Research in Agricultural
Sciences

Formerly: Atatiirk University Journal of Agricultural Faculty

Official journal of Atatirk University Agricultural Faculty

Volume 54 ¢ Issue | e January 2023

) EISSN 2979-9686
//AVES agriculture-ataunipress.org



Research in Agricultural
Sciences

Editor

Goksel TOZLU

Department of Plant Protection, Atatirk University, Faculty of Agriculture, Erzurum, Turkey

Associate Editors

Bolent GETIN
Department of Food Engineering, Atatirk University, Faculty of
Agriculture, Erzurum, Turkey

Erdogan OZTURK
Department of Field Crops, Atatirk University, Faculty of Agriculture,
Erzurum, Turkey

Selda ORS CIRIK
Department of Agricultural Structures and Irrigations, Atatirk
University, Faculty of Agriculture, Erzurum, Turkey

Nuray DEMIR
Department of Agricultural Economics, Atatork University, Faculty of
Agriculture, Erzurum, Turkey

Serdar BILEN
Department of Soil Science and Plant Nutrition, Atatirk University,
Faculty of Agriculture, Erzurum, Turkey

Saliha CORUH
Department of Plant Protection, Ataturk University, Faculty of
Agriculture, Erzurum, Turkey

Cihat YILDIZ
Department of Agriculture, Machinery, Atatirk University, Faculty of
Agriculture, Erzurum, Turkey

Melek EKINCI
Department of Horticulture, Atatirk University, Faculty of Agriculture,
Erzurum, Turkey

Murat AYDIN
Department of Biotechnology, Atatirk University, Faculty of
Agriculture, Erzurum, Turkey

Sinan KOPUZLU
Department of Zootechnics, Ataturk University, Faculty of
Agriculture, Erzurum, Turkey

/AVES Founder Publications Coordinators
/ lbrahim Kara Arzu Ari

Markéta MIHALIKOVA

Department of Water Resources, Czech University of Life Sciences,
Faculty of Agrobiology, Food and Natural Resources, Prague,

The Czech Republic

Advisory Board

Taskin OZTAS
Department of Soil Science and Plant Nutrition, Ataturk University,
Faculty of Agriculture, Erzurum, Turkey

Fikrettin SAHIN
Department of Genetics and Bioengineering, Yeditepe University,
Faculty of Engineering, istanbul, Turkey

Marcin KADEJ

Department of Invertebrate Biology, University of Wroclaw, Faculty
of Biology, Evolution and Conservation, Evolution and Ecology,
Wroctaw, Poland

Giuseppe Fabrizio TURRISI
Ministry of Education, University and Research, Catania, Italy

Celeste WELTY
Professor Emerita, Ohio State University, Columbus, Ohio, USA

Atilla DURSUN
Turkish Manas University, Kyrgyz-Turkish Manas University

Geza BUJDOSO
Hungarian University of Agriculture and Life Sciences,
Research Centre for Fruit Growing, Budapest, Hungary

Shakeel AHMAD
Department of Agronomy, Bahauddin Zakariya University,
Multan, Pakistan

Li YANG

College of Mechanical and Electrical Engineering, Shihezi University,
Shihezi, China

Finance Coordinator

General Manager

Ali Sahin

Publishing Directors
irem Soysal
Gokhan Cimen

Editor
Bahar Albayrak

Elif Yildiz Celik
Deniz Kaya
Irmak Berberoglu Contact
Alara Ergin Publisher: Atatork University
Hira Gizem Fidan Address: Atatirk University, Yakutiye,
Vuslat Tas Erzurum, Turkey

Irem Ozmen

Web Coordinators
Sinem Fehime Koz
Dogan Orug

Publishing Service: AVES

Address: Boyutkdere Cad., 105/9 34394
Sisli, Istanbul, Turkey

Phone: +90 212 217 17 00

E-mail: info@avesyayincilik.com
Webpage: www.avesyayincilik.com


http://orcid.org/0000-0002-7187-7825
http://orcid.org/0000-0002-4679-2555
http://orcid.org/0000-0001-8746-3005
http://orcid.org/0000-0001-6789-8642
http://orcid.org/0000-0001-5670-6801
http://orcid.org/0000-0003-0516-1893
http://orcid.org/0000-0002-6822-6677
http://orcid.org/0000-0002-4901-8186
http://orcid.org/0000-0002-7604-3803
http://orcid.org/0000-0003-1091-0609
http://orcid.org/0000-0002-1582-3929
https://orcid.org/0000-0001-6658-561X
http://orcid.org/0000-0001-5001-103X
http://orcid.org/0000-0002-7208-8967
http://orcid.org/0000-0001-5983-0402
http://orcid.org/0000-0002-5258-367X
https://orcid.org/0000-0002-8475-8534
https://orcid.org/0000-0001-7911-5860
https://orcid.org/0000-0002-5835-9505
https://orcid.org/0000-0002-4268-4004

Research in Agricultural
Sciences

AIMS AND SCOPE

Research in Agricultural Sciences is a scientific, open access, online-only periodical published in accordance with independent, unbiased, and
double-blinded peer-review principles. The journal is official publication of the Atatirk University Faculty of Agriculture and published tri-annually
on January, May and September. The publication languages of the journal are Turkish and English.

Research in Agricultural Sciences aims to contribute to the science by publishing high quality publications in all fields of agricultural sciences. The
journal publishes original articles, compilations, technical notes and letters to the editor.

The scope of the journal includes but not limited to horticultural crops, plant protection, biosystems engineering, food engineering, forestry engi-
neering, landscape architecture, aquaculture, agricultural economics, agricultural mechanization, agricultural structures and irrigation, field crops,
soil, plant physiology, breeding and genetics, cultivation technique and horticultural crops.

The editorial and publication processes of the journal are shaped in accordance with the guidelines of the International Committee of Medical
Journal Editors (ICMJE), World Association of Medical Editors (WAME), Council of Science Editors (CSE), Committee on Publication Ethics
(COPE), European Association of Science Editors (EASE), and National Information Standards Organization (NISO). The journal is in confor-
mity with the Principles of Transparency and Best Practice in Scholarly Publishing (doaij.org/bestpractice).

Research in Agricultural $ci§nces is currer)tly indexed in Web of Science-Zoological Record, CABI, EBSCO, ProQuest, MIAR, DRIJI, Index
Copernicus, CNKI, and TUBITAK ULAKBIM TR Dizin.

All expenses of the journal are covered by the Atatirk University. Processing and publication are free of charge with the journal. No fees are
requested from the authors at any point throughout the evaluation and publication process. All manuscripts must be submitted via the online
submission system, which is available at www.agriculture-ataunipress.org. The journal guidelines, technical information, and the required forms
are available on the journal's web page.

Statements or opinions expressed in the manuscripts published in the journal reflect the views of the author(s) and not the opinions of the Ataturk
University Faculty of Agriculture, editors, editorial board, and/or publisher; the editors, editorial board, and publisher disclaim any responsibility
or liability for such materials.

Open Access Statement

Research in Agricultural Sciences is an open access publication, and the journal’s publication model is based on Budapest Access Initiative
(BOAII) declaration. All published content is available online, free of charge at www.agriculture-ataunipress.org. The journal’s content is licensed
under a Creative Commons Attribution-NonCommercial (CC BY-NC) 4.0 International License which permits third parties to share and adopt
the content for non-commercial purposes by giving the appropriate credit to the original work.

You can find the current version of the Instructions to Authors at https://agriculture-ataunipress.org/

Editor in Chief: Géksel Tozlu
Address: Ataturk University Faculty of Agriculture, Erzurum, Turkey
E-mail: auzfdeditor@atauni.edu.tr

Publisher: Ataturk University
Address: Ataturk University, Yakutiye, Erzurum, Turkey

Publishing Service: AVES

Address: Buyukdere Cad., 105/9 34394 Sisli, istanbul, Turkey
Phone: +90 212 217 17 00

E-mail: info@avesyayincilik.com

Webpage: www.avesyayincilik.com



Research in Agricultural
Sciences

CONTENTS

Reviewers List

Acknowledgement of Reviewers

Research Article

Influence of Intercropping on the Growth and Yield Performance of Upland Rice (Oryza sativa L. var. zambales) and Peanut (Arachis hypogaea L.)
Jerome AMARADO, Ulysses CAGASAN

Total Costs, Labor Requirements, and Work Efficiencies in Rice Production Mechanization in Turkey: A Case Study From Samsun Province
Hasret TURER, Taner YILDIZ

Determination of the Effect of Irrigation Water and Nitrogen Applications on Potato Beetle (Leptinotarsa decemlineata Say)

and Natural Enemy Populations

Erdal DASCI, irfan ASLAN

Effects of Some Temperature and Dormancy-Breaking Applications on Germination Rates of Camelthorn

(Alhagi pseudalhagi (Bieb.) Desv.) Seeds

Bilal KESKIN, Siileyman TEMEL, Giilim GUREL, Eren OZDEN

Evaluation of Solid and Liquid Fertilizers in Increasing of Yield, Phosphorus Agronomic and Reuptake Efficiency of Sugar Beet
Duygu Akgay KULLUK, Fatma Gokmen YILMAZ, Mustafa HARMANKAYA, Sait GEZGIN
Review

Use of Steel Slags for Agricultural Purposes
Glilsen TOZSIN, Tagkin OZTAS

Ice Nucleation Active Bacteria in Vineyards and Orchards and Low Temperature Damage
Muhammed KUPE

22

31

36

42



ATATURK
UNIVERSITESI
YAYINLARI
ATATURK
UNIVERSITY
PUBLICATIONS

Content of this journal is licensed
under a Creative Commons
Attribution-NonCommercial 4.0
International License.

Reviewers List

DOI: 10.5152/AUAF.2023.160123

Acknowledgement of Reviewers

Dear readers,

Our reviewers perform very important and precious role in the evaluation of the scientific articles,
make valuable contributions to the increasing quality and the rising at an international level of the

Research in Agricultural Sciences.

Editorial Board would like to thank all the reviewers that are listed below for their support in Research

in Agricultural Sciences in 2022.

Ahmet Ertek

Ali Kemal Birgticl

Ali Ozpinar

Behiye Tuba Biger
Bekir Demirtag
Cengiz Kazak

Cuma Akbay

Elmas Erdogan

Emin Bllent Erenoglu
Emine Yilmaz

Fatih Cemil Ozbugday
Gonul Aydin

Giilce ilhan

Hacer Celik Ates

Halil ibrahim Oztiirk
Hilya Saygi

ilhan Gin

ilhan Uremis

ismail Karaca

Levent Bat

Mahire Ozcalik

Mehmet Metin Ozgiiven
Mehmet Zengin

Metin Guner
Muhammet Tongug
Mustafa Kenan Geger
Mustafa Tan

Mustafa Yildinm Canbolat
Nebil Yicel

Orhan Goban

Pervin Erdogan

Rahime Cengiz

Sebahat Sullivan

Sezai Ercisli

Sezer Sahin

Tamer Eryigit

Taskin Polat

Tolga Tipi

Yildiran Yildirim



ATATURK
UNIVERSITESI H Q a

ONIVERSIT Article / Ara§t|rma Makalesi DOI: 10.5152/AUAF.2023.1001571
ATATURK
UNIVERSITY
PUBLICATIONS

Influence of Intercropping on the
Growth and Yield Performance of Upland
Rice (Oryza sativa L. var. zambales) and
Peanut (Arachis hypogaea L.)

Birlikte Ekimin Kir Celtigi (Oryza sativa L. var.

Jerome AMARADO < H ’
Ulyasos CAGASAN zambales) ve Yer Fistigi (Arachis hypogaea L.)nin

pepartmentoragonomy vismas  G€11SMeE ve Verim Performansi Uzerine Etkisi

State University, Baybay,

Philippines
ABSTRACT
Intercropping is one way of increasing productivity per unit area per unit time. This study aimed
to (1) evaluate the effects of timing of planting on the growth and yield of upland rice and pea-
nut under the intercropping scheme, (2) determine the appropriate timing of planting of upland
rice and peanut that would give optimum yield, and (3) assess the profitability of upland rice and
peanut production under the intercropping scheme as influenced by the timing of planting. The
experimental area was laid out in a randomized complete block design with three replications.
The treatments were as follows: T,—upland rice + peanut planted simultaneously, T,—upland rice
planted 1 week ahead than peanut, T,—upland rice planted 2 weeks ahead than peanut, T,—pea-
nut planted 1 week ahead than upland rice, and T,—peanut planted 2 weeks ahead than upland
rice. Results showed that upland rice planted 2 weeks ahead of peanut (T,) and those planted
simultaneously with peanut (T,) headed and matured earlier than the other treatments. Likewise,
T3 and T5 obtained the heaviest panicles/0.50 linear meter. Similarly, peanut var. BPI-Pn9 planted
2 weeks ahead of upland rice (T;) flowered and matured earlier than the other treatments. The
highest land equivalent ratio and area time equivalent ratio values of 1.50 and 2.02, respectively,
were obtained from T, (peanut planted 2 weeks ahead of upland rice). The highest combined yield
of upland rice (2.42 t/ha) and peanut (1.47 t/ha) was also obtained from T5, which resulted in the
highest gross margin of PhP86,867.02/ha.
Keywords: Area time equivalent ratio, growth and yield, intercropping scheme, land equivalent
ratio, timing of planting the crops
Gelis Tarihi/Received: 28.09.2021 0z
Kabul Tarihi/Accepted: 1110.2022 Birlikte ekim, birim zamanda birim alan basina verimliligi artirmanin bir yoludur. Bu galismanin
Yayinlanma Tarihi/Publication Date: amaci: (1) birlikte ekim semasi altinda kir celtigi ve yer fistiginin bilylimesi ve verimi lizerindeki
30012023 dikim zamanlamasinin etkilerini degerlendirmek, (2) optimum verim verecek kir geltigi ve yer
Sorumlu Yazar/Corresponding Author: fistiginin uygun ekim zamanlamasini belirlemek ve (3) birlikte ekim plani kapsaminda kir geltigi ve
Ulysses Cagasan yer fistigi Uretiminin karliligini dederlendirmek. Deneme alani tesadif bloklari deneme desenine
E-mail: ulycagasan@vsu.edu.ph gore Ug tekerrirli olarak kurulmustur. Uygulamalar su sekilde yapiimistir: T,—kir geltigi+ayni anda
Cite this article as: Cagasan, U, & ek?len yer fIStI.Q‘JIf T,—yer fIStI.gJI:]dan 1 hafta ('jrjce ekilgn kir gelticji,uTB—yer ﬂstlglndgvn. 2 hafta dnce
Amarado, J. (2023). Influence of ekilen kir celtigi, T,—kir ¢eltiginden 1 hafta dnce ekilen yer fistigi ve T,—kir geltiginden 2 hafta
Intercropping on the Growth and Yield once ekilen yer fistigi. Sonuglar, kir geltiginin yer fistigindan 2 hafta dnce (T,) ve yer fistidi ile ayni
Performance of Upland Rice (Oryza anda (T,) ekildiginde, diger uygulamalara gére daha erken hasat olgunluguna ulastigini gdstermistir.
sativa L..var. zambales) and Peanut Benzer sekilde, T, ve T, uygulamalarindan en agir salkimlar elde edilmistir. Yine, kir geltiginden 2
(Arachis hypogaea L.). Research in o g 5 b
Agricultural Sciences, 54(1), 2-8. hafta once ekilen yer fistigi var. BPI-Pn9 diger uygulamalardan daha once gigeklenmis ve olgunlas-
mistir. En yliksek alan ve alan zaman esdegder oranlari sirasiyla 1,50 ve 2.02 olarak T% (kir geltiginden
2 hafta 6nce ekilen yer fistigi) uygulamasindan elde edilmistir. En ytiksek toplam verim (2,42 t/ha kir

celtigi + 1,47 t/hayer fistig1) T5 uygulamasindan elde edilmis ve bu da PhP86.867,02/ha ile en yliksek
Content of this journal is licensed briit kar saglamlgtw
under a Creative Commons :
Attribution-NonCommercial 4.0
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mailto:ulyca​gasan​@vsu.​edu.p​h
http://orcid.org/0000-0001-8329-1346
http://orcid.org/0000-0003-1849-2261
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

3

Introduction

Rice (Oryza sativa L.) is the main staple crop in the Philippines.
It is considered the most important food crop in the country.
In 2010, nearly 20.7 million metric tons of rice were produced,
which contributed 21.86% of the gross value added and 2.37%
of the country's GNP (Gross National Product). In 2017, the
population consumed 11.7 million tons of rice (Jeruto, 2017)
and the rice production met 93% of the country’s annual rice
requirement. The greater demand for food, especially rice,
makes it imperative to increase its production due to the rapid
population. This can be attained by expanding the area culti-
vated, utilizing upland areas, and increasing the yield per unit
area (Daniel, 2004).

Jeruto (2017) mentioned that many producers and research-
ers carry out intercropping of annual cereals with legumes to
increase productivity and sustainability. Intercropping cereals
with legumes has been popular in tropical upland areas due to its
beneficial effects on soil conservation and weed control (Dhima
et al,, 2007). Zhang and Long (2003) reported that intercropping
improves soil and water quality by providing year-round ground
cover or a more extended period of protecting the soil from dry-
ing up. It also minimizes erosion by growing more than one crop
in the same field.

To further maximize land use and ensure higher crop produc-
tivity, profitability, and sustainability in upland rice production,
crop diversification like intercropping should be practiced. This
system is profitable because of the reduced cost of weed con-
trol as the canopy of the intercrop and the main crop’s canopy
covers the ground. Moreover, the soil's physical and chemical
properties are improved upon the decomposition of the residues
(Dordas, 2011). He added that more benefits could be derived
when two or more crops are planted together in the same sea-
son, provided that light, nutrients, moisture, and proper man-
agement are taken into consideration. The growth and yield of
upland rice and peanut under the intercropping system would be
affected by light, relative humidity, air exchange, and tempera-
ture. In this case, the planting time must be adjusted to mini-
mize shading and enable the plants to have adequate light for
photosynthesis. Mandal (2014) pointed out that one way to mini-
mize competition between plants for light is to determine the
best planting timing.

Studies on the timing of planting of the component crops in
upland rice and intercropping peanut scheme still need further
evaluation. Hence, this study was conducted from December to
April 2020 to evaluate the effects of timing of planting on the
growth and yield of upland rice and peanut and assess the prof-
itability of upland rice and peanut production under the inter-
cropping scheme as influenced by the timing of planting.

Methods

An area of 263.5 m? was thoroughly plowed and harrowed alter-
nately using tractor-drawn implements. These farm operations
were done twice to remove weeds, pulverize the soil, and level the
field. After the last harrowing, six furrows at a distance of 0.75 m
forintercropping and 0.50 m for monoculture were made for both
upland rice and peanut crops. Drainage canals were constructed
around the experimental area and between replications to drain
excess water during heavy rains.

One kilogram of composite sample was brought to the Cen-
tral Analytical Services Laboratory at PhilRootcrops, Visayas
State University, Visca, Baybay City, Leyte. These were analyzed
for soil pH, % organic matter content (modified Walkley-Black
method), total N, extractable phosphorous (Olsen’s sodium
bicarbonate extraction), and exchangeable potassium. After
harvest, five soil samples were collected from the harvestable
area in each treatment plot to analyze the same parameters
mentioned above.

The experimental area was laid out in a randomized complete
block design with five treatments replicated three times. Each
replication was divided into five plots measuring 3 m x 45 m
(13.5 m?). Alleyways of 1.0 m between replication and 0.5 m
between treatment plots were provided to facilitate farm oper-
ations and data gathering. Peanut was planted in between the
rows of upland rice and spaced at 20 cm between hills at two
seeds/hill. The treatments used were as follows: T,—upland rice
and peanut planted simultaneously, T,—upland rice planted 1
week ahead of peanut, T,—upland rice planted 2 weeks ahead of
peanut, T,—peanut planted 1 week ahead of upland rice, T,—pea-
nut planted 2 weeks ahead of upland rice. Monocultures of both
upland rice and peanut were established at a distance of 0.50 m
between rows as superimposed treatments for determining the
land equivalent ratio (LER). Seeds of upland rice var. Zambales
were drilled in the furrows at the rate of 60 kg/ha or 81 g/13.5
m? plot, while peanut seeds (BPI-Pn9) were planted in between
the rows of upland rice at three seeds per hill at a distance of 20
cm between hills. Two weeks after planting, the seedlings were
thinned to 2 plants per hill. Monoculture peanut was also planted
at the distance of 50 cm between rows and 20 cm between hills
and was thinned to 2 plants/hill 2 weeks after planting.

