edilen sonuglar
asagidaki sekilde 6zetlenebilir.

e Santrifiijli giibre dagitma makinesini mafsalli mil vasitasi ile galistirmak i¢in gerekli gii¢ torkmetre
vasitastyla deney seti kurularak belirlenmistir.

e Elde edilen veriler analiz edilerek gerekli gii¢ tespit edilmistir. Bu verilere dayanarak sistemin ¢aligmasi
icin gerekli olan hidrolik motor belirlenmistir.
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e Hidrolik motorun se¢imi gergeklestirildikten sonra, traktor hidrolik sisteminden hidrolik motor vasitasiyla
santrifiijlii giibre dagitma makinesine aktarabilmek ic¢in bir mekanik baglanti kitinin imalati
gergeklestirilmistir.

e Hidrolik sistemin g¢aligmasi i¢in gerekli olan hidrolik motor belirlendikten sonra, bu hidrolik motorla
uyumlu bir bi¢cimde ¢aligabilecek hidrolik baglanti elemanlari (hidrolik hortumlumlar, traktore baglanti igin
jaklar, hidrolik akigskanin basing kontrolii i¢in valfler vb.) belirlenmistir.

e Sistemin olusturulmasi i¢in gerekli makine parcalarinin belirlenmesi, se¢imi, imalat1 ve montaj islemleri
gergeklestirildikten sonra iki sistemin kargilagtirilmasi i¢in tarlada testler gergeklestirilmistir.

e Testlerde giibre dagilimi, yakit tiiketimi, giirtiltii ve titresim degerleri Sl¢lilmiistiir.

e Her iki sistemde giibre dagiliminda 6énemli bir fark goriilmemis, hidrolik sistemle ¢alismada daha diisiik
yakat tiiketimi elde edilmistir.

e Hidrolik sistemle ¢alismada mekanik sisteme gore daha diisiik giiriiltii ve titresim degerlerinin olustugu
belirlenmistir.

Bu ¢alisma sonucunda olusan ¢iktilar 11ginda diigiiniilen oneriler agsagidaki gibi siralanabilir.

* Bu calisma i¢in gelistirilen mekanik baglanti kiti, teknik ve maliyet yarar analizi yapildiktan sonra
iilkemizde hali hazirda bulunan santrifiij giibre dagitma makinelerinin doniisiimii i¢in de kullanilabilir.

* Bu caligmada kullanilan tarim traktorii agik devre hidrolik sisteme sahiptir. Bu tip traktorlerin hidrolik
sistemi traktoriin motor devri belirli bir seviyeye gelene kadar gerekli hidrolik debiyi saglamamaktadir.
Hidrolik tahrik sistemine sahip santrifiij giibre dagitma makinesinin traktdriin motor ¢alisma devrinden
bagimsiz, kapali hidrolik sistem mantigina gore ¢aligan ve hidrolik giicii yliik durumuna gore arttirip azaltan
bir tarim traktorii ile ¢aligtirilmast makinenin hem verimini hem de etkinligini arttirabilecektir.

= Bilindigi lizere mekanik sistemle ¢aligan giibre dagitma makinelerinde traktor kuyruk milinden gelen donii
giicii mafsalli bir mil vasitasi ile makine {izerine aktarilmaktadir. Bu mafsalli mil, mile dolanma riski ortaya
cikarmaktadir. Hidrolik sistemle c¢alisan santrifiij gilibre dagitma makinesinde bu tip bir durum
olmadigindan ergonomik agidan rahatlikla mekanik sistemle ¢alisan sisteme bir alternatif olarak onerilebilir.

= Traktor kuyruk milinden hareket alan diger makinelerin de hidrolik motor uygulamalari ile ¢aligtiriimalart
konusunda ¢aligmalar yapilabilir.
Tesekkiir

Bu ¢alisma Kahramanmaras Siitcii imam Universitesi, Bilimsel Arastirma Projeleri Koordinasyon Birimi tarafindan
desteklenmistir (Proje No: 2015/1-13YLS).
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Creating a Solar Radiation Measuring System (SRMS) Operated by a Programmable
Logic Controller (PLC)

Programlanabilir Lojik Kontroldr (PLC) Tarafindan Isletilen Bir Solar Radyasyon Olgme
Sisteminin Olusturulmasi (SRMS)

Selcuk USTA!, Cafer GENCOGLAN?, Serpil GENCOGLAN?
Abstract

In this study, it is aimed to create a PLC controlled SRMS to be used in rural areas. Firstly a SRMS hardware was
prepared consisting of power supply, PLC, analogue module and pyranometer units. Then, a SRMS software was
written using CODESY'S programming language to measure and record data and to control the hardware by PLC.
SRMS software firstly collected the solar radiation in cumulatively by measuring every 30 minutes during the one-
day period, and determined the daily total solar radiation. Then it calculated the daily average solar radiation by
dividing the daily total solar radiation by the number of measurements. It recorded the daily total and average solar
radiation amounts on the SD card. SRMS was tested in Kahramanmaras Siit¢ii Imam University (KSU) during the
July-November period of the 2019. The daily average solar radiation data recorded at KSU were compared with
the data measured in the same period at the Eastern Mediterranean Transition Area Agricultural Research Institute
(DAGTEM), located 10 km away. The daily average solar radiation data measured in KSU and DAGTEM varied
between 3.63-33.48 MJ m?2 day! and 3.00-33.00 MJ m™ day™!, respectively. Five-month averages of daily solar
radiation data measured at both regions were determined 20.20 MJ m day™! and 19.64 MJ m™ day!, respectively.
The difference between the mean of KSU and DAGTEM data groups was not found to be statistically significant
(p> 0.05). This result revealed that the daily average solar radiation values measured in both regions can be used
interchangeably. As an expression of the deviation between data groups measured in both regions, the MAPE and
RMSE were determined as 14.57% and 2.68 MJ m day!. The compatibility level of the data groups was obtained
as “good” (MAPE= 10-20%). It was concluded that SRMS could measure the daily average solar radiation with
high accuracy and could be used in sensitive measurements.

Keywords: Automation, Climate station, Codesys, Evapotranspiration, PLC, Pyranometer, Solar radiation
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Oz

Bu calismada, kirsal alanlarda kullanilabilecek PLC kontrollii bir SRMS olusturulmasi amaglanmistir. {1k olarak
gii¢ kaynagi, PLC, analog modiil ve piranometre birimlerinden olusan bir SRMS donanimi hazirlanmigtir. Daha
sonra verileri 6lgmek, kaydetmek ve donanimi PLC ile kontrol etmek amaciyla CODESYS programlama dili
kullanilarak bir SRMS yazilimi yazilmistir. SRMS yazilimy, ilk olarak bir giinliik siire boyunca her 30 dakikada
bir dl¢iim yaparak solar radyasyonu kiimiilatif olarak toplamis ve giinliik toplam solar radyasyonu belirlemistir.
Daha sonra giinliik toplam solar radyasyonu Ol¢lim sayisina bdlerek, giinliik ortalama solar radyasyonu
hesaplamistir. Giinliik toplam ve ortalama solar radyasyon miktarlarini SD karta kaydetmistir. SRMS,
Kahramanmaras Siit¢ii imam Universitesi’nde (KSU) 2019 yili Temmuz-Kasim dénemi boyunca test edilmistir.
KSU’de kaydedilen giinliik ortalama solar radyasyon verileri 10 km uzaklikta bulunan Dogu Akdeniz Gegit Kusag
Tarimsal Arastirma Enstitiisiinde (DAGTEM) ayn1 dénemde &lgiilen giinliik veriler ile kargilagtirilmistir. KSU ve
DAGTEM’de 6lgiilen giinliik ortalama solar radyasyon verileri sirastyla 3.63-33.48 MJ m™ giin! ve 3,00-33,00
MJ m? giin! arasinda degismistir. Her iki bolgede 6lgiilen giinliik ortalama solar radyasyon verilerinin bes aylik
ortalamalar1 sirastyla 20.20 MJ m? giin! ve 19.64 MJ m giin! olarak belirlenmistir. KSU ve DAGTEM veri
gruplarinin ortalamalar1 arasindaki fark istatistiksel olarak 6nemli bulunmamistir (p> 0.05). Bu sonug her iki
bolgede Olgiilen giinliikk ortalama solar radyasyon degerlerinin birbirlerinin yerine kullanilabilecegini ortaya
koymustur. Her iki bolgede Olgiilen veri gruplar1 arasindaki sapmanin bir ifadesi olarak MAPE ve RMSE
sirastyla %14.57 ve 2.68 MJ m™ giin! olarak belirlenmistir. Veri gruplarmin uyumluluk diizeyi “iyi” olarak elde
edilmistir (MAPE=% 10-20). SRMS’nin giinliik ortalama solar radyasyonu yiiksek dogrulukla 6l¢cebilecegi ve
hassas 6l¢timlerde kullanilabilecegi sonucuna ulasilmstir.

Anahtar Kelimeler: Otomasyon, Tklim istasyonu, Codesys, Evapotranspirasyon, PLC, Piranometre, Solar radyasyon
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1. Introduction

The total amount of radiation reaching the earth by direct or indirect ways from the sun by propagation and
effects of the horizontal plane is defined as global solar radiation or solar radiation. Solar radiation, expressed as
the sum of direct radiation reaching the earth through the atmosphere without interruption and the diffuse radiation
that reaches the earth by indirect ways due to the factors such as clouds, particles in the atmosphere and the
topography, constitutes the basic data of many engineering and architectural applications (Kokey, 2013). However,
due to the decrease of fossil fuel reserves in the world, and as these fuels cause to damage the environment,
accordingly, solar radiation becomes more important as a renewable clean energy source.

The main data in determining the amount of irrigation water to be applied to crops is evapotranspiration, which
is called crop water consumption. Evapotranspiration, an important component of both the meteorological and
hydrological cycle, is a highly effective parameter in hydrological and ecological fields and uses three-fifths of
solar radiation (Wang and Dickinson, 2012; Wild et al., 2013; Bora et al., 2015). Solar radiation plays an important
role in determining the amount of evapotranspiration. It is the most important parameter that controls the net short
wavelength radiation coming from the sun, the net long wavelength radiation going from the earth, the amount of
net radiation affecting on the plant surface and the heat flux change in the soil (Rosenberg et al., 1983). It is stated
that some parameters that are effective on crop development, such as photosynthesis, water requirement, nutrient
intake and transpiration rate, are closely related to solar radiation (Adams, 1992). In addition, Deveci et al. (2019)
reported that along with moisture conditions in the soil, solar radiation, temperature and precipitation changes are
the most important parameters affecting crop yield. It is stated that there is a strong relationship between the
amount of solar radiation held by the crop canopy and transpiration, and therefore the amount of solar radiation
held by the canopy can be used as a trigger in activating automatic irrigation systems (Casedesus et al., 2011).
Solar radiation can be used as a parameter in the preparation of irrigation programs (Jovicich and Cantliffe, 2007).
Solar radiation is of great importance in agricultural production structures, especially in greenhouses. In order to
be able to be grown crops in greenhouse, soil temperature, carbon dioxide concentration and relative humidity
should be provided in sufficient quantities besides nutrients and water, environmental factors such as radiation
energy, air temperature in the greenhouse (Yagcioglu et al., 2004). The amount of solar radiation incoming into
the greenhouses varies depending on the location, dimensions, drection of the greenhouse, and especially the
covering material. The most important factor in the selection of greenhouse cover materials is the amount of solar
radiation directly affecting crop development (Giacomelli and Ting, 1999). In addition, Koluman et al. (2013)
reported that animals are easily stressed in barns where solar radiation is directly effective, so some structural
precautions should be taken.

Solar radiation is measured by a device called pyranometer, and the accuracy and precision of this measurement
are the most critical parameters in efficiency calculations (Ergiin et al., 2019). Many studies were carried out to
develop devices that can be used to measure solar radiation. Martinez et al. (2009) developed a photodiode-based
pyranometer and compared it with a standard pyranometer. In this study, MAPE was obtained as 1.54% as an
expression of the deviation between the solar radiation values measured by both pyranometers. Badran et al. (2010),
Avallone et al. (2018) and Tohsing et al. (2019) designed pyranometers controlled by a microcontroller. It was
stated that these pyranometers were cheaper than standard pyranometers and could be used in sensitive
measurements. Kimothi et al. (2004) stated that solar radiation can be measured with calibrated pyranometer, but
considering the shortcomings such as the area where the pyranometer is established was not enough to represent a
region, the data measured with the pyranometer should be compared with the data measured by the meteorological
stations at most 50 km away, and the accuracy levels should be evaluated.

The agriculture sector with a rate of 70% is the sector with the highest water consumption. It is estimated that
this sector will have the highest rate in the next decades (Aksoy et al., 2014). In order to increase water savings by
ensuring the sustainable use of water resources in the agricultural sector, it is necessary to determine when and
how much water should be given to the crop by preparing sensitive irrigation programs. In the preparation of
sensitive irrigation programs, daily evapotranspiration quantities calculated with the daily meteorological data
measured in the local conditions are needed (Jensen et al., 1990). In this study, it is aimed to develop a PLC
controlled solar radiation measurement system (SRMS) that can be used to measure the daily amounts of solar
radiation needed in daily evapotranspiration calculations in the local conditions.
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2. Materials and Methods

2.1. Study area

This study was carried out in the research field on Campus of KSU, in Kahramanmarasg, Turkey. The altitude of
the research field is 508 m. It is geographically located between 37° 35' 36" North latitude and 36° 49' 20" East longitude.
Firstly, SRMS’s hardware was created, which was operated by the PLC-based automation system. Later, code of
software was written in the CODESY'S language and loaded into PLC, and then tested with the SRMS hardware during
the July-November period of the 2019. The solar radiation data measured by SRMS was compared with the data
measured in DAGTEM. The location of the research field and the DAGTEM are shown in Figure 1.

S DAGTEM (Altitude: 464 m)

N U e
7 —— ',.».—k‘ X

Figure 1. Google Earth Map of SRMS research field and DAGTEM

2.2. Creation of SRMS hardware

SRMS hardware (panel) consists of power supply, PLC, analogue module and a solar radiation sensor. PM 590
ETH PLC was used as central processing unit (CPU) in the SRMS (Anonim, 2018a). An analog output
pyranometer was used as a solar radiation sensor (Anonim, 2018b). The pyranometer was mounted on the climate
station established in the research field (Figure 2). The climate station consisted of wind speed (1), pyranometer
(2), temperature and humidity (3), wind direction (4), precipitation (5) sensors and platform (6).

Outer glass dome
Body

Sensor

Cable and connector

T

Drying cartridge
(Silica gel)
. N
Spirit level U | Ue—— Leveling screw
Solar radiation sensor (Pyranometer) PLC controlled climate station

Figure 2. Pyranometer and climate station

AX 522 analog module was added to the PLC in order to provide communication between the pyranometer and
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the PLC (Anonim, 2018a). A panel project was prepared for the SRMS and, a panel was created in accordance with this
project. Within the scope of this project, panel energy input was shown in Figure 3, and the connection of PLC (CPU.1)
and pyranometer (AI-0) to the analogue module (IOM.1) was shown in Figure 4.

-1F0 -1F1 L
20A 10A
232 1 5 2% 1 9
4 T
3| |4 4 é} 10A
X0: 1 X0: 2 PSS &
L N N L PE- — -1U1
SUPPLY VOLTAGE
220V, 50Hz , 100A 24VDC - 20A
Figure 3. The connection of panel energy input and power supply
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Figure 4. The connection of PLC and the pyranometer to the analogue module

2.3. PLC - hardware configuration

In order to ensure compatibility between SRMS hardware and software, the PLC - hardware was configured
using the Automation Panel Builder program (Anonim, 2018c). The configuration process started with the
selection of the PLC. PM 590 ETH was chosen as the PLC (Figure 5). Then, the AX 522 analogue module was
added to the PLC (Figure 6). Within the software, the pyrm variable was assigned to the pyranometer and added
to the analogue module. Communication between pyranometer and PLC was provided through the IW0 channel
of analogue module (Figure 7).
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g"""" New project
) Selak Usta
Obyect path
Cllsers\selcukb1\Documents'Selcuk_Usta project
Obyect name: PLC_ACS00_V2
Categodes v N
T e acsovs || o e feren et Roncten Y
e () AC500 PM573.ETH AC500 CPU 5128, Ethemat 2800 1SAPX30300R0271
[TJ AC500 PM522 AC500 CPU 5148 2800 1SAPX40200R0201
Q) AC500 PM5S3.ETH AC500 CPU 1MB, Ethemet 2800 1SAPx40300R0271
(I AC500 PM585-ETH AC500 CPU 1MB, Ethemet 2800 1SAP140500R0271
(I AC500 PM5SO-ARC AC500CPU 2MB, ARCNET 2800 1SAP150000R0261
i AC500 PM530-ETH AC500 CPU 2MB, Ethemet 2800 1SAP150000R0271
QACS00PMES12ETH  ACS00CPU 4MB. XEthemet 2800 1SAP150100R0277
(T AC500 PMSS1-ETH AC500 CPU 4MB. Ethemet 2800 1SAPXS0100R0271
Figure 5. Selecting the PM 590 ETH PLC
Devices Add object below : 10_Bus | > |
= ) Selak Usta
=0 PLC_AC500_V2 (PMS90-ETH - TBS21-ETH) Object path:
= B Appiication PLC_AC500_V2\0_Bus
& App
@ 10_8us Objectname:  |AX522
+ o Interfaces
+ m Extension_Bus Categones v S
| & gg"%" /0 modules |[ Name Short Description A
t SSOO:detynl/dou" , f@AX521  4A/4AO. U/I/RTD. 12bkesign
Seripting SAI/8AD. U/I/RTD. 12bt+sign
f AXS61  4A/240. U/, 12bt+sign

Figure 6. Selecting the AX 522 analogue module

) PLC_AC500_v2 '@ 10_Bus AXS522 X
AXS22 Parameters Find Filter Show all
AXS22 1/O Mapping Variable Mapping Channel Address Type
+ § pyrm - Analog input 10+ %IWO INT
1/O mapping list + Analog input 11+ %IW1 INT
+ Hp Analog input 12+ YIW2 INT

Figure 7. Connecting pyranometer to the analogue module and selecting channel configuration

2.4. Creation of SRMS software

SRMS software was written in the CODESY'S programming language and loaded into the PLC. PLC controlled
SRMS collected the solar radiation (solar_rad) in cumulatively by measuring every 30 minutes during the one-day
period between 08.59.30 on the previous day and 08.59.30 on the following day. The analog output pyranometer
produced signals ranging from 0-10 V for solar rad values. The PLC produced digital values (pyrm) ranging from
1-27648 as a response to these signals. In order to convert the pyrm values to solar_rad values, a calibration was
done using the calibration certified digital pyranometer. The solar rad values measured by the digital pyranometer
and the pyrm values produced by the PLC were recorded at the same time in 30 minutes intervals. The calibration
equation given in Equation (1) was obtained by performing first order linear regression analysis between these
values. The daily total and average solar radiation amounts were determined using Equation (2) and Equation (3),

respectively.

solar_rad:=a*(pyrm) + b

Total Rs:=Total Rs + solar rad

Average Rs=[0.0864 (Total Rs)]*48"

(Eq. 1)
(Eq. 2)

(Eq. 3)
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Where; solar_rad: solar radiation measured every 30 minutes (Watt m2), a and b: calibration coefficients, pyrm:
digital value produced by PLC, Total_Rs: daily total solar radiation (Watt m?), Average Rs: daily average solar
radiation (MJ m day™).

2.5. Comparison of solar radiation data measured by SRMS and DAGTEM

MAE, MAPE and RMSE were taken into account as an expression of deviation amounts between SRMS and
DAGTEM data. These values were calculated using Equation (4-6). Lewis’s (1982) interpretation of MAPE results
is a means to judge the level of compatibility between SRMS and DAGTEM data — less than 10% is an “excellent”
compatibility, 10% to 20% is a “good” compatibility, 20% to 50% is a “reasonable” compatibility, and 50% or
more is an “inaccurate” compatibility. In order to determine whether the difference between the averages of the
SRMS and DAGTEM data groups is statistically significant or not, an unpaired T test was performed using the
Microsoft Excel program.

MAE=—32, (]Y:-Yi) (Eq. 4)

MAPE=-37, ('Y";” 100) (Eq. 5)

Y

RMSE= /L (YY) (Eq. 6)

Where; MAE: mean absolute error (MJ m day™'), MAPE: mean absolute percentage error (%), RMSE: root
mean square error (MJ m? day™), Yi and Y;: the data measured by SRMS and DAGTEM, respectively (MJ m™
day™!), n: number of observations.

3. Results and Discussion

SRMS software consisted of the PLC PRG [PRG] main program, solar radiation_measurement [PRG],
solar_radiation_record [PRG], sd_card data write [PRG] subprograms and write sd card [FB] function block.
These programs were run together via the CODESYS interface given in Figure 8.

L) CoDeSys - Application. AC500PRO* - [PLC_PRG (PRG-ST)]
® File Edit Project Insert Extras Online Window Help

B 0|@|eel B2 (2GR %15 % 5] ]|
0001| PROGRAM PLC_PRG

= POUs 0002| VAR
1] PLC_PRG (PRG) 0003 END_VAR

solar_radiation_measurement (PRG) 000
solar_radiation_record (PRG) 000
;g] write_sd_card (FB) <
B-15] sd_card_data_wiite (PRG) 0001| solar_radiation_measurement();
“|E] date_convert 0002 solar_radiation_record();
0003{sd_card_data_write();

Figure 8. SRMS programs and CODESYS interface

An action named date convert was defined under the program sd card data write [PRG]. Some variables
were defined in WORD, BYTE and REAL variable types in solar radiation measurement [PRG] and
solar radiation _record [PRG], which form the basis of the SRMS software, and were converted to STRING
variables in this action. Within the scope of the preparation of the SRMS software, local (VAR) and global
variables used primarily in the programs were defined (Figure 9). Later, the codings of the programs were written
using the programming language CODESY'S. A struct named Radiation _data was defined in order to facilitate the
follow-up of daily measurement processes. In this structure, the day was assigned to the day variable, and Rs_Total
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to the daily total solar radiation (Total Rs), and Rs_Average to the daily average solar radiation (Average Rs)
(Figure 9).

LY CoDeSys - Application.ACS00PRO* - [Global_Variables]
@ File Edit Project Insert Extras Online Window Help

8| D|@ledTSIEAR| (0] *[0@|5%|H

t’a Resources VAR_GLOBAL RETAIN PERSISTENT

B-3 Global Variables Data: ARRAY [1..30] OF RADIATION_Data; (*Radiation data array structure variables*)
- 10_Bus BYTE:=1; ("Day variable*)
‘. Total_Rs: REAL, (*Daily total solar radiation variable*)

L . Variable_Configuration (VAR_CONFIG) Average_Rs: REAL; (*Daily average solar radiation variable*)

8- library CAA_AsyncMan 1°22.7.19 13:31:08: global variables
8- library CAA_Calback 16722.7.19 13:31:08: global variables
B[] library CAA_File.1522.7.13 13:31:08: global variables

B library CAA_Tick 16°22.7.1913:31:08: global variables DATE:CLOCK_DT; (*Date variable*)

B~ lbrary CAA_TickUNiLib"22.7.19 13:31:08: global variables data_record: BOOL; (*Data recording variable*)
8- library CAA_Types.i5722.7.19 13:31:08: global variables 0013END_VAR

B library Ethemet_ACS00_V10.ib"227.13 13:31:08: global variables

hour.CLOCK; (*Hour variable*)

% CoDeSys - Application. AC500PRO* - [Radiation_data]
Q File Edit Project Insert Extras Online Window Help

B DlednEi (e *|mnmnE
0001[TYPE Radiation_data :

‘3 Data types 0002/STRUCT

ja -1 P adiation_data (STRUCT) 0003 dayBYTE; (*Day*)

0004 Rs_TotallREAL; (*Daily total solar radiation®)
0005 Rs_Average:REAL; (*Daily average solar radiation®)
0006/END_STRUCT

0007|[END_TYPE

000

Figure 9. Global variables and Radiation_data [STRUCT] variables

The results of the calibration process were given in Figure 10. The relationship between solar rad and pyrm
variables was revealed by the equation “solar_rad= 0.268 * (pyrm) +84.04”. The ratio in which the change in
solar_rad values could be explained by pyrm values was determined as 99.25% (R*= 0.9925).

1000 ‘ ‘
solar_rad = 0.268*(pyrm) + 84.04

~ 900 R2=0.9925 /*‘.'
g

800 *
.
Z 700 /
B
= 600 —
k= /
o
@ 500 L

400

1000 1500 2000 2500 3000 3500

pyrm

Figure 10. Relationship between solar_rad and pyrm values

Daily solar radiation measurement operations were carried out by solar_radiation measurement [PRG]. The
flow chart of this program was given in Figure 11. Firstly, local variables (VAR) were defined and then, daily
measurement operations were carried out using these local variables. pyrm values produced by PLC were
converted to solar_rad values using the calibration equation every 30 minutes, and solar_rad values were collected
cumulatively. These operations were performed sensitively by trigger variable named trgl. Total Rs and
Average Rs values were calculated sensitively by trigger variable named trg 2 at 08.59.30 at the end of day.
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Golarﬁradiationimeasurement |PRG ])

VAR
scler_1e¢ WCRD
ngl g2 R_TRICG
END_VAR

Pyrm>=0 AND

pyrm<27645 solar_rad:=LREAL_TO_WORD(pyrm*0.268+84.04)

< U

11g (CLK =((hows MIN_ACT=(0 ANT hour SEC_ACT=(C; CR

(hows MIN_ACT=3C ANT howr SEC_ACT=(C, © G=>" Total_Rs:=Total_Rs+solar_rad

trg2(CLK:=(hour HOUR_ACT=08 AND hour. MIN_ACT=59

. s:=Totz o*
AND hour. SEC_ACT=30 ), Q=> ) Average_Rs:=Total_Rs*0.0864/48

Figure 11. solar_radiation_measurement [PRG] flow chart

The daily Total Rs and Average Rs values were recorded in the array structure variables by
solar radiation record [PRG] at the end of day. The flow chart of this program was given in Figure 12.

Csolar_radiation_rccorc |PRG] )

VAF

trgl, trg2: R_TRIG;
step:BYTE:=0
END_VAR

I

trg1 (CLK:=(hour HOUR_ACT=08 AND hour.MIN_ACT=59 AND hour.SEC_ACT=30), Q=>);
trg2(CLK:=( step=20) , Q=>)

datz[i].day:=hour.DAY_ACT

date[i].Rs_Total:=Total_Rs step:=20
date[i].Rs_Average:=Average Rs p:

data_record:=TRUE;:

Total_Rs:=0
Average Rs:=0.

i=i+1

Figure 12. solar_radiation_record [PRG] flow chart

The process of recording daily solar radiation data was started with the step “0”. When the trg] trigger is active
every day at 08.59.30, the step variable was directed to step “10”. In this step, firstly hour of the day
(hour.DAY_ ACT) was assigned to the “data[i].day” array structure variable on which the measurement operations
are performed. Then, the daily Total Rs and Average Rs values were assigned to the “data[i].Rs Total” and
“data[i].Rs_Average” array structure variables. Finally, the data recording process was activated, and the step
variable was directed to step “20”. In this step, when the trg2 trigger is active, Total Rs and Average Rs values
were reset, day variable (i) was increased by one and, the step variable was directed to step “0” to perform the next
day’s measurements.
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Daily Total Rs and Average Rs values assigned to the array structure variables every day at 08.59.30 were
taken by the sd card data write [PRG] at the same hour, and written on the SD card. The flow chart of this
program was given in Figure 13. A rising edge function named R_TRIG record was defined within the program.
When the rising edge function is active every day at 08.59.30, the step variable was directed to step “10”. In this
step, act_day, act month and act_year variables were combined with a semicolon (;), and the step variable was
directed to step “20”. In this step, Rs_Total and Rs_Average values were added to the variables that combined in
step “10”. After this process, the step variable was directed to step “30”. In this step, the data was written to file
of the solar radiation data.csv on the SD card via the write sd card [FB]. A part of this data file for July is given

in Figure 14. Date, Rs Total and Rs_Average values were written in columns A, B and C in this data file.

sd_card_data_write [PRG]

VAR
R_TRIG_iccai¢ R_TRIG
WiieBete wiie_sd_cerc
DeteTcSerc STRING(TC
cci_yeer: STRING(4)
ca_merit STRING(Z
il cey g STRING(Z
Re_Tciel_s STRING(T1

Rs_Avazge_s STRINC(E] <
sep BYTE =C

eNeme_wiite: STRING(EC
ENC_VAR

VAR CCNSTANT

CRLF STRING = $RSN (* New lire *)
SEMIKCLCN ; STRING(I) =
ENC_VAR

\

J

R_TRIG_record(CLK:=(data_record) , Q=>)

Yes DataToSend:="
R_TRIG_record.C step:=10 —{
data_record:=FALSE

date_convert:
DataToSend:= CONCAT(act_day_g, '-').
DataToSend:= CONCAT(DataToSend, act_month)
DataToSend:= CONCAT(DataToSend, '-');
DataToSend:= CONCAT(DataToSend, act_year),
DataToSend:= CONCAT(DataToSend, SEMIKOLON),
step:= 20.