Inorganic fertilizer was applied at the rate of 120-60-60 kg/ha N,
P,O,, K,O to upland rice. Half of the amount of N and full amounts
of P,O; and K,O were applied using complete fertilizer. The
remaining 60 kg of N was applied 45 days after planting upland
rice using urea. For monoculture and intercrop peanuts, the fer-
tilizer rate was 30-30-30 kg/ha N, P,O,, and K,O. This was applied
a day before planting of peanut. To control rice bugs of upland
rice, Lannate was applied at the rate of 20 g/16 L of water (2 tbsp/1
tank load) at the heading stage. Harvesting upland rice was done
when 90% of the grains had matured as manifested by its yellow
and hard grains. Yield data were taken from the four inner rows,
excluding the two border rows on each side and 0.5 m at each
end of the row. The panicles were harvested by cutting at the base
using a sickle. The sample plants within the harvestable area (7.7
m?) in each treatment plot were threshed, cleaned, and sundried
separately. Weighing of grains was done after drying at 14% mois-
ture content using a seed moisture meter.

On the other hand, peanut was harvested when 90% of the plants
within the harvestable area (7.7 m?), excluding two border rows on
each side and 0.4 m (two hills of peanut) plants end of the row
in each treatment plot, had reached maturity. At this stage, the
leaves turned yellow, and the pods were firm. Harvesting was
done by uprooting the plants within the harvestable area in each
treatment plot with the aid of a bolo.

The following data were gathered for agronomic characteristics
of upland rice such as days from planting to heading, days from
planting to maturity, plant height (cm), leaf area index, and fresh
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straw yield (t/ha). For yield and yield components: number of pro-
ductive tiller per hill, number of unfilled grains, number of filled
grains, (%) filled grains, number of panicles/ 0.50 linear meter,
weight (g) of panicles/.50 linear meter, weight (g) of 1000 grains,
and total grain yield (t/ha) as well as harvest index (HI). Peanut's
agronomic characteristics were number of days from planting to
flowering, number of days from planting to maturity, plant height
(cm), and fresh herbage yield (t/ha). For yield and yield compo-
nents: numbers of pods per plant, weight (g) of pods per hill, num-
ber of seeds per pod, weight (g) of pods per plot.

Other Parameters Gathered

Efficiency parameters included LER and area time equivalent
ratio (ATER), cost and return of upland rice, and peanut produc-
tion per hectare.

Land Equivalent Ratio

This was the sum of a fraction of the intercrop yield relative to
the monoculture yield. This was determined by getting the yield
of the crop combinations and their yield in monoculture under
the same level of management. The crop LER in the mixture was
added to give the LER (Etji, 1982). Below is the formula for how to
get the land equivalent ratio:

LER=21, M1
2 Y

where X, is the yield of upland rice in a crop combination, X, is
the yield of upland rice in monoculture, Y, is the yield of peanut in
combination, and Y, is the yield of peanut in monoculture.

An LER of more than 1.0 means that the practice of intercrop-
ping is more productive than sole cropping, and LER of less
than 1.0 indicates that monocropping is more advantageous
than the intercropping scheme, while LER of equal 1.0 means
that the productivity of intercropping and sole cropping will be
the same.

Area Time Equivalent Ratio

Area time equivalent ratio provides a comparison of the yield
advantage of intercropping over mono-cropping in terms of time
taken by component crops in the intercropping systems. Area
time equivalent ratio was calculated using the formula developed
by Hiebsch (2017).

(RYaxTa)+(RYbx Th)
T

ATER =

where RYa is the relative yield of upland rice in a mixture, Ta is
the duration (in weeks) of upland rice, RYb is the relative yield of
peanut in a mixture, Tb is the duration (in weeks) of component B
(peanut), and T is the total duration of the intercropping system
(in weeks).

Incidence of Insect Pest and Diseases Infestation

This was determined using a scale from 1 to 5. One is the lowest
or no infestation of pests and diseases present in the field. Five is
the highest, indicating severe infestation of pests and diseases
in the field.

Cost and Return Analysis
Gross income =yield (kg/ha) x prevailing market price/kg

Net income =gross income-total cost of production
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Statistical Analysis

All data collected were analyzed using the Statistical Tool for
Agricultural Research. Comparison of means was made using the
least significant difference.

Results and Discussion

Soil Chemical Properties

Initial soil analysis showed that the experimental area had a soil
pH of 6.38 with 1.324% organic matter, 0.131% total nitrogen,
19.726 mg/kg extractable P, and 0.68 me 100/g exchangeable
potassium contents (Table 1). These results suggest that the area
was slightly acidic, with a meager amount of organic matter, low
total nitrogen content, high available phosphorus, and a high
amount of exchangeable K (Landon, 1991).

In the final soil analysis, the soil pH and % OM (Organic Matter)
were decreased. This could be due to the presence of intercrop
that reduced soil acidity and increased exchangeable potassium.
The decrease in the organic matter might be due to the crop resi-
dues that were notyet thoroughly decomposed. However, a slight
decrease in total N and available phosphorous could be due to
heavy rainfall that caused these nutrient elements' leaching. The
nitrogen fixed by peanut might have been used up by the peanut
plants during vegetative and reproductive stages (Tosas, 1988).

Agronomic Characteristics of Upland Rice

The agronomic characteristics of upland rice var. Zambales inter-
cropped with peanut at different timing of planting are shown
in Table 2. Analysis of variance revealed that the different timing
of planting upland rice and peanut in an intercropping scheme
significantly affected the number of days from sowing to heading
and maturity and the height (cm) of upland rice.

Upland rice planted 2 weeks ahead of peanut (T,) and upland
rice +peanut planted simultaneously (T,) headed earlier than the
other treatments. In terms of maturity, T,, T,, and T, (upland rice
planted 1 week ahead of peanut) matured earlier than the other
treatments. These results can be attributed to the early develop-
ment of upland rice when it was planted ahead or at the same
time with peanut, which resulted in reduced competition with
the peanut intercrop for its growth and development.

Table 1.

Soil Chemical Analyses of the Experimental Area Before and After
Planting Upland Rice and Peanut Intercrop as Influenced by Timing of
Planting

Soil pH oM Total, | Avail P | Exchangeable

Treatments (1:2.5) (%) N (%) | (mglkg) K (mel100/g)
Initial Analysis | 6.38 1324 | 0131 19.726 0.68
Final Analysis

T, 6.43 1.414 0114 10.997 1.02

T, 6.27 1.481 041 11.432 0.91

T, 6.15 1424 0117 10.604 0.94

T, 6.23 1424 | 0120 9.383 0.98

T, 6.43 0.096 |0.096 | 13.236 0.95
Mean 6.25 1167 | 0129 11130 0.96

Note: T,=upland rice + peanut planted simultaneously; T,= upland rice planted 1
week ahead of peanut; T, = upland rice planted 2 weeks ahead of peanut; T, =
peanut planted 1 week ahead of upland rice; T, = peanut planted 2 weeks ahead of
upland rice.




Table 2.
Agronomic Characteristics of Upland Rice Intercropped with Peanut as
Influenced by the Timing of Planting

No. of Days from Fresh

Sowing to Leaf Straw

Plant Area Yield

Treatment | Heading | Maturity | Height (cm) | Index (t/ha)
T, 95.33b 129.33bc 120.80b 4.095a 111
T, 96.67a 127.33cd 128.75a 2.67c 1011

T, 94.67b 125.33d 129.50a 2.99¢ 13.90
T, 96.67a 132.00a 125.23ab 318b 1113

T, 96.67a 131.33ab 131.10a 2.920c 10.05
CV (%) 0.53 1.09 2.25 2752 12.69

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

T,= upland rice + peanut planted simultaneously; T, = upland rice planted 1 week
ahead of peanut; T, = upland rice planted 2 weeks ahead of peanut; T, = Peanut
planted 1 week ahead of upland rice; T, = Peanut planted 2 weeks ahead of upland rice.

On the other hand, when peanuts were planted 1 or 2 weeks
ahead of upland rice (T, and T;), the rice plants flowered late and
eventually matured late. These results can be attributed to the
competition effect between peanut and upland rice when peanut
was planted 1 or 2 weeks ahead of upland rice. This finding con-
formed to Sarcol and Cagasan (2016) study, which showed that
the canopy of peanuts planted ahead of sweetpotato covered
the main crop during the seedling stage, hindering its photosyn-
thetic activity.

In terms of plant height, upland rice planted 1-2 weeks ahead of
peanut (T, and T,) were taller than the upland rice in T, (upland
rice+peanut planted simultaneously). This is expected since the
uplandriceinT,and T, were able to develop ahead of the intercrop.
However, results also showed that upland rice planted After 1 or 2
weeks peanut (T, and T,) were also taller than the upland rice in T,
(upland rice +peanut planted simultaneously). According to Belel
et al. (2014), this could be because, in a cereal-legume intercrop-
ping scheme, "the cereal component has advanced growth rate,
height advantage, and a more widespread rooting system which
gives it upper hand in competition with associated legumes.”

Yield and Yield Components and Harvest Index of Upland Rice

The yield and yield components and harvest index of upland
rice intercropped with peanut at different planting timing are
presented in Tables 3 and 4. No significant differences were
observed intheyield and yield components except in the weight
of panicles/0.50 linear meter. Upland rice in T, (peanut planted
2 weeks ahead of upland rice) obtained the heaviest weight of
panicles/0.50 linear meter (209.0 g), which was comparable to
T, (upland rice planted 2 weeks ahead of peanut) with 207.33 g.
The results can be attributed to the less competition between
the component peanut crop, which was planted 2 weeks before
the rice plant. The early development of upland rice enabled it
to absorb more nutrients from the soil and capture more solar
radiation for the photosynthesis process. On the other hand,
in T, the planting of peanuts 2 weeks ahead may have allowed
the legume to fix nitrogen in the soil, which later became avail-
able to the upland rice planted 2 weeks later. According to Fukai
et al. (2014), legumes, which include peanuts, and a shared
component of an intercrop, and their ability fix nitrogen through
rhizobium bacteria that lead to often support the productivity
of the intercrop.

Table 3.

Number and Weight (g) of Grains/Panicle, No. of Productive Tillers,
Number, and Weight/0.50 Linear Meter of Upland Rice Intercropped
with Peanut as Influenced by the Timing of Planting

Number of No. of Panicles/0.50 Linear
Grains/Panicle Productive Meter
Tillers/0.50

Treatment | Filled | Unfilled | Linear Meter | Number | Weight (g)
T, 200.83 | 33.57 61.00 67.33 149.00b
T, 179.27 34.93 43.00 52.33 151.00b
T, 197.30 | 56.03 51.33 44.33 207.33a
T, 180.60 | 40.20 54.67 55.67 131.00b
T 199.27 | 2597 67.00 59.00 209.00a
CV (%) 10.43 40.69 018.20 15.85 9.70

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

T,=upland rice+peanut planted simultaneously; T,= upland rice planted 1 week
ahead of peanut; T, = upland rice planted 2 weeks ahead of peanut; T, = peanut
planted 1 week ahead of upland rice; T, =peanut planted 2 weeks ahead of upland rice.

Table 4.

Percentage Filled Grains, Weight (g) of 1000 Grains, Grain Yield (t/ha),
and Harvest Index of Upland Rice Intercropped with Peanut as
Influenced by the Timing of Planting

Treatment | Percentage Wt. (g) of GrainYield | Harvest
Filled Grains (%) | 1000 Grains (t/ha) Index (HI)

T, 85.94 32.87 2.08 0.25

T, 83.69 32.67 1.99 0.28

T, 78.38 34.87 178 0.27

T, 81.79 3577 215 0.31

T, 82.69 33.83 242 0.26
CV (%) 5.68 6.24 21.91 21.91

Note: Means without a letter in a column are not significantly different at 5%
level, HSD

T,=upland rice + peanut planted simultaneously; T, = upland rice planted 1 week
ahead of peanut; T, = upland rice planted 2 weeks ahead of peanut; T, = peanut
planted 1 week ahead of upland rice; T, = peanut planted 2 weeks ahead of
upland rice.

Treatments at T,, T,, and T, had lighter weights of panicles/0.50
linear meter due to competition between upland rice and pea-
nut when they were planted simultaneously and at a shorter time
gap of 1 week. According to Mandal (2014), severe competition for
growth factors could result in the low weight of panicle and total
grainyield (t/ha).

Agronomic Characteristics of Peanut
The agronomic characteristics of peanut planted at different tim-
ing as intercrop to upland rice are shown in Table 5.

Analysis of variance revealed that the different timing of plant-
ing the intercrop did not significantly affect peanut's agronomic
parameters except in the number of days from sowing to matu-
rity. When peanuts were planted 1 or 2 weeks later than upland
rice (T, and T,), it matured later than the other treatments' pea-
nuts. This could be because planting upland rice 1-2 weeks ahead
of peanut (T, and T,) caused shading of the peanut intercrop by
rice, which hindered the plants' photosynthetic activity. On the
other hand, when the peanut was planted ahead of upland rice,
as in T, and T, the plants flowered and matured earlier than the
peanuts in the other treatments. This result could be attributed
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Table 5.

No. of Days from Sowing to Flowering and Maturity, Plant Height (cm),
and Fresh Herbage Yield (t/ha) of Peanut Intercrop as Influenced by the
Timing of Planting

froNnc: .Soofvl\?iz;sto Plfmt Fresh
Height Herbage

Treatment | Flowering | Maturity (cm) Yield (t/ha)
T, 27.67 103.33b 54.90 9.299
T, 28.00 105.00ab 59.43 12.63
T, 28.67 109.33a 57.28 14.24
T, 2767 97.67¢c 59.55 15.15b
T, 27.33 5.33c 59.90 1272
CV (%) 297 2.55 5.97S 25.01

Note: Means with the same and without a letter in a column are not significantly
different at 5% level, HSD

Note: T,=upland rice + peanut planted simultaneously; T,= upland rice planted 1
week ahead of peanut; T, = upland rice planted 2 weeks ahead of peanut; T, =
peanut planted 1 week ahead of upland rice; T, = peanut planted 2 weeks ahead of
upland rice.

to less competition between the upland rice and peanut for
growth factors such as light, space, and nutrients. This result
conformed to Dordas (2011) findings that the timing of planting
is critical to reduce competition between the two crops planted
in an association.

Yield and Yield Components of Peanut

The yield and yield components of peanut planted at different
timing as intercrop to upland rice are shown in Table 6. Analy-
sis of variance revealed that the different timing of planting the
peanut intercrop significantly affected pod yield (t/ha) but not the
number and weight of pods per hill and the number of seeds per
pod. Peanuts in T, (upland rice + peanut planted simultaneously),
T, (peanuts planted 1 week ahead of upland rice), and T, (peanuts
planted 2 weeks ahead of upland rice) had comparable yields of
1.40 t/ha, 1.32 t/ha, and 1.47 t/ha, respectively, which were signifi-
cantly higher than the yields of peanuts in T, (peanuts planted 1
week later than upland rice) and T, (peanuts planted 2 weeks later
than upland rice).

This means that planting peanuts either at the same time or 1-2
weeks ahead of upland rice can give better pod yield than plant-
ing it later than upland rice. This could be because under these

Table 6.
Number of Pods Per Hill, Seeds Per Pod, Weight (g) of Pods, and Seeds
Per Hill of Peanut Intercrop as Influenced by the Timing of Planting

No. of No. of Weight (g) of | Pod Yield
Treatment | Pods/ Hill Seeds/Pod Pods/Hill (t/ha)
T, 16.83 2.80 32.90 1.40a
T, 18.23 3.03 39.23 1.03bc
T, 19.77 270 36.20 0.89c
T, 19.47 297 39.90 1.32ab
Tg 21.23 293 41.53 1.47a
CV% 15.99 15.51 30.60 24.63

Note: Means with the same and without a letter in a column are not significantly
different at 5% level, HSD

Note: T,=upland rice + peanut planted simultaneously; T,= upland rice planted 1
week ahead of peanut; T, = upland rice planted 2 weeks ahead of peanut; T, =
peanut planted 1 week ahead of upland rice; T, = peanut planted 2 weeks ahead of
upland rice.
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Table 7.
LER and ATER of Upland Rice and Peanut Intercropping as Influenced by
the Timing of Planting

Treatment LER | ATER
T,—upland rice+ peanut planted simultaneously 136 | 177
T,—upland rice planted 1 week ahead than peanut 096 | 1.22
T,—upland rice planted 2 weeks ahead than peanut 0.97 | 1.31
T,—peanut planted 1 week ahead than upland rice 134 | 179
T.—peanut planted 2 weeks ahead than upland rice 150 | 2.02

Note: LER =land equivalent ratio; ATER = area time equivalent ratios.

intercropping schemes, peanuts experience lesser competition
with upland rice in space, solar radiation, utilization of nutrients
in the soil, and other growth factors since it was planted ahead of
upland rice (Alcober et al., 2014).

Land Equivalent Ratio

As shown in Table 7, T, (upland rice + peanut planted simultane-
ously), T, (peanuts planted 1 week ahead of upland rice), and T,
(peanuts planted 2 weeks ahead of upland rice) had LER values of
more than 1.0, which means that these intercropping schemes
have yield advantage than monocropping (Jeruto 2017). For
instance, the highest LER value of 1.50 obtained from T, means
that 50% more land (5000 m?) is needed in monoculture to give
the same combined yield of upland rice and peanut under this
intercropping system. These results suggest that upland rice and
peanut planted simultaneously and the planting of peanuts 1-2
weeks ahead of upland rice can be the more appropriate timing of
planting for optimum crop production. These results confirmed
Ndunguro et al’s (1980) findings that growing crops in an asso-
ciation is more productive than using the crop in pure stand. The
advantage of planting peanuts ahead of rice can be explained by
the ability of peanuts to fix nitrogen in the soil, making it available
for use by upland rice, which is planted later (Fukai, 1993 as cited
by Belel et al.,, 2014).

Area Time Equivalent Ratio

The area time equivalent ratios (ATERs) of the different upland
rice-peanut intercropping treatments are also shown in Table 7.
It can be observed that all treatments had ATER values of more
than 1.0. This means that considering the time taken by compo-
nent crops, all of the intercropping schemes considered in this
study have a yield advantage over monocropping. Consistent
with the LER computation results, T, T,, and T, had ATER values
higher than T, and T,. This suggests that planting upland rice
and peanut simultaneously (T,), and planting peanuts 1-2 weeks
ahead of upland rice may be the appropriate timing of planting
the component crops to maximize crop yield per unit area per
unit time. Again, the advantage of planting peanuts ahead of rice
can be explained by the ability of peanuts to capture atmospheric
nitrogen through rhizobium bacteria in the soil, making it avail-
able for use by upland rice that is planted later (Sarcol & Cagasan,
2016). Also, when peanuts are planted ahead of rice, it can be har-
vested earlier, freeing the upland from competition as it contin-
ues to fully develop its grains, resulting in higher grain yield.

Incidence of Insect Pest Infestation in Peanut

Table 8 shows the ratings for the insect pest infestation in pea-
nuts 45 days after emergence. It can be observed that T, had the
least pest infestation rating of 1.0, which causes leaf damage of
1%-20%. T,and T, had the highest pest infestation rating of 2.0,
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;I:gtlfeg;:e of Insect Pest Infestation in Peanut Planted at Different
Timing of Planting as Intercrop to Upland Rice

Treatment Ratings
T,—upland rice + peanut planted simultaneously 1.67
T,—upland rice planted 1 week ahead than peanut 2.00
T,—upland rice planted 2 weeks ahead than peanut 1.33
T,—peanut planted 1 week ahead than upland rice 2.00
T.—peanut planted 2 weeks ahead than upland rice 1.00

which was equivalent to 21%-40% leaf damage. However, the
plantsin T, and T, were able to recover as the plants grow older.

Legend: Ratings
Percent (%) Leaf
Damage Index Damage Reaction
1 1-20 Highly resistant
2 21-40 Moderately resistant
3 41-60 Moderately susceptible
4 61-80 Susceptible
5 81-100 Highly susceptible

Cost and Return Analysis

Table 9 presents the cost and return of upland rice inter-
cropped with peanut as influenced by different timing of plant-
ing. Among the intercropping schemes, T, (peanut planted
2 weeks ahead of upland rice) gave the highest combined
gross margin of Php86,867.02/ha. It was followed by T, (upland
rice+peanut planted simultaneously) with a combined gross
margin of Php76,822.02 and T, with a combined gross mar-
gin Php73,232.02/ha. Rice monoculture had the lowest gross
margin of Php24,682.14, while peanut mococulture had the
highest gross margin of Php90,524.88. The high gross margin
of peanut monoculture could be attributed to the high mar-
ket price of peanut. However, if the purpose is to produce rice
for food and at the same time to earn income from intercrop

Table 9.
Cost and Return Analysis Per Hectare of Upland Rice and Peanut
Intercropping as Influenced by Timing of Planting

Yield (t/ha)
Upland Rice thal
Peanut Gross Variable
Income Cost Gross Margin

Treatment | Grain | Pods (PhP) (PhP) (PhP)
MCR 3.50 - 63,000.00 | 38,317.86 2468214
MCP - 1.80 | 126,000.00 | 35,47512 90,524.88
T, 2.08 1.40 | 135,440.00 | 58,617.98 76,822.02
T, 1.37 1.03 96,760.00 | 56,867.98 39,892.02
T, 1.68 0.89 92,540.00 | 56,367.98 36,178.02
T, 215 1.32 131,100.00 | 57,867.98 73,232.02
Te 242 147 | 146,460.00 | 59,867.98 86,867.02

Note: Calculation of gross income is based on the current price of dried palay at
PhP 18/kg and peanut at PhP 70/ kg.

MCR =monoculture rice; MCP=monoculture peanut; T, = upland rice + peanut
planted simultaneously; T,= upland rice planted 1 week ahead of peanut; T, =
upland rice planted 2 weeks ahead of peanut; T, = peanut planted 1 week ahead
of upland rice; T = peanut planted 2 weeks ahead of upland rice.

is desired, planting peanuts 2 weeks ahead of upland rice may
be a good option as it gave the second-highest gross margin of
Php86,867.02/ha.

Conclusion and Recommendations

Timing of planting the intercrops can significantly influence some
of the agronomic yield and yield characteristics of upland rice
and peanuts. The number of days from sowing to heading and
maturity, plant height, and weight of panicles/0.50 linear meter
were increased when the upland rice was planted ahead of peanut
intercrop. This allowed the rice plants to grow taller and mature
earlier but planting upland rice 2 weeks later than peanut enabled
it to have a heavier weight of panicles/0.50 linear meter. Peanuts
planted 1-2 weeks ahead of rice (T, and T,) matured earlier and
had higher pod yield (t/ha) than those planted simultaneously or
later than upland rice.

In upland rice—peanut intercropping scheme, planting peanut
intercrop 1-2 weeks ahead of upland rice or at the same time with
upland rice appeared to be the most appropriate timing of plant-
ing the component crops. Although the crop yield (upland rice)
did not significantly differ among treatments, peanuts produced
significantly higher pod yields than the peanuts planted later
than rice. These resulted in a higher combined yield of the two-
component crops. Among the intercropping treatments, plant-
ing peanuts 2 weeks ahead of upland rice is the most profitable
timing of planting the component crops as it gave the highest
gross margin of Php 86,867.02.

Recommendations
Considering the results of this study, the following recommenda-
tions are put forward:

1. To obtain an optimum combined production and profit of
upland rice and peanut under an intercropping scheme, pea-
nut may be planted 1-2 weeks ahead of upland rice or simul-
taneously with upland rice.

2. To verify further, the results of this study at the same level
of management especially the same planting distance with
monocrop and the intercropping scheme.
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ABSTRACT

Rice has an important place in Turkey’s economy and human nutrition. Bafra town of Samsun
province is one of the luckiest provinces in terms of rice production potential in Turkey. It takes
second place among provinces in our country in terms of rice cultivation area and production
amount. It is necessary to pay attention to agricultural machinery operation to use inputs in
optimum as it comprises a significant share of inputs used for plant production like seeds, fer-
tilizer, pesticides, and mechanization. This study was carried out to determine the total costs,
labor requirements, and work efficiencies in the rice production mechanization by survey method
in Bafra county of Samsun province in 2018. The data obtained through face-to-face question-
naires applied to previously determined businesses were evaluated. According to the results, the
total variable and fixed costs are calculated as 4036.40 and 6229.90 TLha™". The share of variable
and fixed costs in total production costs was determined as 60.68% and 39.32%, respectively.
Among the variable costs, the highest share was obtained by harvesting (13.12%) and tillage costs
(6.93%). The highest share in the fixed costs was land hire (22.46%). The highest and the lowest
labor requirements were found for tillage (4.52 hha™') and for the drying process (0.87 hha™). The
highest work efficiency was obtained for the drying process (1.15 hah™). In particular, it was empha-
sized that variable costs can be reduced by good mechanization planning, which can lead to more
profitable production with the effective use of agricultural machinery.

Keywords: Labor requirement, mechanization, rice, total cost, work efficiency

0oz

Celtik, Tirkiye ekonomisinde ve insan beslenmesinde dnemli bir yere sahiptir. Samsun ili Bafra
ilcesi, Tlrkiye’nin geltik tiretim potansiyeli agisindan en sansli illerinden biridir. Ulkemizde iller ara-
sinda geltik ekim alani ve Uretim miktari agisindan ikinci sirada yer almaktadir. Bitkisel tretimde
kullanilan tohum, gtibre, zirai ilag ve mekanizasyon gibi girdiler, dGnemli bir bolimU olusturdugu
icin bu girdilerin optimum diizeyde kullaniimasi igin tarim makineleri isletmeciligine dikkat edil-
mesi gerekmektedir. Bu galisma, 2018 yilinda Samsun ili Bafra ilgesinde celtik Uretim mekani-
zasyonunda anket yontemi ile toplam masraflarin, isglici gereksinimlerinin ve is basarilarinin
belirlenmesi amaciyla yapilmistir. Daha 6nce belirlenen isletmelere uygulanan yiiz ylize anket
yoluyla elde edilen veriler dederlendirilmistir. Sonuglara gore, toplam degisken ve sabit maliyetler
siraslyla 4036,40 ve 6229,90 TLha™ olarak hesaplanmistir. Degisken ve sabit masraflarin toplam
Uretim masraflari icindeki payi sirasiyla %39,32 ve %60,68 olarak olmustur. Degisken maliyetler
icinde en ylksek payl hasat (%13,12) ve toprak isleme masraflari (%6,93) almistir. Sabit masraflar
icinde en yuksek pay, arazi kiralama olmustur (%22,46). En yliksek ve en dislk isglict gereksinim-
leri toprak isleme (4,52 hha™) ve kurutma iglemi (0,87 hha™) i¢in bulunmustur. En yliksek is basa-
risi ise, kurutma isleminde (1,15 hah') elde edilmistir. Ozellikle iyi bir mekanizasyon planlamasi ile
degisken masraflarin disurtlebilecedi, bunun da tarim makinelerinin etkin kullanimi ile daha karli
Uretime yol agabilecegi vurgulanmistir.

Anahtar Kelimeler: is giicii gereksinimi, mekanizasyon, geltik, toplam masraf, is basarisi
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Introduction

One ofthe mostimportant nutritional sources for humanity is rice
(Oryza sativa L.) which meets 80% of the calorie requirements of
nearly halfthe world. The countries with the most rice production
in the world are China, India, Indonesia, and Bangladesh in that
order. Rice has the second-highest cultivation area and the high-
est production amounts after wheat in the warm climate cereals.
Turkey is a very avaliable country in terms of rice cultivation cli-
matically. May be cultivated in all regions in Turkey. In terms ofthe
highest cultivation area and production amounts, the Marmara
region is in first place followed by the Black Sea region. The two
regions exceed 90% of total production amounts. Table 1 shows
the rice cultivation areas, production amounts, and yield status
for the last 10-year period in Turkey according to Turkish Statisti-
cal Institute data.

When Table 1 is investigated, the rice cultivation area was 99.500
hectares in 2008 and reached 118.000 hectares by 2018. The
highest cultivation area is located in the Marmara region. The
Black Sea region follows this (Anonymous, 2019b). Edirne prov-
ince alone meets more than 40% of the total production amount
and cultivation area. Samsun province comes second after Edirne.
Samsun has nearly 15% of the country’s cultivation area with
18,056.40 hectares and 14% of production amount at 133.821
tonnes (Akay et al., 2017; Anonymous, 2016, 2019b).

Rice Agriculture in Samsun Province
and Bafra County

Samsun province is one of the luckiest provinces in terms of rice
production potential. Samsun takes second place among prov-
inces in our country in terms of rice cultivation area and produc-
tion amount. Rice production is performed by 3401 agricultural
enterprise at 8 counties and 146 villages. Suitable areas for rice
agriculture include 19 Mayis, Bafra, Alagam, and Yakakent coun-
ties in Bafra Plain and Carsamba, Terme, Tekkekdy, and Salipazari
counties in Carsamba Plain. Of production, 86.70% comes from
Bafra Plain. Edirne-ipsala takes the first place and Samsun-Bafra
takes the second place among the 15 districts of producing rice
in Turkey. The share of rice agriculture reaches nearly 13.60% of
plant production value for Samsun province (Anonymous, 2019a).
This research aimed to determine the labor requirements, work

Ilaa?:/ee;;tedAreas, Production Amounts, and Yield of Rice Production
According to Years in Turkey (Tonnes, t)

Harvested Area Production Amount Yield

(ha) (t) (kg ha™)

2008 99.500 753.000 7570
2009 96.754 750.000 7750
2010 99.000 860.000 8690
2011 99.400 900.000 9050
2012 119.725 880.000 7350
2013 110.592 900.000 8140
2014 110.884 830.000 7640
2015 115.856 920.000 7940
2016 116.046 920.000 7930
2017 110.000 900.000 8180
2018 118.100 940.000 7960
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efficiencies, and total costs for mechanization operations in rice
cultivation in Bafra Plain, one of Turkey’s most important plant
production areas.

Samsun province located in the Central Black Sea region where
the Yesilirmak and Kizilirmak rivers flow into the Black Sea has
958.000-hectare area. Of this, nearly 104.000 operations per-
form agricultural production covering nearly 47% of this area. The
research was completed with operations in the plain section of
Bafra county in Samsun located on the broad delta formed by rich
alluvium soils deposited by the Kizilirmak River (Figure 1).

The Bafra Plain is nearly 40 km in length and 20 km in width
and is the largest plain in the Black Sea region. The elevation is
17 m above sea level and it is located between 41°38'23” north
and 35°59'7” east. It is 50 km from the provincial center of Sam-
sun. The area of the Bafra Plain, formed entirely by the Kizilirmak,
is 145,700 hectares. The county has a typical Black Sea climate
with cool summers and mild and wet winters. The dominant
wind in Bafra reduces humidity in the air with annual mean rela-
tive humidity values above 70%. Annual rainfall is 750-1000 mm.
The coastal area has low snowfall which does not last long. The
coldest months in the province are January and February based
on mean values for many years, with the hottest month being
August. Nearly 40% of the total land area is used for agriculture.
Ofthe total agricultural area in Samsun province, Bafra comprises
nearly 17% (Anonymous, 2018).

Methods

Determination of Producers to be Surveyed

Of a total of 2212 licensed producers in Bafra county where the
research was completed, the simple random sampling method
was applied and 328 operations were identified to complete the
survey (Yildiz & Bircan, 1994). Surveys were completed by meeting
producers face-to-face. Additionally, the Republic of Turkey Min-
istry of Agriculture and Forestry statistics and previous studies
were used.

Determination of Rice Production Costs

It is necessary to pay attention to physical amounts and unit
prices when calculating the variable costs related to plant pro-
duction activities. The physical input information related to these
costs may be obtained from the operator or accountancy records,
research results from the region, or from information collected
directly from agricultural operations via the survey (Kiral et al.,
1999). Input amounts related to fuel, oil, fertilizer, seed and pes-
ticide related to machinery used in mechanization applications
from tillage to transport and storage, related unit prices and unit
manpower and labor prices were determined in the region. Fixed
costs include interest, depreciation, and taxes-village common
expenses (Dinger, 1976).

Determination of Labor Requirements and Work Efficiencies
Values related to labor requirements and work efficiency obtained
from the surveys were assessed and classified into three sections.
Later, they were grouped according to the standard parcel (hha™)
and as follows (Beyhan & Pinar, 1996; Kadayif¢ilar & Dinger, 1972;
Yildiz, 2000, 2016).

(1) Basic time (BT):
(a) Basictimeto tillage (t5T)),
(b) Basic time to leveling (t;T,),
(c) Basictime to making levee (t;T,),
(d) Basictime to seeding (t;T,),
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Figure 1.
Location of Bafra in Turkey (Yildiz, 2016).
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Basic time to transportation (t;T,),
Basic time to drying (tgT,o).

(e) Basictime to fertilizing (t,T5)

(f) Basictime to spraying (t;T,),

(9) Basictimetoirrigation (t,T,),

(h) Basic time to harvesting with combine harvester (t,Tg),
(

(

(2) Auxiliary time (AT): Necessary time spent was found by com-
bining a variety of time segments (hha™). Auxiliary time was
classified into subsections for standard parcels (Yildiz, 2000).
These are as follows:

1) Unavoidable time losses (UTL).

(

(@) Auxiliary time to tillage (t,T,),

(b) Auxiliary time to leveling (t,T,),

(c) Auxiliary time to making levee (t,T.),

(d) Auxiliary time to seeding (tAT,),

(e) Auxiliary time to fertilizing (t,T,)

(f) Auxiliary time to spraying (t,T,)

(9) Auxiliary time to irrigation (t,T,): It isn’t included in the
calculation.

(h) Auxiliary time to harvesting with combine harvester
(t,T)

(i) 1) Auxiliary time to transportation (t,T,)
(j) Auxiliary time to drying (t,T,o)

The arithmetic means of the necessary time requirements
belonging to all mechanization processings were taken from
questionnaires and results were analyzed. To calculate labor
requirements and work efficiencies, arithmetic means of
measurements of the time segments for each process were used.
To determine work efficiency in the field, effective working time
(EWT) was noted. To determine the EWT, BT and AT were added
to calculate the principal time (PT) (Beyhan & Pinar, 1996; Yildiz,
2016).

PT =BT+ AT(hha™") (1)

Effective working time was calculated from the following
equation.

EWT :BT+AT+UTL(hha’1) )

Unavoidable time loss (UTL) was determined as a percentage
of the PT obtained by adding BT and AT (Beyhan & Pinar, 1996;
Caran, 1994; Yildiz, 2016, 2000).

UTL :%PT(hha‘l) (3)

where,

P is a multiplication factor showing variations according to the
machine used and labor power. In this study, P was 1 for labor
power, while for machine power P was 6 (Beyhan 1996; Beyhan
& Pinar, 1996; Caran, 1994; Yildiz, 2000; Yildiz & Tekgtiler, 2012).

The working efficiency per unit area (WPA) in the study with the
different operations was determined with the following equation
linked to the EWT.

WPA =$(hah_1) (@)

The utilization coefficient of time (UC,) was calculated from the
following equation using EWT and BT.

UCz =21 _100(%) (5)
EWT

Results and Discussion and Conclusion and
Recommendations

Findings Related to General Features
The general characteristics of rice operations surveyed in Bafra
county are given in Table 2. When Table 2 is investigated, 40.14%
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Table 2. Table 3.
General Features of Rice Producers Costs and Profitability of Mechanization of Rice Production
Standard Mean
Smallest | Largest | Mean | Deviation Variable Costs (VC) (TLha™) Percentage
Age 27 65 50.05 9.42 Tillage 711.30 6.93
Experience 8 40 18.90 10.07 Leveling 536.40 5.22
Population 3 12 6.25 2.55 Pan creation (Making levee) 95.90 0.93
Education (%) Seeding 11810 115
Primary school (%) - - 50 - Fertilizing 135.90 1.32
High school (%) - - 40 - Spraying 200.30 1.95
College (%) - - 10 - Harvesting" 1346.60 1312
Total agricultural land (da) 44 600 236.95 153.32 Transportation and marketing 119.90 117
Irrigated land (da) 22 340 141.35 95.08 Irrigation costs 502.60 4.90
Rice fields (da) 20 300 9510 69.64 Irrigation labor costs 2510 0.24
Number of parcels 1 7 3.00 175 Drying 111.40 1.09
Interest on variable costs (circulating 132.90 129
capital interest)™
of the mean agricultural land (95.10) comprised rice fields. The Total variable costs 403640 39.30

investigated operations had generally low land management
with rents and brokerage, with mean number of parcels identi-
fied as three. Educational level was primary school for 50%, high
school for 40%, and college for 10% (Table 2). The operations dis-
played differences in terms of rice yield, techniques, and methods
used with operations yielding a mean of 9027.30 kg ha™" (Table 3).

Findings Related to Costs of Rice Production Mechanization
The rice cost and profitability table were organized according to unit
area (ha) and given in Table 3. Accordingly, 39.32% of total production
costs for rice production are variable, while 60.68% comprise fixed
costs. Within variable costs, the highest costs are harvest costs at
13.12%, while the lowest costs were irrigation labor at 0.24%. The dif-
ferences between variable costs and fixed costs may be explained
by not many procedures being performed externally for a price
within agricultural equipment and machinery costs and the farmers
undertaking costs of agricultural equipment and machinery they
own. As a result, in this research, nearly 10.99% of fixed costs com-
prised fixed costs related to tools-machinery (depreciation, insur-
ance, interest, taxes-release protection). Within fixed costs, 22.46%
was land rental, while 19.48% was family labor fees.

The costs of tillage were 711.30 TLha™ and leveling processes
were highest at 536.40 TLha™". As the preparation of pan or levee
costs 95.90 TLha™, seeding 118.10 TLha™, fertilizer 135.90 TLha™,
pesticides 200.30 TLha™, harvest 1346.60 TLha™ and trans-
portation costs 119.90 TLha™' were calculated. The unit cost of
the product was calculated as 1.13 TLkg™ (Table 3). In a study in
which the operating costs for rice cultivation with iron wheel
tractors, it was determined that the total variable costs 7.35
and 7.95 TLha™ with mechanical cultivation at 540 and 540E
PTO speeds, respectively. In the same study, total variable costs
were obtained as 48 TLha™" with manuel seeding. (Cicek & Stimer,
2009). Cost analyses were performed according to gross profit
in trials about the production of second fodder silage maize pro-
duction with four different tillages and seeding methods of stalk
shredder+heavy spring-tyne cultivator+seeder (T1), stalk shred-
der+rototiller+seeder (T2), stalk shredder+chisel plow+Goble
disk+seeder (T3), and plow+Goble disk +seeder (T4). The high-
est gross profit was obtained with T4 method at 4824.03 TLha™',
followed by T3 at 4697.92 TLha™, T1 at 4436.88 TLha™, and T2 at
4328.47 TLha™ (Baran et al., 2014).
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Fixed costs (FC) Mean (TLha™) | Percentage (%)

General administrative expenses™ 12110 118
Family labor cost equivalent 2000.00 19.48
Land rental 2305.50 22.46
Depreciation 897.50 8.74
Capital interest 174.80 170
Repair-maintenance 500.00 4.87
Taxes-village common expenses 115.90 113
Insurance (TLYear™) 11510 112
Total fixed costs 6229.9 60.68
Total costs (production costs, PC) 10,266.3 100.00
Yield (kg ha™) 9027.30

Price (TL) 2.60

Gross agricultural production value 23,471.00
(GAPV)

Gross profit (GAPV-VC) 19,434.60

Net profit (GAPV-PC) 13,204.70
Relative profit (GAPV/PC) 2.29

Unit cost (TLkg™) 113

Republic of Turkey Central Bank January 2018 interest: 13.62, Republic of Turkey
Central Bank January 2018 inflation: 12.14, reel interest rate: 1.48.

Tractor depreciation: 0.0416 (Turkish Agricultural Tools and Machinery
Manufacturers Association, 2018).

Other tools-machinery depreciation (Republic of Turkey Directorate of Revenue
Management, 2018): -0.2.

Building depreciation (Republic of Turkey Directorate of Revenue Management,
2018): -0.02.

"Taken as 4-6% of the harvested product amount. In this study, harvest costs
were taken as 5% of the obtained product amount.

“Variable cost interests (circulating capital interest): represents production cost
interest and opportunistic costs. Simply, if the production input amounts had
been used in an alternative area, a certain amount of interest income would have
been obtained. The use of these inputs in production means interest income is
not received. As a result, it is necessary to assess this as a cost (Kiral et al., 1999).
""General administrative outgoings: taken as 3% of variable costs.

Findings Related to Labor Requirements and Work Efficiencies
The values of basic, auxiliary and effective times were obtained by
surveys. Then area work efficiency was converted as the standard
plot of 1 ha (66.67 m x 150 m) and given in Table 4. Here, total
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Table 4.