Yes

9

date_convert
DataToSend:= CONCAT(DataToSend, Rs_Total_s)
DataToSend:= CONCAT(DataToSend, SEMIKOLON),

Ye |l DataToSend:= CONCAT(DataToSend, Rs_ Average s): W}

DataToSend:= CONCAT(DataToSend, CRLF).
fileName_write:='sdcard/solar_radiation_data.csv"
step:=30

(WieCete(eret ¢ = FALSE
DeteTcSerc =
sepi=(

Yes ‘WriteData.done AND

NOT WriteData.erro1

WriteData(enable:=TRUE, sFileName:=fileName_write, strData:= DataToSend):

&1 Q

Figure 13. sd_card_data_write [PRG] flow chart

> Microsoft Excel - solar_radiation_data.csv.xlsx
A B C
1 Date Rs_Total Rs_Average
2 1.7.2019 15483.33 27.87
3 2.7.2019 16988.89 30.58
a4 3.7.2019 18600.00 33.48
5 4.7.2019 15638.89 28.15
6 5.7.2019 16466.67 29.64
7 6.7.2019 15961.11 28.73
38 7.7.2019 16144 44 29.06
9 8.7.2019 14244 44 25.64
10 9.7.2019 16122.22 29.02

Figure 14. The part of the data file solar_radiaition_data.csv for July
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Rs_Average data measured by SRMS at KSU in July-November period of the 2019 was compared with
Rs_Average data measured at DAGTEM in the same period. Rs_Average data measured in both regions were
given in Figure 15. Daily data measured in KSU and DAGTEM varied between 3.63-33.48 MJ m day™! and 3.00-
33.00 MJ m day!, respectively. Five-month averages of daily solar radiation data measured in both regions were
determined as 20.20 MJ m? day! and 19.64 MJ m? day!, respectively. According to the analysis made by taking
into account all the daily data measured in both regions; as an expression of the deviation amounts between the
SRMS and DAGTEM data, MAE was obtained as 2.06 MJ m? day !, MAPE 14.57%, and RMSE 2.68 MJ m? day
!, The level of compatibility between SRMS and DAGTEM data groups was obtained as “good” (MAPE= 10-
20%). The difference between the mean of SRMS and DAGTEM daily data groups was not found to be statistically
significant (p> 0.05).
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Figure 15. Daily average solar radiation data measured by DAGTEM and SRMS

The statistical relationships between the daily data groups for each month was determined separately and, given
in Table 1. It is seen in Table 1 that the differences between the averages of the data groups were not found to be
statistically significant in July, August, September and October (p> 0.05), when evapotranspiration and the amount
of irrigation water determined accordingly are of great importance for the crops. In these months, the Rs Average
data measured by SRMS and DAGTEM can be considered the same. The level of compatibility between SRMS
and DAGTEM data groups was determined as “excellent” (MAPE<10%) in July, August, September, and
“reasonable” (MAPE= 20-50%) in October and November. The difference between the averages of data groups
was found to be statistically significant in November (p< 0.05).

Table 1. Statistical relationships between SRMS and DAGTEM daily data for each month

Month MAE MAPE RMSE Compatibility p
(MJ m? day!) (%) (MJ m? day™) level
July 2.76 9.67 344 Excellent 0.104
August 1.35 5.58 1.86 Excellent 0.700
September 1.00 4.81 1.44 Excellent 0.517
October 2.68 20.39 3.18 Reasonable 0.087
November 2.50 23.72 2.90 Reasonable 0.012

Brown and Russel (2001) stated that the surface characteristics and topography of the land around the climate
station could affect the climate data at rates approaching 20%. Due to the fact that the land surface around the
climate station in KSU is covered with heavy vegetation and is more rugged than DAGTEM, there were deviations
ranging from 4.81-23.72% between the Rs_Average data measured in both regions. Pinto et al. (2006) compared
climate parameters measured in three different regions of the city in a study they conducted in Sdo Paulo, Brazil.
As a result of this study, they revealed that there were found to be statistically significant differences between the
relative humidity and wind speed data (p <0.05), and the differences between air temperature and solar radiation
data were not found to be statistically significant (p> 0.05). Similarly, it is clearly seen in Table I that the
differences between the daily average solar radiation data measured in two regions at 10 km distance in
Kahramanmarag province are not found to be statistically significant (p> 0.05).
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Monthly average values of Rs_Average data measured in both regions were given in Table 2. In this table, it
is clearly seen that the SRMS data is lower than the DAGTEM data in July and August, and higher in September,
October and November. This situation is thought to be due to the different wind speeds and altitude difference in
both regions. Anjos et al. (2015), Bett and Thornton (2016) stated that although there was a weak statistical
relationship between wind speed and solar radiation, solar radiation generally tended to increase during periods
when wind speed tended to decrease. During the July-August period, the daily average wind speed was measured
as 3.08 m s in the DAGTEM, and 3.20 m s! in the research field. The mean Rs_Average in this period was
determined as 27.60 MJ m? day™! in the DAGTEM and, 26.90 MJ m? day! in the research field. As the daily
average wind speeds in DAGTEM were lower in these months compared to the research area, it has been observed
that the measured Rs_Average data in this region were higher. During the September-November period, the daily
average wind speed was measured as 1.76 m s! in the DAGTEM, and 1.45 m s™! in the research field. The means
of Rs_Average in this period were determined as 14.25 MJ m? day™! in the DAGTEM and, 15.65 MJ m? day!in
the research field. As the daily average wind speeds in DAGTEM were higher in these months compared to the
research area, it has been observed that the measured Rs_Average data in this region were lower. Blumthaler et al.
(1997) stated that solar radiation increased by 15-20% every 1000 meters depending on altitude. The altitudes of
the research field and the DAGTEM are 508 m and 464 m, respectively. It is considered that the Rs_Average
values in the research field are 1.00% higher than the values in DAGTEM due to the altitude difference.

Table 2. Monthly average values of Rs_Average data measured by SRMS and DAGTEM

Rs_Average (MJ m? day™)

Month
SRMS DAGTEM
July 28.32 29.40
August 25.50 25.73
September 21.46 21.11
October 14.61 13.21
November 10.88 8.44

4. Conclusions

In this study, a SRMS controlled by the PLC-based automation system was created. The SRMS measured the solar
radiation every 30 minutes for one-day periods, and collected cumulatively, and determined the Rs_Total at the end of
the day. It calculated the Rs Average by dividing the Rs Total by the number of measurements. Rs Average data
measured by SRMS at KSU in July-November period of 2019 was compared with data measured at DAGTEM in the
same period. Five-month averages of Rs_Average data measured in both regions were determined as 20.20 MJ m
day! and 19.64 MJ m? day. There was a deviation of 14.57% between Rs_Average values measured in both regions
due to wind speed and altitude difference. The level of compatibility between SRMS and DAGTEM data groups was
determined as “good” (MAPE= 10-20%). The difference between the mean of both daily data groups was not found
to be statistically significant (p> 0.05). It is concluded that SRMS can measure the Rs Average with high accuracy
and can be used in sensitive solar radiation measurements. It has been observed that SRMS saves labour and time used
for solar radiation measurement and minimizes human-induced measurement errors.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Antep Fistig1 Kabugu ve Zeytin Kiispesinden Biyoyakit Amach Pelet Elde Edilmesi
Pellet Production From Pistachio Shell And Olive Cake For Biofuels

Hatice Cansu DEVELI', Ali AYBEK?, Serdar UCOK?**

Oz

Ulkemizde énemli bir potansiyele sahip olan bitki atiklarmin biyoyakit amagl enerji kaynagi olarak kullanilmasi
onem kazanmaktadir. Bu atiklardan enerji elde etmek i¢in birgok yontem bulunmakta olup bu yontemlerden bir
tanesi de peletlemedir. Bu ¢alismada Antep fistig1 isleme ve kavlatma tesisinden alman Antep fistig1 kabugu (AK),
zeytinyagi isleme tesisinden alian zeytin kiispesinden (ZK) biyoyakit amagli pelet elde edilmesi ve elde edilen
peletlerin fiziksel, kimyasal ve mekanik 6zelliklerinin belirlenmesi amaglanmistir. Denemelerde materyallerin 5
farkli oranda (%100 AK, %75 AK+%25 ZK, %50 AK+%50 ZK, % 25AK+%75 ZK ve %100 ZK) karistirilmast
ile peletler elde edilmistir. Peletleme islemi 6 kW motor giiciine sahip ve isleme kapasitesi 70-90 kg h! olan
dairesel sirali delikli diiz kalipli peletleme makinesinde yapilmistir. Calismada pelet par¢a yogunlugu 973.70-
1191.96 m® kg, kirilma direnci %99.21-99.87 ve nem alma oram1 %19.12-22.24 arasinda bulunmustur.
Maksimum pelet parga yogunlugu %100 ZK karisiminda, dikey basma gerilme direnci %100 AK’da meydana
gelmistir. Peletlerin nem igerigi Avrupa Pelet Konseyince belirlenen standartlara uygun bulunmustur. En diistik
ucucu madde miktarina sahip materyal %100 AK’de iken, en yiiksek ugucu madde miktarina sahip materyal %25
AK+%75 ZK karisgiminda goriilmiistiir. Maksimum dikey sikistirma direnci %100 AK’da gergeklesmistir.
Peletlerin kiil icerigi degerleri %5.97 ile %10.08 arasinda bulunmustur. Kirtlmaya kars1 en hassas materyal %50
AK+%50 ZK karisiminda gerceklesirken kirilmaya karst en dayanikli materyal %100 AK’da tespit edilmistir.
Pelet ¢ap ve uzunluklar1 EN16127 standardina uygun oldugu goriilmiistiir. Dikey sikistirma direngleri ise 157.17-
235.08 N arasinda degismistir. Degerler birbirine yakin olmakla birlikte en fazla nem alma %100 ZK’de
gozlenmistir. Ulkemizde potansiyel ve gesitliligi fazla olan yeterince degerlendirilemeyen biyoyakit kaynaklari;
pelet haline getirilerek iilke ekonomisine katki saglayabilir.

Anahtar Kelimeler: Antep fistig1 kabugu, Zeytin kiispesi, Biyoyakit, Pelet, Enerji
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Abstract

Plant wastes, which have a significant potential in our country, are used as biofuel energy sources and gain
importance. There are various methods for obtaining energy from these wastes. One of these methods is pelleting
method. The aim of study is pellet production from pistachio shell (PS) that obtained from the pistachio processing
plant and spent olive cake (OC) which obtained from olive oil processing plant together with identification of
physical, chemical and mechanical properties of the produced pellets. 5 different pellets were produced by 5
different combinations of pistachio shells and olive cakes (100% PS, 75% PS+25% OC, 50% PS+50% OC, 25%
PS+75% OC ve 100% OC). Pelletization was done with the circular, tiered perforated and plain formed pelletizing
machine which has 6 kW engine power and 70-90 kg h™! slicing capacity. In the study, pellet density, fracture
strenght and dehumidification ratio were found between 973.70-1191.96 m* kg™, 99.21-99.87% and 19.12-22.24%,
respectively. Maximum pellet density was found in %100 OC mix, vertical compressive stress resistance was
found in 100% PS mix. Moisture content values of pellets are appropriate for the Europe Pellet Council standards.
While the lowest volatile substance content has been measured in 100% PS, the highest volatile substance content
was measured in 25% PS + 75% OC mix. Maximum vertical compressive stress resistance occured in 100% PS.
Ash content of the pellets were between 5.974% and 10.083%. While the most sensitive material to be broken is
50% PS+50% OC, the most enduring material to be broken is 100% PS. Pellet diameter and lenghts are appropriate
for EN16127 standards. Vertical compressive stress resistance are between 157.17 and 235.08 N. The most
dehumidification rate was seen in 100% OC, while values are so close. Our country has good potential and
diversity for biofuel sources but can not be used efficiently. These sources must be used as pellet forms and be
made a big contribution to country economy.

Keywords: Pistachio shell, Olive cake, Biofuel, Pellet, Energy
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1. Giris

Toplumlari kalkinma ve gelisme diizeylerini arttirmak amactyla gergeklestirdikleri ilerlemeler enerji tiiketim
hizinda artiglara sebep olmaktadir. Diinya genelinde kullanilmakta olan enerji kaynaklarinin birgogunu fosil enerji
kaynaklar1 olusturmaktadir (Aybek ve ark., 2015). Enerji kaynaklar1 kullanimina gore, alternatif (yenilenebilir) ve
fosil (yenilenemez) enerji kaynaklar1 olmak iizere ikiye ayrilmaktadir. Ancak fosil kaynak rezervlerinin mevcut
enerji ihtiyacini ilerleyen yillarda karsilayamayacagi ve rezervlerin tiikkenecegi ongoriilmektedir (Senpinar ve
Gengoglu, 2006). Fosil enerji kaynaklarinin en 6énemli dezavantaji yakildiklar1 zaman iklim degisikligine neden
olan kirletici 6zellige sahip sera gazlarin1 yaymalar ve kiiresel 1sinmaya yol agarak asit yagmurlarinin olugsmasina
neden olmasidir. Fosil kaynak rezervlerinin sinirli olmast yenilenebilir enerji kaynaklarinin ilerleyen yillarda
oneminin artacagini gostermektedir (Dagtekin ve Giirdil, 2021).

Yenilenebilir enerji, enerji temininde siireklilige sahip ve dogal siiregler sonucunda olugmaktadir. Bu enerji
kaynaklarinin enerji iiretiminde daha ¢ok rol almasi ile karbondioksit emisyonlarini azaltarak ¢evrenin korunmasi
saglanabilir ve enerjide disa bagimliik minimum diizeye indirilebilir (Capik, 2012). Yenilenebilir enerji
kaynaklarindan olan biyoyakit enerjisi doga dostu, ekonomik, giivenli ve enerji liretmede isletme maliyetleri az
olarak bilinmektedir (Ozdemir ve Er, 2018). Hammaddesi tarimsal ve hayvansal kokenli atiklarin gesitli
biyokimyasal ve termokimyasal islemler uygulanarak elde edilen kati, s1v1 ve gaz iiriinlere biyoyakit denilmektedir.
Ayrica endiistriyel, kentsel ve evsel atiklardan da biyoyakit elde etmek miimkiindiir. Kat1 biyoyakitlar iki baglikta
incelenmektedir (Karaosmanoglu, 2006). Geleneksel olan kati biyoyakitlar giinliik hayatta siklikla uygulanmakta
olup odunlar, agac dallar1 vb. olan yakitlarin islem gérmeden yakilmasidir. Modern kat1 biyoyakit ise materyalin
islenmesi sonucunda yeni bir yakit olusturulmasi islemi olup yakitin daha verimli kullanilmasini saglamaktadir.
Modern biyoyakit i¢in hammaddelere 6giitme islemi uygulanarak daha kiigiik parcalar elde edilip sonrasinda
yiiksek basincin etkisiyle sikistirilarak daha biiyiik kiitleye sahip yakitlar olusturulmaktadir. Elde edilen yakitlar
1sinma ihtiyacinda, elektrik enerjisinin temininde de kullanilabilmektedir. En 6nemli uygulanma sekli peletler ve
briketlerden meydana gelmektedir (Karaosmanoglu, 2006).

Enerjiye olan gereksinimin siirekli artis gosterdigi giliniimiiz sartlarinda fosil kaynaklar yerine yeni ve
yenilenebilir kaynak arayis1 devam etmektedir. Yenilenebilir enerji kaynaklar igerisinde yer alan biyokiitle 6nemli
bir yer tutmaktadir (Diken ve Kayisoglu, 2020). Materyallerin biyoyakit amagl peletleme islemi sonucunda
hacimsel 1s1 degerinde artis saglanirken tasima ve depolama maliyetlerinde azalma goriiliir. Ayrica yanma
ozelliklerinde iyilesme gozlemlenir. Atmosfere salinan pargaciklarin emisyonunda azalma goriiliir. Ayni boyut
veya sekle sahip daha iistiin 6zellikler elde edilir. Gelismis iilkelerin birgogunda kati olan atiklar, biyokiitleye
peletleme islemi uygulanarak yararli, kullamlabilir ve ekonomik iiriinler elde edilebilmektedir. Ulkemizde enerji
amacl pelet iizerine yapilan ¢aligmalar peletlemenin yaygilagmasini saglayip veri tabanini gii¢lendirecektir.
(Aydemir, 2017).

Tarim ve tarima dayali sanayide olusan iiriin atiklariin enerji kaynag olarak kati yakit formuna sahip olarak
aktif bir sekilde degerlendirilmesi 6nem tasimaktadir. Bu amagla, s6z konusu atiklar kurutulup, 6giitiildiikten sonra
preslenerek biyoyakit amagli pelet haline getirilebilir. Biyokiitle kaynakli olan Antep fistig1 kabugu ve zeytin
kiispesi atiklarinin organik madde miktarlar1 yiiksek olmasi nedeniyle peletleme agisindan 6nemli atiklardir.

Bu caligmanin genel amaci; Antep fistig1 kabugu ve zeytin kiispesi atiklarindan biyoyakit amagl pelet elde eve
elde edilen peletlerin fiziksel ve kimyasal, fiziko-mekanik ve termal 6zelliklerini belirlemektir.

2. Materyal ve Metot

2.1. Materyal

Aragtirma Kahramanmaras Siitcii Imam Universitesi Ziraat Fakiiltesi Biyosistem Miihendisligi Boliimii
Laboratuvarlarinda yiiriitiilmiistiir. Arastirmada materyal olarak Antep fistig1 isleme ve kavlatma tesisinden alinan
Antep fistig1 kabugu (Sekil 1) ve zeytinyag isleme tesisinden alinan zeytin kiispesi (Sekil 2) kullanilmistir. Pelet
iretiminde elde edilen materyaller ilk olarak dogal sekilde giineste kurutulduktan sonra 6giitiilmiistiir.
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Figure 1. Wet pistachio shell (a) and pistachio shell after drying-grinding process (b)

Sekil 1. Yas Antep fistug1 kabugu atiklart (a) ve kurutma-ogiitme iglemi tamamlanmig Antep fistigt kabugu
atiklart (b)

Figure 2. Wet olive pulp (a) and olive pulp after drying-grinding process (b)

Sekil 2. Yas zeytin kiispesi (a) ve kurutma-égiitme islemi tamamlanmuis zeytin kiispesi (b)

Peletleme islemi i¢in laboratuar tipi, motor giicii 6 kW olan ve 70-90 kg h™! isleme kapasitesine sahip dairesel
sirali delikli diiz kalipli rediiktor donii sayis1 96 d dak™! peletleme makinesi kullamlmustir (Sekil 3).

Figure 3. Pelletizing machine

Sekil 1. Peletleme makinesi

2.2. Metot

Antep fistig1 kabugu (AK) ve zeytin kiispesi (ZK) atiklar ilk olarak dogal sekilde giines altinda kurutulup
ogiitiildiikten sonra materyallerin kuru kiitle bazinda karigim oranlar1 (%) ve karigimlarin isimlendirilmeleri Tablo
1’de verilmistir.

Tablo 1. Pelet yapiminda kullanilan materyallerin kuru kiitle bazinda karigim oranlari (%)
Table 1. Mix ratio (%) of materials used in pellet production on dry mass basis

Materyal Karisim-1 Karisim-2 Karisim-3 Karisim-4 Karisim-5
AK (%) 100 0 50 75 25
ZK (%) 0 100 50 25 75
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Peletleme islemi Oncesinde her karigim ayr1 ayri bir kaba alinip her birine peletlerin baglayicilig1 artmasi
amactyla %5 oraninda sivi melas eklenerek homojen karisimlar elde edilmistir. Karigimlar peletleme iglemi i¢in
bir kap yardimiyla pelet makinesine bosaltilmistir. Elde edilen peletlerden (Sekil 4) sonra her karigim igin pelet
makinesi temizlenip islem tekrarlanmustir.

Figure 4. View of the pellets obtained

Sekil 4. Elde edilen peletlerin goriiniimii

Peletlerin; kiil igerigi analizi, TS ISO 1171 standardi esas alinarak, nem igerigi ASTMD 3173 standardina gore,
ucucu madde icerigi analizi, TS ISO 562 standardina gore, sabit karbon igerigi analizi, ASTMD 3172 standardina
gore, toplam karbon ve azot igerigi analizleri AOAC (1990) yontemine gore belirlenmistir. Pelet parga
yogunlugunun belirlenmesi amaciyla her pelet 6rneginden 40 adet pelet rastgele seg¢ilmistir. Daha sonra segilen
peletler (0.001 hassasiyetli) hassas terazide tartilarak kiitleleri kaydedilmistir. Tartim sonrasinda silindir seklindeki
peletlerin ¢ap1 ve uzunlugu 0.01 mm hassasiyete sahip dijital kumpas yardimi ile dlgiilerek peletlerin 6zgiil hacmi
(kg m) hesaplanmustir. Toplam karbon (C) ve azot (N) analizleri elemental analiz cihazi (Leco marka Truspec
Micro) ile yapilmustir.

Peletlerin kirilma direnglerinin belirlenmesi amaciyla rastgele se¢ilmis 4 adet pelet 1.80 m yiikseklikten sert
bir zemine 4 kez serbest birakilmistir. Peletler 3.15 mm delik ¢capindaki elekte elenmistir. Eleme islemi sonunda
kiitleleri tartilip ilk kiitlelerine oranlanmistir. Hesaplamada Esitlik 1 kullanilmistir (Y1lmaz, 2014).

Kq= 2—:x100 (Es. 1)
Esitlikte;

K;: Kirillma direnci (%)

m,: Test oncesi pelet kiitlesi (g)

m,: Test sonrasi pelet kiitlesi (g)’dir.

Peletlerin st 1s1l degeri Esitlik 2 yardimiyla hesaplanmistir (Baileys ve Blankenhorn, 1982).

HHV = 0.312FC + 0.1534VC (Es.2)
Esitlikte;

HHV: Ust 1s1l deger (MJ/kg)

FC: Sabit karbon (%)
VC: Ugucu madde igerigi (%) dir.

Peletlerin sikistirma direnci Newton (N) olarak Esitlik 3 yardimiyla hesaplanmistir (Liu ve ark., 2014).
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2F

Oy = — (E$ 3)

mdl
Esitlikte;

o,: Dikey basma gerilme direnci (N)
F: Maksimum kirilma kuvveti (N)
d: Pelet cap1 (m)

I: Pelet uzunlugu (m)’dur.

Pelet nem alma oranlar1 pelet kiitlesindeki degisim yontemi ile belirlenmistir. Pelet nem alma oranimin
belirlenmesinde bes farkli karisim igerisinden rastgele segilen 5 adet pelet, etiivde 10542 °C sicaklikta sabit kiitle
degerine ulasincaya kadar yaklasik olarak 24 saat bekletilmistir. Kurutma sonrasinda peletlerin ilk kiitlesi
kaydedilmis ve %90 nem igeriginde 27 °C sicakliga sahip iklimlendirme kabininde 24 saat bekletilerek tekrar
tartilmistir (Esitlik 4). Peletlerin nem alma oranlar1 ylizde (%) olarak hesaplanmistir. (Atay, 2015; Basibiiytik,
2020).

__ (mf-mi)

Pa —* 100 (Es.4)
Esitlikte;

Pa: Nem alma orani (%)
mi: Pelet materyallerin ilk kiitlesi (g)
mf: Pelet materyallerin son kiitlesi (g)’dir.

Peletlerin yanma &zelliklerinin belirlenebilmesi igin termogravimetrik analizler yapilmistir. Her karisimdan
alman 20-25 mg numuneler seramik krozelere konularak 30-920 °°C’ye kadar 10 °C dak™’lik tarama hizinda, 20
mL dak’Iik akis hizinda analizler yapilmistir. Bu sicaklik araliinda meydana gelen kiitle kaybi ve kiitle kayip
orant TGA analizorii (PerkinElmer TG/DTA model) ile grafige yansitilmistir. Yapilan analiz sonrasinda
termogravimetrik analizler (TGA) ve diferansiyel termogravimetrik analiz (DTG) verileri elde edilmistir.

Arastirmada, tiim veriler 3 tekerriirlii olarak dl¢iilmiis ve ortalama degerler alinip istatistiksel analizi (SPSS,
One Way Anova, Tukey) yapilmistir. Bulunan degerler sekil ve tablolara aktarilarak yorumlanmustir.

3. Arastirma Sonuclar1 ve Tartisma

3.1. Peletlerin fiziksel ve Kimyasal Ozellikleri

Aragtirmada peletlerin elemental analizi (C, N, H (%)) ve {ist 1s1l degerleri, pelet par¢a yogunlugu, dikey
sikistirma direnci, nem igerigi, nem alma direnci, kirilma direnci, ugucu madde, sabit karbon ve kil igerigi
analizleri belirlenmistir.

Peletlerin elemental analizi sonunda; C, N, H (%) degerleri ve ayrica iist 1s1l degerleri belirlenmistir (Tablo 2).
Peletlerin; N degerleri %4.31-4.62, C degerleri %48.1-52.1, H degerleri %7.38-8.06 ve iist 1s1l degerleri ise 16.17-
18.38 MJ kg™! arasinda belirlenmistir. Maksimum azot miktar1 %4.62 ile %50 AK+%50 ZK’de, maksimum karbon
miktart %52.1 ile %100 AK’de, maksimum hidrojen miktar1 ise %8.06 ile %100 AK’de ve maksimum iist 1s1l
degeri %75 AK+ %25 ZK’de dl¢iiliirken minimum N ve H (%) degerleri %100 ZK’de, minimum C (%) degeri %50
AK+%50 ZK’de ve minumum iist 1s1l degeri %100 ZK’de belirlenmistir.

Pelet ile yapilan galismalarda; Tiris (2014), biyokiitle enerji igerikleri ve biyokiitle karakterizasyonu iizerine
yaptig1 aragtirmada elemental analiz sonucunda C(%) degeri %42.98-%58.83, H (%) degeri %4.08-%6.8, N (%)
degeri ise %0.12-%4.72 araliginda bulmustur. Bu calismada elde edilen degerler Tiris (2014) calismast ile
kiyaslandiginda; N ve H (%) degerlerinin uyumlu oldugu fakat H (%) degerleri Tiris (2014) yaptig1 ¢alismadaki
degerlerden yiiksek oldugu belirlenmistir. Bu durumun, materyal ve kimyasal igerik farkliligindan kaynaklandigi
sOylenebilir. Karisimdaki AK miktar1 arttikga H (%) miktarinin da arttigi gézlemlenmistir. Peletlerin iist 1s1l
degerlerine bakildiginda elde edilen degerlerin birbirine yakin oldugu goriilmektedir. Ancak N (%)
degerlerinde %100 ZK i¢in %4.31, %100 AK i¢in %4.43 oldugu goriilmektedir. iki materyalin karistirilmasiyla
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elde edilen karisim degerlerinin %4.31-%4.43 araliginda olmamasinin sebebi sistematik 6rneklem hatasindan
kaynaklandig1 sdylenebilir.

Tablo 2. Peletlerin elemental analizi ve iist isil degerleri
Table 2. Elemental analysis and Higher heating value of pellets

Pelet karisimlar:

M + N7 + M

< 45 s k S

: , S 2 22 2 o =

Peletlerin elemental analiz < e X <X R <

ve iist 1s1l degerleri

N (%) 4.43 4.46 4.62 4.59 431
C (%) 52.1 49.2 48.1 48.8 48.6
H (%) 8.06 7.64 7.42 7.51 7.38
Ust 1s1l degeri (MJ kg™) 17.96 18.38 16.17 17.67 17.14

Peletlerin ortalama ¢ap, uzunluk, kiitle ve pelet par¢a yogunluk degerleri Tablo 3°de verilmistir. Pelet ¢aplari
6.45-6.78 mm, pelet uzunluklarinin 21.85-34.71 mm, pelet kiitleleri 0.78-1.39 g ve pelet parca yogunluklar
973.70-1191.96 kg m? arasinda belirlenmistir. Avrupa Pelet Konseyi tarafindan hazirlanan el kitabinda belirtilen
EN16127 standardina gore pelet ¢aplar1 6-8 mm, pelet uzunluklari ise 3.15-40 mm arasinda standart deger kabul
edilmektedir. Caligmada elde edilen verilere gore pelet ¢ap ve uzunluklart EN16127 standardina uygun oldugu
tespit edilmistir. Arastirmada ZK orani artik¢a pelet parca yogunlugunun arttigi goriilmiistiir. Karigimlar arasi pelet
parca yogunluklarinda 6nemli diizeyde farklilik bulunmustur (P<0.05). Atay ve ark. (2018) seftali ¢ekirdegi ve
linyit kémiir tozu ile yaptig1 peletlerin parga yogunlugunu 905.30-1000.40 kg m™ olarak belirlemiglerdir. Bu
calismada elde edilen degerler Atay ve ark. (2018) tarafindan bulunan degerlerle kiyaslandiginda, %100 AK
haricinde par¢a yogunluklarin daha yiiksek oldugu goriilmiistiir. Bu farkliligin nedeninin atiklarin fiziksel
ozelliklerinin farkli olmasindan kaynaklandig: diintilmektedir.