Labor requirements and Area Work Efficiency Needed for Rice Production Mechanization

AR
gl <<
=l | ol ol | ©
FIRSIR IR IRe1R:)
ClR o E 7|
®
Halie
m<(cLD§
W NN W &
"
< < = @
o e ElS 8 Q
o | Ol ™ o &
E IS R -1 A PSS IS
slelel£ £l £ g &
2|l E 2
I R I s IS S
|:’—m'—<EI—;D_D
| DL|_|§
o
o ~| o o~
Wl dl ol oo B Y
o|o|c|lo|o| |3
S A B I ) B
LTI
S Sl sl E
I I = B I I I
o}—Z»—Zl—m,ﬂgﬁj
o
Lo Sl @ =
<
o ™
S.BQS’,QG
~ ~|o| <ol &
—~ —~| =~ || T
TN g o | =
0wl © O o c| | ®| X
8 E|£ £ g%
2S£ £ -
@ | o Pl @)
I’—m’—zifpfggj
FRNE) 3|.|.|§
o olalo|l ol o F
ol dla|olal gl
Ol Oo|Oo| ol o]~
— = = = T T
2 oo o S| 858
| | €| c| =
TS| g
5| ¢ o o | & < O
& 5 5555 E 5
P DLu;
© 0|l |l o Q
IR R S !
ol ©|c|oc|o| ~| ¥
o —~| —~| =~ w | T| _
£l o o w|l<| B G
N| €| c| c| & ~
SEElEEEs
',.j‘;)‘—‘:\—l’n_lm'_mmo
E’—m'—mEI—;ED
Ww| o + DLLI;
| ©| ol ©| 0| | ©
QBT O %95
ol o|~| ol ~|o|l38
= | B gl e —
gl el elss| £ 58
'E_c:_:éééNq
o = == & = =
I S N R A B S
S|l = KElEl 2| &
P DUJ;
™ ®©| © ©| QX
IEIRIR=1 T
ol Ol ~| ol ~| ol &
oo:\’{g??"_\
g’m‘m‘m‘rUE_{cu'go\"
S EElElSEE g
= = = N
ﬂ’jmfmjl_”é’o
= %—m'—mgkgn_a
2| P Dm;
ol gl w8
IR IR IS AR TN
w| o] & o] | ol &
B o P S R
Elzzl2g £ 58
355555%,\?
g}_m’_fwj._‘“<o
a9 Sl E Bl 22D
o P Du.lg
o ©| o O o o5
RIS IR I AR
| o| | o| ¥ o| L
= = =~ T| | T
o o o ol 8| & S|
< &3
Eéféég’gr\f
I I S - 4 ©]
I—}—mD—<E|_§Q_D
o Sl =

PT, Principal Time; EWT, Effective Working Time; UTL, Unavoidable Time Loss; UCz, Utilization Coefficient of Time; WPA, Working Efficiency Per Unit Area.

values for BT, ATs, and lost time and BT and EWT from tillage to
drying and transport processes are given in the rightmost col-
umn. The coefficient values based on efficiency per area and time
of procedures are given in the lowermost two rows.

In Table 4, the highest BT for procedures is for leveling (3.90
hha™), with lowest BT for drying (0.55 hha™). The lowest AT was
determined for pan creation or levee-making (0.15 hha™") and for
fertilizing (0.17 hha™). The lowest UTL was 0.05 hha™' for fertiliz-
ing and drying. Again, from Table 4, the highest EWT was for till-
age (4.51 hha™") with lowest EWT identified for drying processes
(0.87 hha™). When assessed in terms of area work efficiency, the
highest value was 1.14 hah=" for the drying process. A study about
work efficiency in vetch production under wet and dry agriculture
conditions in Erzurum found the unit time for tillage-seeding
had labor force requirements of 0.13 hah~' with traditional meth-
ods, while direct seeding methods were 12 times greater (1.60
hah™). It was determined that the machine labor force required
8.17 hah™ in the traditional method, while the direct seeding
method required five times less time (1.63 hha™) (Gozlbuylk
et al.,, 2017). Another research determining the work efficiency
in wheat agriculture determined work efficiency as machine
labor-hour and human labor-hour and identified that machine
labor-hour for three-cylinder plow was 3.38 hha™ and human
labor-hour work efficiency was 3.63 hha™, while for two-cylinder
plow, machine labor-hour work efficiency was 4.89 hha™ and
human labor-hour work efficiency was 5.36 hha™'. For duplexing,
machine labor-hour value was 1.14 hha™ with human labor-hour
work efficiency of 1.22 hha™', while for seeding, the same values
were identified as 5.34 and 5.78 hha™, respectively. For fertilizing,
these values were found to be 0.16 and 0.18 hha™, respectively
(Gzden, 1991).

Trials were held for second fodder silage maize production with
four different tillages and seeding methods of stalk shred-
der+heavy spring-tyne cultivator+seeder (T1), stalk shred-
der+rototiller+seeder (T2), stalk shredder+chisel plow+Goble
disk+seeder (T3), and plow+Goble disk +seeder (T4). Mean work
efficiency was highest at 4.91 hah™' with T3 tillage system, while it
was calculated as 3.56 hah' forT1, 3.64 hah' for T4, and 3.70 hah-"
for T2 (Baran et al., 2014).

After seeding (56.86%), the lowest time benefit coefficients were
for drying (62.93%) and pesticide procedures (70.94%). The low
time benefit coefficient for seeding is due to relatively small
fertilizer stores and losses due to fertilizer filling and returns. In
addition to the small pesticide storage volumes and working
widths of field sprayers used for pesticides, disruptions during the
preparation of pesticide doses cause a low level of time benefit
coefficient. In another study on wheat agriculture, it was stated
that the work should be completed in a shorter time to reduce
the need for machinery and human labor in order to increase
work efficiency. Therefore the machines used should have wider
working widths and higher working speeds, and the working
speed could be increased. It has been emphasized that the use
of machines with more than one working combination and the
experience, skills, planning and organizational skills of the person
using the machine affect work efficiency (Ozden, 1991).

The highest time benefit coefficient was for transport processes
(94.34%). The reason for the high work efficiency of transport pro-
cesses may be explained by drying and storage facilities being
close to the fields and good planning. Additionally, dual-axis agri-
cultural wagons used to transport material have elevated bodies, in
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other words, have increased carrying capacity which may have led
to the high time benefit coefficient for transport processes. A study
about transport processes forming an important link in the chain of
maize silage production mechanization in the Trakya region iden-
tified that only one operation was sufficient in terms of transport
techniques with transport wagons (Kayisoglu & Tan, 1994).

Turkey has very suitable conditions in terms of rice production.
However, mechanization processes applied in production have
still not reached desired levels. The Marmara region is encoun-
tered as the most developed region in terms of production tech-
nology. Processes like laser field leveling, drying facilities, and
other mechanization implementations are used more intensely in
the Marmara region compared to other regions with rice produc-
tion. The continuous need for irrigation of rice fields is encoun-
tered as the most important problem from seeding to harvest in
our country. This situation leads to problems during the rental of
land, causing increases in field rents. Due to the common use of
motor pumps for irrigation, electrical energy use increases and
this increases production costs.

Rice production requires high rates of labor, agricultural machin-
ery, and technology. The yield obtained from rice production with-
out mechanization implementations may be reduced and costs
will be high. As with the general structure of the country, a sig-
nificant portion of rice operations is small family operations. These
operations that cannot obtain expensive machinery also cannot
perform quality agricultural work in time. For example, due to har-
vesting using combine harvesters obtained through rental, yields
may reduce due to harvesting not occurring in time and product
quality may fall. The number of operations performing soil analysis
is very few. There will be benefit from using high-capacity pesti-
cide stores and pesticide machinery with wide working width to
increase work efficiency. Losses in parcel returns occur mostly in
tillage and leveling operations. These losses may be significantly
reduced with appropriate turns ,good organization and planning.
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Su ve Azot Uygulamalarinin Patates
Bocegi (Leptinotarsa decemlineata Say)
ve Dogal Diisman Popllasyonuna Etkisi

Determination of the Effect of Irrigation Water

and Nitrogen Applications on Potato Beetle
(Leptinotarsa decemlineata Say) and Natural Enemy
Populations

6z

Bu galigmada; farkli su diizeyleri ve azot dozlarinin patates bocegi ve dogal diigsmanlar lzerine
etkisini belirlemek amaglanmistir. Arastirma, 2019 ve 2020 yillarinda, Dodu Anadolu Tarimsal
Arastirma EnstitlsU, Toprak Su Yerleskesinde, tesadif bloklarinda bolinmis parseller deneme
desenine gore Ug tekrarli olarak toplam 18 parselde yirttilmUstir. Ana parsellerde sulama diizey-
leri (S1: Tam sulama, S2: S1 uygulamasina verilen sulama suyunun %70’i), alt parsellerde ise azot
dozlari (G1: 7 kg/da N, G2: 14 kg/da N, G3: 28 kg/da N) yer almistir. Ortalama patates bocedi ergin
poptilasyon yogunlugu su kisiti uygulamasinda (S2) 0,40 birey/bitki, tam sulama uygulamasinda
(S1) 0,47 birey/bitki, 7 kg/da azot uygulamasinda 0,32 birey/bitki, 14 kg/da azot uygulamasinda
0,46 birey/bitki ve 28 kg/da azot uygulamasinda 0,52 birey/bitki olmustur. Elde edilen sonuglar
yapilan istatistiksel analiz sonucunda yiiksek azot uygulamalarinin patates bécedinin kontroll
bakimindan uygun olmadigi sonucunu ortaya koymustur.

Anahtar Kelimeler: Patates bdcegi, dogal dismanlar, azot, su kisiti

ABSTRACT

This study was carried out to determine the effects of different water levels and nitrogen doses
on the potato beetle and natural enemies. In 2019 and 2020, the experiment was carried out
on a total of 18 plots in 3 replicates according to the randomized completely block designs at
the experimental area of East Anatolian Agricultural Research Institute, Soil Water Campus. It
consisted of irrigation levels in the main plots (S,: full irrigation, S,: 70% of the irrigation water
given to S, subject), and nitrogen doses in the sub-plots (G;: 7 kg/da N, G,: 14 kg/da N, G,: 28 kg/da
N). The average population density of Colorado potato beetle in water restricted application (S2)
was 0.40 individuals/plant, 0.47 individuals/plant in full irrigation application (S1), 0.32 individu-
als/plant in 7 kg/da nitrogen application, 0.46 individuals/plant in 14 kg/da nitrogen application,
and 0.52 individuals/plant in 28 kg/da nitrogen application. As a result, it was concluded that high
nitrogen applications are not suitable for Colorado potato beetle control.

Keywords: Colorado potato beetle, natural enemies, nitrogen, deficit irrigation

Giris
Anavatani Gliney Amerika olan patates bitkisi ylksek adaptasyon kabiliyetine sahip olmasi nedeniyle
hizla yayilmis ve glinlimizde yaklasik 126 Ulkede yetistiriimektedir. 2019 yil verilerine gore diinyada
patates dikim alani 17,34 milyon ha, tretim miktari 370,40 milyon ton, verim ise 21,362 kg/ha olmustur
(Anonymous, 2019). Turkiye’de 2019 yil verilerine gore 140.766 ha ekim alanina sahip olan patatesin
Uretim miktari 4,98 milyon ton, verim ise 35,377 kg/ha olmustur. Erzurum’'da 3.571 ha ekim alnina sahip
olan patatesin tretim miktari 88,725 ton, verim ise 24,850 kg/ha olarak gergeklesmistir (Anonim, 2019).
Kurak ve yari kurak iklimlerde patates bitkisinin yetisme doneminde yagdisin yetersiz olmasi, patates
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tarimi igin sulamay1 6nemli etkenlerden birisi yapmaktadir. Pata-
tes genellikle kaba binyeli, gegirgen topraklarda yetistirildigi
icin yilda 10-15 kez sulama yapilmasi énerilmektedir (Arioglu vd
2006). Patates Uretiminde kullanilan girdiler igerisinde en yiksek
pay! glbreler olusturmaktadir. Azot, patates Uretimini sinirlandi-
ran onemli besin elementidir. Patates tarimi yapilan bolgelerde,
Ureticiler gereginden fazla azotlu giibre kullanmaktadirlar. Orta
Anadolu’da patates tariminda azot kullanim miktari 70-90 kg/da’a
kadar gikmaktadir (Arioglu ve ark., 2006). Kullanilan azotlu glbre-
nin dnemli bir kismiyikanarak yeralti sularina karigmaktadir. Pata-
tes Uretimi birgok dnemli hastalik ve zararlinin tehdidi altindadir.
Bu zararlilarin en dnemlilerinden birisi de patates bocegdidir. GUn-
mUzde patates bocegdinin micadelesinde agirlikli olarak kimyasal
ilaglar kullaniimaktadir. Kullanilan bu kimyasallarin cevreye ve
insan saglidma olumsuz etkilerini 6nlemek amaciyla, zararli tir-
lerin populasyon dinamikleri ve cevre ile iliskileri dikkate alinarak,
bitlin micadele metotlari ve tekniklerinin bir arada kullanarak
zararhlarin populasyon dizeyleri kontrol altina alinmayi saglayan
entegre muicadele yontemi kullaniimalidir. Entegre micadeleye
katki saglamak amaciyla sulama ve giibre uygulamalarinin faydali
ve zararli bocekler Uzerine etkilerinin belirlendigi calismalar yapil-
maktadir. Sulama ve glibre uygulamalari kiltUr bitkileri ve yabanci
otlarin blylme ve gelismesini etkiledigi gibi, bitkilerle beslenen
bocekleri etkilemesi de kaginilmazdir. Bu durumun ortaya konul-
masl! entegre muicadele yontemine katki saglamak bakimindan
onemlidir.

Bu ¢alismanin amaci: Farkli su diizeyleri ve azot dozlarinin patates
bdceginin ve dogdal dismanlarin poptlasyon degisimine etkisini
belirlemektir.

Yontemler

Galismanin materyalini Dogu Anadolu Tarimsal Arastirma Ens-
titlsU Toprak ve Su Kaynaklari yerleskesinde yetistirilen granola
patates cesidi, patates bocegdinin yumurta, larva, pupa ve erginleri
ile dogal digmanlari oliugturmaktadir .

Arastirma, tesadif bloklarinda bolinmis parseller deneme pla-
nina goére Ug tekrarl olarak toplam 18 parselde yUritilmistdr.
Ana parsellerde sulama dlzeyleri (S1: Tam sulama, S2: S1 uygu-
lamasina verilen sulama suyunun %70’), alt parsellerde ise azot
dozlar (G1: 7 kg/da N, G2: 14 kg/da N, G3: 28 kg/da N) yer almustir.
Her parsele dort sira bitki dikilmis ve her sirada 30 cm araliklarla
20 bitki yer almistir.

Bu caligmada iki farkli sulama duzeyi kullaniimistir. Tam sulama
(S1) uygulamasinda bitkilerin ihtiyag duydudu suyun tamami
sulama suyu olarak verilmistir. Su kisiti (S2) uygulamasinda ise
patates veriminde Onemli kayip olusturmayacagi distndlen
su kisiti dizeyi segilmistir. Yapilan calismalarda; sulama suyu-
nun %30’dan fazla azaltilmasi, patates veriminde 6nemli distise
sebep oldudu bildirilmistir (Sevim, 1986; Trifonov et al., 2018). Bu
durum g6z 6nline alinarak su kisiti uygulamasinda %30 su kisiti
yapiimigtir.

Sulama zamaninin belirlenmesi: ik sulama bogaz doldurma
islemi yapildiktan sonra yapilmis ve tam sulama konusunda
topraktaki mevcut nem tarla kapasitesine getirilmistir. Su kisiti
uygulamasina ise tam sulama konusuna verilen sulama suyunun
%70’i verilmistir. Sonraki sulamalarda sulama zamaninin belirlen-
mesinde Tahmin edilen bitki su tiiketimi (ETc) degeri kullaniimig-
tir. Sulamalar gunlik ETc-Etkili yagis degerleri toplami 40,6 mm
(60 cm toprak derinliginde kullanilabilir su miktarinin yaklasik
%35’i) oldugunda yapilmistir.

Research in Agricultural Sciences 2023 54(1): 15-211DOI: 10.5152/AUAF.2023.220404

ETc degerleri asagidaki esitlik kullanilarak tahmin edilmistir.
ETc=ETo x Kc

ETc: Tahmin edilen bitki su tiketimi (mm/gln)

ETo: Referans bitki su tiketimi (mm/gln)

Kc: Bitki katsayisi

Referans bitki su tiketiminin (ETo) belirlenmesinde farkl
modeller kullanilmaktadir. Kullanilan bu modellerden biriside
penman-monteith modelidir ve bu model yaygin olarak kullanil-
maktadir. Bu arastirmada sulama suyu miktarinin belirlenmesi
icin kullanilan referans bitki su tliketimi dederleri arastirma ala-
ninda bulunan, penman-monteith modelini kullanarak referans
bitki su tlketimi otomatik olarak hesaplayan, meteoroloji istas-
yonundan alinmistir. Bitki katsayisi (Kc) Erzurum-Kars Yaylasi bol-
gesi i¢in belirlenmis olan ve Turkiye'de sulanan bitkilerin bitki su
tlketimi rehberinden alinmistir (Anonim, 2017).

Sulama suyu miktarinin belirlenmesi:

Verilecek sulama suyunun belirlenmesi igin asagidaki esitlik kul-
lanilmistir. Bu esitlikte; referans bitki su tiiketimi ve bitki katsayisi
kullanilarak elde edilen tahmini bitki su tiiketimi (ETc) degerinden
yagis miktari gikarilmig, parsel alani ve islatma orani ile garpilip
tam sulama parsellerine verilecek sulama suyu miktari belirlen-
mistir. su kisiti uygulamasina ise tam sulama uygulamasina veri-
len sulama suyunun %70’i verilmistir.

I=(ETc-R) x Ax P

I: Hacim olarak sulama suyu miktari (litre)

ETc: Tahmin edilen bitki su tiketimi (mm/gln)

R: Etkili yagis (mm)

A: Parsel alani (m?)

P: Islama orani (%) Islatma orani %65 olarak alinmistir.

Azot dozlarinin segiminde optimum (G,: 14 kg/da N), dusuk
(G;: 7 kg/da N) ve yiksek (G,: 28 kg/da N) degerler kullanilmistir.
Galigmanin ilk yilinda 10.05.2019, ikinci yilinda 29.04.2020 tari-
hinde dikim yapilmistir. Bitkilerin ¢ikisiyla birlikte 01.06.2019,
08.06.2020tarihlerinde ilk capa, bitkileryaklasik 4-5 yaprakli oldu-
gunda (10-15 cm) 20.06.2019, 23.06.2020 tarihlerinde ikinci capa
ve bogaz doldurma islemi, 10.07.2019, 13.07.2020 tarihlerinde de
Uclinct capa yapiimistir. Yabanci otlarla micadele kiltirel 6nlem-
lerle yapilmis olup, patates bocegi ile miicadele yapilmamistir.
Arastirma alanindan alinan toprak ¢rneklerinde yapilan verimlilik
analizlerine gore glibreleme yapilmistir. Uygulama geregi azotlu
glibrenin Ugte biri ile fosforlu gtbrenin tamami (8 kg/da P,O,)
¢alismanin her iki yilinda da dikimle birlikte topragda karistiriimistir.
Azotlu glbrenin kalan 2/3'U Ug esit miktarda ilk sulama ile basla-
narak yaklagik 20 glin araliklarla fertigasyon yontemi ile verilmistir.
Arastirmada azotlu giibre olarak amonyum siilfat, fosfor kaynagi
olarak triple stiper fosfat (TSP) kullaniimistir. Glbre, su basinciyla
calisan dosatron aleti vasitasiyla uygulanmistir. Arastirmada;
damla sulama sistemi kullanilarak sulama yapilmis, ilk sulama
bogaz doldurma islemi yapildiktan sonra yapilmistir.

Patates boceginin populasyon degisiminin belirlenmesi ama-
clyla Patates bocegdi gozlemleri bitkilerin cikisiyla basglayip hasat
tarihine kadar 7 glin araliklarla sabah saat 10.00’da yapilmistir.
Her parselde rastgele secilen 10 bitki Gzerinde bulunan yumurta
kimeleri, larva ve erginlerinin sayimlari yapilmistir (Boiteau et al.,
2008). Sayimlar sonucunda uygulamalarda bitki basina ergin,
yumurta ve larva sayilari belirlenmistir. Dogal dismanlardan
avcl bocek tirleri ve poptlasyon yogunlugu yedi glin araliklarla,
her parselde rastgele secilen ve patates bocegdi poptlasyonu-
nun takip edildigi 10 bitki Uzerinde belirlenmistir. Parazitoitlerin
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belirlenmesi icin toplanan 6rnekler laboratuvara getirilerek oda
sicakhidinda (20 + 2°C ve % 50 + 5 orantili nem) petrilere ve farkli
ebatlardaki cam siselere konarak, agizlari tilbent bezlerle kapatil-
mis ve gerekli gozlemler yapiimistir.

Elde edilen verilertesadif bloklarinda bolinmiis parseller deneme
desenine gore varyans analizine tabi tutulmustur. Ortalamalarin
karsilastiriimasinda LSD goklu karsilastirma testi kullanilmistir.
Verilerin istatistik analizleri JUMP 13.0 paket programi kullanila-
rak yapilmistir.

Bulgular

Ergin Popiilasyon Degisimi

2019 yilinda patates bocegi erginlerinin poptlasyon yogunlugu
22.07.2019 tarihinden sonra artmaya baslamis, bitki basina en
ylksek popllasyon yogunlugu 19.08.2019 tarihinde gorilmus-
tlr. Sulama dizeylerinde en ylksek poptlasyon yogunlugu; tam
sulama uygulamasinda bitki basina 1,4 ergin, su kisiti uygulama-
sinda 1,3 ergin olmustur. Azot dozlarinda bitki bagina en yiksek
poptilasyon yogunlugu; 28 kg/da azot uygulamasinda 1,6 ergin,
14 kg/da azot uygulamasinda 1,3 ergin ve 7 kg/da azot uygu-
lamasinda 1,2 ergin olmustur. Ergin popilasyonu 26.08.2019
tarihinden sonra azalmaya baglamis, erginler en son 16.09.2019
tarihinde gortlmustlr). 2020 yilinda patates bocedi erginlerinin
popullasyonu 04.08.2020 tarihinden sonra artmaya baglamis,
bitki basina en ylksek ergin poptlasyon yogunlugu 17.08.2020
tarihinde gorilmuistir. Sulama dizeylerinde en ylksek ergin
popllasyon yogunlugu; tam sulama uygulamasinda bitki basina
2,2 ergin, su kisitl uygulamasinda 2,1 ergin olmustur. Azot dozla-
rinda en ylksek ergin poptlasyon yogunlugu; 28 kg/da azot uygu-
lamasinda bitki basina 2,6 ergin, 14 kg/da azot uygulamasinda
2,3 ergin ve 7 kg/da azot uygulamasinda 1,6 ergin olmustur. Ergin
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poptilasyonu 24.08.2020 tarihinden sonra azalmaya baslamis,
erginler en son 21.09.2020 tarihinde gorilmustir (Sekil 1).

Ergin, Yumurta ve Larva Poplilasyon Yogunlugu ve Istatistik
Analizi

Ortalama ergin popllasyon yodunlugu tam sulama uygulama-
sinda 0,47 ergin/bitki, su kisiti uygulamasinda 0,40 ergin/bitki
olmustur. Azot dozlarinda ortalama poptlasyon yogunlugu;
28 kg/da azot uygulamasinda 0,52 ergin/bitki, 14 kg/da azot
uygulamasinda 0,46 ergin/bitki ve 7 kg/da azot uygulamasinda
0,32 ergin/bitki olmustur. Birlestirilmis varyans analizi sonugla-
rina gore; sulama dizeyi (p < ,01) ve azot dozunun (p <,01) pata-
tes bbceginin ergin popllasyon yodunluguna etkisi istatistiksel
olarak 6Gnemli bulunmustur (Tablo 1).

Ortalama yumurta populasyon yogunlugu; tam sulama uygula-
masinda 1,73 yumurta/bitki, su kisiti uygulamasinda 1,58 yumurta/
bitki olmustur. Azot dozlarinda ortalama poptlasyon yogunlugu;
28 kg/da azot uygulamasinda 1,93 yumurta/bitki, 14 kg/da azot
uygulamasinda 1,67 yumurta/bitki ve 7 kg/da azot uygulama-
sinda 1,37 yumurta/bitki olmustur. Birlestirilmis varyans analizi
sonuglarina gore; azot dozlarinin patates bdcedi yumurtalarinin
popllasyon yogunluguna etkisi istatistiksel olarak nemli (p <,01)
bulunmustur (Tablo 1).

Ortalama larva populasyon yodunlugu; tam sulama uygulama-
sinda 1,18 larva/bitki, su kisiti uygulamasinda 1,06 larva/bitki
olmustur. Azot dozlarinda ortalama poptlasyon yogunlugu;
28 kg/daazot uygulamasinda 1,32 larva/bitki, 14 kg/da azot uygula-
masinda 1,15 larva/bitki ve 7 kg/da azot uygulamasinda 0,88 larva/
bitki olmustur. Birlestirilmis varyans analizi sonuglarina gore; azot
dozlarinin patates bocedi larva poptilasyon yogunluguna etkisi
istatistiksel olarak 6nemli (p < ,01) bulunmustur (Tablo 1).
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2019, 2020 Yillarinda Farkli Su Diizeyleri ve Azot Dozlarinda Patates Bdcedi Erginlerinin Popllasyon Degisimi (S,: Tam Sulama, S.,: Su Kisiti, G,: 7 kg/da N,

G, 14 kg/da N, G;: 28 kg/da N)
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-/—I:ZEI!;/, ;u Dlizeylerive Azot Dozlarinda Patates Béceginin Ergin (Birey/Bitki), Yumurta (Yumurta/Bitki) ve Larva (Larva/Bitki) Poptilasyon Yogunlugu
(Ortalama + Standart Sapma) ve Ortalama Karsilastirma Sonuclari
Azot Dozlari
Sulama Suyu Miktarlar G, G, G, Ortalama**
Ergin S, 0,33 + 0,03 0,51+ 0,08 0,57 + 0,08 0,47+ 0,04
S, 0,32 +0,05 0,40 + 0,05 0,47 + 0,06 0,40 + 0,03
Ortalama** 0,32 + 0,03 c 0,46 + 0,05 b 0,52 + 0,05 a
Yumurta S, 143+ 0,22 1,79 +,033 1,98 + 0,31 1,73+ 017
S, 1,32+ 0,27 1,55+ 0,25 1,87+ 0,25 1,58 £ 0,15
Ortalama** 1,37+ 0,17 c 1,67 +0,18 b 1,93 + 0,19 a
Larva S, 091+014 117 £ 0,21 1,44 + 0,20 118 £ 0,11
S, 0,86 + 0,17 113+ 0,21 119+ 0,14 1,06 £ 0,10
Ortalama** 0,88 + 0,11 c 115+ 0,12 b 1,32+ 0,12 a
Sulama uygulamalarinda farkli bliyiik harf veya azot dozlarinda farkl kiigtik harfile isaretlenen ortalamalar istatistiksel olarak farkllik gostermektedir.
S,: Tam Sulama, S,: Su Kisiti, G;: 7 kg/da N, G,: 14 kg/da N, G,: 28 kg/da N, *p < ,05; **p <,01

Elde edilen veriler; sulama diizeylerinin artigina bagli olarak orta-
lama ergin, yumurta ve larva popilasyon yogunlugunun arttigini
gOstermistir. Patates bbcedinin poptllasyon yogunlugu Uzerine
sulama suyu miktarinin etkisi ile ilgili calismaya rastlanmamis-
tir. Sulama suyu miktarinin diger zararhlar Uzerine etkisi ile ilgili
olarak yapilan galismalarda da benzer sekilde sulama suyu mik-
tarinin artisiyla, popuilasyon yogunluklarinin artig gosterdigi ifade
edilmistir. Han et al. (2015), yiksek su alan domates bitkilerinde,
dUsuk su alanlara gore daha fazla ergin Makrolophus pygmaeus
(Heteroptera: Miridae) goruldtgini ifade etmiglerdir. Andrey et al.
(2014), cayir alanlarinda mera ekolojik topluluklarinin popilasyon
yogunlugunun sulama ve sulama+glbreleme parsellerinde, kont-
rol ve sadece glibreleme yapilan parsellere gére 6nemli miktarda
daha ylksek oldugunu ifade etmislerdir. McPherson et al. (1998),
sulama ile artan soya vejetasyonunun, érneklenen predatorlerin
ve bazi zararlilarin populasyonunu artirdigini ifade etmislerdir.

Bu calisma sonucunda; azot dozlarinin artisina bagh olarak
ortalama ergin, yumurta ve larva popilasyonunun arttigi ve bu
artisin istatistiksel olarak 6nemli oldugu belirlenmistir. Yapilan
calismalarda da benzer sekilde azot miktari ile patates bocegi
ve diger zararhlarin populasyon yodunlugu arasinda pozitif yonli
iliskinin oldugu ifade edilmistir. Alyokhin et al. (2005), az mik-
tarda sentetik glbre ile birlikte toprak dizenleyicilerin kullanil-
digi parsellerde, tam sentetik glibre kullanilan parsellere kiyasla
patates bécedi popilasyon yogunlugunun genellikle daha disik
oldugunu bildirmiglerdir. Copul (2019), farkli pamuk gesitlerinde
azot dozlari ile zararli poptilasyonu arasinda onemli ve pozitif
yonlu iliskinin oldugunu belirtmistir. Wagan et al. (2015), pamuk
ve bugday da afit poptllasyonu yiiksek Ure uygulamasinda
tim blylime mevsimi boyunca ylksek aktivite gozlendigini
bildirmislerdir.

Calisma Alaninda Tespit Edilen Avci Bocek Tiirleri

Calismada, Coccinellidae (Coleoptera)ye ait Coccinella septem-
punctata L. ile Hippodamia (Adonia) variegata (Goeze) tiirleri ve
Chrysopidae (Neuroptera)'ye ait avci bécek tirleri tespit edilmis-
tir. Galismanin ylrituldigd donemde Chrysopidae larvalarinin
patates bocegdi yumurtalari ile beslendigi gozlenmistir. Sahin
(1997), Erzurum sartlarinda patates ekim alanlarinda Anthocoris
sibiricus, C. septempunctata, Chrysoperla carnea, Deraeocoris
seramus avcl bocek tirlerinin belirlendigini ifade etmistir. Ala-
oglu ve Ozbek (1987), Erzurum'da patates dikim alanlarinda 6
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Coccinellidae, 4 Anthocoridae, 1 Nabidae, 1 Miridae, 4 Syrphidae
ve 1 Chrysopidae familyasindan olmak tzere 17 avci bocek tirt
belirlemiglerdir.

Coccinellidae (Coleoptera) Bireylerinin Poplilasyon Degisimi
2019 yilinda Coccinellidae’ye ait bireyler 8 Temmuz ile 2 Eylil
tarihleri arasinda gordlmustlr. Sulama dlzeylerinde en yUk-
sek coccinellid sayisi; tam sulama ve su kisiti uygulamasinda
0,8 birey/10 bitki olmustur. Azot dozlarinda en ytiksek coccinellid
sayisl; 28 kg/da azot uygulamasinda 1 birey/10 bitki, 14 kg/da azot
uygulamasinda 0,7 birey/10 bitki ve 7 kg/da azot uygulamasinda
0,7 birey/[10 bitki olmustur. 2020 yilinda Coccinellidae’ye ait birey-
ler 29 Haziran ile 7 EylUl tarihleri arasinda gorilmdastir. Sulama
dizeylerinde en ylksek coccinellid sayisi; tam sulama ve su kisiti
uygulamasinda 0,9 birey/10 bitki olmustur. Azot dozlarinda en
yUksek coccinellid sayisi; 28 kg/da azot uygulamasinda 1 birey/10
bitki, 14 kg/da azot uygulamasinda 0,9 birey/10 bitki ve 7 kg/da
azot uygulamasinda 0,9 birey/10 bitki olmustur. (Sekil 2).

Alaoglu ve Ozbek (1987), Erzurum’da patates dikim alanlarinda
C. septempunctata bireylerinin 9 Temmmuz ile 15 Eylil tarihleri
arasinda, H. variegata bireylerinin ise temmuz basindan ekim ayi
basina kadar gorildigind bildirmislerdir.

Chrysopidae (Neuroptera) Bireylerinin Poplilasyon Degisimi
2019 yilinda Chrysopidae’ye ait bireyler 8 Temmuz ile 19 Agus-
tos tarihleri arasinda gorilmustir. Sulama dlizeylerinde en yUk-
sek chrysopid sayisi; tam sulamasinda 0,7 birey/10 bitki, su kisiti
uygulamasinda 0,4 birey/10 bitki olmustur. Azot dozlarinda en
yUksek chrysopid sayisi; 28 kg/da azot uygulamasinda 0,7 birey/10
bitki, 14 kg/da azot uygulamasinda 0,5 birey/10 bitki ve 7 kg/da
azot uygulamasinda 0,5 birey/10 bitki olarak tespit edilmistir.
2020 yilinda Chrysopidae’ye ait bireyler 06 Temmuz ile 17 Agus-
tos tarihleri arasinda gorilmustir. Sulama diizeylerinde en yUk-
sek chrysopid sayisi; tam sulamasinda 0,9 birey/10 bitki, su kisiti
uygulamasinda 0,6 birey/10 bitki olmustur. Azot dozlarinda en
yiksek chrysopid sayisi; 28 kg/da azot uygulamasinda 1 birey/10
bitki, 14 kg/da azot uygulamasinda 0,7 birey/10 bitki ve 7 kg/da
azot uygulamasinda 0,5 birey/10 bitki olmustur (Sekil 3).

Alaoglu ve Ozbek (1987), Erzurum’da patates dikim alanlarinda
C. carnea bireylerinin 8 Temmuz ile 24 EylUl tarihleri arasinda
goruldigint ve popllasyonun agustos ayinin ortasina dogru
yukseldigini bildirmislerdir.
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Coccinellidae (Coleoptera) ve Chrysopidae (Neuroptera) Popi-
lasyon YogunluJu ve Varyans Analizi

Ortalama Coccinellidae populasyon yogunlugu; tam sulama ve
su kisitr uygulamalarinda 0,21 birey/10 bitki olmustur. Azot doz-
larinda ortalama Coccinellidae popilasyon yogunlugu; 28 kg/
da azot uygulamasinda 0,23 birey/10 bitki, 14 kg/da azot uygula-
masinda 0,21 birey/10 bitki ve 7 kg/da azot uygulamasinda 0,20
birey/10 bitki olmustur. Birlestiriimis varyans analizi sonuglarina
gore; uygulamalarin Coccinellidae familyasi poptlasyon yogun-
lugu Uzerine etkisi onemsiz olmustur (Tablo 2).

Ortalama Chrysopidae populasyon yogunlugu; tam sulama uygu-
lamasinda ve su kisiti uygulamasinda 0,10 birey/10 bitki olmustur.
Azot dozlarinda ortalama Chrysopidae popUlasyon yogunlugu; 28
kg/da azot uygulamasinda 0,11 birey/10 bitki, 14 kg/da azot uygu-
lamasinda 0,09 birey/10 bitki ve 7 kg/da azot uygulamasinda 0,10
birey/10 bitki olmustur. Birlestirilmis varyans analizi sonuglarina
gore; uygulamalarin Chrysopidae populasyon yogunlugu Uzerine
etkisi Gnemsiz olmustur (Tablo 2).

Galismada; Coccinellidae popllasyon yogunlugu sulama diizeyle-
rinde yillar itibariyle farklh olmus, azot dozlarinin artisina bagl ola-
rak arttigi gortlmustlr. Chrysopidae populasyon yogunlugunun
uygulamalardan etkilenmedigi gorilmdistir. Bu sonuglarin; avci
bdcek poptilasyon yogunlugunun gok distik olmasindan kaynak-
landigi dustintilmektedir. Copul ve Gengsoylu (2020), pamukta
azot dozlarinin artigina paralel olarak avci bécek popllasyonu-
nun arttigini belirtmislerdir. Wagan et al. (2015), pamuk ve bug-
dayda Coccinellidae poptilasyonun 10 kg/da Ure uygulamasinda,
tlm blylme mevsimi boyunca distik, 15-20 kg/da Ure uygula-
masinda ylksek aktivite gozlendigini bildirmislerdir. Alaoglu ve
Ozbek (1987), patates lretim alanlarindaki avci bécek populasyon
yogunlugunun av popilasyonu, konukgu durumu ile iklim faktor-
lerinden etkilenebilecegini belirtmislerdir.

Parazitoit Tiirlerin Belirlenmesi

Parazitlerinin belirlenmesi amaciyla 2019 ve 2020 yillarinda
laboratuvara getirilen materyallerde herhangi bir parazitoit
cikigl belirlenmemistir. Sahin (1997), Erzurum sartlarinda pata-
tes bocedinde herhangi bir parazitoit tir tespit edilmedigini
kaydetmistir.

Tablo 2.
Farkli Su Duizeyleri ve Azot Dozlarinda Coccinellidae (Coleoptera) ve
Chrysopidae (Neuroptera) Popllasyon Yogunlugu (Birey/10 Bitki)
(Ortalama + Standart Sapma) ve Ortalama Karsilastirma Sonuglari
Sulama Azot Dozlari
Suyu
Miktarlari G, G, G, Ortalama
Coccinellidae S, 019 + 0,22 + 0,23+ | 0,21+0,02
0,04 0,04 0,05
S, 0,20 0,20 024+ | 021+£0,02
0,03 0,03 0,04
Ortalama | 0,20 + 0,21+ 0,23+
0,02 0,03 0,03
Chrysopidae S, 0,10 = 0,10 = oM+ | 010 +0,01
0,02 0,02 0,02
S, oM+ 0,09 + [ONNIE= 0,10 £ 0,01
0,02 0,02 0,02
Ortalama | 0,10 + 0,09 + 011+
0,02 0,02 0,02
S,: Tam Sulama, S,: Su Kisiti, G;: 7 kg/da N, G,: 14 kg/da N, G,: 28 kg/da N
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Sonug ve Oneriler

Bu calisma sonucunda; bitki basina tespit edilen patates bocegi
ergin, yumurta ve larva poptlasyonu ile sulama suyu miktari ve
azot dozlari arasinda 6nemli pozitif yonli iliskinin oldugu ortaya
konmustur. Sulama suyu miktari ve azot dozlarinin artisina para-
lel olarak patates bdcegi ergin, yumurta, larva poptlasyonu da
artmistir. Ortalama patates bdcegi ergin poptilasyon yogunlugu
su kisitl uygulamasina (S2) gore tam sulama uygulamasinda (S1)
%18 oraninda artarken, 7 kg/da azot uygulamasina goére 14 kg/da
ve 28 kg/da azot uygulamasi poptlasyon yodunlugunu sirasiyla
%44 ve %63 oraninda artirmistir. Dogal digsmanlardan Coccinel-
lidae turlerinin populasyon yodunlugu sulama suyu uygulama-
larinda ayni olmasina ragmen, 7 kg/da azot uygulamasina gore
14 kg/da ve 28 kg/da azot uygulamasi poptlasyon yogunlugunu
siraslyla %5 ve %15 oraninda artirmistir. Chrysopidae tirlerinin
poptilasyon yogunlugu sulama uygulamalari ve azot dozlarindan
etkilenmemistir.
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Effects of Some Temperature and
Dormancy-Breaking Applications on
Germination Rates of Camelthorn
(Alhagi pseudalhagi (Bieb.) Desv.) Seeds
Deve Dikeni (Alhagi pseudalhagi (Bieb.) Desv.)

ggf‘;yKrﬁirf‘T'“EMEL Tohumlarinin Cimlenme Oranlari Uzerine Bazi
Gl GUREL Sicaklik ve Dormansi Kirma Uygulamalarinin Etkileri
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*Department of Horticujturev This study was carried out to determine the effects of some temperatures and dormancy-break-

Faculty of Agriculture, Igdir ing applications on seed germination rates of camelthorn (Alhagi pseudalhagi) seeds. The research

University, Igdir, Turkey was carried out in the Field Crops Laboratory of the Faculty of Agriculture of Igdir University in
2020. Camelthorn seeds were initially germinated in dark at 10°C, 15°C, 20°C, and 25°C constant
and at 20/10°C, 20/15°C, 25/10°C, and 25/15°C variable temperature conditions. It was deter-
mined that the highest total and normal germination rates were 33.3% and 28.0%, respectively,
at 25/15°C conditions, and the abnormal germination rate was 14.6% at 20/10°C conditions. It was
observed that no germination took place in the seeds under constant temperature conditions of
10°C. It was determined that 66.7% of A. pseudalhagi seeds had a dormancy-related germination
problem even under the best temperature conditions. For this purpose, 12 different dormancy-
breaking applications (matrix-priming, hydro-priming, gibberellic acid, potassium nitrate, cold
moist stratification, warm moist stratification, warm + cold moist stratification, cold + warm moist
stratification, cold water, hot water, mechanical scarification, and chemical scarification (sulfuric
acid)) were made to A. pseudalhagi seeds. According to the results of the research, it was deter-
mined that gibberellic acid 28.0%, hot water 25.4%, and mechanical scarification 18.7% removed
the dormancy in seeds.
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Keywords: Alhagi pseudalhagi, camelthorn, dormancy breaking, seed dormancy, seed germina-
tion, temperature
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Bu calisma, Deve dikeni (Alhagi pseudalhagi) tohumlarinin gimlenmesi Uzerine bazi sicaklikla-
rin ve dormansi kirma uygulamalarinin etkilerini belirlemek amaciyla yapilmistir. Aragtirma Igdir

Yayinlanma TarihifPublication Date: Universitesi Ziraat Fakiiltesi Tarla Bitkileri Laboratuvarinda 2020 yilinda yiiriitilmistiir. Tohumlar
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Girel, G., & Ozden, E. (2022). Effects of en iyi sicaklik kosullarda bile %66,7 oraninda dormansiye bagl bir ¢cimlenme problemi oldugu
some temperature and dormancy- belirlenmistir. Bu amagla Alhagi pseudalhagi tohumlarina 12 farkli dormansi kirma uygulamasi
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Introduction

Plants have important values not only in the nutrition of humans
and animals but also in the treatment of diseases, thanks to the
secondary metabolites they contain such as alkaloids, phenolic
compounds, glycosides, and steroids. The genus Alhagi, which is
included in the legume family, is widespread in many countries in
Asia, America, Africa, Europe, and Australia (Ali, 1977; Ghosal et al.,
1974; Liu & Adilla, 1991; Muhammad et al,, 2015; Smailov et al.,
1990). Species in this genus are widely used in weed, animal feed,
erosion control, and pharmaceutical industries, and many scien-
tific studies have been carried out for this purpose (Awaad et al.,
2006; Ibrahim, 2015; Muhammad et al.,, 2015). Important fatty
acids, sterols, flavonoids, coumarins, and alkaloids have been
identified in species belonging to the genus Alhagi (Awaad et al.,
2006; Edeoga et al., 2005; Ibrahim, 2015). Most of the species
in the genus Alhagi are commonly used for medicinal purposes
(Gholamhoseinian & Razmi, 2012; Kouchmeshky et al., 2012;
Laghari et al., 2012a,b; Srivastava et al., 2014; Zou et al., 2012).