Tablo 3. Peletlerin ¢ap, uzunluk, kiitle ve parca yogunlugu
Table 3. Diameter, length, weight and particle density of pellets

Pelet parca

Peletler Cap Uzunluk Kiitle yogunlugu
(mm) (mm) ©® (kg m)
% 100 AK 6.48 24.29 0.78 973.70e
%100 ZK 6.78 32.30 1.39 1191.96a
%75 AK+%25 ZK 6.41 33.57 1.14 1003.84d
%25 AK+%75 ZK 6.45 31.25 1.07 1047.91b
%350 AK+%50 ZK 6.57 34.71 1.13 1018.07¢

Satir igerisinde ayni harfleri alan degerler arasinda istatiksel olarak anlamh bir fark yoktur (P<0.05).

Peletlerin  kirilma direnci  %99.21-%99.87 araliginda bulunmustur. Calismada en yiiksek kirilma
direnci %99.87 ile %100 AK’de meydana gelirken, kirilmaya karsi en hassas materyal %50 AK+%50 ZK’de
olusmustur (7ablo 4). Karigimlar arasi kirilma direncinde dnemli diizeyde farklilik bulunmamigtir (P<0.05).
Aydemir (2017) kenevir saplari, findik ve celtik atiklarin1 materyal olarak kullanarak pelet kirilma
direncini %99.33-%99.90, Yilmaz (2014) ise pamuk saplari ve susam saplarin1 materyal olarak kullandigi
calismada pelet kirilma direnci %99.26-%99.71 degerleri arasinda belirlemistir. Bu ¢alismada elde edilen kirilma
direnci degerleri, Aydemir (2017) ve Yilmaz (2014)’iin bildirmis oldugu degerlerle uyumlu oldugu goriilmiistiir.

Dikey sikistirma direngleri 157.17-235.08 N arasinda bulunmustur (7ablo 4). Dikey sikistirma degeri;
maksimum 235.08 N ile %100 AK’de olurken minimum ise %100 ZK’de 157.17 N olarak belirlenmistir. AK orani
arttikca dikey sikistirma direncinin arttigi goriilmiistiir. Karigimlar arast dikey sikistirma direnglerinde 6nemli
diizeyde farklilik bulunmustur (P<0.05). Atiklariin peletlenmesi ile olusan peletlere uygulanan dikey sikistirma
direnci ¢alismalarinda; Bilgin ve ark. (2016) ¢ay fabrikas: atiklarinda en yiiksek basing degerini 476 N, Garsia-
Maraver ve ark. (2010) zeytin dal1 ve yapraklarinda en yiiksek basing degerini 220 N olarak belirlemislerdir. Bu
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calismada yapilan dikey sikistirma direnci denemesi sonucunda elde edilen degerler, Bilgin ve ark. (2016)
tarafindan bulunan degerlerden diisiik oldugu ancak Garsia-Maraver ve ark. (2010) tarafindan bulunan degerlere
yakin oldugu goriilmektedir. Bu farkliliklarin olmasinin nedeni materyal farkliligindan kaynaklandig1 s6ylenebilir.

Peletlerin nem igerigi %5.40-%6.70 arasinda bulunmustur (7ablo 4). Bu degerler, EN14774-1 standardinda
belirtilen degerlerden (<%10) kiiciik olup standartlara uygundur. Karisimlar arast nem igeriklerinde 6nemli
diizeyde farklilik bulunmustur (P<0.05). Atay ve Ekinci, (2020) linyit kdmiir tozu ve kizilgam aga¢ kabugunun
nem igerigi degerlerini %5.39-%9.15 arasinda oldugunu belirtmistir. Pelet nem igerigi degerleri, bu ¢aligma ile
kiyaslandiginda her ikisinin de EN14774-1 standardinda belirtilen deger araliginda oldugu goriilmiistiir.

Peletlerin tagima veya depolanmas: sirasinda, hava kosullar1 veya yliksek nispi nem kosullari pelet kalitesini
etkilemektedir (Kaliyan ve Morey 2009). Peletlerin depolanmasinda nem almasi peletlerin dayanimlarim
azaltmaktadir (Tabil, 1996; Fasina ve ark. 1996). Peletlerin nem alma degerleri Tablo 4’de verilmistir. Degerler
birbirine yakin olmakla birlikte en fazla nem alma %22.69 ile %100 ZK’de, en az nem alma ise %19.12 ile %100
AK’da go6zlenmistir. Caligmada ZK orant artitkga nem alma orani artmistir. Karigimlar arasi nem alma
direnglerinde 6nemli diizeyde farklilik bulunmamigtir (P>0.05).

Peletlerin ugucu madde miktarlari, sabit karbon ve kiil igerigi degerleri Tablo 5°de verilmistir. En diisiik ugucu
madde miktaria sahip materyal %100 AK’de %52.87 iken, en yiiksek ugucu madde miktarina sahip materyal %
100 ZK’de %64.83 olarak belirlenmistir. ZK orani artik¢a ugucu madde miktarinda artma goriilmiistiir. Karigimlar
aras1 ugucu madde miktarlarinda 6nemli diizeyde farklilik bulunmamistir (P<0.05). Ugucu madde miktarlar ile
yapilan ¢alismada; Atay ve Ekinci (2020) tarafindan yag giilii damitma atiklari, linyit komiir tozu ve kizilgam agag
kabugundan linyit komiir tozunun %75 oranda kullanildig1 karisimda %43.8 iken kizilgam aga¢ kabugunun %75
oranda oldugu karisimda ise %68.5 olarak hesaplamustir. Bu veriler yapilan arastirma ile benzerlik gostermektedir.

Tablo 4. Peletlerin kirilma direnci, dikey sikistirma direnci, nem icerigi, nem alma degerleri

Table 4. Fracture resistance, vertical compression strength, moisture content, moisture uptake values of pellets

Peletler Kirilma direnci Dikey sikistirma Nem icerigi Nem alma direnci
(%) direnci (N) (%) (%)

%100 AK 99.87a 235.08a 5.40bc 19.12a

%100 ZK 99.78a 157.17e 5.46bc 22.69a

%75 AK+%25 ZK 99.62a 210.76b 5.26¢ 20.26a

%25 AK+%75 ZK 99.51a 167.19d 6.12ab 22.24a

%50 AK+%50 ZK 99.21a 181.29¢ 6.70a 21.49a

Satir igerisinde ayni harfleri alan degerler arasinda istatiksel olarak anlamh bir fark yoktur (P<0.05).

Peletlerin ugucu madde miktarlari, sabit karbon ve kiil igerigi degerleri Tablo 5°de verilmistir. En diisiik ugucu
madde miktarina sahip materyal %100 AK’de %52.87 iken, en yiiksek ugucu madde miktarina sahip materyal %
100 ZK’de %64.83 olarak belirlenmistir. ZK orani artik¢a ugucu madde miktarinda artma goriilmiistiir. Karigimlar
arasi ugucu madde miktarlarinda 6nemli diizeyde farklilik bulunmamustir (P<0.05). Atay ve Ekinci (2020)
tarafindan yag giilii damitma atiklar, linyit komiir tozu ve kizilgam aga¢ kabugundan linyit kdmiir tozunun %75
oranda kullanildig1 karigimda %43.8 iken kizilgam aga¢ kabugunun %75 oranda oldugu karisimda ise %68.5
olarak hesaplamistir. Bu veriler yapilan arastirma ile benzerlik gostermektedir.

Sabit karbonun yanmasi sonucu ortaya ¢ikan inorganik atik olarak tanimlanan kiil, yanma teknolojisinin
belirlenmesinde 6nemli bir parametredir (Garcia ve ark., 2014). Peletlerin sabit karbon degerleri %21.26-%31.63
arasinda belirlenmistir (7ablo 5). Karigimlar arasi sabit karbon degerlerinde 6nemli diizeyde farklilik bulunmustur
(P<0.05). Bu degerler, Atay ve Ekinci (2020) tarafindan yag giilii damitma atiklari, linyit komiir tozu ve kizilgam
agac kabugu ile yapmis oldugu arastirmada sabit karbon degerlerini %13.09-%32.49 arasinda oldugunu
bildirmistir. Sabit karbon degerleri yapilan bu ¢alisma ile benzer aralikta bulunmustur.

Peletlerin kiil igerigi degerleri %5.97-%10.08 arasinda bulunmustur (7ablo 5). Maksimum kiil igerigine sahip
materyal %100 ZK’de goriilmiistiir. Karisimdaki zeytin kiispesi miktar1 arttik¢a kiil icerigi degeri dogrusal olarak
artmistir. Karigimlar arasi kiil igerigi degerlerinde 6nemli diizeyde farklilik bulunmustur (P<0.05). Avrupa Pelet
Konseyi EN plus-A1l, En plus-A2 ve EN-B sinifi olmak iizere ii¢ standart belirlemistir. EN plus-A1 i¢in kiil i¢erigi
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degeri %0.7’den diisiik, En plus-A2 i¢in kiil igerigi degeri %1.5’den diisiikk ve EN-B sinifi peletler i¢in %3’den
diistik olmas1 gerekmektedir. Ancak elde edilen tiim kiil igerigi degerleri Avrupa Pelet Konseyi’nce belirlenen
standartlara gore yiiksek kalmistir. Bunun nedeni kimyasal igerik degerlerinin farkli olmasindan kaynaklanabilir.

Tablo 5. Peletlerin ucucu madde miktarlari, sabit karbon ve kiil icerigi degerleri

Table 5. Volatile matter amounts, fixed carbon and ash content values of pellets

Peletler Ucucu madde miktari Sabit karbon Kiil icerigi
(%) (%) (%)
%100 AK 52.87b 31.57a 7.44c
%100 ZK 64.83a 24.53c 10.08a
%75 AK+%25 ZK 55.51ab 31.63a 5.97d
%25 AK+%75 ZK 63.13a 25.62b 9.82b
%50 AK+%50 ZK 62.20a 21.26d 7.50c

Satir igerisinde ayni harfleri alan degerler arasinda istatiksel olarak anlaml bir fark yoktur (P<0.05).
3.2. Peletlere Uygulanan Termogravimetrik Analizler

TGA; uygun sartlarda 1sitilan numunede olusan kiitle degisiminin, zamana veya sicakliga bagli olarak
hesaplandig bir yontem, DTG ise TGA nin birinci tiirevi olup birim zamanda numunede olusan kiitle kaybinin
belirlendigi bir yontem olarak tanimlanmaktadir (Sensogiit, 2002). TGA, yanma 6zelliklerinin belirlenmesindeki
en iyi yontemlerdendir. Pelet numunelerine ait termogramlarda; kirmizi renkli (azalan) egri, sicaklik artigina
baglantili olarak numune kiitlesindeki azalmay1 % cinsinden belirtirken (TGA), mavi renkli (dalgali) egri ise
sicaklik artisiyla baglantili olarak gerceklesen kiitle kaybini % cinsinden belirtmektedir (DTG).

Pelet numunelerinin TGA egrilerinde iki onemli kiitle kayb1 meydana gelmistir. ilk kiitle kayb1 100 °C
sicaklikta gergeklesmistir. Maksimum su kiitlesi kaybi yaklasik %8 ile %100 AK’da goriilmiistiir. Bu deger %75
ZK+%25 AK’da yaklasik %5 iken diger numunelerde yaklasik %7 oldugu gozlenmistir. Numunelerin ikinci kiitle
kayiplar1 %100 AK’de 132-548 °C, %100 ZK’de 176-553 °C, %75 ZK+%25 AK’da 170-551 °C, %75 AK+%25
ZK’de 148-547 °C ve %50 AK+%50 ZK’de 161-556 °C sicakliklar1 araliginda goézlenmistir. Numunelerin
900°C’de maksimum kiitle kayip degerleri yaklasik olarak %100 AK’da %89, %100 ZK’de %76, %50 AK+%50
ZK’de %80, %75 ZK+%25 AK’da %82 ve %75 AK+%25 ZK’de %88 oldugu belirlenmistir (Sekil 5-6, Tablo 6).

N — %75 AF+%25 ZK

— %50 ZK+%350 AF

— %75 ZK+%25 AF

—%]100 AF

— %100 ZK

Sicaklik (*C)

Figure 5. TGA curves of all pellets
Sekil 5. Tiim peletlerin TGA egrileri

Peletlerin baslangi¢ bozunma sicakliklari; %100 AK’de 132 °C, %100 ZK’de 176 °C, %75 ZK+%25 AK
karisiminda 148 °C ve %75 AK+%25 ZK’de 170 °C, %50 AK+%50 ZK’de 161 °C olarak belirlenmistir. ZK orani
artik¢a Ti (°C) degerinde artma meydana gelmistir Peletlerin maksimum bozunma sicakliklari; %100 AK’de 335
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°C, %100 ZK’de 341 °C, %75 AK +%25 ZK’de 327 °C ve %25 AK+%75 ZK’de 336 °C, %50 AK+%50 ZK’de
324 °C olarak bulunmustur (Sekil 5-6, Tablo 6).

Numunelerin final bozunma sicakliklar1 %100 AK’da 548 °C, %100 ZK’de 553 °C, %50 AK+%50 ZK’de 556
°C, %75 ZK+%25 AK’da 551 °C ve %75 AK+%25 ZK’de 547 °C olarak hesaplanmustir (Sekil 5-6, Tablo 6).
Bozulma sicaklik degerleri arasindaki farkliliklarin bilesenler arasinda olusan reaktivite farkliliklarindan
kaynaklanmis oldugu sdylenebilir. Liu ve ark. (2014), Thek ve Obernberger (2004) final bozunma sicakliklarinin
ve maksimum bozunma sicakliklarinin yiiksek olmasi pelet yanma 1s1l oranini artiracagini ifade etmislerdir. Bu
nedenle peletlerin yakacak olarak kullanilmast durumunda ZK oraninin artmasi ile yanma kalitesi yiikselecektir.

Numunelerin minimum kiitle kayip oraninmn %100 AK’de 3.7 % dak™ oldugu ve maksimum kiitle kayip
oramnin %100 ZK’de 7.0 % dak™! oldugu goriilmiistiir. Bu oran %75 ZK+%25 AK’da 5.4 % dak™ iken %50
AK+%50 ZK’de 4.7 % dak ™! ve %75 AK+%25 ZK de 4.5 % dak! oldugu belirlenmistir (Tablo 6). Karisimlar arasi
kiitle kay1p oranlarinda énemli diizeyde farklilik bulunmustur (P<0.05).

Ugucu madde miktarlarina bakildiginda (7ablo 5) %100 ZK’nimn yiiksek oldugu goriilmektedir. Bu durum
icerisindeki organik bilesik miktarmin fazla oldugunu gostermektedir. Organik madde miktarinin fazla olmasi
kiitle kaybinin artmasini saglamaktadir. Bundan kaynakli olarak ¢alismada zeytin kiispesi orani arttikga maksimum
kiitle kay1p oranini arttig1 goriilmiistiir (Sekil 5-6, Tablo 6).

wl {\ — %75 AF+925 ZK
— %75 ZK+%25 AF
— 950 ZK+%30 AF
— %100 AF

—%100ZK

Sicakhik (‘C)

Figure 6. DTG curves of all pellets
Sekil 6. Tiim peletlerin DTG egrileri

Tablo 6. Peletlerin termal bozunma sicakliklar

Table 6. Thermal decomposition temperatures of pellets

Peletler Ti Tmax Tt Kiitle kayip orani
°O) °O) °O) (% dak™)

%100 AK 132 335 548 3.7d

%100 ZK 176 341 553 7.0a

%75 AK+%25 ZK 148 327 547 4.5¢

%25 AK+%75 ZK 170 336 551 5.4b

%150 AK+%50 ZK 161 324 556 4.7¢c

Satir igerisinde ayni harfleri alan degerler arasinda istatiksel olarak anlaml bir fark yoktur (P<0.05).
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4. Sonug

Antep fistig1 kabugu ve zeytin kiispesinin, 5 farkli oranda (%100 AK, %75 AK+%25 ZK, %50 AK+%50
ZK, % 25AK+%75 ZK ve %100 ZK) karistirilmasi ile elde edilen peletlerin elemental analizi ve iist 1s1l degerleri,
pelet parca yogunlugu, kirilma direnci, dikey sikistirma direnci, nem alma direnci, nem igerigi, ugucu madde
miktart, kiil igerigi ve termogravimetrik analizler belirlenmistir.

Yapilan analizlerde elde edilen sonuglar asagidaki sekilde 6zetlenebilir:

Peletlerin nem igerigi degerleri Avrupa Pelet Konseyince belirlenen standartlara uygundur.

ZK orani artik¢a pelet parca yogunlugunda da artma meydana gelmistir.

AK oran arttik¢a dikey sikigtirma direncinde de artma meydana gelmistir.

Peletlerin nem igerigi, EN14774-1 standardinda belirtilen degerlerden (<%10) kiiciik olup standartlara
uygun oldugu gorilmiistiir.

ZK orani artik¢a nem alma oraninda artma meydana gelmistir.

ZK orani arttikea kiil igeriginde artma olmustur.

ZK orani artik¢a Ti (°C) degerinde artig goriilmiistiir.

Kirilmaya kars1 en hassas materyal %50 AK+%50 ZK olurken kirilmaya kars1 en dayanikli materyal, %100
AK olmustur.

Pelet ¢ap ve uzunluklari, EN16127 standardina uygun oldugu sonucuna varilmistir.

%100 AK miktarinin artmasi ile pelet dayaniminin arttig1 belirlenmistir. Peletler dayanim bakimindan
degerlendirildiginde %100 AK tercih edilmesinin uygun olacagi sonucuna varilmistir.

Termogravimetrik ve diferansiyel termogravimetrik analiz sonuglarina bakildiginda ZK orani arttik¢a
maksimum kiitle kayip oraninda da artma meydana gelmistir.

Peletlerin yakacak olarak kullanilmasi durumunda ZK oraninin artmasi ile yanma kalitesinde ylikselme
olacaktir. Yanma agisindan en etkin peletler %100 ZK olan pelet olarak belirlenmistir.

Konuya iligkin oneriler:

Ulkemizde potansiyeli ve gesitliligi fazla olan fakat degerlendirilmesi diisiik olan biyoyakit kaynaklar;
pelet sekline getirilip lilke ekonomisine katki ve ¢evre kirliliginin dnlenmesinde etki saglayabilir.

Enerjide disa bagimliligin diismesi ve potansiyel kaynaklarimizin degerlendirilebilmesi bakimindan
tarimsal kokenli biyokiitle kaynaklarini pelet haline getirerek alternatif enerji iiretilebilir.

Pelet iiretimi i¢in kurulabilecek tesisler kirsal alanlarda is imkani1 olusturabilir.

Pelet liretimi i¢in yatirimeilar devlet tarafindan desteklenip tesvik edilerek yenilenebilir enerji kaynaklarina
olan ilgiyi artirabilirler.

Tesekkiir

Bu ¢alisma Kahramanmaras Siitcii imam Universitesi, Bilimsel Arastirma Projeleri Koordinasyon Birimi tarafindan
desteklenmistir (2018/5-3 YLS).
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Marjinal Arazi Kosullar1 ve EKim Zamaninin Mentha % piperita’nin Verim ve Kalitesine
Etkileri

The Effects of Marginal Land Conditions and Planting Time on the Yield and Quality of
Mentha % piperita

Amir SOLTANBEIGI", Mensure OZGUVEN?

Oz

Marjinal arazi kosullarinda yiiriitiilen bu ¢alismada 2 farkli ekim zamaninin (sonbahar ve ilkbahar) Tibbi Nane
(Mentha x piperita L. var. Mitcham)’nin verim ve kalitesi iizerine etkileri arastirilmistir. Deneme Dogu Akdeniz’in
Cukurova Bolgesinde tesadiif bloklari deneme desenine gore ii¢ tekrarlamali olarak gergeklestirilmistir. Sonuglara
gore en yiiksek bitki boyu (43 c¢m), taze herba verimi (12763 kg ha), kuru herba verimi (3407 kg ha™'), kuru
yaprak verimi (1976 kg ha'!) ve ugucu yag verimi (56.3 Lt ha!) ilkbahar ekimlerinde saptanmstir. En yiiksek ugucu
yag orani 1. bigimlerde saptanarak, ekim zamani agisindan énemli bir fark bulunmamistir. Deneme genelinde en
yiiksek ucucu yag oran1 % 4.0 olarak saptanmistir. Y1l bazinda ilk bigimlere ait verim degerleri daha yiiksek
bulunarak, denemenin son hasadina dogru verimde diisiis izlenmistir. Gaz kromatografisi analizi sonuglarina gore,
oksijenli monoterpenler, M. x piperita ugucu yagmin (% 74.21-80.86) major kimyasal bilesen grubunu
olusturmustur. En yiiksek oksijenli monoterpenler, her iki ekim sezonunda da 1. bigimlerde saptanmigtir. Menthol
(% 23.2-37.46) ve menthone (% 22.82-31.56) major bilesenler olarak belirlenmistir. Menthol orani sonbahar
plantasyonunda daha yiiksek bulunmakla birlikte, bu oran her yil bir dncekine gore diisiis gostermistir. Bigimler
ilerledik¢e menthone orani da yiikselmistir. Menthone arttik¢a, menthol’da diisiis ger¢eklesmistir. a-Pinene (%
2.33-5.61), limonene (% 0.63-4.13), 1,8-cineole (% 5.22-9.98), menthofuran (% 1.47-4.72), isomenthone (% 1.14-
5.95), menthyl acetate (% 2.14-5.2) ve neomenthol (% 1.09-2.5) diger 6nemli bilesenleri olarak tespit edilmistir.
Marjinal arazi sartlarinda yetisen M. x piperita’ya ait tarimsal verim nispeten diisiik olsa da kalite bakimidan
istlin bulunarak, standartlara uyumlu olmustur. M. x piperita kiiltiirii su sorunu olmayan marjinal arazilerde
ekonomik agidan uygundur.

Anahtar Kelimeler: Marjinal arazi, Menthol, Sonbahar, T1bbi nane, Ucucu yag, Ilkbahar
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Abstract

In this research, the effects of 2 different planting times (autumn and spring) on the yield and quality of peppermint
(Mentha % piperita L. var. Mitcham) were investigated under marginal land conditions. The test was conducted in
Cukurova region located in the Eastern Mediterranean by using a randomized complete block design with three
replications. Based on the results, the highest plant height (43 c¢m), fresh herb yield (12763 kg ha'!), dry herb yield
(3407 kg ha'!), dry leaf yield (1976 kg ha') and essential oil yield (56.3 Lt ha'!) was determined in spring planting.
The maximum ratio of essential oil was found in the first cuttings (3.18%). The yield values were higher in the
first cuttings on year basis. With increasing the number of cuttings, a gradual decrease was observed in yield
components. As a result of the gas chromatography analysis, oxygenated monoterpenes constituted the major
chemical component group of M. X piperita essential oil (74.21-80.86%). The highest oxygenated monoterpenes
were specified in the 1% cuttings of both planting seasons. Menthol (23.2-37.46 %) and menthone (22.82-31.56 %)
were identified as the major components. Menthol percentage was higher in spring planting, and this rate has
decreased every year compared to the previous one. As the number of cuttings increased, menthone rate also
enhanced. On the other hand, as the rates of menthone increased, there was a decrease in menthol rates. a-Pinene
(2.33-5.61%), limonene (0.63-4.13%), 1,8-cineole (5.22-9.98%), menthofuran (1.47-4.72%), isomenthone (1.14-
5.95%), menthyl acetate (2.14-5.2%) and neomenthol (1.09-2.5%) were determined as other important components.
Although the agronomic yield obtained from marginal land conditions was relatively lower, it was found superior
in terms of quality and has adapted to standards values. As a result, the cultivation of the M. x piperita is
economically viable in marginal lands without irrigation problems.

Keywords: Essential oil, Fall, Marginal land, Menthol, Peppermint, Spring
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Marjinal Arazi Kosullar1 ve Ekim Zamaninin Mentha % piperita’nin Verim ve Kalitesine Etkileri

1. Giris

T1ibbi nane genel adiyla bilinen Mentha X piperita L., Lamiaceae familyasina ait Avrupa ve Orta Dogu'ya 6zgii
melez, ¢cok yillik, otsu ve rizomatdz bir tiir olarak, vejetatif yollarla iiretilir (Capuzzo ve Maffei, 2016; Arrobas ve
ark., 2018). Tibbi nane diinya genelinde turunggil kabuklarindan sonra en fazla ugucu yagi iiretilen tiir olmakla
birlikte, igerdigi sekonder metabolitlerinden dolay1 ekonomik degeri yiiksek tibbi, aromatik ve baharat bitkileri
kategorisinde yer alir. Mentha tiirleri arasinda en fazla kiiltiirii yapilan tibbi nanenin saglik, ilag, gida, kozmetik
gibi bircok sanayi alaninda genis kullanimi mevcuttur (Omidbeigi, 2013). Ayrica, nane ugucu yagi ve diger
biyoaktif maddelerinden elde edilen iiriinler bitkisel ve gida kdkenli hastalik etmenlerinin yani sira, tarim alaninda
hastalik ve zararlilara kars1 miicadelede yer almaktadir (Aktepe ve ark., 2019; Umarusman ve ark., 2019). Bu tiiriin
toprak iistli aksami1 ugucu yag, fenolik bilesikler, flavonoidler, vitaminler, mineraller ve salisilik asit igerir (Rita
ve Animesh, 2011). Nanenin en 6nemli biyoaktif maddesi, herba ve yapraklarindan su buhar1 damitma yoluyla
elde edilen ugucu yagdir (Nair, 2001). Monoterpenler tibbi nanenin en 6nemli bilesenlerini olustururlar. Menthol
(% 30-55), menthone (% 14-32) ve menthyl acetate (% 2.8-10) ugucu yagin ana bilesenleridir. Diger bilesenler
arasinda limonene (% 1-5), pulegone (% 4'e kadar), menthofurane (% 1-9), isomenthone (% 1.5-10) ve carvone (%
1'e kadar) bulunur (Alankar, 2009; Rita ve Animesh, 2011). Tibbi nanenin ugucu yag kalitesini, yiiksek menthol
ve menthone orani ve diisiik pulegone ve menthofurane orani belirler (Rios-Estepa ve ark., 2008).

Niifus artis1 ve kullanim alaninin geniglemesi ile birlikte tibbi nane ugucu yag1 ve menthol basta olmak iizere,
yan iriinlerine de talep artmaktadir. Boylece sezon dis1 iiretim (Upadhyay ve ark., 2014) ve alternatif arazileri
kullanma gerekliligi gibi uygun {iretim stratejilerinin gelistirilmesi dnem kazanmustir. Ancak, tibbi ve aromatik
bitkilerin yetistirilmesi i¢in tahsis edilen {iretim alanlari, insanlarin besin zincirinde bulunan stratejik tarim
firinlerinin ekim alanlar1 disinda, marjinal arazi dzelligi tasiyan topraklardan segilmelidir (Ozgiiven ve ark., 2012).
Marjinal araziler, erisilebilirligi gii¢, tarimsal faaliyetler bakimindan yetersiz iklim sartlar1, yiiksek gevresel riskler
ve diisiik verimliligin oldugu ve kirilgan bir ekosistem ile taninan fakir topraklardir (Kang ve ark., 2013). Bu
nedenle, marjinal araziler, ekonomik olarak geleneksel tarim iirtinleri tiretimi i¢in uygun olmayan, verimli ve ¢orak
arazilerin arasinda bir ara form olarak kabul edilebilir (SEEMLA, 2016). Niifus artis1, iklim degisiklikleri ve tiretim
alanlarmin azalmasiyla beraber, biyolojik ve ticarilestirilmis organik {iretim kabiliyetinden dolayr marjinal
arazilerin 6nemi artmaktadir (FAO, 2008; Robertson ve ark., 2008). Ote yandan tibbi ve aromatik bitkilerde herba
verimi, sekonder metabolitlerin orani ve kalitesi, genetik yap1 basta olmak iizere, iklim kosullar1 (151k, sicaklik,
yagis, sulama, toprak, yilikseklik, yer vb.), cevre organizmalari, tarimsal teknikler, hasat zamani ve hasat sonrasi
islemlere baglidir (Soltanbeigi ve Sakartepe, 2020). Biyotik ve abiyotik streslere maruz kalan bitkiler, buna bagh
olarak sekonder metabolit biyosentezini arttirir (Mammadov, 2014). Boylece, ¢evresel faktorlerin ve ¢esitli
streslerin stratejik {iriinlerin yetistirilmesini sinirladig1 alanlarda, tibbi bitkilerin kiiltiirii ekonomik bakimdan
ustlinliik saglar (Hanumanthappa ve ark., 2018).