The protein content of the Alhagi pseudalhagi plant varies
between 12.8% in the early vegetative stage and 10.8% in the seed
maturation stage (Temel et al., 2015). On the other hand, the high
mineral content and low NDF (Neutral Detergent Fiber) and ADF
(Acid Detergent Fiber) values increase the value of animal feed
(Muhammad et al., 2015; Temel et al., 2015).

Although A. pseudalhagi is widely found in natural environments,
there is not enough information about the use and cultivation of
the plant. A. pseudalhagi plant is spiny deep-rooted and peren-
nial shrub whose roots can grow up to 1.8-2.1 m deep into the soil
and can reach a plant height of up to 0.45-1.2 m (Sulaiman, 2013;
Tan & Temel, 2012). A. pseudalhagi is an important plant because
it remains green for most of the year, is resistant to drought and
salinity, is found in erosion areas, and has a high potential for
medicinal use. In addition, it is a plant that has the potential to be
used in the evaluation of salinity, arid, and degraded pasture areas.

The seeds of plants grown in their natural environments are used
for production and breeding (Akan et al. 2008). Generally, a high
rate of dormancy is observed in seeds collected from nature.
Therefore, before these seeds are cultivated, the germination
and dormancy status of the seeds should be determined. In this
study, it was tried to determine the ideal germination tempera-
ture, dormancy status of A. pseudalhagi seeds, which have the
potential to be widely used in animal feed and medicine, in the
evaluation of arid and salinity areas, and which dormancy-break-
ing application increase seed germination rates in order to elimi-
nate this dormancy.

Methods

A. pseudalhagi seeds, which were used as test material, were
collected from the wind erosion area of the Igdir province, Aralik
district. Then, the collected seeds were stored at 5°C in airtight
packages until the viability tests were carried out. Laboratory
studies were carried out in Igdir University Faculty of Agriculture,
Field Crops Department laboratory in 2020 according to the
Random Plots Trial Design with three replications.

Germination Test

Seeds were germinated in a dark environment at constant
temperatures of 10°C, 15°C, 20°C, and 25°C and variable tem-
peratures of 20/10°C, 20/15°C, 25/10°C, and 25/15°C. A total of
3 x 25 seeds were used in each germination application. The

germination status of the seeds was followed daily for 28 days at
the temperatures determined between the germination papers
impregnated with water in a 120 x 20 mm glass petri dish. In
order to prevent fungus growth, 0.2% pomarsol was added to
the pure water given to the germination medium. The germi-
nation status of the seeds was followed for 28 days, and the
seeds showing radicula length of 2 mm and above were consid-
ered viable (ISTA, 2017). Total, normal, and abnormal germina-
tion rate of seeds were determined at the end of the 28th day of
the experiment.

According to ISTA (International Seed Testing Association,2017)
rules, 12 different dormancy-breaking processes were applied to
the seeds of the A. pseudalhagi plant. After the dormancy-break-
ing applications, the germination rates of the seeds were deter-
mined daily for 28 days at the temperature where the highest
germination rates were determined. In the study, 3 replications
and 25 seeds were used in each replication.

Matrix-Priming

Matrix-priming (MP) medium was prepared in light-proof con-
tainers in the form of seed:vermiculite:water medium in the ratio
2:1:3. Matrix-priming’s were incubated for 24, 36, and 48 hours
at 15°C, and then seeds were dried to their initial weight at 25°C.

Hydro-Priming

The seeds were kept in 40 mL of water for 5 hours at 20°C, and
then surface drying was applied to the seeds. After the surface
drying process, some water was put into the aging pots, and the
seeds were placed in a shirred tulle pouch on the wire tray so that
they would not come into contact with the water. The upper part
of the aging pots is covered with stretch so that there is no air
intake. The aging pots were incubated at 20°C for 48, 72, and
96 hours, and then the seeds removed from the aging pots
were dried to their initial weight at room temperature.

Gibberellic Acid

The seeds were kept in gibberellic acid (GA,) solution prepared as
250,500, and 1000 ppm in a petri dish for 24 hours in dark condi-
tions and then the seeds were dried to their initial weight at room
temperature.

Potassium Nitrate
Seeds were kept in a petri dish in 2% and 4% potassium nitrate
(KNO,) solutions in dark conditions for 6 hours.

Cold Moist Stratification

The seeds were kept between filter papers saturated with mois-
ture for 3 and 4 weeks at 5°C temperature conditions, and then
the seeds were dried to their initial weight at room temperature.

Warm Moist Stratification

The seeds were kept between filter papers saturated with mois-
ture for 1 and 2 weeks at 20°C temperature conditions, and then
the seeds were dried to their initial weight at room temperature.

Warm +Cold Moist Stratification

The seeds were kept between coarse filter papers saturated with
sufficient moisture for 1 and 2 weeks at 20°C temperature condi-
tions and then at 5°C for 3 and 4 weeks and then dried to their
initial weight at room temperature.

Cold +Warm Moist Stratification
Seeds were stored between coarse filter papers saturated with
sufficient moisture at 5°C for 3 and 4 weeks, followed by 1 and
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2 weeks at 20°C, and then the seeds were dried to their initial
weight at room temperature.

Cold Water

Seeds placed in a shirred tulle pouch were kept in glass bottles
at 5°C for 1, 2, and 4 weeks, completely submerged in water, and
then the seeds were dried at room temperature to their initial
weight.

Hot Water

Seeds placed in a shirred tulle pouch were kept in boiling water
(100°C) for 2 and 4 minutes to be completely submerged, and
then the seeds were dried at room temperature to their initial
weight.

Mechanical Scarification
The seeds were scarification for 5, 10, and 15 minutes between 10
grit sandpapers.

Chemical Scarification (Sulfuric Acid)

The seeds were kept in 96% sulfuric acid (H,SO,) for 10, 20, and
30 seconds, and then the seeds were washed with distilled water
and dried on blotting paper.

Statistical Analysis

The data obtained from the research were analyzed according to
the JMP 5.0.1 package program. Statistically significant means
were grouped according to the least significance difference.

Results, Discussion, and Conclusion and
Recommendations

Germination Rates of A. pseudalhagi at Different Constant
and Alternating Temperatures

It was determined that germination at different temperatures sig-
nificantly affected the germination rates of A. pseudalhagi seeds
(Table 1). It was observed that the total and normal germination
rates of the seeds at 25/15°C temperature conditions reached
the highest values as 33.3% and 28.0%, respectively. Even at the
temperature at which the highest germination rate was obtained,
66.7% dormancy was determined in A. pseudalhagi seeds. It is
known that dormancy is generally high in plants that grow in
natural environments (Esmaili & Esmaili, 2010; ikram et al., 2014;
Tavili et al., 2014; Zhou et al., 2012). No germination was observed
in A. pseudalhagi seeds under the lowest temperature application,
10°C. The highest rate of abnormal germination was observed in
seeds germinated at 25/10°C conditions (Table 1). It is known that
seeds can germinate at a higher rate in variable temperature con-
ditions than in constant temperature conditions, as an indicator
of mimicking their natural life cycles (Ozden et al. 2021).

Studies have reported that the highest germination conditions
of A. pseudalhagi and Alhagi camelorum seeds are in the range
of 25-35°C temperatures (Moradi et al., 2015; Solak et al., 2015).
It is known that there is 81% dormancy in A. camelorum seeds
(Solak et al., 2015), and dormancy rates reach up to 98.9% in stud-
ies on A. pseudalhagi, Alhagi cancencens, Alhagi kirghisorum, and
Alhagi sparsifolia species (Karshibaev, 2014). Seeds of Alhagi spe-
cies generally have a high dormancy rate, and the optimum ger-
mination temperature was determined to be 25°C. The presence
of dormancy in seeds in natural environments is the guarantee of
the continuity of the plant. However, dormancy is undesirable in
the seeds of cultivated plants, since high dormancy will increase
the amount of seeds to be sowed per unit area and will develop as
an undesirable plant in the field in the following years.
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-(gaetlzi‘ln'ation Rates of Alhagi pseudalhagi at Different Constant and
Alternating Temperatures

Total Normal Abnormal
Temperature | Germination (%) | Germination (%) | Germination (%)
10°C 0.0f 0.0e 0.0c
15°C 8.0e 2.6de 5.3 bc
20°C 10.6 de 6.6d 4.0 bc
25°C 253b 16.0 bc 9.3ab
20/10°C 14.6 cd 0.0e 146a
20/15°C 173 ¢ 146 ¢ 2.6 bc
25/10°C 30.6 ab 21.3b 9.3ab
25/15°C 333a 280a 8.3 bc
LSDs 6.4%* 6.5%* 7.8*
Note: LSD = Least significance difference.
*p < .05 significant at probability limits, **p < .01 significant at probability limits.

Germination Rates of A. pseudalhagi in Dormancy-Breaking
Treatments

Matrix-Priming. In previous literature studies, no MP applica-
tion was found in seeds of Alhagi species. In our current study,
A. pseudalhagi seeds were exposed to MP at different times, but
the effect of MP applications on seed germination rates was not
found to be statistically significant (Table 2). On the other hand,
in studies on different plant species (Allium cepa, Abelmoschus
esculentus, Abelmoschus esculentus, and Allium ampeloprasum),
it is known that MP applications can allow increases in seed ger-
mination rate compared to control (Ozden et al., 2018a,b; Pandita
etal, 2010). In the current study, it was seen that MP applications
were not effective in breaking dormancy in A. pseudalhagi seeds
compared to the control application.

Hydro-Priming. Hydro-priming (HP) treatments at different
times significantly affected the total, normal, and abnormal germi-
nation rates of A. pseudalhagi seeds. Depending on the increase in
the application time of HP, there was a decrease in the total ger-
mination rates. The highest total germination rate was obtained
from 48 hours of HP application. Due to the high rate of abnormal
germination (9.3%) in 48 and 96 hours of HP, the highest normal
germination rate was obtained from 72 hours of HP (Table 2).

It is known that HP applications are applied only to Alhagi mau-
rorum seeds among Alhagi species, and Anosheh (2020) stated
that HP applications are effective in breaking dormancy in A.
maurorum seeds. On the other hand, it is known that HP appli-
cations to some species such as Nigella sativa, Allium cepa, and
Lactuca sativa contribute to the breaking of dormancy in seeds
(Ozden et al.,, 201843; Rao et al., 1987; Tajbakhsh et al., 2014).

Gibberellic Acid. Gibberellic acid application to A. pseudal-
hagi seeds statistically affected the total and normal germina-
tion rates. Application of GA, at low concentrations (250 ppm)
caused an increase in germination rates, while application of GA,
at higher concentrations (500 and 1000 ppm) caused a gradual
decrease in germination rates of seeds. On the other hand, the
effect of GA, application on abnormal germination rates was not
found significant (Table 2).

In the seeds of Alhagi species, GA, applications were not found
in order to break dormancy. In studies on some other species, it
has been revealed that the application of GA, applied to seeds
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E:fglcetsz .of Some Dormancy-Breaking Treatments on Seed Germination of Alhagi pseudalhagi
Applications Treatments Total Germination (%) Normal Germination (%) Abnormal Germination (%)
Matrix-priming 24 hours 36.0 333 2.6
36 hours 30.6 25.3 53
48 hours 373 320 5.3
LSD value and significant 9.8 ns 14.7 ns 6.1 ns
Hydro-priming 48 hours 440a 346a 93a
72 hours 40.0 ab 40.0a 00b
96 hours 266b 173 b 9.3a
LSD value and significant 14.2° 14.8** 3.0"
Gibberellic acid 250 ppm 61.3a 507 a 10.7
500 ppm 49.3b 373b 12.0
1000 ppm 387c 320b 6.7
LSD value and significant 3.0” 7.4%* 6.1 ns
Potassium nitrate 2% 240b 18.6 5.3
4% 41.3a 28.0 13.3
LSD value and significant 1.5 15.2 ns 9.9ns
Cold moist stratification 3 weeks 9.3b 80b 1.3
4 weeks 493 a 46.6 a 27
LSD value and significant B.7** 5.7** 57ns
Warm moist stratification 1 week 14.7b 120b 26
2 weeks 44.0a 38.6a 5.3
LSD value and significant 25.0" 15.2%* 11.5ns
Warm +cold moist stratification 1 week+3 weeks 240¢c 21.3 27b
1week+4 weeks 320b 32.0 00b
2 weeks +3 weeks 40.0a 21.3 187a
2 weeks +4 weeks 26.7 bc 24.0 27b
LSD value and significant 6.9%* 109 ns 6.9%*
Cold+warm moist stratification 3 weeks +1 week 32.0bc 253a 6.7
3 weeks +2 weeks 253c¢ 16.0b 9.3
4 weeks+1 week 40.0a 280a 12.0
4 weeks +2 weeks 33.3ab 240a 9.3
LSD value and significant T.4%* 6.5%* 5.5ns
Cold water 1 week 253b 227ab 26
2 weeks 413a 36.0a 53
4 weeks 147b 120b 2.6
LSD value and significant 124%% 17.6* 6.1 ns
Hot water 2 minutes 587a 36.0a 226a
4 minutes 240b 9.3b 147b
LSD value and significant 28.7* 1157 5.7**
Mechanical scarification 5 minutes 333b 307 27b
10 minutes 36.0b 26.7 93a
15 minutes 520a 387 13.3a
LSD value and significant 10.3** 12.8 ns B6.1%*
Chemical scarification 10 seconds 36.0 24.0 12.0
20 seconds 320 25.3 6.7
30 seconds 37.3 28.0 9.3
LSD value and significant 10.3 ns 4.8 ns 8.3ns
Note: LSD = Least significance difference; ns=Not significant.
*p < .05 significant at probability limits, **p < .01 significant at probability limits.
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at concentrations ranging from 100 to 1000 ppm is an effec-
tive method in breaking dormancy (Akkurt et al., 2013; G6kgol
& Duman, 2018; Keshtkar et al., 2008; Kirmizi, 2017; Okay &
GUnodz, 2009; Zhou et al., 2012). On the other hand, some stud-
ies have shown that it is not effective in breaking dormancy
(Agikgdz et al., 2019; Colak, 2011; Erken et al., 2014; ikram et al.,,
2014). On the other hand, Colak (2011), Okay and Glin6z (2009),
Onursal and Gozlek¢i (2007), and ikram et al. (2014) stated
that GA, application at low concentrations was more effective
in breaking dormancy

Potassium Nitrate. Potassium nitrate application had a signifi-
cant effect on the total germination rate of A. pseudalhagi, while
its effect on normal germination and abnormal germination rate
was not found to be significant. While the total germination rate
was calculated as 24.0% in the application of KNO, with 2% con-
centration, it was determined that the total germination rate
increased to 41% in the 4% application (Table 2). It was observed
that the abnormal germination rate increased depending on the
increase in KNO, concentration (Table 2).

When the literature studies were examined, no KNO, applica-
tion was found in the seeds of Alhagi species in order to break
dormancy. In studies conducted on different species, it is known
that KNO, application on some species was effective in breaking
dormancy (ikram et al., 2014), while it was not effective in some
species (Zhou et al., 2012).

Cold Moist Stratification. Cold stratification application of A.
pseudalhagi seeds was found to be statistically significant in total
germination and normal germination rates. Total germination
rates were 9.3% and 49.3%, and normal germination rates were
8.0% and 46.6%, respectively, in 3 and 4 weeks of cold stratifica-
tion. Longer (4 weeks) cold stratification of seeds resulted in sig-
nificant increases in total and normal germination rates of seeds.
On the other hand, the cold stratification time did not cause a
significant change in abnormal germination rates (Table 2). In this
application, it was observed that A. pseudalhagi seeds, whose
moisture and cooling needs were met, caused an increase in the
germination rate of seeds by breaking dormancy.

Although cold stratification applications and dormancy removal
applications in A. pseudalhagi seeds are not encountered in the
literature, cold stratification application of A. camelorum species
of Alhagi genus affects the germination rate of the seeds com-
pared to the control and it is successful in removing dormancy
(Esmaili & Esmaili, 2010); on the other hand, it has been shown
that cold stratification applications are successful in breaking
dormancy in different species (Hashim et al., 2018; Isavand et al.,
2005; Jones et al., 2016; Kambur &Tilki, 2010; Onursal & Gozlekgi,
2007). The effect of cold stratification in breaking dormancy in the
current study supports previous studies.

Warm Moist Stratification. Warm moist stratification of A.
pseudalhagi seeds caused significant changes in total germina-
tion and normal germination rates. In 1 and 2 weeks of warm
moist stratification, total germination rates were 14.7% and
44.0%, and normal germination rates were 12.0% and 38.6%,
respectively, Longer (2 weeks) warm moist stratification of
seeds resulted in significant increases in total and normal
germination rates. On the other hand, the warm moist strati-
fication time did not cause a significant change in abnormal
germination rates (Table 2).
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In the literature review, it was seen that warm moist stratification
was not applied to A. pseudalhagi seeds. On the other hand, It has
been determined that warm moist stratification applied to seeds
causes a decrease in the germination rate of seeds of Salsola kali
subsp. ruthenica (Obali, 2009).

Warm +Cold Moist Stratification. It was seen that the effect of
warm +cold moist stratification on the total and abnormal ger-
mination rate of A. pseudalhagi seeds was significant, but the
effect on normal germination was insignificant. In 1+3,1+4, 2+3,
and 2+4 applications of warm+cold moist stratification, the
total germination rates were 24.0%, 32.0%, 40.0%, and 26.7%,
while the abnormal germination rates were 2.7%, 0.0%, 18.7%, and
2.7%, respectively. The highest abnormal germination rate was
obtained in 2-week warm + 3-week cold stratification (Table 2).

In the literature review, it was seen that warm+cold moist
stratification application was not applied to A. pseudalhagi
seeds. On the other hand, 3-week warm stratification +12-week
cold stratification applied to Fraxinus ornus seeds caused an
increase in the germination rate of seeds (Tilki, 2005), while
warm+cold moist stratification application did not cause an
increase in the germination rate of Flueggea anatolica seeds
(Avsar & Ok 2009).

Cold+Warm Moist Stratification. While cold+warm moist
stratification for different durations significantly affected the
total and normal germination rates of A. pseudalhagi seeds, its
effects on abnormal germination rates were insignificant. In the
application of cold+warm stratification for 3+1, 3+2, 4+1, and
4+2 periods, the total germination rates were determined as
32.0%, 25.3%, 40.0%, and 33.3%, while the normal germination
rates were determined as 25.3%, 16.6%, 28.0%, and 24.0%, respec-
tively (Table 2).