Tibbi ve aromatik bitkilerin yetistiriciligine tahsis edilen araziler, stratejik tarim {iriinlerinin {iretimine uygun
verimli alanlarin kisitlanmasina risk olusturmamalidir. Bu ¢alismada, Akdeniz ikliminden etkilenen Cukurova
bolgesinin marjinal arazi sartlarinda farkli ekim zamanlarinin Mentha % piperita'nin verim ve kalitesine etkisi
arastirilmistir.

2. Materyal ve Metot

2.1. Deneme Lokasyonu

Bu deneme 2011-2014 yetistirme sezonlarinda birbirini izleyen 3 yil boyunca, Cukurova Universitesi, Tarla
Bitkileri Boliimii Arastirma Ciftligi'nin marjinal arazi 6zelliginde olan alanda (37°01'-N, 35°21'-W ve 35 m deniz
seviyesinden ylikseklikte) gergeklestirilmistir. Secilen arazinin, marjinal olarak siniflandirilmasinin nedeni
topragin az verimli ve yogun sekilde tag bulunmasidir. Daha 6nce tahil ekimi yapilan bu arazide, ekonomik verim
elde edilmediginden, zirai faaliyet yapilmamistir. Sicak ve kurak yazlar1 iliman yagish kislari ile tipik bir Akdeniz
iklimini yansitan Cukurova, Akdeniz bolgesinin dogusunda yer almaktadir. Deneme lokasyonuna iliskin bazi
meteorolojik veriler Tablo I' de gosterilmistir. Tarla, Seyhan Nehri'nin farkli boyutlar ve derinlikte ¢akil yataklari
igeren geng aliivyal topraktan olugsmustur. Bu topraklarda, tiim profillerdeki kire¢ miktar1 ¢ok yiiksektir ve organik
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madde miktar1 oldukga diistiktiir (Caligkan ve ark., 2019). 30 cm derinliklerden alinan toprak 6rneklerinin analiz
sonuglar1 Tablo 2'de gosterilmistir.

Tablo 1. Deneme lokasyonuna iliskin bazt meteorolojik veriler

Table 1. Some meteorological data for experimental area

Sicaklik (°C) / Temperature (°C)

Minimum Maximum Ortalama / Average
2011 2012 2013 2014 2011 2012 2013 2014 2011 2012 2013 2014
Ocak / Jan. 6.4 52 6.2 72 15.7 12.8 15.1 18.1 10.1 9 10.7 12.7
Subat / Feb. 6.7 43 8.2 7 17.3 15 18.2 19.3 10.9 9.7 132 132
Mart / Mar. 83 6.2 9.2 10.4 20.1 17.1 20.8 21.8 13.5 11.7 15 16.1
Nisan / Apr. 11.6 12.8 13.2 14.1 22.6 25.8 254 25.1 16.5 19.3 19.3 19.6
May1s / May 15.6 16.6 17.9 16.7 27.1 27 29.9 273 214  21.8 239 22
Haziran / June  20.5 21.2 20.8 19.8 30.6 323 315 309 256 268 262 254
Temmuz /July 243 242 24 25 334 34.1 34 332 28.6 29.2 29 29.1
Agustos / Aug. 247 24.6 23.9 25.7 35.0 36 354 345 295 303 297 301
Eyliil / Sep. 21.5 21.9 20.6 21.7 325 34.5 323 31.8 273 282 265 268
Ekim / Oct. 15.8 17.5 13.8 16.5 28.2 29.6 27.9 27.7 20.8 236 209 221
Kasim / Nov. 8.0 12.5 13.2 10.5 19.5 23.6 24.4 21.9 12.4 18.1 18.8 16.2
Aralik / Dec. 5.8 7.8 6.4 9.8 16.8 16.2 159 18.7 10.0 12 11.2 14.3
Yagis (mm) / Rain (mm) Nisbi nem (%) / Relative humidity (%) _ Giineslenme (h) / Insolation (h)
2011 2012 2013 2014 2011 2012 2013 2014 2011 2012 2013 2014
Ocak / Jan. 76.5 262 64.2 35.7 63.7 72.7 64.9 70 4.5 4 42 53
Subat / Feb. 92.4 122.9 55.7 36.5 62.3 58.6 71.8 63.1 5.8 6.1 5.4 6.8
Mart / Mar. 107 57.9 54.3 47.7 64.6 56.1 57.8 62.5 6.3 5.5 6.9 7.2
Nisan / Apr. 78.3 21.4 100.2 221 66.6 63.4 63.3 64.9 8.1 8.2 7.1 8.1
May1s / May 105.6 79.9 61.5 349 64.1 67.3 64.4 66.2 8.5 8.2 9.3 7.8
Haziran / June = 49.4 17.1 0.9 89.8 66.2 60 59.6 66.6 9.9 9.8 10.7 10.4
Temmuz / July 0 14 0 35 67.2 52.8 64 70.3 9.6 8.4 10.9 9.6
Agustos / Aug. 0 0.1 19.8 0.2 62.9 56.9 67.3 70.6 9.5 9.7 11.2 9.1
Eyliil / Sep. 4.1 0 319 95.4 60.4 59 59.1 63.3 8.8 10.3 9.2 8.6
Ekim / Oct. 5.8 63.4 40.1 54.9 47.9 61.2 49.9 64.3 7.98 6.6 8.6 7.7
Kasim / Nov. 44.1 128.3 6.1 66.5 53.8 66.9 61.4 59.1 6.31 6 6.2 6.3
Aralik / Dec. 1564 2984 21.5  106.4 66.4 76.1 49 72.8 4.03 3.8 4.9 4.3

Toplam / Total 719.6 10654 4562 593.6
Turkish State Meteorological Service

Tablo 2. Deneme tarlasinin topragina ait bazi fiziko-kimyasal ozellikler (30 cm derinlik)
Table 2. Some physico-chemical properties of the experimental field soil (at 30 cm depth)

Yapi / Texture g 5 0
: 2. S 52 92 &2 o2 s£E =%
Kum . Kil = a0 O 8 - o &S O 2 o o = =
smd o cwy 3 B mggs & g= 4= Ng =g 2§ Of
(%) (%) g g g
554 238 208  0.64 7.68 0.1 324 0.21 11.2 24.6 3.6 6.4 2.7 0.85

2.2. Bitki Materyali, Uygulama ve Deneme Deseni

Bu caligmada tibbi nane (Mentha x piperita L. var Mitcham)’nin rizomlar1 bitki materyali olarak kullanilmistir.
Rizomlar 3 yillik anag tibbi nane tarlasindan temin edilmistir. Sonbahar ve ilkbahar ekimlerine iligkin 6nceden
stirme (30 cm derinlikte), diizleme ve parselizasyon gibi tarla hazirligi islemleri yapilmis olup, 29 Kasim 2011 ve
10 Mayis 2012 tarihlerinde 15-20 em'lik rizom pargalar1 u¢ uca ve 10 cm derinlige dizilip tisti kapatilmistir.
Ekimle beraber toprak analizi raporuna gore (Tablo 2) 80 kg ha! N ve 90 kg ha! P2Os siralara 10 cm mesafe ile 5
cm derinlige uygulanmistir ve ardindan sulama yapilmustir. ikinci bicimden sonra tekrar 40 kg ha™! N parsellere
uygulanmustir. Giibreleme iglemi benzer sekilde 2. ve 3. deneme yillarinda da tekrarlanmistir. Parsel boyutlar 5.1
x 3m (15.3 m?) olup, sira araliklar1 50 cm tutulmustur. Deneme desenti, tesadiif bloklar1 deneme desenine gore 3
tekrarlamali olarak ayarlanmistir. Bitkilerin su ihtiyacina goére deneme siiresince sulama islemi diizenli olarak
yagmurlama sulama sistemi ile ger¢eklestirilmistir.

2.3. Bigim ve Kayitlar

Bicimler ¢igeklenme baslangicinda gergeklestirilmistir (7ablo 3). Bigim Oncesi her parselin ortalarindan
rastgele 10 bitki se¢ilip, boylar: 6l¢iilmiistiir. Daha sonra ilgili parsellerin 50 cm ¢evre bitkileri kenar tesir olarak
g6z ard1 edilip tiim parsel 5-8 cm toprak seviyesinden bag makasi ile bigilerek taze herba verimi kaydedilmistir.
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Taze herba verimini belirlemek amaciyla her uygulamay1 temsil edecek belli miktarda bitki ayrilip, kabin tipi
kurutma dolabinda 37 °C'de 72 saat siire ile kurutulmustur. Yaprak ve sap agirliklarimi tespit etmek igin her
uygulamadan drnekler alinip, yaprak ve saplari ayrilarak tartilmistir. Ayrilan yaprak ve saplar kabin tipi kurutma
dolabinda 37 °C'de 72 saat siire ile kurutulmus ve kuru degerleri kaydedilmistir.

Tablo 3. Ekim zamanlarina gore bicim tarihleri
Table 3. Cuttings dates according to planting times

Ekim zamani1 Sene Bicim Tarihi / Cutting dates

Planting time Year 1.Bigim / 1% Cutting 2. Bi¢im / 2™ Cutting
Sonbahar / Fall 1. Sene 23 Temmuz / July 2012 14 Kasim / Nov. 2012
[Ikbahar / Spring 1* Year 06 Agustos / Aug. 2012 14 Kasim / Nov. 2012
Sonbahar / Fall 2. Sene 10 Temmuz / July 2013 30 Eyliil / Sep. 2013
IIkbahar / Spring 2" Year 10 Temmuz / July 2013 30 Eyliil / Sep. 2013
Sonbahar / Fall 3. Sene 2 Temmuz / July 2014 15 Eyliil / Sep. 2014
[Ikbahar / Spring 3" Year 2 Temmuz / July 2014 15 Eyliil / Sep. 2014

2.4. Ucucu Yag Izolasyonu

Elde edilen kuru yapraklar su distilasyonu yontemi ile neo-Clevenger cihazinda volumetrik olarak saptanmustir.
flgili rneklerden alinan 30 g kuru yaprak, 300 ml saf su ile birlikte 1 L’lik cam balonlarda 180 dk distilasyona
tabii tutulmus, sonuglar yiizde olarak belirlenmistir. Elde edilen ugucu yaglar anhidrus sodyum siilfat ile dehidrate
edilip, kromatografik analizlere kadar +4 °C’de amber viallerde saklanmustir.

2.5. GC-MS Analizler

Ugucu yaglarin kimyasal bilesenlerini belirlemek igin alev iyonlagma detektorii (FID) entegreli gaz
kromatografi (GC) sistemi (Agilent Technologies, 7890B) ve kiitle spektrometresi detektorii (MSD) (Agilent
Technologies, 5977A) kullanilmigtir. Bilesiklerin ayrigtirtlmasi i¢in HP-Innowax (Agilent 19091N-116: 60 m x
0.320 mm i¢ ¢ap ve 0.25 um film kalinlig1) polar kolon GC’ye baglanmistir. Helyum (% 99.999) tasiyic1 gaz 1.3
mL dk! akig hiziyla, enjeksiyon hacmi 1 pl ile (20 pL ugucu yag, 1 mL n-Hekzan’da seyrelmis) ve ¢oziicii gecikme
stiresi 8.20 dakika olacak sekilde analiz kosullart olusturulmustur. Enjeksiyon, split modunda (40: 1)
gergeklestirilmistir. Enjeksiyonla birlikte firin programi 70 °C’de 5 dk bekleme siiresi ile baglatilmistir. Bu sicaklik
3 °C dk! artisla 160 °C’ye yiikseltilip, 5 dk bekletilmistir. Son asamada, sicaklik 6 °C dk! artigla 250 °C’ye
ulasmis, 5 dk bekletilerek, sonlandirilmigtir. Detektor, enjektor ve iyon kaynagi sicakliklari sirasiyla 270 °C,
250 °C ve 230 °C olarak ayarlanmistir. MS igin tarama araligi (m z!') 50-550 atomik kiitle {initesi (AMU) ve
elektron bombardimani (EI) iyonizasyonu 70 eV kullanilmistir.

Alikonma indeksleri (RI), C7-Cso n-alkanlarin (Sigma-Aldrich) GC/FID sistemine (Agilent Technologies,
7890B) esit kosullarda enjekte edilerek belirlenmistir. Ugucu yag bilesenlerinin tanimlanmasi, alikonma
indeksleri, ABD Ulusal Standartlar ve Teknoloji Enstitiisii'niin (NIST) bilgisayar kiitiiphanesi veri tabani, Wiley
kiitiiphaneleri, diger yaymlanmig kiitle spektrum verileri (Adams, 2017) ve mevcut veri tabanimizin
karsilastirilmasiyla gergeklestirilmistir. Relatif bolluk (relative abundance / % alan), her bilesigin pik alani ile tiim
bilesiklerin alanlarinin toplami arasindaki orana dayali olarak elde edilmistir. Analizlerde yamit faktorii
hesaplanmamustir.

2.6. Istatistiksel Analizler

Elde edilen veriler MSTAT-C bilgisayar yazilim programi kullanilarak bi¢im faktorii etkisi ile zamanda boliinmiis
parseller deneme desenine gore analiz edilmistir. Uygulamalarin ortalamalari 0.05 olasilik diizeyinde En Kiigiik
Giivenilir Fark (EGF/LSD) yontemi kullamilarak karsilagtirlmistir. Ekim zamani ve bigimler arasindaki parametrelerin
varyasyonlarini belirlemek i¢in numuneler iizerinde varyans analizi yapilmustir.
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3. Arastirma Sonuclar1 ve Tartisma
3.1. Bitki Boyu

Bitki boyu bakimindan ekim zamanlar arasinda 6nemli fark (P<0.05) tespit edilmistir. Sonuglara gore, ilkbahar
ekimleri daha yiiksek bitki boyuna ulagsmigtir. Deneme siiresince 3 senede toplam 6 bi¢im yapilmig olup, bitki
boyu faktoriinde bigimler arasi fark énemli (P<0.01) bulunmustur. Boylece, 1. senenin 1. bi¢imi en fazla bitki
boyu ortalamasina sahip olmustur. Her sene yapilan hasatlarin ilk bi¢imleri daha uzun bitkiler iiretmistir. Ancak,
her sene bitki boylarinda énemli diizeyde diisiisler goriilmistiir. En diigiik bitki boyu ise son bi¢imde saptanmistir
(Tablo 4).

Tablo 4. M. % piperita’da ekim zamani ve farkl bicimlerin incelenen verim ve kalite zellikleri iizerine etkisi

Table 4. The effect planting time and various cuttings on the examined yield and quality characteristics in M. %

piperita
Kuru Ugucu Yag
Bitki Boyu Taze I?Ier.ba Herba Kuru Yap.rak Yaprak:Sap Ugucu Yag Verimi
Verimi .. Verimi .
Uygulamalar Plant Fresh Herb Verimi By iz Orani Orani Essential
Treatments Height . Dry Herb . Leaf:Stem Essential Oil Oil
Weigh . Weight . . .
(cm) (kg ha™)t Weight (kg ha™") Ratio Ratio (%) Yield
& (kg ha) g (L ha')
Ekim zamani / Planting time
Sonbahar (S) / Fall 36.5b 83452 b 244230 1505.6 b 1.76 2.37 3634 b
[Ikbahar (1) / Spring 43.1a 12763.8 a 3407.7 a 1976.0 a 1.55 2.75 5630 a
Bicim / Cutting
1. Big. (1. Sene) / I* Cut. 76.2 a 16364.7 a 3799.2 a 2046.3 b 1.22¢ 3.18a 65.74 a
2. Big. (1. Sene) / 2" Cut. 37.0c¢ 11968.7 b 3608.8 a 17843 ¢ 1.00 ¢ 2.17b 51.00 b
3. Big. (2. Sene) / 3 Cut. 4420 134164 b 3666.1 a 24999 a 236a 2.88b 71.36 a
4. Big. (2. Sene) / 4™ Cut. 30.1d 8981.2 ¢ 2593.2b 1593.5 cd 1.68 b 235¢ 3720 ¢
5. Big. (3. Sene) / 5" Cut. 26.4d 7285.6 cd 2190.7 ¢ 1427.1d 1.82b 2.15¢cd 30.01 cd
6. Big. (3. Sene) / 6™ Cut. 24.8d 5310.3d 1692.1d 1093.6 ¢ 1.87b 2.08d 22.60d
EGF s/ LSDes) 5.501 2096.0 356.1 203.8 0.3047 0.2555 15.49
Ekim zamani x Bigim / Planting time x Cutting
Sx1.B 75.1 112822 ¢ 3503.8 ¢ 2031.1 be 1.40 cd 2.35d 48.28 cd
Sx2.B 32.6 9383.0 cd 2843.1d 1493.7 eg 1.10 de 2.17d 33.25ef
Sx3.B 43.0 9461.7 cd 2517.5 de 1859.6 bd 28la 2.97 be 5471 ¢
Sx4.B 252 8234.2 de 2305.2 eg 1414.8 th 1.64 be 2.37d 33.23 ef
Sx5 B 21.7 6800.8 df 1950.2 th 1228.4 gi 1.71 be 2.56d 27.66 £
Sx6.B 21.3 4909.1 f 15343 h 1005.8 i 191b 2.08d 2092 f
ix1.B 71.3 214472 a 4094.6 b 2061.5b 1.04 de 4.00a 83.19a
ix2.B 413 14554.4 b 4374.5 ab 2075.0 b 090¢ 330b 68.76 b
ix3.B 453 173712 b 4814.7 a 31402 a 191b 2.79¢ 88.0la
ix4.B 35.0 9728.2 cd 2881.3d 1772.2 ce 1.72 be 2.33d 41.17 de
x5 B 31.0 7770.4 df 2431.2 df 1625.7 df 1.92b 2.03d 32.36 ef
ix6.B 28.4 5711.4 ef 1849.9 gh 1181.3 hi 1.83b 2.07d 2429 f
EGF s/ LSDes) - 2964.0 503.6 288.2 0.4309 0.3613 12.65
DK’/ CV. (%) 11.49 16.49 10.11 9.72 15.22 8.33 16.04

Kigiik harfler ile iseretlenmeyen ortalamalar, EGF 5) analizine gore anlamli bulunmamustir.
2 ve " sirast ile En Kiigiik Giivenilir Fark ve Varyasyon Katsayisi

Ekim zamani itibariyle sonbahar ekimi uzun siire biiyiime ve gelisme dénemine sahip olmasina karsin, ilkbahar
ekimi daha yiiksek bitki boyuna ulagmistir. Bu ¢alismanin ¢ogaltma materyalini olusturan tibbi nane rizomlar1
sonbahar ekiminin plantasyonu igin sezon sonunda elde edilmis olup, toprakla bulustugunda soguk aylara maruz
kalmigtir. Bu durumda muhtemelen rizomlar zayif olmakla beraber diisiik sicakliklardan olumsuz etkilenmistir.
Ayrica, rizomlar kis aylarinda durgunluk evresine ugradigindan kendi besin kaynaklarini1 6nemli oranda tiiketmis,
havalarin 1sinmasi ile tekrar gelisim fazina gegmek igin de belli bir zaman kayb1 yagamistir. Bu durumun aksine
ilkbaharda elde edilen rizomlar gelisme siirecinde olup, yeni plantasyonda zaman kaybetmeden biiyiime ve
filizlenmeye devam etmistir. Y1l bazinda ilk bigimlerin daha uzun boylu olmasi ilkbahar yagislarinin ve nisbi nem
oraninin yiiksek olmasimin yaninda, daha uzun vejetasyon periyodundan kaynaklanmig olabilir (Tugay ve ark.
2000; Telei, 2001; Yesil ve ark. 2018). Bununla birlikte, marjinal arazi kosullar1 ve bitkilerin yaslanmas1 gibi
faktorler, zamanla bitki boyunu kisaltmistir. Bu ¢alismada bulunan sonuglar ¢esitli bilimsel arastirma sonuglari ile
uyum igerisindedir (Mansoori, 2014; Joshi ve ark. 2018).
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3.2. Taze Herba Verimi

Tablo 4 incelendiginde, taze herba verimi agisindan ekim zamani (p<0.05), bigimler (p<0.01) ve bu iki ana
faktoriin interaksiyonu (p<0.01) istatistiksel olarak 6nemli (p<0.01) bulunmustur. Taze herba verimine ait ortalama
degerler incelendiginde; ilkbahar ekiminin daha yiiksek agirliga ulagmistir ve sonbahar ekimlerinden % 35 daha
fazla taze bitki iiretmistir. Birinci seneye ait ilk bigim en yliksek taze herba verimine sahip olmustur. 3. ve 2.
bi¢imler ayni istatistiksel grupta yer alarak sirasiyla 1. bi¢imi takip etmislerdir. En son siralarda ise 4., 5. ve 6.
bigcimler yer almistir. Sene bazinda ilk bi¢imlerin verimi daha yiiksek olmustur. Ekim zamani ve bigim
interaksiyonu bakimindan ilkbahar ekimin 1. bi¢imi daha yiiksek taze herba verimine ulagmistir. Sonbahar
ekiminin 6. bigimi de en diisiik degere sahip olmustur. Iki ana faktdriin sonuglarma bakildiginda, interaksiyon
degerleri agiklanabilmektedir (7ablo 4).

Nane plantasyonu ile ilgili sonbahar-kislik ekimleri verimlilik agisindan daha uygun olarak tavsiye edilmistir
(Ozel ve Ozgiiven, 1999; Ebrahim Ghochi ve ark., 2017). Fakat, ilkbahar bitkilerinin daha verimli olduguna dair
de kayitlar bulunmaktadir (Davazdahemami ve ark., 2008; Omidbeigi, 2013). Ancak, rizomla ¢ogaltilan bu
denemede ilkbahar ekimleri daha yiiksek herba verimine sahip olmustur. Bu durum, tiir, iklim, ¢ogaltma teknikleri,
zirai iglemler gibi farkli faktorlerden kaynaklanabilir. Bitki boyu konusunda da belirtildigi gibi ki aylarina dogru
rizomla kurulan plantasyon, ilkbahar ekimine kiyasla seyrek ve zayif olmustur. Baslangicta sonbahar ekimlerinde
zay1lf gelisen bitkilerin durumu muhtemelen bir sonraki sezonlara da yansimistir ve genel olarak sonbahar
ekimlerinin verimi diisiik olmustur. Sene bazinda ilk bigimlerin yiliksek verime sahip olmasi, daha uzun gelisme
periyodunun yaninda, biiylik dl¢iide kis ve ilkbahar yagislar1 ile yiiksek nisbi nem orani ve giin uzunluguna baglh
giines 1s1indan yeterli faydalanmasindan kaynaklanmis olabilir. Deneme boyunca verimin siirekli diismesi ise
topragin tarimsal verimliliginin azalmasi, besin elementlerinin tiikenmesi ve bitkilerin fizyolojik yaslanmasiyla
iliskili olabilir. Ote yandan denemenin kuruldugu marjinal arazi kosullar1 da bu komplikasyonlarin siddetini ve
hizint arttirnustir. Ozel ve Ozgiiven (1999), sonbaharda (Ekim ve Kasim) gelikle kurulan plantasyonlarin taze
herba veriminin, ilkbahar bitkilerine kiyasla daha yiliksek oldugunu belirtmislerdir. Bu arastirmacilar 3 farkli M. x
piperita gesit ve popiilasyonunda ortalama en yiiksek ve en diisiik taze verimi sirastyla 38750 ve 20420 kg ha'!
bulmuslardir. Ayrica, Mentha % piperita L. var Mitcham’da 2. yetistirme sezonunda taze verim kayb1 goriilmiistiir.
Fejér ve ark., (2017), M. x piperita iizerine 3 yil siiren denemede, yillar bazinda ilk bi¢imlere ait taze herba
veriminin daha yiiksek oldugunu bildirmislerdir. Ilk bigimlerin daha yiiksek verime sahip oldugu benzer
calismalarla da desteklenmistir (Yesil ve ark. 2018; Ostadi ve ark., 2020). Ikinci bigimlerde azalan fotoperiyotla
beraber sicaklik, 151k kalitesi ve gece-giindiiz sicaklik farki bitkilerin vejetatif gelisiminin yavaslamasina ve buna
bagli verimin diismesine neden olabilir (Yilmaz, 2018).

3.3. Kuru Herba Verimi

Denemeye ait kuru herba verimi ile ilgili sonuglar Tablo 4’te verilmistir. Bu sonuglara gére ekim zamani, bigim
ve ekim zamani X bi¢im interaksiyonunun ortalama degerleri % 1 diizeyinde istatistiksel agidan Onemli
bulunmustur. ilkbahar ekimlerinin kuru herba verimi sonbahar ekimlerine gére daha fazla olmustur. Y1l bazinda
ilk bigimler daha yiiksek kuru herba verimine sahip olmakla beraber, bu degerlerde siirekli bir diisiis izlenmistir.
En yiiksek ve en diigiikk kuru herba verimleri sira ile ilk ve son bigimde saptanmistir. Ekim zamani x bigim
interaksiyonu bakimindan, en yiiksek kuru herba verimi ilkbahar ekimlerinin 3. bi¢ciminde elde edilmistir. En
diisiik deger ise sonbahar ekimlerinin 3. bigimine ait olmustur. Bitkinin kuru herba degerleri taze herba verimine
tabidir ve oransal olarak taze herba verimini takip eder. Ancak, zirai uygulamalar ve yetistirme kosullar! basta
olmak tizere bitkilerin genetik yapisi ve bdlgenin ekolojik 6zellikleri gibi bazi faktdrlerin de kuru herba verimi
iizerinde oldukca 6nemli etkileri vardir (Alkire ve Simon, 1996; Ozgiiven ve Kiric1, 1999; Tugay ve ark., 2000;
Telci ve ark, 2015). M. x piperita’da ilk bi¢cimlerden alinan kuru herba veriminin uzun yetisme siiresine baglt
olarak 2. bigimlere gore daha yiiksek oldugu tespit edilmistir (Izadi ve ark., 2010; Kassahun ve ark., 2011).

3.4. Kuru Yaprak Verimi

Ekim zamani (p<0.05), bigim (p<0.01) ve ekim zamani x bi¢im interaksiyonunun (p<0.01) kuru yaprak verimi
iizerine etkileri istatistiksel olarak dnemli bulunmustur (Tablo 4). Sonuglara gore ilkbaharda bitkiler yaklasik %
24 oraninda daha yiiksek kuru yaprak verimine ulagmistir. Her ne kadar y1l bazinda ilk bi¢imler daha fazla kuru
yaprak verimine sahip olsalar da ilk bigimden sona dogru diisiis egimi izlenmemistir. En fazla kuru yaprak verimi
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2. senenin 1. bigiminde tespit edilmistir. Iki ana faktdriin interaksiyon sonuglarma gore en yiiksek kuru yaprak
verimi, kuru herba veriminde saptandigi gibi, ilkbahar bitkilerinin 3. bigiminde goriilmiistiir.

Taze ve kuru herba verimlerinde agiklandig1 gibi, kuru yaprak verimi ilkbahar ekimleri ve sene bazinda ilk
bi¢imlerde yiiksek ¢ikmistir. Maksimum kuru yaprak veriminin 2. senenin 1. bigiminde goriilmesinin nedeni
muhtemelen bitkilerin 2. senenin basinda besin kaynaklarindan daha etkin yararlanmasi ve fazla dal {iretmesi
neticesinde yaprak sayisinin artmasindan ortaya ¢ikmistir. Bitkilerde ikinci yil toprak alti organlarda daha fazla
besin maddesinin depolanmasi, bitkilerin hizl1 ve daha giir gelismesine neden olmaktadir (Duriyaprapan ve ark.,
1986, Singh ve ark., 1995). ik bigimlerde uzun giinlere bagh olarak giineslenme siiresinin artmasi, bitkinin
gelisimini olumlu yonde etkileyerek, yaprak alanini ve kuru madde birikimini arttirir. Glineslenme stiresi veya 151k
siddetinin artmasi ile kuru herba ve kuru yaprak veriminin yiikseldigi bildirilmistir (Fernandes ve ark., 2013).
Yilmaz (2018), M. % piperita L. tiiriine ait farkli klon ve ¢esitlerde 2. sene kuru yaprak veriminin arttigini ve ilk
bicimlerde daha yiiksek verime ulastigin1 bildirmistir. Yesil ve ark. (2018), benzer sonuglar kaydetmislerdir.

3.5. Yaprak:Sap Oram

Bigim (p<0.01) ve ekim zamani X bi¢im interaksiyonunun (p<0.05) yaprak:sap orani iizerine etkileri
istatistiksel olarak 6nemli bulunmustur (7ablo 4). Sonuglara gore kuru yaprak veriminde oldugu gibi en fazla
yaprak:sap orani 3. bigimde saptanmistir. 4., 5. ve 6. bigimler istatistiksel olarak ayni grupta yer alarak, ikinci
sirada yer almiglardir. En diisiik yaprak:sap orani ise 1. ve 2. bigimlerde izlenmistir. Ekim zamani X bi¢im
interaksiyonunun en yiiksek yaprak:sap orani sonbahar bitkilerinin 3. bigiminde saptanmistir. Yaprak:sap orani,
fotosentetik asimilatlar {iretimi agisindan bitkilerin dnemli biiyiime endekslerinden biridir. Bu parametre biiyiik
Olgtide kuru yaprak verimini etkileyebilecek tarimsal uygulamalar, iklim, genetik yapi ve bitkinin yas1 gibi
faktorlerden etkilenir (Koocheki ve Sabet Teimouri, 2011). Yaprak:sap oraninin yiiksek olmasi, nane bitkisinin
ekonomik organi olan yapraklarin iyi verime ulastigimi gostermektedir. Ancak, olumlu yorumlanmasi igin
bitkilerin optimal verimlilige ulasmasi1 gerekir. Sonuglara gére 2. senede ve bitkinin istikrari ile birlikte yaprak sap
orant artig gostermistir. Daha once de tartisildigi gibi bitkinin gelisimi ile birlikte, yaprak sayisinin artmasi
beklenir. Bu artis yaprak:sap oraninda da artisa neden olur. Ote yandan kuru yaprak agirligindaki artis, yaprakta
kuru madde oraninin artisinin gostergesidir. Yapraklarin kuru agirlik egrisi sigmoidaldir ve normal sartlarda
zamanla yaprak gelisimi ve biiyiimesi devam eder. Ancak, yetisme mevsiminin sonuna dogru yaslanma ve
defoliyasyon sebebiyle diisiisler izlenir (Azarpour ve ark., 2012). Bu ylizden hasat doneminin de yaprak:sap orani
iizerinde dnemli etkileri bulunmaktadir.

3.6. Ugucu Yag Orant

Bigim (p<0.01) ve ekim zamani x bigim interaksiyonunun (p<0.01) ugucu yag orani {izerine etkileri istatistiksel
olarak onemli bulunmustur (Tablo 4). ilkbahar bitkileri daha fazla ugucu yag oranima sahip olmustur, fakat bu
ustlinliik istatistiksel olarak onemli bulunmamistir. Herba ve yaprak veriminde goriildiigii gibi denemenin her 3
senesinde de ilk bigimler daha yiiksek oranlara ulasmistir. En fazla ugucu yag biyosentezi 1. bigimde izlenmistir.
Sonuglara gore, ugucu yag oranlarinda her sene diisiis goriilmiistiir. Ekim zamani x bigim interaksiyonunda ise en
fazlaugucu yag orani ilkbahar bitkilerinin 1. bigiminde bulunmustur. Ekim zamani x bigim interaksiyonu sonuglart
incelendiginde, ugucu yag orani bakimindan ilkbahar ekimi istiinlik saglamistir. Tibbi ve aromatik bitkilerde
ucucu yaglar gibi sekonder metabolitlerin tiretimi ve kalitesi, genetik yapi, iklim kosullar1 (151k, sicaklik, yagis,
sulama, toprak, ytikseklik, yer vb.), cevre mikro ve makro organizmalari, uygulanan tarimsal teknikler, hasat
zamani ve iiretim sonrasi iglemlere baghdir (Soltanbeigi ve Sakartepe, 2020). Bu faktdrlerle birlikte, M. X piperita
ugucu yag orant dnemli dl¢iide salgi tiiylerinin bilyiikliigii ve monoterpenlerin biyosentez hizindan etkilenir. Salgi
tiiyleri kendi gelisme donemlerinde farkli ¢evresel kosullar altinda ayn1 davranist sergiler. Sonug olarak ugucu yag
oranin da salg tiiylerinin biiytikliigii ve sayisi ile yliksek bir korelasyona sahip oldugu bildirilmistir (Rios-Estepa
ve ark., 2008; Rios-Estepa ve ark., 2010). Bu bilgilere dayanarak, ilkbahar ile sonbahar ekimlerinden elde edilen
ucucu yag oraninda onemli bir fark goriilmemesi, genetik yapinin diger faktorlere karsi daha baskin oldugu ile
aciklanabilmektedir. Ugucu yag biyosentezi uzun giinlerde ve siddetli 1siklarda artis gdsterir (Chang ve ark., 2008;
Fernandes ve ark., 2013). Ilk bigimlerin uzun vejetasyon siiresine sahip olmasi, besin kaynaklarindan daha fazla
yararlanmas1 anlamina gelmekte olup, ugucu yag miktariin da artmasi beklenir. Izadi ve ark., (2010) ve Yilmaz
(2018) sira ile Iran ve Tiirkiye’de M. X piperita iizerine yaptiklari arastirmalarda, ilk bigimlerde elde edilen ugucu
yag oraninin ikinci bigimlere gore daha yiiksek oldugunu saptamiglardir. Bu sonuglar ¢alismada elde edilen
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bulgular1 desteklemektedir. Ayrica, M. X piperita ugucu yag orani iizerinde farkli besin maddelerinin olumlu
etkileri tespit edilmis olup (Zheljazkov ve ark., 2010), kurutma yontemi, siiresi ve sicaklig1 da ugucu yag oranini
onemli derecede etkilemektedir (Beigi ve ark., 2018). Kurutulmus ve taze M. X piperita yapraklarindan elde edilen
ugucu yag orani sirastyla % 3.2 ve % 2.9 olarak belirlenmistir (Ayran ve ark., 2018). Ozel ve Ozgiiven (1999), M.
x piperita L. var Mitcham’da ilkbahar ekimlerinin ugucu yag oranini sonbahar ekimlerine gore kismen daha
yiiksek bulmuslardir. Bu sonug elde edilen bulgularla benzerlik gdstermektedir. Ozgiiven ve Kirict (1999),
Cukurova bolgesinin iki farkli lokasyonunda (Adana ve Pozanti) yiiriittiikkleri denemede, M. X piperita L. var
Mitcham’da ugucu yag oranini % 2.48-4.99 olarak bildirmislerdir. Bu ¢aligmanin Adana lokasyonuna ait minimum

ve maksimum ugucu yag orant sira ile % 2.93 ve % 4.99 olarak saptanmigtir. Verimli tarim arazisinde kurulan bu
caligmaya ait en yiiksek oran 2. senenin 1. bi¢iminde tespit edilmistir. Genel olarak bu degerler bu ¢alismanin
bulgularindan daha yiiksektir. Bu durumun marjinal arazi kosullarindan kaynaklandigi tahmin edilmektedir.

3.7. Ugucu Yag Verimi

Ekim zamani (p<0.05), bi¢im (p<0.01) ve ekim zaman1 X bi¢im interaksiyonunun (p<0.01) ugucu yag verimi
iizerine etkileri istatistiksel olarak énemli bulunmustur (7ablo 4). Sonuglara gore, en yiiksek ugucu yag verimi
ilkbahar bitkilerinden elde edilmistir. Bigimler bakimindan en yiiksek ugucu yag verimi 3. bigimde (2. senenin 1.
bigimi) saptanmigtir. Diger parametrelerde de oldugu gibi yil bazinda ilk bigimler {istiinliik gostermistir ve sezonlar
gectikce toplam ugucu yag veriminde diisiis izlenmistir. Ekim zamani X bi¢im interaksiyonuna gore en yiiksek
verim ilkbahar bitkilerinin 3. bigiminde saptanmigtir. En diigiik verim ise sonbahar bitkilerinin 6. bigiminde
goriilmiistiir. Nanede daha fazla ugucu yag orani ile birlikte ugucu yag veriminin de yiiksek olmasi istenilen bir
ozelliktir. Ugucu yag verimi kuru yaprak verimi ile ugucu yag orani iizerinden hesaplandigindan bu o6zellikler
iizerinde etkili olan faktorler ugucu yag verimi tizerinde de dnemli etkilerde bulunmaktadir (Sharma ve ark., 1992;
Telci, 2001). Sonug olarak, ugucu yag verimi dogrudan kuru yaprak verimi ve ugucu yag oranina baglidir. Ozgiiven
ve Kirict (1999), Adana’da yiiriittiikleri calismada M. x piperita L. var Mitcham’in ugucu yag verimini 2 yil ve 3
bigimde sira ile 30.2 L ha™! (1. bigim), 55.9 L ha! (2. bi¢im), ve 23.5 L ha! (2. y1l 3. bigim) olarak bildirmislerdir.
Ug bigim alinan bu galismanin toplam yag verimi 109.6 L ha™! olmustur. Ozel ve Ozgiiven (1999), M. x piperita
L. var Mitcham’da sonbahar ekimlerinin ugucu yag oranini ilkbahar ekimlerine kiyasla daha yiiksek bularak birinci
yilda ortalama 124.6 L ha'! ve ikinci yilda ise 91.0 L ha™! ugucu yag verimi almislardir.

3.8. Ugucu Yag Bilesenleri

GC-MS analizleri sonucu toplam 45 kimyasal bilesen tanimlanmistir (7ablo 5). Bu sonuglara gore menthol (%
23.2-37.46) ve menthone (% 22.82-31.56) major bilesenler olarak belirlenmistir. En yiiksek menthol orani
sonbahar ekiminin 1. bigiminde saptanmustir. Seki/ 1°de goriildiigii gibi sonbahar bitkilerinde sentezlenen menthol
orani, ilkbahar bitkilerine kiyasla yiiksek bulunmustur. Deneme siiresince, menthol orani her yil bir 6ncesine gore
diisiis gostererek, en yiiksek ve en diisiik oranlar sira ile her iki ekim zamaninin ilk ve son bigimlerinde izlenmistir.
Her iki ekim zamaninin 2. senesinin disinda ilk bigimler daha yiiksek menthol oranina sahip olmustur. En yiiksek
Menthol orani ilkbahar ekiminin 5. bigiminde tespit edilmistir (7ablo 5). Sonbahar ve ilkbahar ekimlerinde
menthone orant bakimindan, bariz bir fark bulunmamakla birlikte, menthol oraninin tam tersi sekilde yil gegtikge
menthone oranlarinda da artig ger¢eklesmigtir. Menthol oranlarinda izlendigi gibi ilkbahar bitkilerinin 1. senesi
haric, ilk bigimler daha yiiksek menthone oranima sahip olmustur. ikinci bicimler serin aylarda gerceklesmistir.
Menthone diisiik sicakliklar sonucu menthol ve esterlerine doniigebilmektedir (Murray ve ark., 1988).

Caligsmada elde edilen sonuglara gore, menthol ve menthone oranlari arasinda ters iliski gorillmiistiir. Menthone
orani arttik¢a, menthol orani diisiis gostermistir (Sekil 1). a-Pinene (% 2.33-5.61), B-pinene (% 0.78-1.88),
sabinene (% 0.5-2.72), limonene (% 1.2-4.1), 1,8-cineole (% 5.22-9.98), menthofuran (% 1.47-4.72), isomenthone
(% 1.14-5.95), menthyl acetate (% 2.14-5.2), neomenthol (% 1.09-2.5), caryophyllene (% 0-2.67), a-terpineole (%
0.4-1.53) ve germacrene D (% 0.66-2.73) M. X piperita tiiriiniin sonbahar ve ilkbahar ekimlerine ait 6 farkli
bi¢imden elde edilen ugucu yaglarin diger 6nemli bilesenleri olarak belirlenmistir.
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Tablo 5. M. % piperita’da ekim zamani ve farkli bicimlerin ucucu yag bilesenlerine etkisi
Table 5. The effect of planting time and various cuttings on essential oil components in M. X piperita

Sonbahar Ekim Zamani / Fall ilkbahar Ekim Zamani / Spring
Bilesenler 1. Sene / I* Year 2. Sene / 2" Year 3. Sene / 3" Year 1. Sene / I* Year 2. Sene / 2" Year 3. Sene / 3" Year
RI* Compounds 1. 2. 3. 4. 5. 6. 1. 2. 3. 4. 5. 6.
(%) Bigim Bigim Bigim Bigim Bigim Bigim Bigim Bigim Bigim Bigim Bigim Bigim
Cut 2 Cut  3"Cut.  4"Cut 5" Cut  6"Cw.  I"Cut  2Cu  3"Cut.  4"Cw.  5"Cu. 6" Cut
“1)3 a-Pinen 2.82 5.61 242 444 338 4.06 237 4.66 32 3.42 233 4.14
1(1)2 B-Pinen 1.04 1.36 133 1.14 1.23 1.32 1.88 1.53 133 0.78 1 135
1;2 Sabinene 05 0.72 25 0.76 242 2.05 1.02 0.79 19 1.32 272 251
1‘1‘6 B-Myrcene 02 032 0.49 0.43 0.49 05 034 032 0.49 0.46 047 0.48
lés (+)-4-Carene ; 0.14 0.39 0.19 0.28 0.3 0.23 0.14 036 027 024 0.19
! (1)9 a-Terpinene 027 0.18 0.17 0.14 0.42 03 0.14 0.16 0.56 0.12 02 0.11
120 Limonene 2.48 4.13 373 241 3.14 2.87 0.63 2.81 12 265 246 3.07
lél 1,8-Cineole 7.09 734 6.65 5.66 542 532 9.98 831 721 6.53 522 524
134 trans-B-Ocimene - 0.14 04 0.19 038 025 - 0.14 037 02 036 0.26
1‘2‘5 y-Terpinene 0.63 0.41 0.68 0.39 0.67 03 - 04 0.63 0.54 0.69 031
135 cis-B-Ocimene - - 0.11 0.05 0.86 0.1 - 034 0.12 - 0.05 0.1
lfg 0-Cymene 025 0.13 031 02 021 0.26 0.92 034 0.28 0.24 0.24 0.23
129 Amyl isovalerate 0.55 025 0.13 027 0.11 0.11 - 027 0.11 0.09 021 0.13
130 a-Terpinolene - 033 0.44 0.29 04 034 - 0.48 0.43 034 0.39 0.42
124 3-Octanol, acetate - 071 0.74 0.1 0.13 0.17 - 0.58 0.13 0.17 0.14 0.14
lf(’ 3-Octanol 0.64 0.52 0.9 0.58 0.77 0.69 0.55 0.57 0.74 0.77 0.64 0.65
136 E;:f;?“e“e 0.1 1.34 - 1.52 - 1.08 - 131 - 1.19 1.52 111
1‘6‘7 Menthone 2421 23.59 27.73 2627 31.28 29.13 22.82 23.62 2751 26.1 31.56 3043
1:9 Menthofuran 147 1.56 1.83 229 4.15 472 2.06 1.76 1.64 3.19 4.63 4.16
120 Isomenthone 424 3.63 1.14 34 521 472 5.95 3.8 443 527 551 52
132 B-Bourbonene 035 041 0.11 0.65 0.68 0.64 0.09 - 0.58 027 0.7 0.62
123 Dihydroedulan 0.49 - 0.19 025 0.26 035 0.14 0.08 0.24 0.14 0.28 032
135 Linalool 0.7 038 0.71 0.46 0.28 04 0.13 0.11 0.8 036 025 021
128 Menthyl asetate 377 273 2.86 339 374 478 5.04 52 313 326 221 2.14
120 Neomenthol 25 1.84 136 224 1.24 1.09 1.73 222 1.66 1.53 1.7 112
180 Caryophyllene 047 0.76 1.42 115 1.26 113 - 0.42 2.08 267 115 1.48
124 Menthol 37.46 35.14 33.87 3457 25.56 24.88 33.11 3122 282 29.85 26.32 232
1?7 cis-B-Farnesene - 022 032 024 041 0.39 - - 0.63 031 0.7 0.65
1;9 a-Terpineol 1.36 04 1.01 0.82 0.86 091 1.44 1.53 1.14 0.93 0.89 1.01
1;0 Borneol 0.09 0.12 021 0.17 025 1.76 0.15 0.13 0.24 0.18 0.26 1.74
1;1 Germacrene D 17 1.06 2.05 136 1.96 232 0.66 111 273 1.81 215 215
1‘7‘3 Piperitone 1.06 045 - 0.94 - - 1.29 0.56 021 0.1 0.11 -
1;5 Bicyclogermacrene 0.08 047 112 - 0.62 032 0.9 0.1 1.19 0.98 021 022
1;6 3-Cadinene 0.11 0.08 0.1 0.07 0.08 0.1 0.1 0.08 0.12 0.09 0.09 0.08
130 cis-Sabinol 0.13 - 0.08 0.07 - - 0.14 0.87 - 0.11 - 0.12
130 Nerol - 037 021 - - - - 0.48 0.74 0.26 0.73 051
131 a-Dihydroionone 0.14 023 0.07 0.15 0.15 0.14 - 021 0.26 0.13 0.09 0.11
134 trans-Jasmone 0.08 0.09 0.08 - - - 021 02 0.17 0.07 02 0.12
199 Caryophyllene 0.18 0.17 0.1 025 021 0.19 0.66 021 0.26 0.29 023 0.18
5 oxide
282 Perilla alcohol 0.08 0.18 tr 0.16 0.11 0.11 0.59 0.16 0.09 0.06 0.13 0.68
225 Ledol 1.06 0.61 0.8 0.6 0.43 0.15 0.93 0.82 1.19 0.75 0.15 023
2;3 (-)-Spathulenol 0.1 02 0.08 0.07 - 0.06 0.26 032 0.13 0.12 0.08 0.1
Zég Thymol 02 0.06 0.07 0.06 - 0.08 033 - 0.06 - 0.06 0.06
2 ;9 a-Cadinol 0.14 0.09 0.09 0.15 0.11 0.14 0.23 0.13 0.11 0.19 0.14 0.12
226 Mint furanone 0.17 03 0.06 0.13 0.06 0.68 2.01 021 0.28 0.06 0.06 0.72

RI: Retention indices calculated against n-alkanes (C7-C30) on HP-Innowax column; HP-Innowax kolonunda n-alkanlara (C7-C30) kars: hesaplanan alikonma indeksleri
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Figure 1. The effect planting time and various cuttings on the variation of menthol ve menthone ratios in M. x
piperita
Sekil 1. M. x piperita’da ekim zamant ve farkl bicimlerin menthol ve menthone oranlarinin degisimi iizerine
etkisi

a-Pinene orani bakimindan her iki ekim zamaninin 2. bigimleri olduk¢a yiiksek bulunmustur. Sonbahar
ekimlerinin 1. senesi harig, diger yillarda ilk bigimler daha fazla sabinene iiretmekle beraber, bu bilesenin orani
her iki ekim zamaninin 3. bi¢imi ile son iki bi¢iminde artis gdstermistir. Limonene biyosentezi agisindan sonbahar
ekimlerinde genel olarak diisiis, ilkbahar ekimlerinde ise yiikselig yasanmustir. Her iki ekim zamaninda 1.8-cineole
oraninda diisiisler meydana gelerek, ilkbahar ekimlerinde bu maddenin oranlart nisbeten yiiksek bulunmustur.
Menthofuran’in yiiksek bulunmasi kalite agisindan M. x piperita ugucu yagini olumsuz etkilediginden, istenmeyen
bir bilesendir. Her iki ekim zamaninda da bitkilerin yaglanmasi ile beraber menthofuran orani da artig géstermistir.
Bu bilesenin yiikselisi, menthol oraninda diisiise sebep olmustur. Ote yandan bu bilesenin oram farkli degerlerle
menthone’a ¢ok yakin bir seyir izlemistir. Menthyl acetate sonbahar ekimlerinde 1. bi¢cim hari¢ son bigime dogru
yiikselis ve ilkbahar bigimlerinde ise diigiis gostermistir.

Farkli farmakopeler, M. X piperita ugucu yagmin kimyasal igeriginin sinirlarini menthol (% 30.0-55.0),
menthone (% 14.0-32.0), isomenthone (% 1.5-10.0), menthyl acetate (% 2.8-10.0), limonene (% 1-5), menthofuran
(% 1.0-9.0), 1,8-cineole (% 3.5-4.0), limonene (% 1.0-5.0), isopulegol (en fazla % 0.2), pulegone (en fazla % 4.0),
ve carvone (en fazla % 1.0) olarak onermistir. Ayrica, 1,8-cineole/limonene oraninin 2.0’dan biiyiik olmamasi
gerektigi bildirilmistir (British Pharmacopoeia, 1995; European Pharmacopoeia, 2005). Tablo 5. verilerine gore
1,8-cineole/limonene oranina iligkin sonbahar ekimlerinde 2., 3. ve 5. bigimler ile ilkbahar ekimlerinin 6. bigimi
hari¢ diger bi¢cimlerde bu oran saglanmistir. 1,8-cineole/limonene oranini saglamayan bigimlerde ise oran degeri
1.7’nin tstiindedir (Tablo 4). Bir¢ok standarda gore de M. x piperita'nin major bilesenleri menthol (% 30-55) ve
menthone (% 14-32)’dur. Menthol ¢ogunlukla serbest alkol formunda ve diisiik miktarda da acetate (% 3-5) ve
valerate esterleri seklinde goriiliir. Mevcut diger dnemli monoterpenler arasinda izomenthone (% 2-10), 1,8-
cineole (% 6-14), a-pinene (% 1.0-1.5), B-pinene (% 1-2), limonene (% 1-5), neomenthol (% 2.5-3.5) ve
menthofuran (% 1-9) bulunmaktadir (Bisset, 1994; Bruneton, 1995; Blaschek ve ark., 1998; European
Pharmacopoeia, 2005; European Pharmacopoeia, 2013). Ozgiiven ve Kirici (1999), bu caligma ile ayn1 lokasyonun
verimli arazilerinde M. X piperita L. var Mitcham {izerinde yaptiklari ¢alismada bu bitkinin ugucu yag bilesenlerini
a-pinene (% 0.09-0.52), B-pinene (% 0.42-0.94), limonene (% 0.98-1.12), 1,8-cineole (% 6.4-7.91), menthone (%
25.0-45.15), menthofuran (% 9.27-15.04), menthol (% 19.18-29.73), pulegone (% 1.29-6.23), piperitone (% 0.80-
0.94), menthyl acetate (% 0.88-2.20) ve B-caryophyllene (% 1.33-2.19) olarak belirlemislerdir. M. x piperita ugucu
yag bilesenleri ile yapilan benzer caligmalar ve uluslararasi diizeyde kabul goren standartlarin degerleri
incelendiginde, bu ¢aligmada elde edilen bulgular standartlara uyum gostermistir. Ek olarak, toksik etkiye sahip
olan Pulegone (Azirak, 2007), tespit edilmemistir (7ablo 5). Ugucu yag konusunda da tartisildig1 gibi, kimyasal
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komponentler birgok endojen ve eksojen faktdrden etkilenir. Ugucu yagin kimyasal bilesimi biiyiik 6lgiide genetik
faktorler tarafindan kontrol edilir ve belirlenir, ancak ¢evresel ve zirai faktorler sekonder metabolitlerin {iretiminde
onemli degisikliklere neden olabilir (Lima ve ark., 2003; Gobbo-Neto ve Lopes, 2007). Ornegin 151k siddeti genel
olarak bitkilerin fotosentetik aktivitesi ile giiglii bir sekilde iliskilidir ve bu nedenle gesitli tiirlerde karbon
fiksasyonu, bitkisel bilylime ve kuru madde birikimini arttirmaktadir. Buna bagli olarak ugucu yag bilesenleri
dahil, sekonder metabolitler fotosentetik karbondan meydana gelir (Loreto ve ark., 1996). Oksijenli
monoterpenler, M. X piperita ugucu yagmimn (% 74.21-80.86) major kimyasal bilesen grubunu olusturmustur.
Genel olarak, farkli bigimlere ait bu grubun miktarlar1 iki ekim sezonu arasinda belirgin bir degisiklik
gostermemistir. En yiiksek oksijenli monoterpenler, her iki ekim sezonunda da 1. bigimlerde saptanmistir (7ablo

6).

Tablo 6. M. % piperita’da ekim zamani ve farkli bicimlerine ait ucucu yag bilesenlerinin kimyasal
gruplandirmasi

Table 6. Chemical grouping of essential oil components belonging to planting time and various cuttings in M. x

piperita
Sonbahar Ekim Zamani / Fall ilkbahar Ekim Zamani / Spring
1. Sene / I*' Year 2. Sene / 2" Year 3. Sene / 3" Year 1. Sene / I*' Year 2. Sene / 2" Year 3. Sene / 3" Year
Grouped compounds (%) 1. 2. 3. 4. 5. 6. 1. 2. 3. 4. 5. 6.
Bigim Bigim Bigim Bigim Bigim Bigim Bigim Bigim Bigim Bigim Bigim Bigim
I Cut. 2" Cu, 3 Cut. 4" Cut. 5™ Cut. 6" Cut. I Cut. 2" Cu, 3 Cut. 4" Cut. 5™ Cut. 6" Cut.
Oksijenli monoterpenler 80.86 76.7 74.93 78.76 74.42 74.88 81.73 75.77 74.21 75.72 78.95 75.51
Oxygenated monoterpenes
Hidrokarbon monoterpenler 8.19 13.47 12.97 10.63 13.88 12.65 7.53 12.11 10.87 10.34 11.15 13.17

Monoterpene hydrocarbons

Oksijenli seskiterpenler 1.48 1.07 1.07 1.07 0.75 0.54 2,08 1.48 1.69 1.35 0.6 0.63
Oxygenated sesquiterpenes

Seskiterpen monoterpenler

Sesquiterpene 2.71 3 5.12 3.47 5.01 49 1.75 1.71 7.33 6.13 5 52
hydrocarbons

Alkol / Alcohol 0.64 0.52 0.9 0.58 0.77 0.69 0.55 0.57 0.74 0.77 0.64 0.65
Ester 4.32 3.69 3.73 3.76 3.98 5.06 5.04 6.05 3.37 3.52 2.56 2.41
Ketone 0.08 0.09 0.08 - - - 0.21 0.2 0.17 0.07 0.2 0.12

Terpen temelli bilegenler 0.63 023 0.26 04 041 0.49 0.14 029 0.5 027 037 043
Terpene related compounds

Toplam / Total (%) 98.91 98.77 99.06 98.67 99.22 99.21 99.03 98.18 98.88 98.17 99.47 98.12

Hidrokarbon monoterpenler kimyasal gruplandirmada ikinci sirada yer almistir (% 7.53-13.88). Bu gruba
iliskin en diisiik oranlar her iki ekim sezonunun 1. bigimlerinde izlenmistir. Tiim monoterpenlerin sonuglart
degerlendirildiginde, en yiiksek oksijenli monoterpenlerin goriildiigii bi¢imlerde, hidrokarbon monoterpenler
diisiik ¢ikmustir. Her iki ekim sezonunda da bigimler arttik¢a, oksijenli seskiterpenlerin oraninda diigiis yagsanmustir.
Bu grubun en diisiik oranlar1 3. senede tespit edilmistir. Denemenin ilkbahar ekim sezonunun ilk senesi diginda,
bu sezona ait seskiterpen hidrokarbonlar grubu daha yiiksek bulunmustur. Alkol, ester, keton ve terpen temelli
bilesikler diger kimyasal gruplart olusturmustur (7ablo 6). Menthol, menthone ve bunlara ait izomerler, menthyl
esterler ve piperitone gibi oksijenli monoterpenler, nanenin 6zel tat ve kokusunu saglayan bitkinin ana kimyasal
bilesen grubudur (Heydari ve ark., 2018).