Cold Water. While significant changes were observed in the total
and normal germination rates of A. pseudalhagi seeds kept in
cold water for 1, 2, and 4 weeks, the changes were insignificant
in abnormal germination rates. The seeds kept in cold water for
2 weeks obtained the highest total and normal germination rates
of 41.3% and 36.0%, respectively. Soaking the seeds in cold water
foralongertime resulted in a decrease in total and normal germi-
nation rates (Table 2). It was determined that keeping the seeds
in cold water for 2 weeks was sufficient to meet the chilling needs
of the A. pseudalhagi seeds and to break the physiological dor-
mancy while keeping them in cold water for a longer time reduced
the germination of the seed.

In the literature review, it was seen that no cold water soaking
was applied to the seeds of A. pseudalhagi. It was determined
that the seeds of other plant species, Astragalus adscendens
and Astragalus podolobus, kept in cold water (10 days at 4°C)
caused an increase in germination rate (Tavili et al., 2014), while
in another study, it did not cause an increase in the germination
rate of Salsola kali subsp. ruthenica (Obali, 2009).

Hot Water. Significant changes were observed in total, normal,
and abnormal germination rates of A. pseudalhagi seeds, which
were soaked in boiling water for different times (2 and 4 min-
utes). When the seeds of A. pseudalhagi were soaked in hot water
for 2 and 4 minutes, the total germination rates were 58.7% and
24.0%, the normal germination rate was 36.0% and 9.3%, and the
abnormal germination rates were 22.6% and 14.7%, respectively.
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Soaking in hot water foralongtime (4 minutes) caused a decrease
in the germination rate of A. pseudalhagi seeds (Table 2).

It has been observed that soaking in boiling water for 2 minutes
is sufficient to obtain high germination rates. It is estimated that
hot water application has a significant effect on the permeability
of the seed coat and contributes to the increase in germination
rate. On the other hand, it can be said that keeping the seeds
in hot water for a long time causes damage to the embryos of
seeds. When the researchers were examined, while soaking in hot
water was found in many genus and species, hot water soaking
was not applied in the A. pseudalhagi species. In studies on other
Alhagi species, it has been determined that soaking in hot water
affects the breaking of dormancy of seeds and increases the
germination rate (Anosheh, 2020; Esmaili & Esmaili, 2010;
Mohammad et al., 2010).

In other plant genus and species, soaking in hot water has been
widely practiced. Accordingly, soaking of seeds of Astragalus
maritimus, Astragalus verrucosus, A. adscendens, A. podolobus,
Astragalus hamosus, Astragalus cyclophyllon, and Astragalus
arpilobus in hot water increased the germination rate of the seeds
(Bacchetta et al., 2011; Keshtkar et al., 2008; Long et al., 2012;
Patane and Gresta 2006; Tavili et al., 2014). On the other hand,
it was determined that soaking in hot water did not increase the
germination rate of Astragalus gines-lopezii, Astragalus filipes,
and Astragalus cicer seeds, and it was not an effective method for
breaking dormancy (Kildisheva et al., 2018; Schnadelbach et al.,
2016; Statwick, 2016).

Mechanical Scarification. Application of mechanical scarifi-
cation for 5, 10, and 15 minutes significantly affected the total
and abnormal germination rates of A. pseudalhagi seeds, while
the effect on normal germination rate was insignificant. The
application of mechanical scarification for 5, 10, and 15 min-
utes showed that the total germination rates of A. pseudalhagi
seeds were 33.3%, 36.0%, and 52.0%, while abnormal germina-
tion rates were 2.7%, 9.3%, and 13.3%, respectively, Increases in
total, normal, and abnormal germination rates were observed

depending on the increase in mechanical scarification applica-
tion time (Table 2). It has been observed that the long-term
mechanical scarification application causes damage to the
embryos of the seeds and causes an increase in the abnormal
germination rate. Therefore, mechanical scarification for longer
than 15 minutes is predicted to increase abnormal germination
in A. pseudalhagi seeds.

In previous studies, it was determined that the application
of mechanical scarification to A. pseudalhagi, A. cancencens,
A. kirghisorum, A. camelorum, A. sparsifolia, and A. maurorum
seeds increased the germination rate of the seeds (Anosheh,
2020; Esmaili & Esmaili, 2010; Karshibaev, 2014).

Chemical Scarification. Application of sulfuric acid to A. pseudal-
hagi seeds for 10, 20, and 30 seconds did not cause any significant
change in total, normal, and abnormal germination rates. In the
application of soaking in sulfuric acid for 10, 20, and 30 seconds,
the total germination rate was 36.0%, 32.0%, and 37.3%, the normal
germination rate was 24.0%, 25.3% and 28.0%, and the abnormal
germination rates were 12.0%, 6.7%, and 9.3%, respectively (Table 2).

The seeds of many Alhagi genus were treated with sulfuric acid
as a chemical scarification. They determined that sulfuric acid
applied to A. pseudalhagi, A. cancencens, A. kirghisorum, A. spar-
sifolia, and A. maurorum seeds was very effective in breaking
dormancy (Kerr et al., 1965; Esmaili & Esmaili, 2010; Mohammad
et al,, 2010; Karshibaev, 2014; Anosheh, 2020).

Comparison of Dormancy-Breaking Treatments

The highest total germination values in each dormancy-breaking
application were compared with the control (25/15°C) application
without any dormancy-breaking application. Seed germination
rates of A. pseudalhagi in different dormancy-breaking applica-
tions are given in Table 3.

It was determined that the effect of dormancy-breaking appli-
cation on the total, normal, and abnormal germination rates
of A. pseudalhagi was different. The highest total germination

.(Eac\)t;:wep:aa'rison of Different Dormancy-Breaking Treatments on Seed Germination of Alhagi pseudalhagi

Applications Total Germination (%) Normal Germination (%) Abnormal Germination (%)
Control 333e 28.0 cd 5.3 de
Matrix-priming (48 hours) 373e 32.0cd 53de
Hydro-priming (48 hours) 44.0 cde 347¢c 9.3cd
Gibberellic acid (250 ppm) 61.3a 50.7 a 10.7 cd
Potassium nitrate (4%) 41.3 cde 28.0cd 13.3 bc
Cold moist stratification (4 weeks) 49.3 bcd 46.7 ab 27e
Warm moist stratification (2 weeks) 44,0 cde 387d 5.3de
Warm +cold moist stratification (2 weeks + 3 weeks) 40.0de 21.3d 18.7 ab
Cold+warm moist stratification (4 weeks +1 week) 40.0 de 28.0cd 12.0¢c
Cold water (2 weeks) 41.3 cde 36.0 bc 5.3de
Hot water (2 minutes) 587 ab 36.0 bc 227a
Mechanical scarification (15 seconds) 52.0 abc 387 bc 13.3 bc
Chemical scarification (30 seconds) 373e 32.0cd 5.3 de
LSDs 11.0%* 11.7** 6.3**
Note: LSD = Least significance difference; ns=Not significant.

**p < .01 significant within probability limits.
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rates were obtained in GA, at 61.3%, soaking in hot water at
58.7%, and mechanical scarification at 52.0%, respectively.
Compared to the control, GA, increased the total germination
rate by 28.0%, hot water by 25.4%, mechanical scarification by
18.7%, and cold moist stratification by 16.0%. Although other
dormancy-breaking treatments slightly increased the total
germination rate, these increases were found to be statistically
insignificant. Normal germination rate was obtained with 50.7%
GA, and 46.7% cold stratification application. Gibberellic acid
increased the normal germination rate by 22.7% and cold strati-
fication by 18.7% compared to the control. It was observed that
other dormancy-breaking treatments did not significantly affect
the normal germination rate compared to the control treat-
ment. The highest abnormal germination rates were obtained
with 22.7% in hot water soaking and 18.7% in warm +cold moist
stratification applications.

There are a number of dormancy types that prolong or inhibit
the germination process in seeds. Partial dormancy type causes
gradual germination, and this slow germination negatively affects
seedling quality and inhibits the growth of an exemplary plant
(Demir et al., 2008). A number of methods such as cold strati-
fication, hormonal applications, light, mechanical and chemical
scarification, and variable temperatures are used to remove dor-
mancy in seed technology, but their effects differ from species
to species (Baskin & Baskin, 2004; Ozden et al., 2021; Roberts &
Benjamin, 1979; Stout, 1998). It seems that partial dormancy in
the A. pseudalhagi species can be eliminated at different rates
with some dormancy-breaking applications.

Sulfuric acid, mechanical scarification, HP, soaking in hot water,
KNO, application, and cold stratification were applied in order
to break dormancy in the seeds of Alhagi species (Anosheh,
2020; Esmaili & Esmaili, 2010; Karshibaev, 2014; Kerr et al., 1965;
Mohammad et al., 2010). However, GA, application was not found
in the seeds of Alhagi species. In our current study, it was deter-
mined that the most effective method in breaking dormancy was
the application of GA,.

In the present study, the highest seed germination rate was
determined at 25/15°C, while germination was not found at
10°C. Relative to the control treatment, GA,, hot water, and
mechanical scarification contributed significantly to the breaking
of dormancy in A. pseudalhagi seeds, while the effects of other
dormancy-breaking treatments were insignificant. According to
the present results, it was determined that GA, 28.0%, hot water
25.4%, and mechanical scarification 18.7% removed dormancy. As
aresult, considering that it is easy to apply in practice, it has been
observed that dormancy can be significantly broken with hot
water without using any chemicals (hormones).

When the seeds of the A. pseudodalhagi plant will be used in the
evaluation of arid, saline, and erosion areas, germination rates will
increase if they are sown after being kept in boiling hot water at
100°C for 2 minutes.
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Seker Pancarinin Fosfor Agronomik ve
Geri Alim Etkinliklerinin Artirilmasinda
Kati ve Sivi Fosforlu Guibre Kullanimi

Evaluation of Solid and Liquid Fertilizers in
Increasing of Yield, Phosphorus Agronomic and
Reuptake Efficiency of Sugar Beet

0oz

Calisma, ortofosfat formunda fosfor iceren kati ve ortofosfat ve polifosfat formlarinda fosforiceren
sivi kompoze gibrelerin kiregli topraklarda yetistirilen seker pancarinin verimi, kalitesi, fosforun
agronomik (FAQE) ve geri alim etkinligi (FAE) Uzerine etkilerini belirlemek amaciyla ytritilmus-
tir. Deneme, fosfor icerigi disik tarla kosullarinda tesadif bloklari deneme desenine goére 3
tekerrirli olarak kurulmustur. Denemede, kati 10-25-20+%8 S+%1 Zn+Ure, kati 10-25-20 +%8
S +%1 Zn+UAN, sivi 10-25-20 (ortofosfat)+%8 S +%1 Zn+UAN ve sivi 10-25-20 (polifosfat) +%8 S
+%1Zn+UAN glbreleri ile ekimde dekara 6 kg P,O,ekim makineleri ile banda ve toplam 18 kg da”
azot uygulanmistir. Sonucta, geleneksel glibre uygulamasina (K2) gore kok+gdvde verimi (116 t
ha), %21, FAQE (750) %80 ve FAE (%30.5) %91 oraninda artigla en yiiksek ekimde polifosfat for-
munda fosfor igeren sivi kompoze ve ¢apada 15.6 kg N olacak sekilde sivi UAN (%32 N) giibresi (K5)
uygulanmasi ile elde edilmistir. Ayrica kok+gdvde verimi ve FAE bakimindan fosforu ortofosfat for-
munda igeren sivi kompoze glibrenin kati kompoze giibreye gore daha etkili oldugu belirlenmistir.

Anahtar Kelimeler: Fosfor agronomik etkinligi, fosfor geri alim etkinligi, kati ve sivi fosforlu giibre,
seker pancari, verim

ABSTRACT

The study was carried out to determine effects of solid fertilizers containing phosphorus in form
of orthophosphate and liquid composite fertilizers containing phosphorus in forms of ortho-
phosphate and polyphosphate on yield, quality, agronomic (PAgE) and reuptake efficiency (PUE)
of sugar beet grown in calcareous soils. Experiment was conducted in a randomized block design
with 3 treatments under field conditions with low phosphorus content. In experiment, solid 10-25-
20+8% S+1% Zn+Urea, solid 10-25-20 +8% S +1% Zn+UAN, liquid 10-25-20 (orthophosphate)+8%
S +%1 Zn+UAN and liquid 10-25-20 (polyphosphate) +8% S+1% Zn+UAN fertilizers, 6 kg of P,O,
were applied by seeder and fertilizer machine and total nitrogen was added at 18 kg da™'. Results
showed that root+stem yield (116 t ha™), PAgE (750) and PUE (30.5%) with an increase in rate of
21%, 15%, 80% and 91% respectively in the highest liquid composite containing phosphorus with
form of polyphosphate and liquid UAN (32% N) fertilizer with 15.6 kg N in hoe (K5) compared to
conventional fertilizer application (K2). In addition, it has been determined the significant effect of
liquid composite fertilizer containing phosphorus with form of orthophosphate in root+stem yield
and PUE compared to solid composite fertilizer.

Keywords: Phosphorus agronomic efficiency, phosphorus reuptake efficiency, solid and liquid fer-
tilizer, sugar beet, yield

Giris
Ulkemizde 2020 yilinda 336.353 ha ekim alanindan 23 milyon ton Uretimi yapilan seker pancari bit-
kisi, en fazla Konya ili'nde yetistirilmektedir. Konya ili Tirkiye seker pancari ekim alanlarinin %27.2'sine

sahip olup, bu alanda toplam {iretimin %31.9'unu gerceklestirmektedir (TUIK, 2021). Ulkemizde seker
Uretimi agisindan biytik 6nem arz eden seker pancarinin birim alanindan elde edilen verim ve kalitenin
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artirlmasinda etkili olan en dnemli faktorlerin basinda dengeli
glbreleme gelmektedir. Bitkisel Uretimde dengeli glibreleme,
toprak analiz sonuglarina gore bitkilerden hedef verim ve kalite-
nin saglanabilmesi icin istedikleri besin elementlerinin kimyasal,
organik veya organomineral glbreler ile istedikleri zamanda en
ekonomik bir sekilde saglanabilmesidir. Oysaki bitkilerin basta
fosfor olmak Uzere bazi besin elementlerinin karsilanmasinda
Ulkemiz ve diinya tarim topraklarinda gok dnemli sorunlar bulun-
maktadir. ClnkU bazik reaksiyonlu, kiregli ve organik maddece
fakir topraklarda, fosforun topraktaki Ca ve Mg gibi iki degerlikli
elementler ile asit reaksiyonlu topraklarda da Al, Fe ve Mn gibi
iki ve Ug degerlikli elementlerle ¢ozinlrligu dustk tuzlar veya
kompleksler olusturmasi veya 1:1 tipi kil minerallerinin kirilmig
kdse ve kenarlarina guigli bir sekilde baglanmasiyla ylksek oranda
fikse edilmesi, kurak iklim ve distk sicakligin da etkisiyle toprakta
diflizyon katsayisinin dlismesiyle bitkiler fosforu yeteri kadar ala-
mamaktadirlar (Hettiarachchi ve ark., 2006; Lombi ve ark., 2004,
2005). Nitekim kimyasal glibrelerle bitkilere uygulanan fosforun
alim etkinliginin genellikle %10-%30’lar diizeyinde oldudu, geriye
kalan fosforun ise blyUk bir kisminin topraklarda fikse edildigi bil-
dirilmektedir (Kacar, 1964) Bu baglamda, fosforun degistirilemez
ve yenilenebilir olmayan dogasi g6z online alindiginda, kullanim
etkinliginin arttirilmasi gerekmektedir. Bunun igin, diinyada ve
Ulkemizde fosforun topraga bir organik madde ile verilmesini
saglayan organomineral gtbre kullanimi, Organomineral veya
kimyasal gubrelerle fosfor ¢ézlict bakterilerin kullanimi, kimyasal
glbrelerle veya tek basina fosfor ¢ozlicli mikroorganizmalari ige-
ren biyogUbrelerin kullanimi yada kati fosfor igerikli kimyasal glib-
reler yerine farkli formlarda fosfor icerikli sivi kimyasal gtibrelerin
kullanimi ile bitkilerin fosfor aim etkinligin artirilmasina yonelik
calismalar yapilmaktadir. Nitekim, sivi ve kati fosforlu gibreleri-
nin etkinliklerinin karsilastirildigi calismalarda, sivi P’lu glbrele-
rinin kireg icerigi ylksek topraklarda kati P’lu glibrelere gore bitki
blylmesinde ve P alimini tesvik etmede daha etkili oldugunu,
ayrica topragin 10 cm kadar altina uygulamanin toprak, iklim,
bitki, glibre 6zellikleri ve glibre uygulama sekline bagli olarak %10-
30 arasinda degisen oranlarda alim etkinliklerini arttirdid bildiril-
mistir (Holloway ve ark., 2001, Zhao ve ark., 2021). Avustralya'da
alkali topraklarda bugday bitkisine fosfor igerikli kati (MAP, DAP ve
TSP) ve sivi glibre (sivi MAP, sivi APP ve fosforik asit) uygulamala-
rinin fosfor alimi Gzerine etkilerinin karsilagtirldidi bir calismada,
sivi glibre uygulamalari ile Ca-P bilesikleri halinde ¢ozinUrlGgu
distk tuzlar olusumunun azalmasindan dolayi bitkilerin fosfor
alimini artirdigini yani; fiksasyonun azaldigini bildirmislerdir (Bert-
rand ve ark. 20086). Kirecli bazik topraklarda bugday bitkisinin
fosfor alim etkinliginin artiriimasi igin kati (DAP, MAP, TSP) ve sivi
(TG-MAP, APP ve PA) fosforlu glibrelerin etkilerinin karsilastirildig
bir baska ¢alismada, sivi glibre uygulamalart ile kiregli topraklarda
P ¢6zUnurligunin ve difiizyon hizinin daha ytiksek oldugu ve boy-
lece kati glibre uygulamalarina gore bitki fosfor alimini daha fazla
artirdigi bildirilmistir (Lombi ve ark., 2005). Benzer sekilde kati ve
sivi fosforlu giibre (DAP, 20-20 kompoze ve Ekin) uygulamalarinin

bitki fosfor alim etkinligi tzerine sivi fosforlu gubrelerin kati fos-
forlu glibrelere gore hatta ortofosfat formunda fosfor iceren sivi
fosforlu glibrelerin polifosfat formunda fosfor igeren sivi fosforlu
glbrelere gore daha etkili oldugunu, bu durumun sivi formda fos-
forlu guibrelerin kati glibrelere gore kiregli topraklarda daha az fik-
sasyona ugramasi yaninda fosfor difiizyonunun fazla olmasindan
kaynaklanabilecedi ile ifade edilmistir (Torun, 2021). Kati kimyasal
glbrelerin toprak ylizeyine veya ekimde tohum yatagina uygulan-
maslyla meydana gelen kayiplarin ve olumsuz etkilerinin azalti-
lip fosfor alim etkinliklerinin artirilmasi igin kati fosforlu gtibreler
yerine sivi fosforlu glibrelerin 6zellikle banda uygulanmasi oneril-
mektedir (Sims, 2010). Ancak yine de fosforun etkinligi cok fazla
artirlamamaktadir (Holloway ve ark., 2001; Kusi ve ark., 2021;
Lombi ve ark., 2004; McBeath ve ark., 2007; Zhao ve ark., 2021).
Bu nedenle bu galismada,

1. Ekimde kati fosforlu glibrelerin yerine sivi fosforlu glibre
uygulamasinin,

2. Ekimde ortofosfat ve polifosfat formunda fosfor iceren sivi
glbre uygulamalarinin

3. Seker pancari bitkisinin verim, kalite parametreleri ve ozel-
likle de fosfor agronomik ve alim etkinligi Gizerine etkilerinin
belirlenmesi amaglanmistir.

Yontemler

Tarla denemesi, 2019 yilinda Konya ili Karapinar ilgesi Toprak Su
ve Collesme ile Miicadele Arastirma Enstitiisii'nde fosfor ige-
rigi yetersiz (P<5.4 mg kg™, FAO, 1990) olan bir alanda yuratdl-
muUstlr. Deneme topragdl notr reaksiyonlu (pH=7.24), cok fazla
kirecli (%57.3), organik maddece fakir (%0.95), kumlu killi tin
(SCL) biinyeye sahiptir. Bitkiye yarayish Ca (5830 mg kg™) ve K
(334 mg kg™) miktarlari fazla, Mg (445 mg kg™), Fe (3.70 mg kg™),
Cu (0.67 mg kg™), Mn (478 mg kg™) ve B (0.80 mg kg™) miktarlari
yeterli olan deneme topraginda NO,-N (12.5 mg kg™) ve Zn (0.16
mg kg™) miktarlari sekerpancari bitkisinin gelisimi icin yetersiz
seviyede bulunmaktadir.