4. Sonug

Marjinal arazi kosullarinda tibbi ve aromatik bitkilerin kiiltiirii ile ilgili akademik ¢alisma yok denecek kadar azdur.
Ekim zamani yoniinden rizom ile ¢gogaltilan ve kurulan sonbahar ve ilkbahar M. x piperita plantasyonu kiyaslandiginda,
ilkbahar ekimi daha yiiksek verime ulagsmistir. Bunun nedeni sonbahar plantasyonunun bir ay kadar ge¢ gerceklesmesi
ve rizomlarm kis soguklarindan olumsuz etkilenmesi olarak tahmin edilmektedir. Ug senelik bu ¢alismanin sonuglarma
gore marjinal arazide yetistirilen M. x piperita’nin verim ve verim komponentleri normal tarim alanlarina kiyasla
diisiik olsa da basarili ve ekonomik boyutlara ulagmistir. Ancak, marjinal arazi kosullarina bagh olarak zamanla
toprakta besin maddelerini azalmasi ve zamanla bitkilerin yaslanmasi, verimi diigiirmiistiir. Her ne kadar ugucu yag
orani bitkinin genetik yapisina bagli olsa da gevresel faktorler bu orani etkilemektedir. Bu yiizden saptanan ugucu yag
oranlari arazi sartlarina bagli olarak degisiklikler gostermistir. Ugucu yag verimi ise kuru yaprak verimi bagta olmak
iizere agronomik verime baglidir. Kimyasal analizler sonucu bi¢imlere iliskin belirlenen ugucu yag profili oldukca
zengin ve standartlara uyumlu bulunmugstur. Muhtemelen, vejetasyon siiresi boyunca marjinal araziye bagli meydana
gelen stres ve diger kosullar sekonder metabolit biyosentezini olumlu yonde etkilemistir. Diinya genelinde giinden
giine artan gida ihtiyaci goz oniine alindiginda, tibbi ve aromatik bitkiler gibi stratejik olmayan iirlinlerin yetistirilmesi
i¢in verimli tarim arazilerinin tahsisi risklidir. Fakat, tibbi bitkilerin saglik ve gida gibi birgok alanda kullamldigi ve
maddi acidan geri doniisiimii yiiksek oldugundan, marjinal topraklara sahip ve iiretime uygun bolgelerin sosyo-
ekonomik durumlart degerlendirilerek, soz konusu bitkilerin yetistirilmesi yayginlastirilabilir. Bu hususta en dnemli
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faktor dogru bitkiyi segmektir. Mentha tiirleri gibi su ihtiyaci yliksek olan bitkiler yeterli sulama suyu olan marjinal
arazilerde onerilebilir. Aksi durumda, kurakliga dayanikli bitkiler tercih edilebilir.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Cografi Bilgi Sistemleri (CBS) Ortaminda Analitik Hiyerarsi Prosesiyle (AHP) Organik
Giibre Uretim Tesisi Uygunluk Analizi: Tekirdag ili Ornegi

Compliance Analysis of Organic Fertilizer Production Plant with Analytical Hierarchy
Process (AHP) in Geographical Information Systems (GIS) Environment: The Case of
Tekirdag Province

Burak GURKAN!, Bengisu ODEKER?, Hikmet KATIRCIOGLU?*

Oz

Organik giibre tiretim tesislerinin yer se¢imi, tarimsal igletmeler ve tarim sektorii agisindan kritik oneme sahip bir
konudur. Tesis yerinin uygunluk analizi sonucuna gore secilmesinin tarim sektoriine ve gevreye nasil bir katki
saglayacagi lizerinde durulan bu ¢aligmada, Tekirdag ili ¢alisma alani olarak secilmistir. Bu dogrultuda Analitik
Hiyerarsi Siirecinde temel ve alt kriterler belirlenmis, alt kriter gruplart igerisindeki organik giibre tesisi sayis1 adet
olarak belirtilmistir. Ortaya ¢ikan kriterler dnem derecelerine gore yeniden siniflandirilmistir. Temel kriterler:
fiziki, cevresel ve sosyo-ekonomik kriterler; alt kriterler ise egim, yiikseklik, biiyiik toprak gruplari, arazi kullanima,
arazi kullanim kabiliyeti siniflari, kara-demir yollarina, limanlara, yerlesim merkezlerine ve elektrik enerjisi iletim
hatlarina olan mesafe olarak belirlenmistir. Her bir kriter i¢in tutarlilik oranlart hesaplanmistir. Analitik Hiyerarsi
Siirecinde hesaplanan kriter agirliklar1 Cografi Bilgi Sistemleri ortamima ArcGIS 10.5 yazilimina aktarilarak ve
organik giibre tesisi i¢in uygunluk haritas1 elde edilmistir. Elde edilen bulgular dogrultusunda Tekirdag
ilinin %81.01°1 ¢ok yiiksek-yliksek-orta uygunluk gostermekte ve mevcut organik giibre tesisleri bu alanlarda
bulunmaktadir. ilin %8.20’si ¢ok diisiik uygunlukta bulunmustur. Bunun sebebi de bu bdlgelerin milli park ve
ormanlar1 barindirmasindan kaynaklanmaktadir. Bir organik giibre tesisinin tarim alani yakiinda olmasi ham
maddeye yakinlik agisindan uygun olup iilkeye ekonomik girdi kapsaminda da siirdiiriilebilirligi ifade etmektedir.
Bu c¢alismada ulusal/uluslararas1 tarim isletmeleri uygun alan se¢imi karar mekanizmasinda kullanilmak iizere
CBS ortamindaki AHP yontemi, Tekirdag ili 6rnegi lizerinden Onerilmektedir. Giiniimiizde uygun alan se¢imi
karar mekanizmalarinda genellikle ¢evre etki degerlendirme raporlar1 dikkate alinmaktadir. Ancak bu raporlarda
veya karar mercilerinde AHP ve benzeri matematiksel modellemeler kullanilmamaktadir. Bu ¢alismada 6rnek
bolge secilen Tekirdag iline (%75.11°1 tarim alani, topragi %90 yetersiz organik madde) ait modellemeden elde
edilen verilere gore organik giibre ihtiyacini karsilayacak tesis sayisiin gilineybati bolgesinde de kurularak
sayisinin arttirtlmasi onerilmektedir.
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Abstract

Choosing the location of organic fertilizer production facilities is a critical issue for agricultural enterprises and
the agricultural sector. In this study, which is focused on how the selection of the facility location according to the
results of the suitability analysis will contribute to the agricultural sector and the environment, Tekirdag province
was chosen as the study area. In this direction, basic and sub-criteria were determined in the Analytical Hierarchy
Process, and the number of organic fertilizer plants in the sub-criteria groups was specified. The resulting criteria
were reclassified according to their importance. Basic criteria: physical, environmental and socio-economic criteria;
Sub-criteria are slope, elevation, big soil groups, land use, land use capability classes, distance to road-railways,
ports, settlements and electrical energy transmission lines. Consistency rates were calculated for each criterion.
The criterion weights calculated in the Analytical Hierarchy Process were overlaid with ArcGIS 10.5 software in
the Geographical Information Systems environment and a suitability map for the organic fertilizer plant was
obtained. In line with the findings obtained, 81.01% of Tekirdag province shows very high-high-medium
suitability and existing organic fertilizer facilities are located in these areas. 8.20% of the province has been found
to be very low suitability. The reason for this is that these regions contain national parks and forests. The fact that
an organic fertilizer plant is close to the agricultural area is suitable in terms of proximity to the raw material and
represents sustainability within the scope of economic input to the country. In this study, AHP method in GIS
environment is proposed over Tekirdag province to be used in the decision-making mechanism of
national/international agricultural enterprises. Today, environmental impact assessment reports are generally taken
into account in decision-making mechanisms for choosing the appropriate area. However, AHP and similar
mathematical models are not used in these reports or decision-makers. In this study, according to the data obtained
from the modeling of Tekirdag province (75.11% agricultural land, 90% insufficient organic matter), it is
suggested to increase the number of facilities that will meet the organic fertilizer need in the southwest region.

Keywords: Geographic Information Systems, Analytic Hierarchy Process, Tekirdag, Organic Fertilizer Plant, Suitability
Analysis
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1. Giris

Tarimsal tiretim gida giivenligi, gida kalitesi ve tilke ekonomileri bakimindan énemli bir konumdadir. Tarimsal
ve c¢evresel siirdiiriilebilirlik sektoriin paydaglart olan ¢iftgiler, gida isletmeleri, perakende satis firmalari igin
onemli bir faktordiir. Bu baglamda isletmelerin kaynaklarint siirdiiriilebilirlik ¢er¢evesinde kullanimi ham madde
temini agisindan onemlidir. Hasat sonrasi tarimsal alanlarda kalan mahsul kalintilari, {ireticiler tarafindan bir
sonraki mahsul i¢in yapilacak hazirliklara engel olarak goriilmektedir. Kalintilar1 gidermek igin yaygin ¢éziim
yontemi olarak yakma kullanilmaktadir (Akpinar ve ark., 2009; Gadde ve ark., 2009; Polat, 2015). Son yillarda
diinyadaki tarimsal atik sayisi hizla artmaktadir (Xue ve ark., 2016). Mahsul kalintilarinin yakilmasi, kiiresel
1simay1 arttiricr etkisinin yani sira saglik sorunlarina neden olan ciddi ¢evresel sorunlara sebebiyet vermektedir
(Bhuvaneshwari ve ark., 2019).

Tiirkiye’de tarim alanlarinda ¢ikan yillik atik miktarinin 50 milyon ton oldugu tahmin edilmektedir (Demirel
ve Giirdil, 2018). Organik atiklarin topraga ilavesi siirdiiriilebilir bir toprak kalitesi i¢in dnemlidir. Siirdiiriilebilir
tarim uygulamalarina yonelik farkindaligin artirllmasi, modern uygulamalarla yapilan organik ciftgiligin tesvik
edilmesi tarim sektoriiniin ¢evresel kirlilige olan etkisinin azalmasinda etki saglayacaktir (Cetin ve ark., 2020).
Tiirkiye topraklarinin biiytik bir kisminin organik madde bakimindan yetersiz oldugu tespit edilmistir (Gligdemir,
2006; CEM, 2018; Sonmez ve ark., 2018). Bellitirk ve Saglam’m 2005 yilinda Tekirdag ili topraklarmin
mineralize olan azot miktarlar1 ile mineralizasyon kapasiteleri iizerinde yaptiklar1 arastirmada toprak ornekleri
organik madde bakimindan %90 yetersiz bulunurken, fosfor bakimindan %45 zengin bulunmustur. Organik
maddenin topraga uygulanmasi topragin kimyasal verimliligini arttirmaktadir (Weber ve ark., 2007; Kaur ve ark.,
2008; Gomez-Muiioz ve ark., 2017). Bu durumda organik madde kullanimu iiriin kalitesi ve saglig1 agisindan sektor
icin gereklidir. Buna bagli olarak isletmelerin uygun alan se¢imi ekonomik, sosyal ve gevresel siirdiiriilebilirligin
temelini olusturmaktadir. Tarim isletmelerinin uygun alan se¢iminde yapilan ¢aligmalar siirhidir ve belirli bir
karar mekanizmasi bulunmamaktadir (Mercan ve ark., 2017).

Yasanan teknolojik geligmeler bilginin {iretim ve ulasilabilirligini kolaylastirir iken hizla artan verilerin
yonetilmesinde biiyiik veriyi islevsel kullanmak igin yeni yOntemlere gereksinimi arttirmistir. Bu baglamda
Cografi Bilgi Sistemleri (CBS) verilerin islenmesinde 6nemli bir arag¢ olarak ulusal/uluslararasi birgok platformda
yaygin olarak kullanilmaktadir. CBS verilerin depolanmasi, goriintillenmesi, diizenlenmesi, sorgulanmasi ve
analizinde istatistiksel ifadelerle degerlendirilme islemlerinin biitiiniidiir (Kii¢iikonder ve Karabulut 2007, Odeker
ve Tiirkoglu, 2020). CBS ortaminda ele alian Analitik Hiyerarsi Prosesi (AHP) ise karar verme siirecinde en
onemli kriterleri belirleyen metod olarak kullanilmaktadir.

Kirsal ekonomileri canlandirmak amaciyla tarimsal isletmelerin uygun alan segimlerinde bu programlarin
kullanimlarina dair 6nerileri igeren birgok arastirma bulunmaktadir (Garcia ve ark., 2014; Mishra ve ark., 2015;
Herzberg ve ark., 2019; Unal ve Cetin, 2019; Kumar ve ark., 2021). Bu arastirma iceriklerinde tarimmsal
stirdiirtilebilirlige katki baglaminda, isletme ihtiyaci olan {irlin depo yeri, pazar yeri, tarim arazisi, atik
degerlendirilmesine dair tesisler vb. siirece dair yer se¢imlerinin yanlis veya hatali olmasinin igletmeleri ekonomik
ve sosyal agidan ¢ok yonlii olarak etkiledigi ve ciddi kayiplara neden oldugu vurgulanmaktadir. CBS ile
desteklenen AHP yontemi tarimsal isletmelerin uygun alan se¢iminde karar mekanizmasi olugturmada etkin olarak
kullanilmali ve tarimsal siirdiiriilebilirlige katki saglamalidir.

Bu ¢alismada fiziki ¢evresel ve sosyo-ekonomik kosullar g6z 6niine alinarak belirlenen kriterler dogrultusunda,
CBS ortaminda AHP ile 6rnek bolge secilen Tekirdag ili sinirlarinda organik giibre tesisi kurulumuna uygun
alanlarin belirlenmesi hedeflenmistir.

2. Materyal ve Metot

Tekirdag Marmara Bolgesinde, 26° 43'-28° 08' dogu meridyenleri ile 40° 36'-41°31" kuzey paralelleri arasinda
bulunmaktadir (Sekil 7). Yaklasik 1.200 km? yiizol¢iimiine sahiptir. Ortalama yiikseltisi yaklasik 460 m olan Tekirdag
ili, genis ovalariyla dikkat ¢ekmektedir. Yiikselti ile egim kuzeydogu ve giineybatiya dogru artig gostermektedir.
flin %75.117ini olusturan tarim alanlar1 yiikselti ve egimin az oldugu yerlerde yayginken; ilin %15.90’m1 kapsayan
dogal bitki ortiisii (milli parklar ve ormanlar) yiikselti ve egimin artmaya basladig1 yerlerde goriilmektedir.
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Figure 1. Study area and boundaries
Sekil 1. Calisma alant ve sinwrlart

Calismada organik giibre tesislerinin uygunlugunun tespit edilebilmesi i¢in alan yazin taramasi sonucu temel ve alt
kriterler belirlenmistir (Sekil 2). Bu kriterlere gore gerekli veriler temin edilerek CBS ortaminda ArcGIS 10.5 yazilimi
kullanilarak analiz edilmistir. Bu dogrultuda Tekirdag ilini kapsayan Corine 2018 arazi Ortiisii verileri Avrupa Cevre
Ajanst’ndan; 30 metre ¢oziiniirliiklii Sayisal Yiikseklik Modeli USGS EarthExplorer’dan; 1 25.000 6lgekli sayisal
toprak haritalar1 Tarim ve Orman Bakanligi’ndan; su kaynaklari, yerlesme ve ulasim ile ilgili veriler 1 250.000 6l¢ekli
topografya haritalarindan saglanmistir. Tarim ve Orman Bakanligi 2021 verilerine gore organik giibre tesislerinin
konumu Google Earth aracilifiyla belirlenmis ve CBS ortaminda Tabulate Area analizi ile alt kriter gruplari
icerisindeki organik giibre tesisi sayisi adet olarak belirtilmistir (Anonim, 2021). Bu sayede kriter gruplarinin 6nem
dereceleri ortaya ¢ikmig ve kriterler buna gore yeniden simiflandirilmistir.

Fiziki CEVRESEL SOSYO-EKONOMIK
KRITERLER KRITERLER KRITERLER

|

Yaksektik ‘ Arazi Kullamm Kabiliyeti H

Egim l Arazi Kullanmm Kara Yollarinin Organik Gbre

Tesisine Mesafesi

Demir Yollarmin Organik Giibre
Tesisine Mesafesi

Simflan

Biyilk Toprak Gruplari

Limanlarin Organik Giibre
Tesisine Mesafesi

Yerlesme Merkezlerinin Organik
Gilbre Tesisine Mesafesi

Elektrik lletim Hatlarinmn Organik
Gibre Tesisine Mesafesi

4

[ ikili K: Matrislerinin Ol AHP ile Kriter Agirliklarinin Hesaplanmasi ]
L4

[ Yeniden Siiflandirma ve Cakistirma Islemi ]
A

[ Organik Gilbre Tesisi Igin Uygun Alanlarin Belirlenmesi ]

Figure 2. Method scheme
Sekil 2. Yontem semast

AHP siirecinde oncelikle temel kriterler (fiziki, cevresel ve sosyo-ekonomik kriterler) i¢in 3x3, alt kriterler (egim,
yiikseklik, biiyiik toprak gruplari, arazi kullanimi, arazi kullanim kabiliyeti siniflar1, kara-demir yollarina, limanlara,
yerlesim merkezlerine ve elektrik enerjisi iletim hatlarina mesafe) i¢in 10x10 boyutunda ikili karsilagtirma matrisi
olusturulmustur. Onem dereceleri Saaty’nin 9 seviyeli dlcegine gére uzman goriisleri dogrultusunda belirlenmis ve
tutarlilik orani esitlik 1’e gore degerlendirilmistir (Saaty, 1980; Saaty, 1990; Saaty ve Alexander, 2015).
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(Amax—n))

-y (Es.1)

Rassallik Gostergesi (RI)

Tutarlilik Gostergesi (CI:

Tutarlilik Orant (CR) =

Tutarlilik oraninin hesaplanmasi adina ikili karsilagtirma matrisinin satirlart i¢in stitunlardaki kriterler toplam siitun
agirligina boliinerek normalize matris saglanmigtir. Bu matrisin her bir satirinin ortalamasi dncelikler vektoriine, bir
baska ifadeyle kriter agirliklarina karsilik gelmektedir. Oncelikler vektoriiniin ikili karsilastirma matrisi ile ¢arpilmasi
sonucu elde edilen 6ncelikler matrisinde her satir toplami 6ncelikler vektdriine boliinerek Amax degerine ulagilmistir.
“n” degeri kriter sayisini ifade ederken, rastgele deger indeksi kriter sayisina gore belirlenmektedir. Hesaplamalar
dogrultusunda elde edilen deger 0.10’dan kii¢iik oldugu i¢in ¢alismanin tutarli oldugu sonucuna ulagilmistir (Saaty,
1977). Mevcut duruma gore yeniden smiflandirilan kriterler AHP sonucu elde edilen kriter agirliklar: kullanilarak CBS
ortamina aktarilmig ve organik giibre tesisleri i¢in uygunluk analizi ger¢eklestirilmistir.

3. Arastirma Sonuclar1 ve Tartisma

Organik giibre tesislerinin uygunluk analizini ger¢eklestirilebilmek i¢in temel ve alt kriterler belirlenmis, kriterlerin
organik giibre tesisleriyle aralarindaki korelasyon, CBS ortaminda AHP yontemi araciligryla hesaplanarak,
degerlendirilmistir (7ablo I).

Tablo 1. Toplam alan icinde mevcut organik giibre tesislerinin sayisi
Table 1. Number of existing organic fertilizer facilities in the total area

Egim (%) Toplam Alan (%) Organik Giibre Tesisi (adet)
0-2 74.08 6
3-4 18.88 0
5-6 4.47 0
7-8 1.48 0
9-10 0.60 0
11-20 0.47 0
21-33 0.00 0
33-50 0.00 0
Yiikselti (m)

4-150 54.70 3
151-300 39.55 3
301-450 3.85 0
451-600 1.12 0
601-750 0.62 0
751-923 0.16 0
Biiyiik Toprak Gruplari

Kiregsiz Kahverengi Orman Topraklari 1456 4
Kahverengi Orman Topraklar1 1010 2
Kiregsiz Kahverengi Topraklar 1889 0
Vertisoller 1236 0
Aliivyal Topraklar 132 0
Kestanerengi Topraklar 1 0
Hidromorfik Topraklar 3 0
Diger 505 0
Arazi Kullanim Kabiliyeti Simflari

I 8.62 1
II 43.45 3
111 27.11 2
v 9.04 0
\Y% 0.04 0
VI 4.65 0
VII 4.95 0
VIII 0.04 0
Diger Alanlar 2.09 0
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Arazi Kullanimi

Yerlesim Alanlart 4.48 2
Tarimsal Alanlar 75.11 3
Dogal Bitki Ortiisii 15.90 0
Sulak Alanlar 0.75 0
Otlak Alanlar1 3.76 1
Kara Yollarinin Organik Giibre Tesisine Mesafesi (km)

0-2 41.17 4
3-4 24.17 2
5-6 24.17 0
7-8 7.09 0
9-10 2.80 0
11-12 0.59 0
13-14 0.01 0
Demir Yollarinin Organik Giibre Tesisine Mesafesi (km)

0-10 25.68 3
11-20 20.64 2
21-30 15.11 1
31-40 10.81 0
41-50 11.53 0
51-60 8.95 0
61-70 5.75 0
71-80 1.52 0
Limanlarin Organik Giibre Tesisine Mesafesi (km)

0-10 4.26 1
11-20 9.81 0
21-30 14.93 1
31-40 17.46 0
41-50 20.56 1
51-60 16.83 2
61-70 10.89 0
70+ 5.25 1
Yerlesmelerin Organik Giibre Tesisine Mesafesi (km)

0-5 12.49 3
6-10 28.61 2
11-15 29.82 0
16-20 19.69 1
21-25 9.19 0
26-30 0.20 0
Elektrik Enerjisi iletim Hattinin Organik Giibre Tesisine Mesafesi (km)

0-2 31.98 4
3-4 21.42 1
5-6 16.29 0
7-8 10.78 0
9-10 7.70 0
11-20 11.13 1
21-30 0.69 0

3.1. Kriterlerin Analizi

Genellikle diiz ve diize yakin bir topografik yapiya sahip olan Tekirdag ilinin yaklagik %741, %2 egime sahip
olmakla birlikte, ildeki tiim tesisleri kapsamaktadir (Tablo 1, Sekil 3). Yikselti farki olduk¢a az olan ilde mevcut
organik giibre tesislerinin 300 m’ye kadar konumlanmis oldugu dikkat ¢cekmektedir (7ablo 1, Sekil 4).

Bir organik giibre tesisi kurulurken tesisin tarim alan1 yakininda olmasi ve tarimsal {iretimin saglanabildigi toprak
tipinin sec¢ilmesi ham madde temini ve ham maddeye yakinlik agisindan 6nemlidir. Arazi ortiisii simiflari, arazi
kullanim kabiliyeti siniflar1 ve toprak 6zellikleri verileri incelendiginde Tekirdag ilindeki tesislerin bu dogrultuda seg¢im
yaptig1 goriilmektedir (Tablo 1, Sekil 5-6). Arazi kullanim kabiliyeti siniflarina gore I, II, III, IV sulamaya elverisli
tarima uygun; V, VI, VII sulamaya elverigsiz tarima uygun; VIII tarima elverigsiz arazi olarak kodlanmaktadir. Tiim
organik giibre tesisleri I, II, III kodlu araziler iizerinde yer almaktadir (Tablo 1, Sekil 7). Bir tesisin ulagim ve tasima
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acisindan kara-demir yollari ile limanlara; pazar imkani agisindan yerlesim merkezlerine ve en dnemlisi tesisin faaliyet
gosterebilmesi i¢in elektrik enerjisi iletim hatlarima yakin olmasi gerekmektedir. Tekirdag ilindeki organik giibre
tesisleri kara yollarma 4 km; demir yolarma 30 km; yerlesim merkezlerine ve elektrik enerjisi iletim hatlarina 20 km
yakinlikta bulunmaktadir (Tablo 1, Sekil 8-9-10-11). Deniz ulagimi diger ulagim tiirlerine gére daha pahali oldugu ve
uluslararas1 faaliyet gosterdigi icin organik giibre tesislerinin limanlara yakinlik tercihi goreceli bir durum
gostermektedir (Tablo 1, Sekil 12).
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Sekil 5. Biiyiik toprak gruplari Sekil 6. Arazi kullanimi

Yollarin Organik Gabre
Tesisine Mesafesi (km)

2
0
s
6
n
o

Isaretler

= I Merkezi
lige Merkezi

& Liman

© Organik Gibre Tesisi
o Akarsu
=== 1 Smn

< lige Simin
== Demir Yolu
—— Gevre Yolu
—— Gift Seritli Yol
ool
>

Deniz
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Sekil 11. Elektrik iletim hattina mesafe Sekil 12. Limanlara mesafe

3.2. AHP ile Kriter Agwrliklarimin Tayini

Organik giibre tesislerinin uygunluk analizi dogrultusunda, oncelikle temel kriterlerin ikili kargilagtirma matrisi
olusturularak agirliklart belirlenmis ve tutarlilik orani hesaplanmustir (7ablo 2-3).

Tablo 2. Temel kriterler icin ikili karsilagtirma matrisi
Table 2. Pairwise comparison matrix for basic criteria

Kfilzrl;ler I(‘é;.‘;z:‘::: Sosyo-ekonomik Kriterler
Fiziki Kriterler 1 0.25 0.33
Cevresel Kriterler 4 1 1.00
Sosyo-ekonomik Kriterler 3 1 1

Tablo 3. Temel kriterler icin normallestirilmis karsilagtirma matrisi ve doncelikler vektorii (kriter agirliklar)
Table 3. Normalized comparison matrix and priority vector (criterion weights) for basic criteria

Fiziki Cevresel Sosyo-ekonomik Oncehgléll: tZ:ktoru
Kriterler Kriterler Kriterler >
Agirhiklar)
Fiziki Kriterler 0.13 0.11 0.14 0.13
Cevresel Kriterler 0.50 0.44 0.43 0.46
Sosyo-ekonomik Kriterler 0.38 0.44 0.43 0.42

Ikili karsilastirma matrisiyle kriter agirliklari garpilarak yeni bir matris olusturulmustur. Bu matrisin her satirt
toplanarak kriter agirliklarina boliinmiistiir. Elde edilen degerlerin ortalamasi alinarak max degeri 3.0 bulunmustur.
Kriter sayisina gore belirlenen rastgele deger indeksi 0.58 olarak alinmistir (Saaty, 1987; Eleren, 2010; Altun ve Demir
2015; Misra ve Panda, 2017; Taherdoost, 2017; Oral ve ark., 2021). Tutarlilik oran1 hesaplandiginda elde edilen sonug
0.10’dan kiigiik oldugu i¢in tutarli oldugu dogrulanmustir (Es.2).
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((3.0—3))
~GU7 — 0,008 (Es. 2)

058

Tutarlilik Orant (CR) =

Ayni yontem alt kriterlere de uygulanarak kriter agirliklart belirlenmis tutarlilik orani degerlendirilerek tutarlt
oldugu sonucuna ulastlmstir (Es.3, Tablo 4-5). Bu dogrultuda max degeri 10.1 bulunmustur. Kriter sayisina gore
belirlenen rastgele deger indeksi 1.49 olarak almmustir (Saaty, 1987; Aguarén ve Moreno-Jiménez, 2003; Alonso ve
Lamata, 2006; Eleren, 2010; Altun ve Demir, 2015; Misra ve Panda, 2017; Taherdoost, 2017; Oral ve ark., 2021).

((10.1—10))

Tutarlilik Orani (CR) = %

=0.009 (Es.3)

Tekirdag ilinde mevcut organik giibre tesislerinin bulundugu kriter araliklar1 ve kriter agirliklar1 dikkate
almarak CBS ortaminda “Arazi Uygunluk Haritas1 = ((“egim” * 0.02) + (“yiikselti” * 0.03) + (“toprak™ * 0.06) * 0.13)
+ ("arazi kullanimi" * 0.17) + ("arazi kullanim kabiliyeti simiflar1” * 0.12) * 0.46) + ("kara yollarina mesafe" * 0.11) +
("demir yollarina mesafe " * 0.07) + ("limanlara mesafe" * 0.06) + ("yerlesim merkezlerine mesafe" * 0.04) + ("elektrik
iletim hatlarina mesafe”" * 0.31) * 0.42)).” formiilii ile ¢cakistirma iglemi yapilmis ve Tekirdag ilinin organik giibre
tesisleri i¢in uygunluk durumu elde edilerek harita {izerinde gosterilmistir (Sekil 13).

Tablo 4. Alt kriterler igin ikili karsilastirma matrisi
Table 4. Pairwise comparison matrix for sub-criteria

» £
= E S Z
= ,_E,_§§& Lz Ze £ E_ e
2 £ £ 2% 2% 85 22 55 S5 n2ES
Egim 1 0.50 0.25 025 020 020 025 033 025 0.14
Yikseklik 2 1 033 033 025 025 033 050 0.33 0.17
Toprak 4 3 1 0.33 025 033 0.50 0.50 3 0.20
Arazi Kullanim Kabiliyeti 4 3 3 1 0.50 5 3 4 4 0.20
Siniflar
Arazi Kullanimi 5 4 4 2 1 3 4 5 5 0.25
Kara Yollarina Mesafe 5 4 3 0.50 0.33 1 3 3 5 0.25
Demiryoluna Mesafe 4 3 2 033 025 0.33 1 2 4 0.20
Limana Mesafe 3 2 2 025 020 033 0.50 1 3 0.20
Yerlesim Merkezlerine Mesafe 4 3 0.33 025 020 020 025 033 1 0.14
Elektrik iletim Hatlarina Mesafe 7 6 5 5 4 4 5 5 7 1

Tablo 5. Alt kriterler icin normallestirilmis karsilastirma matrisi ve oncelikler vektorii (kriter agirliklary)
Table 5. Normalized comparison matrix and priority vector (criterion weights) for sub-criteria

g .
= < g 5 E §
o E - g E‘ E é ] I é ’E
= = 33 _ g = § = .g g 5¥ &
2 % 2zE _E =& T¢ fe& Ge TEe ErE
E Z & 2% 3=z £Z E& E£EZ 1% £5% S2%
b i S S D - D — D )
= S B 28957 22 25 A= S8 S5 @ZEZs S5%
Egim 0.03 002 001 002 0.03 002 001l 002 00l 005 0.02
Yiikseklik 0.05 003 002 003 003 002 002 002 00l 006 0.03
Toprak 0.10 0.0 005 003 003 003 003 002 009 007 0.06
Arazi Kullamm 0.10 010 0.14  0.10 007 017 017 018 0.12 007 0.12
Kabiliyeti Siniflar
Arazi Kullanimi 013 014 019 020 0.14 026 022 023 015  0.09 0.17

Kara Yollarina 0.13 014 014 005 005 009 017 014 015  0.09 0.11
Mesafe

Demiryoluna Mesafe 0.10 0.10 0.10 0.03 0.03 0.03 0.06 0.09 0.12 0.07 0.07
Limana Mesafe 0.08 0.07 0.10 0.02 0.03 0.03 0.03 0.05 0.09 0.07 0.06
Yerlesim mer. Mesafe 0.10 0.10 0.02 0.02 0.03 0.02 0.01 0.02 0.03 0.05 0.04

Elektrik lietim 0.18 020 024 049 056 034 028 023 021 036 0.31
Hattlarina Mesafe
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Figure 13. Tekirdag province organic fertilizer plant suitability map
Sekil 13. Tekirdag ili organik giibre tesisi uygunluk haritasi

Tablo 6. Tekirdag ili uygunluk durumuna gore tesis sayist
Table 6. Number of facilities according to Tekirdag province eligibility status

Toplam Alan Organik Giibre
Uygunluk Durumu (%) Tesisi (adet)
Cok Yiiksek 33.98 2
Yiiksek 34.40 2
Orta 12.63 2
Diisiik 10.79 0
Cok Diisiik 8.20 0

Organik giibre tesisi i¢in uygunluk durumu incelendiginde mevcut tesislerin ¢ok ytiksek-yiiksek-orta uygunluk
gosteren alanlarda yer aldigi goriilmektedir. Bu alanlar toplam alanin %81.01’ini olusturmaktadir. Toplam
alani %18.99’u ¢ok diisiik ve diisiik uygunluk gostermekle beraber bu alanlarda daha ¢ok milli park ve ormanlar
bulunmasindan dolay1 mevcut organik giibre tesisi bulunmamaktadir (7ablo 6).

4. Sonug

Uygun arazi segim siireci isletmenin stirdiiriilebilirligi agisindan stratejik 6neme sahip 6nemli bir karardir. Bu
stirecin dogru yonetilmesi tarimsal igletmelerin ve paydaslarinin, saglikli ve uzun siireli bir ticari ekosistem kurmalart
konusunda kritik dneme sahiptir. Tekirdag’daki mevcut organik giibre tesisleri kuzeydogu bdlgesinde, verimin yiiksek
oldugu tarim alanlar iizerinde kurulu olmasindan dolay1 giibre ihtiyacina yonelik giineybati bolgesinde de tesislerin
sayisinin arttirilmasi 6nerilmektedir.

CBS ortaminda AHP yontemi dogrultusunda yapilan bu ¢alisma, bu amagla yapilacak akademik calismalarin,
tarimsal ve bolgesel kalkinma planlarinin yaninda hiikiimetlerin potansiyel tarim politikalarinda kararlar almasina
olanak saglayabilecektir. Calismanin sonuglari tarimsal tiretimde elde dilecek gelirin artmasinda, tarimsal yonetim
planlarinin olusturulmasinda; ¢iftgilere, bolge planlamacilara ve diger ilgililerin ¢ikarim yapmasina uygun niteliktedir.
Bir organik giibre tesisinin en uygun kosullarin saglandigi bolgede kurulmasi 6zellikle ham madde temininde kolaylik
saglayacagindan, liretime faydali olmasi ve ekonomik degeri arttirmastyla sektoriin gelismesini destekleyecektir.
Tarimsal atiklarm, organik giibre tesislerinde degerlendirilmesi, yakma gibi geleneksel yontemlerle ¢evreye verilen
zarar1 azaltip, kiiresel 1smmaya etkisini indirgeyerek siirdiiriilebilir bir ¢evre dogrultusunda yapilacak iyi tarim
uygulamalarina fayda saglayacaktir. Tarimsal isletmelerin uygun alan se¢iminde ¢evresel siirdiiriilebilirlik kapsaminda.
gevre etki raporlarmin yam sira CBS ortamlarinda AHP yontemi gibi matematiksel modellemelerle elde edilecek
verilerin kullanimi ile sosyal ve ekonomik kalkinma planlarini olusturmada ilgililere 6nemli bir kilavuz
olusturabilecektir.

el

727



Giirkan & Odeker & Katircioglu
Cografi Bilgi Sistemleri (CBS) Ortaminda Analitik Hiyerarsi Prosesiyle (AHP) Organik Giibre Uretim Tesisi Uygunluk Analizi: Tekirdag li Ornegi

Kaynakca

Aguaron, J., Moreno-Jiménez, J.M. (2003). The geometric consistency index: Approximated thresholds. European Journal of Operational
Research, 147(1), 137-145.

Akpmar, O., Erdogan, K., Bostanci, S. (2009). Enzymatic production of xylooligosaccharide from selected agricultural wastes. Food and
Bioproducts Processing, 87(2), 145-151.

Alonso, J.A., Lamata, M.T. (2006). Consistency in the analytic hierarchy process: a new approach. International Journal of Uncertainty,
Fuzziness and Knowledge-based Systems, 14(04), 445-459.

Altun, A., Demir, Y. (2015). Analitik hiyerarsi prosesi yontemi ile tarimsal aragtirma projelerinin degerlendirilmesi ve se¢imi. Toprak Su
Dergisi, 4(2), 41-48.

Anonim (2021). Tarim Orman Bakanlig1 Organik Giibre Isletmeleri,
https://www.tarimorman.gov.tr/GKGM/Belgeler/Veteriner%20Hizmetleri/Hayvansal YanUrunIsletme/organik gubre_tesisleri.pdf,
(Erisim Tarihi: 02.02.2021).

Bellitiirk, K., Saglam, M.T. (2005). Tekirdag ili topraklarinin mineralize olan azot miktarlar: ile mineralizasyon kapasiteleri lizerinde bir
arastirma. Tekirdag Ziraat Fakiiltesi Dergisi, 2(1), 89-101.

Bhuvaneshwari, S., Hettiarachchi, H., Meegoda, J.N. (2019). Crop residue burning in India: Policy challenges and potential
solutions. International Journal Of Environmental Research And Public Health, 16(5), 832.

CEM. (2018). Toprak Organik Karbonu Projesi, Teknik Ozet, Ankara, Tiirkiye.

Cetin, M , Saygin, S , Demir, H . (2020). Tarim sektoriiniin ¢evre kirliligi tizerindeki etkisi: tiirkiye ekonomisi i¢in bir esbiitiinlesme ve
nedensellik analizi . Tekirdag Ziraat Fakiiltesi Dergisi , 17 (3) , 329-345.

Demirel, B., Giirdil, G. (2018). Findik zurufu atigindan yakit briketi elde edilmesi ve brikete ait bazi 6zelliklerin belirlenmesi. Anadolu Tarim
Bilimleri Dergisi, 33(1), 24-29.

Eleren, A. (2010). Kurulus yeri segiminin analitik hiyerarsi siireci yontemi ile belirlenmesi; deri sektérii ornegi. Atatiirk Universitesi Iktisadi
ve Idari Bilimler Dergisi, 20(2), 405-416.

Gadde, B., Bonnet, S., Menke, C., Garivait, S. (2009). Air pollutant emissions from rice straw open field burning in India, Thailand and the
Philippines. Environmental Pollution, 157(5), 1554-1558.

Garcia, J. L., Alvarado, A., Blanco, J., Jiménez, E., Maldonado, A. A., & Cortés, G. (2014). Multi-attribute evaluation and selection of sites
for agricultural product warehouses based on an analytic hierarchy process. Computers and Electronics in Agriculture, 100, 60-69.

Gomez-Muiioz, B., Magid, J., Jensen, L.S. (2017). Nitrogen turnover, crop use efficiency and soil fertility in a long-term field experiment
amended with different qualities of urban and agricultural waste. Agriculture, Ecosystems & Environment, 240, 300-313Mirik, M. (2005).
Biberde bakteriyel leke etmeni Xanthomonas axonopodis pv. vesicatoria’'nin tanilanmasi ve bitki biiyiime diizenleyici rizobakteriler ile
biyolojik miicadele olanaklari. (Doktora Tezi) Cukurova Universitesi Fen Bilimleri Enstitiisii, Adana.

Giigdemir, 1.H. (2006). Tiirkiye Giibre ve Giibreleme Rehberi. S. 1-183. Tarim Orman ve K&yisleri Bakanligi Toprak Su Genel Miidiirliigii
Arastirma Dairesi Baskanlig1 Yayin No. 231, Teknik yayin no:T.69, Ankara.

Herzberg, R., Pham, T. G., Kappas, M., Wyss, D., & Tran, C. T. M. (2019). Multi-criteria decision analysis for the land evaluation of potential
agricultural land use types in a hilly area of Central Vietnam. Land, 8(6), 90.

Kaur, T., Brar, B. S., Dhillon, N.S. (2008). Soil organic matter dynamics as affected by long-term use of organic and inorganic fertilizers under
maize—wheat cropping system. Nutrient Cycling in Agroecosystems, 81(1), 59-69.

Kumar, A., Pramanik, M., Chaudhary, S., & Negi, M. S. (2021). Land evaluation for sustainable development of Himalayan agriculture using
RS-GIS in conjunction with analytic hierarchy process and frequency ratio. Journal of the Saudi Society of Agricultural Sciences, 20(1),
1-17.

Kiigiikonder, M., Karabulut, M. (2007). Cok Kriterli Analiz Yontemi Kullanilarak Kahramanmaras’ta C6p Depolama Alam Tespiti. Cografi
Bilimler Dergisi, 5(2), 1-23.

Mercan, Y., Yilmaz, E., Sezgin, F., Unal, H.B. (2017). Tarimsal isletme yeri segiminde cografi bilgi sistemi destekli ok 6lgiitlii karar analizi
uygulamalari. Gaziosmanpasa Bilimsel Arastirma Dergisi, 6(Ozel Say1 (BSM 2017)), 88-102.

Mishra, A. K., Deep, S., Choudhary, A. (2015). Identification of suitable sites for organic farming using AHP & GIS. The Egyptian Journal of
Remote Sensing and Space Science, 18(2), 181-193.

Misra, S., Panda, R. K. (2017). Environmental consciousness and brand equity: an impact assessment using analytical hierarchy process
(ahp). Marketing Intelligence & Planning.

Oral, N., Yumusak, R., Eren, T. (2021) AHP ve ANP yontemleri kullanilarak tehlikeli madde depo yeri se¢imi: Kirikkale ilinde bir
uygulama. Nigde Omer Halisdemir Universitesi Miihendislik Bilimleri Dergisi, 10(1), 115-124.

728



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2021,18(4)

Odeker, B., Tiirkoglu, N. (2020). Sabuncular Deresi Havzast'nin (Rize/Cayeli) Morfometrik Ozelliklerinin Cografi Bilgi Sistemleri (CBS) Ile
Belirlenmesi. Ankara Universitesi Dil ve Tarih-Cografya Fakiiltesi Dergisi, 60(1), 14-38.

Polat, M. (2015). Bir organik giibre tesisine ait {iretim hatt1 Uiniteleri. Tarim Makinalar: Bilimi Dergisi, 11(3), 275-283.

Saaty, R.W. (1987) The analytic hierarchy process—what 1t 1s and how 1t 1s used. Mathematical Modelling, 9(3-5), 161-176.

Saaty, T. L. (1977). A Scaling Method For Priorities In Hierarchical Structures. Journal of Mathematical Psychology, 15(3), 234-281.
Saaty, T. L. (1980) The Analytical Hiyerarchy Process. New York: Mc Grow-Hill Company.

Saaty, T.L. (1990). How to make a decision: the analytic hierarchy process. European Journal of Operational Research, 48(1), 9-26.
Saaty, T.L., Alexander, J.M. (2015). Thinking with models. Pittsburg: RWS Publications.

Sénmez, B., Ozbahge, A., Akgiil, S., Kegeci, M. (2018). Tiirkiye Topraklarinin Bazi Verimlilik Ve Organik Karbon (TOK) Igeriginin Cografi
Veritabaninin Olusturulmas: (in Turkish). Tarim ve Orman Bakanligi, Tarimsal Arastirmalar ve Politikalar Genel Miidiirliigii Proje Sonug
Raporu TAGEM. Tarim ve Orman Bakanligi, Tarimsal Arastirmalar ve Politikalar Genel Miidiirliigii Proje Sonu¢ Raporu TAGEM, 13.

Taherdoost, H. (2017). Decision Making Using the Analytic Hierarchy Process (AHP); A Step By Step Approach. International Journal of
Economics and Management Systems, 2, 244-246.

Unal, Z., Cetin, E.I. (2019). Giibre iireticisinin hedef pazar segiminde biitiinlesik AHP-TOPSIS yontemi. Mediterranean Agricultural
Sciences, 32(3), 357-364.

Weber, J., Karczewska, A., Drozd, J., Licznar, M., Licznar, S., Jamroz, E., Kocowicz, A. (2007). Agricultural and ecological aspects of a sandy
soil as affected by the application of municipal solid waste composts. Soil Biology and Biochemistry, 39(6), 1294-1302.

Xue, L., Zhang, P., Shu, H., Wang, R., Zhang, S. (2016). Agricultural waste. Water Environment Research, 88(10), 1334-1369.

729



. . Aralik/December 2021, 18(4)
o)

J oqrna} of Teklrdflg A_grlcql_tural Faculty Basvaru/Recelved: 23/03/21

J Tekirdag Ziraat Fakultesi Dergisi Kabul/Accepted: 20/06/21

DOLI: 10.33462/jotaf.899764

http://dergipark.gov.tr/jotaf
http://jotaf.nku.edu.tr/

ARASTIRMA MAKALESI RESEARCH ARTICLE

Yield and Yield Components of White Lupine Under Different Ecological Conditions

Vivien PAL!, Ogba BASAL!"", Zsuzsa ERDOS', Szilvia VERES?, Laszl6 ZSOMBIK'

Abstract

White lupine (Lupinus albus L.), with its favorable agrotechnical specifications, is a very important legume. Its
water demand is relatively low, yet fluctuations in water amount and/or distribution during its life cycle might
influence its performance. An experiment was carried out at 3 locations in Hungary; “Debrecen”, “Jobbagyi” and
“Nyalka” in 2020 to investigate certain yield components performance; namely pod number plant™!, seed number
plant™!, seed weight plant! and 1000-seed weight, as well as the final seed yield of white lupine (cv. Nelly). In
addition, the average seed size (calculated as a percentage from the final seed yield) was also calculated. Soil was
slightly alkaline in “Nyalka”, whereas it was acidic in the other 2 locations. Precipitation was higher in “Debrecen”
from April to July. Results showed that “Debrecen” location had significantly higher pod number plant™!, seed
number plant” and seed weight plant!, leading to significantly higher seed yield compared to “Jobbagyi” and
“Nyalka” locations. Seed yield was strongly-positively correlated with most of the seed component traits. In
addition, “Debrecen” location had the highest average of bigger seeds (over 9 mm) and the lowest average of
smaller seeds (between 3.5 — 9 mm). It could be concluded that white lupine performance in the study areas is
highly associated with both the precipitation amount and distribution throughout the plant’s vegetative period, as
well as with the soil pH. More thorough studies concerning potential enhancements in white lupine’s growth and
yield with the availability of specific nourishers might be an additional database enrichment, especially with the
lack of such data in the studied areas.
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1. Introduction

Species belonging to Fabaceace plant family are well known to be the best forecrop for cereal monocultures,
especially with the fact that these species fix atmospheric nitrogen (Gan et al. 2015). Although much of fixed N is
used by the legume itself, yet the rest can be exploited by successive cereal, leading to enhanced protein content
(Armstrong et al. 1997; Kalembasa et al. 2014).

Lupine is one of the most important legumes, as some of its species are consumed by humans, while others are
used in animal feeding either as green forage or as protein supplements in the form of grains. Moreover, it can be
used as a green manure. It has low phosphorus demand, and the crude protein content (300-500 g kg™!) and oil (50-
100 gkg™!) is high (Bolland and Brennan, 2008; Calabro et al., 2015; Huyghe, 1997).

Although water requirements for lupines are not high, yet they are reported to be susceptible to water deficiency
and to grow better in moist, non-waterlogged soils with pH of 7 or less (Polit et al., 2019; Rashad et al., 2018).
However, different species of lupine were reported to respond differently to weather unfavorable conditions
occurring during the growing season (Dracup et al., 1998; Gresta et al., 2017).

White lupine (Lupinus albus L.) is one of the four species of this genus (in addition to L. angustifolius, L. luteus,
L. mutabilis). It can be grown in a wide soil-type range (Weisskopf et al., 2006). Its pods stay closed when matured,
and can fairly stick to the stalks, resulting in minimal losses at harvest (Khalimullina et al., 2019). In addition, the
growth rate of white lupine is rapid, especially during early growing stages, with 14-16 °C for vegetative organ
formation and 16-20 °C for anthesis as the optimum temperatures (Mazur et al., 2018).

In Hungary, the breeding of white-flowered sweet lupine species (Lupinus albus L.) was started in 1943 by
Vilmos Teichmann. The breeding was justified by the recognition that few protein-rich fodder plants grow on
acidic sandy soils, so sweet lupine could help with two major problems of crop production in weak soils; fodder
shortage and soil replenishment, promoting more efficient farming (Borbély, 2003). In addition to high
productivity and vigorous growth, the primary objective of breeding was low alkaloid content (Teichmann, 1952).
The sweet lupine variety (Nelly) was granted state recognition in 1985, the main breeding objective of which was
to increase drought tolerance and resistance to pathogens in addition to increasing nutritional parameters and
productivity (Borbély, 2007). To our best knowledge, no English paper dealing with white lupine’s growth and
production under different conditions in the territory of Hungary was published, so this experiment aimed at
studying the yield and yield components of white lupine (Lupinus albus L. cv. Nelly) in 3 different locations in
Hungary with different soil and meteorological conditions.

2. Materials and Methods
This experiment aimed at evaluating the yield components and seed size ratios of lupine (Lupinus albus L. cv.

Nelly) at 3 locations in Hungary (Figure 1); namely: Debrecen (47.549164, 21.456522), Jobbagyi (47.820811,
19.668177) and Nyalka (47.555106, 17.795270).

(]

.- Debrecen

Figure 1. Experimental locations of white lupine yield performance, Hungary, 2020

The soil type in “Jobbagyi” and “Nyalka” locations is luvisol, whereas the soil type in “Debrecen” is chernozem.
Soil chemical analysis was carried out before sowing, and results are shown in Table 1.
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Table 1. Soil chemical analysis in Jobbdgyi, Nyalka and Debrecen locations, Hungary, 2020

Location Jobbagyi Nyalka Debrecen
pH (KC1 1:2,5) [-] 4.95 7.38 5.34
Arany-type plasticity index [Ka] 44.82 35.85 37.52
Total soluble salt content [m/m%] 0.02 <0.02 <0.02
Carbon content [m/m%] <0.1 2.61 <0.1
Organic matter content [m/m%] 1.49 1.46 2.26
Nitrogen-nitrit+nitrate (KCI soluble) [mg kg! d.m] 10.42 4.75 5.15
Magnesium (KCI soluble) [mg kg™! d.m] 277.43 102.10 230.30
Sulfur (KCI soluble) [mg kg! d.m] 3.71 1.34 1.45
Potassium-oxide (AL-soluble) [mgkg™ d.m] 250.51 212.39 418.28
Natrium (AL-soluble) [mg kg d.m] 26.61 20.96 21.13
Phosphorus-pentoxide (AL-soluble) [mg kg d.m] 39.98 136.94 355.30
Cu (KCI - EDTA soluble) [mg kg! d.m] 4.28 2.15 3.36
Mn (KCI - EDTA soluble) [mgkg™ d.m] 326.27 135.17 347.40
Zn (KCI - EDTA soluble) [mg kg™! d.m] 0.94 0.68 1.27

In “Jobbagyi”, soil pH was 4.95, indicating acidic soil dominance. In addition, soil plasticity (44.82 Ka) was the
highest among all locations. The organic matter content was low. Nitrogen content was low compared to the other
locations. Potassium-oxide content was high. Phosphorus was very low compared to the other experimental sites.

In “Nyalka”, soil pH was neutral (7.38). Plasticity index was medium (35.85 Ka). Organic matter content was very
similar to “Jobbagyi” location (1.46%). Nitrogen content was low (4.25 mg kg™). Potassium content was high (219.39
mg kg!). Phosphorus content was medium (136.94 mgkg™).

In “Debrecen”, soil pH was acidic (5.34). Soil plasticity index was close to “Nyalka” (37.52 Ka). Organic matter
content was the highest among the sites (2.26%). Nitrogen content was low. Potassium content was the highest among
sites (418.28 mg kg™!). Phosphorus content was high (355.3 mg kg™)).

For the other nutrients, no measurable differences that would affect lupine development were detected.

The experiment was carried out during 2020 in a completely randomized design with 3 replications in “Debrecen”
and 4 replications in “Nyalka” and “Jobbagyi”.

In “Debrecen” and “Jobbagyi”, the plot size was 22.5 m?, the row distance was 75 c¢m in both locations, with 3
rows per plot. Each plot was 10 m long. In “Nyalka”, the plot size was 20 m?, with row distance of 50 cm. Each plot
had 4 rows of 10 m long.

In “Jobbagyi”, the forecrop was winter wheat. Sowing date was 26" of March. The seed rate was 105 kg ha™!
(350,000 seeds ha!). Simultaneously, 150 kg ha"! of DASA (26% N, 13% S) fertilizer was applied. The experimental
site was inter-row cultivated twice. The plots were manually harvested at full maturity stage on 11® of August.

In “Nyalka”, the forecrop was hairy vetch, sowing date was 3" of April, with a seed rate of 140 kg ha™' (450 000
seeds ha'!). Inter-row cultivator was used 5 times and weed harrowing was applied 3 times in the lupine field to control
weeds. Given that the area is bio-classified, no fertilizer was applied. The harvest was done by hand at full maturity
stage on 8" of August.

In “Debrecen”, the forecrop was sweet corn. Before sowing, 300 kg ha'! MAS (27% N) fertilizer was applied.
Sowing date was 04™ of April, with a seed rate of 105 kg ha™! (350 000 seeds ha™'). An inter-row cultivator was used
three times. The harvest was manually done for each plot at full maturity stage on 18" of August.

Weather conditions of the experimental sites during the growing period are shown in Figure 2.
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Figure 2. Average precipitation(mm) in Jobbagyi, Debrecen and Nyalka during the growing period of lupine,
Hungary 2020

The total amount of precipitation in the growing season (from March to August) was almost two times more in
“Debrecen” (426.8 mm) than “Jobbagyi” (284.2 mm) and “Nyalka” (219.0 mm). During the period of germination and
early development, a small amount of precipitation was recorded in “Jobbagyi” and “Nyalka”; only 8.1 mm and 4.2
mm in April, and 20.6 mm and 20.5 mm in May, respectively. By contrast, in “Debrecen” there was 16.5 mm of
precipitation in April and 45 mm in May. In June and July, 118.5 mm and 148.5 mm of precipitation were recorded in
“Debrecen”, which was favorable for the vegetative development of lupine. In “Jobbagyi”, the amount of precipitation
in June and July proved to be satisfactory (82.1 mm), while in “Nyalka” there was 54.5 mm of precipitation in June,
40% of which was in one day (14™), and 32.1 mm in July.

As for evaluating the temperatures during the growing period, the highest number of hot days (average daily
temperature higher than 25 °C) was recorded in “Nyalka” (1 day in June, 4 days in July, 3 days in August). In
“Jobbagyi”, 5 hot days occurred in August, while in “Debrecen” the average temperature only exceeded 25 ° C once
in August.

Calculations of pod number plant™, seed number plant’, seed yield plant” were made by measuring each plant in
each plot and then calculating the average value. Based on the collected plant samples (Debrecen: 1280 plants;
Jobbagyi: 1767 plants; Nyalka: 1954 plants), the level of lupine yield was determined by the individual productivity of
plants, which, in turn, depends on the amplitude of the change in the number of pods per plant and the mass of seeds
on the stalk. The thousand-seed weight was determined on the basis of the seed weight and seed number harvested
from the plots. The seeds were divided into different size fractions with a Kamas type sieve, the seeds were divided
into size ranges larger than 9 mm, between 9 mm and 3.5 mm and less than 3.5 mm, then the ratio of different size
fractions to total harvested yield were measured.

SPSS software (ver. 26, IBM, USA) was run to compare the means and analyze the variance among locations,
followed by Tukey’s post hoc analysis to indicate the significant differences where applicable, and Pearson’s
correlation test was run to indicate the correlation coefficient among the studied traits.

3. Results and Discussion

3.1. Yield Components

“Debrecen” location had significantly higher pod number plant, compared to “Jobbagyi” and “Nyalka”. The
pod number plant! in “Debrecen” was 62.2% and 140% higher compared to “Jobbagyi” and “Nyalka”,
respectively. Although “Jobbagyi” had relatively higher seed number plant™! than “Nyalka”, yet both locations had
significantly lower seed number plant (by 43% and 65%, respectively) than the location in “Debrecen”. “Nyalka”
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produced the lowest seed weight (g plant!), whereas “Debrecen” had significantly higher seed weight (g plant™)
than both “Jobbagyi” and “Nyalka” locations. “Jobbagyi” location had the lowest, whereas “Debrecen” had the
highest 1000-seed Weight. However, the differences among the three locations were slight and insignificant (7able

2).

Table 2. Pod number, seed number, seed weight, seed yield and 1000-seed weight of white lupine in
Debrecen, Jobbdgyi and Nyalka, Hungary, 2020

Location Pod Number plant’ Seed Number Seed Weight (g Seed Yield (kg 1000-seed

plant™ plant?!) hal) Weight (g)
Debrecen 12.0% 43.9° 12.7¢ 2,378.3% 279.5%
Jobbagyi 7.4° 25.0° 6.7° 1,315.4% 264.12
Nyalka 5.0 15.3° 4.1° 1,001.4° 276.12

e  Different letters within each trait indicate significant difference at .05 level among locations. n =3

3.2. Seed Yield (kg ha)

“Debrecen” location produced significantly higher seed yield (kg ha-1) than all other locations. The seed yield
in “Debrecen” was 80.8% and 137.5% higher than in “Jobbagyi” and ‘“Nyalka”, respectively. “Nyalka” had the
lowest seed yield. Averaged over all locations, seed yield was strongly-positively correlated with all seed
component traits, with the exception of 1000-seed weight (where the correlation was still positive, yet not strong).
Moreover, the correlation was strong and positive with the bigger seed size, but strong and negative with the
smaller seed size (Table 3).

Table 3. Correlation coefficients (average over all locations) among the examined parameters

Pod Seed Seed Thousand Yield Average seed  Average seed
Number Number Weight Seed Weight (ke ha™!) size over 9 size between
plant™! plant!  plant’! (g plant?) £ mm (%) 3,5-9 mm (%)
Pod Number 1 992" 979" 031 678" 712" -708"
plant
Seed
Number 992" 1 993" .039 720" 747 -.744™
plant™
Seed Welght — g79 993 1 133 77" 792" -790°
plant

1000-Seed
Weight .031 .039 133 1 294 363 -.364

(g plant™)

Seed Yield " e - . .
(ke ha™) 678 720 777 294 1 734 -737
Average
seed size 127 74T 792" 363 734" 1 -1.000""

over 9 mm

(%)

*. Correlation is significant at the 0.05 level (2-tailed).
**_Correlation is significant at the 0.01 level (2-tailed).

3.3. Average Seed Size (%)

The highest average of bigger seeds (over 9 mm) and the lowest average of smaller seeds (between 3.5 — 9 mm)
was recorded in “Debrecen” location, where the difference was significant compared to the other locations,
followed by “Nyalka” and “Jobbagyi”, respectively (Table 4). The bigger seed size was strongly correlated with
all traits except for the correlation with the 1000-seed weight, where the correlation was still normal and with the
smaller seed size where it was negative (Table 3).
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Table 4. Ratio of different seed sizes at the studied locations, Hungary, 2020

Location Average seed size over 9 mm (%) Average seed size between 3,5-9 mm (%)
Debrecen 59.32 40.1°
Jobbagyi 25.4° 74.0°

Nyalka 33.2° 66.4°

e  Different letters within each trait indicate significant difference at .05 level among locations.

4. Discussion

4.1. Yield Components

Our results showed that “Nyalka” had the lowest yield among the three studied locations, where the soil pH was
the highest (Table 1). It was previously reported that the growth rate of white lupine (cv. Alban) plants was significantly
reduced with increasing the nutrient solution pH. As a result, the shoot biomass significantly decreased (to 1.79 g plant”
1) when the solution’s pH was 7.5, relative to 5.5 and 6.5 where the biomass gradually, yet insignificantly, decreased
to 2.38 and 2.20 g plant’!, respectively. The highest biomass (2.39 g plant™) was achieved under the solution’s pH
conditions of 4.5 (Bertoni et al., 1992). Earlier, Bertoni et al. (1990) reported similar conclusion.

Both the 1000-seed weight and the pod number plant can vary based on the available water for plants (Podlesna
etal. 2014), which is supported by our findings. The higher pod number plant™ resulted in higher seed yields of different
white lupine cultivars (Borowska et al., 2015). We also found a significant correlation (r = 0.678) (Table 3) between
pod number plant! and seed yield. Khalimullina et al. (2019) reported that precipitation deficiency during the late
stages of white lupine (variety Gamma) caused pod number plant™ to decrease by 5.5%. They also reported that the
same variety had the seed number plant decreased by 23%, the seed weight plant™ decreased by 34.6% and the 1000-
seed weight decreased by 15.2% under this unfavorable condition. Similarly, “Degas” variety decreased seed number
plant! by 3.9%, seed weight plant! by 24.8%, 1000-seed weight by 22.1%. Our results showed that pod number plant
!, seed number plant” and seed weight plant significantly decreased under water shortage conditions, whereas the
1000-seed weight did not measurably vary (Figure 2, Table 2). Different narrow-leafed lupine and yellow lupine
varieties showed different reactions in terms of 1000-seed weight under terminal water deficiency conditions (Palta et
al., 2007). However, Rashad et al. (2018) evaluated the influence of different water availability schemes on lupine
(Lupinus termis L., cv. Giza 2) yield and its components under different compost rates in a sandy soil. The authors
concluded that the 1000-seed weight decreased by 9.1% (averaged over all compost rates) when water availability was
decreased.

4.2. Seed Yield and Seed Quality

Precipitation amount and distribution during the plant’s vegetation period is a vital factor that affects the final seed
yield of legumes (Podle$na et al. 2014), especially if accompanied by increased temperatures during the late stages, as
a result of its negative effect on flowering and podding (Atkins and Smith, 2004; Basal and Szabd, 2020). Similar
conclusion was reported by Palta et al. (2007), who indicated that annual legumes are most susceptible to water
deficiency during flowering stage. The same authors attributed the yield enhancement under better water availability
during flowering and podding stages mainly to increased pod number as a result of increased lateral branch number.
In our experiment, water shortage occurred basically during the late season (July) in “Nyalka”, probably leading to
reduced seed yield (Table 2). Khalimullina et al. (2019) reported a 37.4% decrease in the seed yield of “Gamma” white
lupine under unfavorable precipitation conditions.

There is high correlation between the yield quantity and/or quality and meteorology (Wilmowicz et al., 2019).
Siiheri et al. (2020) reported linear correlations between the seasonal water use and the final yield of snap bean. Polit
et al. (2019) indicated that although the enhancement (by 25.1%) of the seed yield of a yellow lupine variety (Mister)
was not significant under well-watered conditions, yet the quality of the plants that got irrigation water was visually of
much higher quality. Our results also showed that seed quality, in terms of seed size, in “Debrecen” was significantly
higher than the other locations. On the other hand, narrow-leaved lupine that was grown during the same period and
under the same water availability conditions reported by Polit et al. (2019) yielded 2.5 times more than the other group
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which did not get sufficient water, but with reduced seed size and weight (Winnicki et al., 2019).

Not only precipitation amounts and distribution, but also soil characteristics, particularly soil pH and limestone
content, were reported to affect the yield components of white lupine by influencing the efficiency of the symbiosis
process, leading to major yield reduction and N> fixation (Sulas et al., 2015). Kerley (2000) reported a 30% yield
decrease in white lupine when soil pH exceeded 7.2 and attributed this decrease to shoot growth restrictions. Our results
showed that the seed yield in “Nyalka” location (pH = 7,38) was significantly less compared to that of “Debrecen”
location, where the soil pH was lower (5.34). Vlachostergios et al. (2016) conducted experiments in two locations with
different soil characteristics, one location with optimal pH (equal to 6.5), and one location was considered as the stress
pH level (equal to 8.1). Their results showed that the mean yield in the optimum environment ranged from 1.4 to 4.12
tha'!, while under high pH conditions the yield mean was measurably lower (0.2-1.5 t ha!). The authors also indicated
that the mean seed yield per single plant of the trial was 5.2 g under optimum circumstances, whereas it ranged from
1.8-4.6 g under stress conditions.

5. Conclusions

It could be concluded that the precipitation amount and distribution throughout the vegetative period of white lupine
had a measurable effect on the yield components measured, resulting in significant differences in the final seed yield.
Not only the precipitation, but also the soil pH played a role, as even a mildly-alkaline soil negatively affected all the
studied traits, leading to the lowest yield among all locations. Further investigations of the influence of certain nutrients
availability for white lupine plants under favorable soil and climatic conditions will probably enrich the knowledge
database of this important legume.
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ARASTIRMA MAKALESI RESEARCH ARTICLE

Comparison of Blue Basin Traps on Capturing The Adults of Tropinota hirta (Poda,
1761) (Coleoptera: Cetoniidae) at Three Different Heights in Cherry Orchards

Kiraz Bahgelerinde Farkli Yiikseklikte Tropinota hirta (Poda, 1761) (Coleoptera: Cetoniidae)
Erginlerini Yakalamada Mavi Legen Tuzaklarin Karsilagtirilmasi

Ali OZPINAR", Ali Kiirsat SAHIN?, Burak POLAT®

Abstract

In this study, the effect of five different hues of blue colored basin traps at different heights on capture rates of
Tropinota (Epicometis) hirta (Poda, 1761) (Coleoptera: Cetoniidae) adults in a cherry garden in Canakkale (Ezine-
Akkdy) province, was investigated. Basin traps, which were painted with blue colors coded as #B4CS8El,
#CADSE3, #A6CDE3, #4D9AC9 and #05467A, and made from 35x25x15 cm sized basins, were used to capture
T. hirta adults. The trial was conducted on a 21 da cherry orchard with 5 years old Regina cultivar trees on Maxima
14 rootstock. It was planned with three repetitions, traps were mounted on platforms on wooden stakes placed
between two trees with 10 m space with other traps at three different heights as; on ground level (0 cm), on 50 cm
and 100 cm from ground level, on 22 March, 15 days before the trees bloomed with a total of 45 traps. The basin
traps were filled with 1/3 of water and licensed attractants (100 mg Trans-Anethol + 100 mg Cinnamyl Alcohol)
are added to the traps. The samplings were done with an interval of 2 days and the adults caught in the traps were
recorded. The adult flight period was determined from the number of 7. hirta adults caught in different blue colored
traps at three heights. A total of 3828 adults were captured in all traps. 73.45% of the total adults caught in the
traps were found before flowering period (before April 7). The difference between the numbers of adults caught
in traps at three heights was statistically significant. Highest number of adults was caught on the ground level (0
cm) in the #C4DS5E3 code trap (429 adults) and this trap was followed by the trap #B4C8E1 at 50 cm height (384
adults). The number of adults caught by all traps at 100 cm height was lower than the other two heights. As a result,
traps color and heights were found to be different in catching 7. Airta adults in cherry orchard. With these results
in mind, there is a strong possibility to use #C4D5E3 coded traps (Light grayish blue) successfully in cherry
orchards against 7. Airta adults in the future.

Keywords: Cherry, Tropinota hirta, Epicometis, Blue basins traps, Different heights
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Oz

Bu calismada Canakkale (Ezine -Akkoy) ilinde, kiraz bahgesinde mavi rengin bes farkli tonundaki legen tuzaklara
¢ farkli ylikseklikte yakalanan Tropinota (Epicometis) hirta (Poda, 1761) (Coleoptera: Cetoniidae) ergin sayilari
karsilastirilmigtir. Boyutlar1 35x25x15 cm olan seffaf legenler, #B4C8E1, #C4DS5E3, #A6CDE3, #4D9AC9 ve
#05467A kodlu mavi renk boyalar ile boyanmis ve 7. Airta erginlerini yakalamada kullanilmistir. Deneme Maxima
14 yar1 bodur anag iizerine asili 5 yagindaki Regina kiraz ¢esidi ile tesis edilmis 21 dekarlik iireticiye ait bahgede
ylriitiilmiistiir. Deneme ii¢ tekrarli olarak planlanmis, agaglar ¢icek agmadan 6nce, 22 Mart’ta legen tuzaklar 10
m araliklarla 2 agac¢ arasina gelecek sekilde ii¢ farkli yiikseklikte (0 cm, 50 cm ve 100 cm) yerlestirilmis olup, bu
amagla toplam 45 legen tuzak kullanilmistir. Legenler 1/3 oraninda su ile doldurulmus ve iistten gegirilen iplerle
etrafina ¢akilan demir gubuklara (yerdeki tuzaklar) ve ¢ivilere (ahsap sehpalar) sabitlenmis ve cezbedici (100 mg
Trans-Anethol +100 mg Cinnamyl Alcohol) legenlere monte edilmistir. Orneklemeler 2 giin arayla
gerceklestirilmis ve tuzaklarda yakalanan erginler kaydedilmistir. Ergin ugus periyodu ii¢ farkli yiikseklikte farkli
mavi renklerdeki tuzaklarda yakalanan ergin sayilariyla belirlenmistir. Tiim tuzaklarda toplam 3828 ergin
yakalanmistir. Tuzaklarda yakalanan tiim erginlerin %73.45’inin ¢i¢ceklenme dncesi (7 Nisan’dan dnce) doneme
ait oldugu goriilmiistiir. Farkli yiiksekliklerde tuzaklarda yakalanan ergin sayilari arasindaki fark istatistiksel
olarak énemli bulunmustur. En yiiksek ergin sayisi yer seviyesindeki (0 cm) #C4D5E3 kodlu tuzakta (429 adet)
yakalanmis ve bu tuzagi 50 cm yiikseklikteki #B4C8E1 kodlu tuzak (384 adet) izlemistir. 100 cm yiikseklikte yer
alan biitiin tuzaklarda yakalanan erginlerin sayisi diger yiiksekliklere gore daha diistik ¢ikmistir. Sonug olarak kiraz
bahgesinde T. hirta erginlerini yakalamada tuzak ve yiiksekliklerin etkinligi farkli bulunmustur. Bu bulgulara gore
kiraz bahgelerinde 7. hirta erginlerini yakalamada #C4D5E3 kodlu agik mavi renk legen tuzaklarin basarili olarak
kullanacag: kanisina varilmistir.

Anahtar kelimeler: Kiraz, Tropinota hirta, Epicometis, Mavi legen tuzaklar, Farkl yiikseklikler
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1. Introduction

Turkey is in the first place in the world with the production of Cherry, which is one of the most important
commercial fruits in the world, with a quantity of 639.564 tonnes (Dogan Oz and Saner, 2021). Canakkale province
has an important potential for cherry production. In cherry production, control measurements against the pests start
in the flowering period. One of these pests, Tropinota (Epicometis) hirta (Poda, 1761) (Coleoptera: Cetoniidae)
were identified in many regions of Turkey on pome and stone fruits (Kara, 1992, Kaya and Kovanci, 2004; Yasar
etal., 2013; Arslan and Aslan, 2015; Gezer and Ozpinar, 2015). Adults of T. hirta are pests that damage the flowers
of fruit trees by feeding on the flowers and polen (Ozbek, 2008). According to the interviews with the farmers in
Canakkale, damage of T. hirta is tolerable on peach and apple trees with fruit thinning, but it is important in cherry
production. A study carried out in Bulgaria showed that T. Zirta can cause damage on cherry trees up to 70%
(Kutinkova and Andreev, 2004).

Because of the potential damage on honeybees and other pollinator insects in blooming period, usage of
chemical control applications is limited against the adults of 7. hirta. Instead, using colored traps and attractants
for mass capturing of adults is accepted as an alternative control method (Vuts et al., 2010). Previous studies have
shown that blue was more effective in capturing the adults than other colors (Schmera et al., 2004). Nonetheless,
studies to determine the suitable color for the fruit species continue. For example, while white is more attractive
in blooming period in cherry and sour cherry, blue is better at capturing adults after blooming period (Aydin, 2011).
Also, the shape of the traps seems to have an effect on the success of the trap. According to the studies by Sagdas
(2011) and Arslan and Aslan (2015), blue funnel traps were found to be more successful in Isparta, while blue
basin traps were better in Canakkale (Gezer and Ozpimar, 2015).

On the other hand, it was reported that capturing adults of 7. hirta was more successful when a mixture of
cinnamyl alcohol and trans-anethole was used as the attractant (Toth et al., 2003) and the success of light blue
traps were increased (Schmera et al., 2004). Also, an important increase in the number of captured adults was
recorded by adding [(E)-anethol ve (E)- cinnamyl alcohol at 1:1 ratio] into the aforementioned attractant mixture
(Vuts et al., 2010). Also, 5 different hues of blue were examined by Yasar et al., (2013) and they concluded that
the best result was obtained from the funnel traps with #C6DEFF hexadecimal code in cherry and from the basin
traps with #4D9AC9 code in peach (Erbay and Ozpinar, 2019). It is observed that, the color of the flowers is an
important factor in capturing the adults of 7. hirta.

Based on these studies, we investigated the effectiveness of basin traps with 5 different hues of blue according
to their hexadecimal codes, which were shown to be effective at capturing the adults of 7. hirta (Erbay and Ozpinar,
2019; Ozpmar and Erbay, 2020), on three different heights by adding a licensed attractant in cherry production
areas of Ezine, Canakkale.

2. Materials and Methods

The study was conducted on a 21 da cherry orchard with 5 years old Regina cultivar trees on Maxima 14
rootstock with 5x5 planting plan in Ezine (Akkdy) district of Canakkale (39°49'08.20"N and 26°20'43.19"E).

Basin traps, which were painted with blue colors coded as #B4C8E1, #C4D5E3, #A6CDE3, #4D9AC9 and
#05467A (Table 1), and made from 35x25x15 cm sized basins, were used to capture 7. hirta adults (Figure 1).
Holes were drilled on basins on 3 sides at 10 cm depth, to drain excess rainwater. Traps were mounted on platforms
on wooden stakes placed between two trees with 10 m space with other traps at three different heights as; on soil
surface (0 cm), on 50 cm and 100 cm from soil surface, according to Ozpiar and Erbay (2020).

Table 1. The color mixture values (RGB) and hexadecimal codes of basin traps used to capture Tropinota
hirta adults
Light steel blue Light grayish blue Very soft blue Moderate cyan Dark blue

Hexadecimal codes #B4CBE1 #C4DSE3 #A6CDE3 #4D9AC9 #05467A
Red green blue (RGB) 180. 200. 225 196. 213. 227 166. 205. 227 77.154.201 5.70. 122

Different height applications were not next to each other (Figure 1). The experiment was designed as random
block design and there were 3 empty tree lines between each application line with three repetitions. A total of 45
basins were used with 5 basins per height application.
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Basins were immobilized by placing and binding 15 cm nails on 4 sides of the basins at 50 and 100 cm heights
and iron rods on 4 sides of the soil surface basin with ropes to prevent the effect of wind on the basins. Attractants
(100 mg Trans-Anethol+100 mg Cinnamyl Alcohol) were tied to the traps without touching water (Figure 1).
Basins were filled with water in 1/3 ratio to prevent adults from climbing out of the traps and evaporated water
was added during samplings. The samplings were started on 24.03.2019 and adults were counted by collecting
them with a sieve every two days. Samplings were ended on 03.05.2019 with the declining number of adults in
traps. Also, flowering rate (%) of trees were calculated by counting the number of broken and unbroken buds on
branches. Climate data was gathered from the closest climate station of Canakkale Directorate of Provincial
Agriculture and Forestry.

Attractant

Figure 1. Basin traps on different heights in the cherry orchard

Adult flight of 7. hirta was determined from the data of basin traps with 5 different hues of blue on three
different heights. Also, number of 7. hirta adults captured in blue basin traps on three different heights were
analyzed with 2-way repeated measures ANOVA (SPSS 25) and the means were compared with the Duncan
multiple test (P<0.05).

3. Results and Discussion

A high number of adults were captured in the traps with three different heights on 24.03.2019 with a mean
daily temperature of 11.9°C (Table 2 and Figure 2). According to Gezer and Ozpmar (2015) first 7. hirta adults
were captured in traps on April 2™ of 2013 and March 23" of 2014 in relation to environmental temperature. In
Isparta region, first 7. hirta adults were found in traps on March 23" (Giiveng and Yasar, 2014) and on March 26"
(Yasar et al., 2013). In another study in Bulgaria, first adults were captured in traps at the end of March and the
highest numbers were determined in mid-April (Subchev et al., 2011).

In this study, the highest number of adults were captured in the second sampling date, 26.03.2019. High number
of adults in traps showed that adult flight period starts earlier in this region. Another study reported that T. hirta
adults were first captured on March 2™ and the highest number of adults was in March 18" in a peach orchard in
close proximity to our study orchard (Erbay and Ozpinar, 2019), supporting this observation.

Because of the overcast weather and rain, adult numbers in traps were lower in the following samplings. In
contrast, the number of adults in sunny and warm days was high. Similarly, Zobar and Kivan (2019) reported that
Capnodis tenebrionis adults were more caught in traps at high temperatures. This situation caused short-term
fluctuations in the number of adults in traps. Thus, no parallels between 7. hirta adult population density and
flowering density of trees were discovered. Flowering period has started on April 7" and has reached to 100%
between April 20" and April 27", The number of adults was low in these dates because of rain. A total of 3828
adults were captured in all traps. It was found that, 73.45% of the adults captured in the traps in the cherry orchard
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was from pre-flowering period (Before April 7). According to Erbay and Ozpinar (2019), the number of adults
in traps has reached to the highest point on the same date with flowering also reaching to 100%. The high number
of adults in the cherry orchard in pre-flowering period is interpreted as adults feeding on flower buds. Likewise,
this situation is evaluated as such in many other studies.

Table 2. Number of Tropinota hirta adults captured at three different heights and 5 different hues of blue

Codes #B4C8E1 #C4DSE3 #A6CDE3 #4DIACI #05467A Total
Height
(cm) 0 50 100 O 50 100 O 50 100 O 50 100 O 50 100

24.03.19 33 45 6 45 21 9 57 33 6 54 36 6 24 18 6 399

26.03.19 45 78 60 72 90 36 51 45 45 36 54 39 30 39 27 747
28.03.19 9 12 0 18 15 3 6 12 3 9 6 6 6 9 0 114
30.03.19 3 3 0 6 6 0 3 0 0 3 3 3 33
01.04.19 27 42 9 63 30 6 60 36 15 57 60 21 9 9 453
03.04.19 27 42 6 60 27 12 36 27 6 42 30 327 21 12 378
05.04.19 33 51 15 54 42 27 33 48 21 48 36 21 33 30 21 513
07.0419 9 27 15 12 9 6 6 6 6 21 18 6 3 9 3 156
11.04.19 33 45 12 42 30 18 24 30 15 45 33 327 12 9 378
13.04.19 3 0 0 3 0 0 6 3 0 9 3 0 3 0 3 33
15.04.19 6 6 0 12 6 3 3 15 6 12 21 3 9 6 9 117
17.04.19 6 9 9 12 6 3 6 24 9 6 15 6 3 3 3 120
19.04.19 6 0 3 6 3 3 3 0 0 3 3 3 0 3 0 36
21.04.19 3 9 3 6 9 3 3 9 0 6 6 3 3 0 0 63
23.04.19 3 3 3 0 9 3 3 9 3 0 6 6 0 0 3 51
25.04.19 © 3 9 3 9 3 3 9 6 9 9 6 3 0 3 81
27.0419 6 3 6 6 6 0 6 3 6 3 3 9 3 3 3 66
29.04.19 © 3 0 0 3 1 6 3 2 3 6 2 0 3 1 39
01.05.19 3 0 0 6 3 3 0 0 3 0 3 3 3 0 0 27
03.05.19 3 3 0 3 3 0 3 0 3 0 0 3 3 0 0 24
Total

(Height) 270 384 156 429 327 139 318 312 155 363 351 137 204 168 115 3828

Standart
Error 3.05 513 297 543 4.65 215 448 353 232 456 4.04 197 261 243 1.62 3.05

Total

3828
(Colors) 810 895 785 851 487

When the effectiveness of the different hues of blue colored traps were investigated, it was observed that the
highest number of adults were captured in #C4D5E3 (RGB=196.213.227) coded trap with 895 adults (Table 2).
This trap was followed by #4D9AC9, #B4C8EI and #A6CDE3 coded traps. The lowest number of adults was
captured in #05467A coded trap, which was the darkest blue, with 487 adults. This darker hue of blue is similar to
the traps used by farmers in the region against 7. hirta, thus this result is found to be interesting. Yasar et al.(2013)
reported that the highest number of T Airta adults was in light steel blue (RGB=198.222.255) colored funnel traps.
The closest color in our study to the mentioned color is #C4D5E3 (RGB=196.213.227), which had similarly high
effectiveness at capturing 7. Airta adults.

The results of the experiment to determine the effectiveness of the traps in different heights showed that, total
number of the adults captured at ground level (0 cm), 50 cm and 100 cm were 1584, 1542 and 702, respectively.
While the numbers of adults captured at ground level and 50 cm height were pretty similar, the number of adults
at 100 cm height was significantly lower than the others. This result was associated with the fact that the trees in
the experimental orchard are 5 years old and are semi-dwarf, which may have created compatibility between the
traps at ground level and 50 cm height. However, Celik (2019) has reported the highest number of adults in cherry
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orchards at 150 cm height, with no information about tree age or canopy height. The findings of the mentioned
study do not match up with our results.
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Figure 2. Population changes of Tropinota hirta adults captured in traps at three different heights in the
cherry orchard.

On the other hand, the #C4D5E3 coded trap has captured the most adults with 429 adults on the height with
the most adults, which was ground level (Figure 3). This trap was followed by #4D9AC9 coded trap with 363
adults. On 50 cm height, which had a total of 1542 adults, the highest number of adults was in the trap with the
code #B4C8E1 with 384 adults. This trap was followed by the #4D9AC9 coded trap with 351 adults (7able 2 and
Figure 3). The trap with the second highest number of adults captured on both ground level and 50 cm height,
#4D9ACY coded trap, was the most effective in peach orchards (Erbay and Ozpinar, 2019).

The difference between the numbers of 7. hirta adults captured in traps was statistically significant with trap
heights and colors in mind (7able 4). On ground level (0 cm), mean number of adults captured in different hues of
blue was found to be significantly different (P<0.05). The highest number of adults was on the trap with the code
#C4DS5E3, with a mean number of 7.15 adults. This trap was followed by the #4D9AC9 coded trap with a mean
number of 6.05 adults. The trap with the code #05467A had significantly lower number of adults (3.40) than the
other traps (Table 4). The difference between the number of adults on different hues of blue on 50 cm was also
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found to be statistically significant (P<0.05). The trap with the code #05467A also had significantly lower number
of adults (2.70) than the other traps on this height. The number of adults in the mentioned trap was found to be
close to the number of adults caught in the dark blue traps from the study of Yasar et al. (2013). The difference
between the number of adults in the traps with different hues of blue was not statistically significant at 100 cm
height (P>0.05).

500
5 450 m(0cm m50cm 100 cm
8 400
;; 350
© 300
£ 250
= 200
3
§~ 100
&~ 50
0
#B4CS8E1 #C4DSE3 #A6CDE3 #4DI9AC9 #05467A
Blue color codes

Figure 3. Total number of Tropinota hirta adults caught in different height traps in a cherry orchard.

Table 4. The mean number of Tropinota hirta adults in traps with different colors on three different heights
(Meanzstd error) (n=60).

Hexadecimal 5/ ek|  4CADSE3  #AGCDE3  #4D9ACO  #osa67a ¢ dfd2 P

codes
0 em 4.50£0.64  7.15+£1.06  5.30+£0.89  6.05+0.89  3.40+0.51 2.297 4-295  0.047
b A a A b A ab A c A
50 em 6.40+0.98  5.45+0.90 5.20+0.72  5.85+0.83  2.85+0.49 3.164 4-295 0.014
a A a A a A a A b A
2.60+£0.61  2.35+0.44  2.65+0.45  2.35+0.39 1.95+0.34 0.435 4-295 0.078
100 cm
a B a B a B a B a B
F 6.448 9.511 4,109 7.339 3.726
df (1-2) 2-177 2-177 2-177 2-177 2-177
P 0.020 0.000 0.018 0.001 0,032

Note: The difference between the means with different small letters on the same row are statistically significant (p<0.05). The
difference between the means with different capital letters on the column are statistically significant (p<0.05).

When the effectiveness of the traps at attracting the adults of 7. hirta on different heights was compared, the
difference between three heights on all traps was significant (P<0.05). The number of adults captured on ground
level (0 cm) and 50 cm height was found to be not significantly different than each other, while the number of
adults in the traps on 100 cm height was significantly different than the other heights (P<0.05). From these traps,
the highest effectiveness was found on 50 cm height in the #B4C8E! coded trap, while ground level was found to
be the most effective height for the #C4D5SE3 and #4D9AC9 coded traps. The highest mean number of adults was
captured in the trap with the code #C4D5E3 with 7.15 adults per trap. However, the same coded trap was found to
be on the 3™ place at capturing T. hirta adults in peach orchards, while the trap on the 3™ place in our study was
the most effective at capturing adults in peach orchards (Erbay and Ozpmar, 2019). These findings suggest that
the attractiveness of the traps with different colors may vary with the fruit species. Yasar and Dahham Dahham
(2019) have reported that the different number of 7. hirta adults captured with the same-colored traps on different
apple cultivars may point to a link between trap color and cultivar.

745



Ozpinar & Sahin &Polat
Comparison of Blue Basin Traps on Capturing The Adults of Tropinota hirta (Poda, 1761) (Coleoptera: Cetoniidae) at Three Different Heights in Cherry
Orchards

4. Conclusions

As a result of the study, different numbers of 7. hirta adults were captured in the traps, which were placed on
the orchard on March 22", with five different hues of blue on three different heights in a cherry orchard. The
number of adults in the traps has varied with different heights on tested colors. The highest number of adults was
captured in the #C4D5E3 coded trap on ground level with 287 adults. This trap was followed by the #B4C8E1
coded trap on 50 cm height with 256 adults. The #4D9AC9 coded trap was in the 3™ place on ground level with
247 adults. The lowest number of 7. hirta adults was found in the #05467A coded trap, which was the darkest blue
hue in the study, on all heights. On all blue hues, the traps on 100 cm height were the least effective at capturing
T. hirta adults. The height with the highest number of adults was ground level (Ocm). The success of basin traps
on ground level is important for farmers because of their practicality. With these results in mind, there is a strong
possibility to use #C4D5E3 coded traps (Light grayish blue) successfully on ground level in cherry orchards
against 7. hirta adults in the future.
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