Arastirmanin ylrtttldigu yerde seker pancari bitkisinin veje-
tasyon gelisim periyodundaki (Nisan — Ekim) yagdis toplami ve
sicaklik ortalamasi sirasiyla 95.6 mm ve 16.9 °C olarak belirlen-
mistir. Tablo 1'de verilen plana gore 3 tekerrUrll olarak tesadif
bloklari deneme desenine gore 15 adet parselde yiritilen dene-
mede, “Selenada” seker pancari gesidi kullaniimistir. Deneme yeri
topraginin bitkiye elverisli fosfor igerigi (5.4 ppm P=31 kg P,O./
da) dikkate alinarak Turkiye Gubreler ve Glbreleme rehberine
(2006) gore toplam olarak 6 kg P,O, /da fosfor, elverisli inorganik
(NH,+NO,) azot miktarina (12.5 ppm =6.5 kg N/da) gére 18 kg N/da
azot ve 4.8 kg K,0O/da potasyum uygulanmistir (Tablo 1). Fosforun
ve potasyumun tamami ve azotun bir kismi ekim esnasinda kati
glbreler ekim mibzeri (Sekil 1a) ile banda, sivi glibrelerise 6zel tire-
tilmis sivi glibre uygulayabilen ekim makinesi (Sekil 1b) ile tohu-
mun 5 cm yani ve 5 cm altina olacak sekilde banda uygulanmistir
(Tablo 1). Kalan azotun bir kismi (6.6 kg N/da) mayis ayinda 1.capa,

Sekil 1.

Kati Gubre Uygulayabilen Ekim Mibzeri (A), Sivi Glbre Uygulayabilen Ekim Mibzeri (B), Sivi Glibre Uygulayabilen Capalama Makinesi (C).
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Tablo 1.

Uygulama Kodlari, Uygulanan Gubreler, Glibre Uygulama Zamani ve Miktarlari

Ekim esnasinda taban glibrelemesi

Ust glibreleme

Uygulama

Kodu Gubre Uygulama miktari (kg da™) | Giibre | 1.capa (kg N da™) | 2.capa (kg N da™)
K1 Kontrol - Glibre uygulamasi yok 0 0 0

K2 Kati 10-25-20+%8 S+%1Zn 24N-6P,0,-48K,0 Ure 6.6 9

K3 Kati 10-25-20+%8 S+ %1 Zn 24N-6P,0,-48K,0 UAN 6.6 9

K4 Sivi 10-25-20+%8 S+%1 Zn (ortofosfat formunda fosforigeren) | 2.4 N -6 P,0- 4.8 K,0 UAN 6.6 9

K5 Sivi 10-25-20 %8 S+%1 Zn (polifosfat formunda fosfor igeren) 24N -6P,0,-4.8K,0 UAN 6.6 9

diger kismi (9 kg N/da) da Haziran ayi sonunda 2.capada kati Ure
(%46 N) ve sivi UAN (%32 N) glibresi seklinde verilmistir. Ust N
uygulamasi Kati Ure ile capalama éncesi elle toprak ylizeyine ser-
pilip capalama ile topraga karistirilarak, sivi UAN ile bitki sirasinin
7.5 cm yanina 15 cm derinlige sivi glibre uygulayabilen 6zel Uretil-
mis ¢apalama makinesi ile uygulanmistir (Sekil 1c ve Tablo 1).

Nisan ayinin son haftasinda yapilan ekimde 54 m2(27 m x 20 m)
olan parsel boyutu kenar tesiri dikkate alinarak Ekim ayinin son
haftasinda el ile hasat edilmistir. Her bir parselden Adustos ayi-
nin ilk haftasinda olgunlasmasini yeni tamamlamis yapraklar alin-
mis sap ve aya kisimlart ayrilmistir. Ayrica hasat zamaninda her
bir parselden alinan kok ve govde ornekleri tartimlari yapilarak
kok+govde verimleri hesaplanmistir. Yaprak ayalari, kok ve gévde
ornekleri gerekli on igslemlerden sonra 70 °C'de hava sirkiilasyonlu
kurutma dolabinda (Elektro-Mag MB040P) sabit adirlida gelin-
ceye kadar kurutulmustur. Kurutulan kok+govde érneklerinin kuru
agirliklari kaydedilmis ve kuru madde verimi hesaplanmistir. Daha
sonra bu dérneklerden 0.2 g tartilmis ve 5 ml konsantre HNO, ve
2 ml H,0, (%30 w/v) ile mikro dalga cihazinda (Cem MarsXpress;
CEM Corp; Matthews, NC, USA) ylksek basing altinda (200 PSI)
¢OzUndUrilmUstdr. Analizin glvenilirligini saglamak igin 40 hiic-
relik mikrodalga seti igerisine bir adet sahit ve referans materyal
olan NIST SRM 1573a yaprak 6rnedi ilave edilmistir. Coziindurilen
numunelerin hacimleri deiyonize saf su ile 20 ml'ye tamamlan-
mis ve mavi bantli filtre kagidindan stzilip, stztkteki toplam P
miktarlari ICP-OES cihazinda (Agilent, 5110) tespit edilmis (USDA,
2004) ve ilgili element igeridi sulandirma faktori dikkate alinarak
hesaplanmistir.

Ayrica hasat zamani alinan kok drneklerinin seker orani (SO), Na,
Kve Amino-N icerikleri Seker Arastirma EnstitlsU Laboratuvarla-
rinda belirlenmistir (Kubadinow & Weninger, 1972). Aritiimig seker
orani (ASO) ve arrtilmis seker verimi (ASV) (kg ha™') asagidaki esitler
yardimiyla hesaplanmistir.

ASO (%)=S0 - {[0.343 x (Na+K)] +(0.094 x Amino-N)+0.29}
ASV (t ha')=kdk verimi (kg ha™') x ASO [/ 100

Uygulamalarin seker pancari bitkisinin fosforun agronomik ve geri
alim etkinligi Gzerine etkileri (Moll ve ark., 1982) asadidaki esitlik-
ten yararlanilarak belirlenmistir.

Glbre fosforunun agronomik etkinligi (FAgE)=GUbre uygula-
masi ile elde edilen kok+govde kuru madde verimi — kontrolde
glbre uygulanmaksizin elde edilen kok+glbre kuru madde verimi
(kg da™) [ uygulanan fosfor miktari (kg da™)

Glbre fosforunun alim etkinligi (FAE)=Gubre uygulamasi ile bitki
tarafindan alinan fosfor miktari - Kontrolde gibre uygulanmaksi-
zin bitki tarafindan alinan fosfor miktari (kg da™) / uygulanan fosfor
miktari (kg da)

Elde edilen verilerin istatistiksel analizi MSTAT-C istatistik paket
programinda yapilmistir.

Bulgular ve Tartigsma

Uygulamalarin seker pancarinin yaprak ayasi, kok+govde ve kok+-
govde ile kaldirilan fosfor icerikleri ve kok+gdvde verimini olumlu
yonde etkilemis ve uygulamalar arasinda istatistiksel olarak
onemli farkliliklar (p<0.01) olugsmustur (Tablo 2). Seker panca-
rinin yaprak ayasl fosfor igerigi uygulamalara bagh olarak %0.54
(K4 uygulamasi) ile %0.46 (K1 uygulamasi) arasinda degisim
goOstermistir. Kontrole (K1 uygulamasi) gore yaprak ayasi fosfor
icerigindeki en ylksek artis %17.4 ile K4 uygulamasinda gercgek-
lesirken, bunu %10.9 artigla K3 ve K5 uygulamalari takip etmis ve
en dUsUlk artis %8.7 ile K2 uygulamasinda belirlenmistir (Tablo 2).
Kontrol uygulamasina gore yaprak ayasi fosfor icerigindeki mey-
dana gelen bu artiglar istatistiksel olarak dnemli olmakla birlikte
K2, K3 ve K5 uygulamalarinin ayni grupta yer almasi nedeniyle bu
uygulamalarin kendi aralarindaki farklar istatistiksel olarak Gnem-
siz bulunmustur. En yiksek artigin elde edildigi K4 uygulamasi
ile geleneksel uygulama olan K2 uygulamasina gore yaprak ayasi
fosfor igeriginde %8 oraninda artis saglamistir. Bulgularimizla
uyumlu sekilde sivi gibre uygulamalarinin bitki yaprak fosfor
igerigini kati glibre uygulamalarina gore daha fazla artirdigi farkli
arastiricilar tarafindan da belirlenmistir (Corréa ve ark., 2018; Hol-
loway ve ark., 2001; McBeath ve ark., 2007).

Uygulamalar, seker pancari bitkisinin kok+govde fosfor icerigi
ve kok+govde ile kaldirilan fosfor miktarinda artiglar meydana
getirmistir (Tablo 2). Seker pancarinin kék+govde fosfor igerigi
uygulamalara bagl olarak %0.037 (K1 uygulamasi) ile %0.054 (K5
uygulamasi) arasinda degisim gostermistir. Uygulamalara bagli
olarak kontrole (K1 uygulamasi) gore kok+govde fosfor icerigin-
deki en fazla artis K5 uygulamasi ile 1.5 kat elde edilmis olup bunu
siraslyla K3 uygulamasi (1.4 kat), K2 ve K4 uygulamalari (1.3 kat)
takip etmistir. Kok +govde ile kaldirilan fosfor miktarindaki artiglar
kontrole gore artmakla birlikte en ytksek (15.2 kg ha™) K5 uygu-
lamasi ile elde edilmistir. Bitki kok+gdvdesi ile kaldirilan fosfor
miktarinda geleneksel uygulama olan K2 uygulamasi ile K3 ve K4
uygulamalari arasinda istatistiksel olarak fark bulunmazken, K5
uygulamasi ile geleneksel uygulama olan K2 uygulamasina gore
1.33 kat daha fazla artig saglanmistir (Tablo 2).

Ust giibre olarak sivi UAN uygulanan K3, K4 ve K5 uygulamalar
dikkate alindiginda; fosforu polifosfat formunda iceren K5 uygula-
masina gore K3 ve K4 uygulamalarinda bitki kok+govdesi ile kal-
dirilan fosfor miktarinda sirasiyla %13 ve %25 oraninda azalmalar
meydana gelmistir. Nitekim elde ettigimiz sonuglari destekler
sekilde Bertrand ve ark. (2006) tarafindan yUrittlen bir caligmada
bitki tarafindan kaldirilan fosfor miktarini, polifosfat formunda
fosforlu glibre uygulamalarinin kati formdaki fosforlu glibre uygu-
lamalarina gore daha fazla artirdigini bildirmisglerdir
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Sekil 2.

Uygulamalarin Seker Pancarinin Yaprak Ayasi Fosfor Icerigi, K6k+Goévde
Fosfor Igerigi, Kok+Gévde Kaldirlan Fosfor Igerigi ve Kok+Govde Verimi
Uzerine Etkileri.

Seker pancarinin kdk+govde verimi uygulamalara bagli olarak
71 t ha (K1 uygulamasi) ile 116 t ha™' (K5 uygulamasi) arasinda
degisim gostermistir. Kontrole (K1 uygulamasi) gore kok+govde
verimindeki en yUksek artis %63 ile K5 uygulamasinda gergek-
lesirken, bunu %45 artigla K3, %41 artigla K4 uygulamalari takip
etmis ve en dislk artis %35 ile K2 uygulamasinda belirlenmigtir
(Tablo 2). Kontrol uygulamasina gore seker pancarinin kok+govde
veriminde meydana gelen bu artiglar istatistiksel olarak onemli
olmakla birlikte K2, K3 ve K4 uygulamalari arasindaki farklar ista-
tistiksel olarak Gnemsiz bulunmustur. En ylksek artisin saglandigi
K5 uygulamasi geleneksel uygulama olan K2 uygulamasina gére
seker pancarinin kdk+govde veriminde %28 daha fazla artis sag-
lamustir. Ayrica, fosforu polifosfat formunda igeren sivi kompoze
glbre (K5 uygulamasi) uygulamasi ile seker pancarinin kok+govde
verimi fosforu ortofosfat formunda igeren sivi kompoze glibre (K4
uygulamasi) uygulamasina gére %16 artis saglamistir (Tablo 2).
Sivi glibre uygulamalarinin kati gibre uygulamalarina gére daha
fazlaverim artisi sagladigi farkh arastiricilar tarafindan da belirlen-
mesi bulgularimizi desteklemektedir (Holloway ve ark., 2001; Kusi
ve ark., 2021; Lombi ve ark., 2004).

Uygulamalara bagl olarak seker pancarinin aritilmis seker verimi
114.0 kg ha™' (K1 uygulamasi) ile 159.8 kg ha™ (K3 uygulamasi) ara-
sinda degisim gostermistir (Tablo 2). Kontrol uygulamasina (K1
uygulamasi) gore aritiimis seker verimindeki K2 uygulamasi ile %22,
K5 uygulamasi ile %34, K4 uygulamasi ile %35 ve K3 uygulamasi
ile %40 oraninda artislar saglanmistir. Kontrol uygulamasina gore
aritilmis seker veriminde meydana gelen bu artiglar istatistiksel
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Sekil 3.

Uygulamalarin Seker Pancarinin Seker Orani, Potasyum, Sodyum ve
Amino-N Igerigi, Aritilmig Seker Orani ve Aritilmis Seker Verimine Etkileri.
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olarak 6nemsiz bulunmakla birlikte en ytksek artisin elde edil-
digi K3 uygulamasi (fosforu ortofosfat formunda igeren kati kom-
poze glibre lGzerine UAN uygulamasi), geleneksel uygulama olan
K2 uygulamasina gore aritiimis seker veriminde %15 oraninda, K4
uygulamasina (fosforu ortofosfat formunda igeren sivi kompoze
glbre uygulamasi) gore aritiimis seker veriminde %10 oraninda
daha fazla artis saglamistir (Tablo 2). Kusi ve ark. (2021) sonuglari-
mizla uyumlu bigimde seker pancari verimindeki artis (Tablo 2) ile
seker oraninin azalmasina bagl olarak genelde aritiimis seker veri-
minin artti§ini (Tablo 3) ve bu artigin kati glibre uygulamalarina gore
sivi glibre uygulamalarinda daha fazla oldugunu bildirmislerdir.

Kati ve sivi kompoze glibre uygulamalarina bagl olarak seker pan-
carinin fosfor agronomik etkinliginde meydana gelen degisimler
istatistiksel olarak dnemli bulunmustur (Sekil 1). Seker pancarinin
fosfor agronomik etkinligi diger bir ifade ile topraga uygulanan
glbre fosforunun bir birimi ile olusan kok+gdvde verimi uygula-
malara bagli olarak 417 (K2 uygulamasi) ile 750 kg (K5 uygulamasi)
arasinda dedisim gostermistir. Geleneksel uygulama olan K2
uygulamasina gore fosfor agronomik etkinliginde en yiiksek arti-
sin saglandidi K5 uygulamasi ile 1.8 kat, K4 uygulamasi ile 1.2 kat
ve K3 uygulamast ile 1.3 kat artig saglanmustir.

Glbre fosforunun geri alim etkinligi diger birifade ile glibre ile veri-
len fosforun bitki ile geri alinma orani uygulamalara bagli olarak
degisim gostererek ortalama %21.4 olarak belirlenmistir. Glibre
fosforunun geri alim etkinligi uygulamalara bagli olarak degis-
mekle %1 seviyesinde istatistiksel olarak Gnemli bulunmustur. En
yUksek fosfor geri alim etkinligi %30.5 ile K5 uygulamasinda belir-
lenirken bunu %23.0 ile K3, %16.2 ile K4 uygulamasi takip etmistir.

Tablo 2.

Uygulamalarin Seker Pancarinin Yaprak Ayasi Fosfor icerigi, Kbk+Govde
Fosfor Igerigi, Kok+Govde Kaldirilan Fosfor Igerigi ve Kck+Govde Verimi
Uzerine Etkileri

Tablo 3.

Uygulamalarin Seker Pancarinin Seker Orani, Potasyum, Sodyum ve
Amino-N Igerigi, Aritilmig Seker Orani ve Aritilmis Seker Verimine
Etkileri

Yaprak Kok+govde | Kék+gbvde
ayasiP | Kok+gdvde kaldirilan P verimi,
Uygulamalar | icerigi,% | Picerigi,% | miktari, kg ha" t ha
K1 0,46*c 0,037b 72¢c Tc
K2 0,50b 0,049 ab 11,4b 96 b
K3 0,51b 0,053 a 132b 103 ab
K4 0,54 a 0,047 ab 11,4b 100 b
K5 0,51b 0,054 a 152a 116 a

*:Degerler 3 tekerriiriin ortalamasidir. a, b: p<0.01
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Seker | K, mek | Na,mek| Amino-N, | ASO, | ASV,
Uygulamalar | Orani % | 100g™" | 100g* | mek100g*| % |kgha
K1 20,27* 4,60 114 1,27 17,89 | 114,0
K2 19,62 4,40 0,93 0,86 17,41 | 139,4
K3 20,10 3,97 1,06 0,66 18,52 | 159,8
K4 19,82 3,97 1,05 0,1 17,74 | 153,6
K5 19,31 41 1,29 0,66 1711 | 152,5

* Degerler 3 tekerririin ortalamasidir. a, b: p<0.01
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En distk fosfor geri alim etkinligi ise geleneksel uygulama olan
K2 uygulamasi ile %16.0 olarak belirlenmistir. Geleneksel olan K2
uygulamasina gore (ekimde kati kompoze glibre uygulamasinin
lizerine 1. ve 2. capada azotun Ure seklinde uygulamasi) K3 uygu-
lamasi (ekimde kati kompoze giibre uygulamasinin lzerine 1. ve
2. capada azotun sivi UAN seklinde uygulamasi) fosfor geri alim
etkinligini 1.4 kat artirmistir. Gerek ortofosfat ve gerekse polifos-
fat formunda fosfor iceren sivi kompoze glibre uygulamalari ile
fosforun geri alim etkinliginde ise geleneksel uygulamaya gore
(K2) sirasiyla 1.0 (K4) ve 1.9 katlk (K5) artislar meydana gelmistir
(Tablo 3). Farkli bitkiler Gizerinde yapilan ¢alismalarda (Holloway ve
ark., 2001; Korkmaz ve ark., 2020; Kusi ve ark., 2021; Lombi ve
ark., 2004, McBeath ve ark., 2007; Zhao ve ark., 2021) fosfor geri
alim etkinliginin %10-30 arasinda degistigi bildirilmistir.

Sonug ve Oneriler

Konya sartlarinda fosfor igerigi diislik olan tarla kosullarinda seker
pancarinin verimi, fosfor icerigi, kalite parametreleri ve fosforun
agronomik ve geri alim etkinligi Uzerine ortofosfat veya polifosfat
formunda fosfor iceren kati ve sivi fosforlu glibre uygulamalarin
etkileri karsilastiriimis olup bu parametrelerin uygulamalara bagh
olarak degistigi belirlenmistir. Seker kaynagi olmasi bakimindan
onemli bir yere sahip olan seker pancarinin verimi, kalite paramet-
releri, fosfor igerigi yani sira fosfor agronomik ve geri alim etkinligi
bakimindan, ekimde sivi sekilde polifosfat formunda fosfor igeren
10-25-20+%8 S+%1 Zn kompoze glibre uygulamasinin tzerine 1.
ve 2. capada dekara sirasiyla 6.6 ve 9 kg N olacak sekilde sivi UAN
(%32 N) glibresi uygulamasinin (K5) diger uygulamalara gore daha
uygun oldugu bulunmustur. Kimyasal kati fosforlu glbrelerin
olumsuz etkilerini ortadan kaldirmak, fosfor kullanim etkinlikle-
rini arttirmak icin kati fosforlu glbreler yerine sivi fosfor icerikli
kimyasal gubreleri kullanmanin yayginlastiriimasini onerebiliriz.
Bu gubrelerin verime etkileri dikkate alinarak ekonomik analiz-
lerin yapilmasi ve daha farkl bitki gesidinde genis galigmalarin
yapilmasinin yararli olacagina ifade edebiliriz.
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Celik Curuflarinin Tarimsal Amacl
Kullaniimasi

Use of Steel Slags for Agricultural Purposes

0oz

Celik ciruflan gelik Gretimi sirasinda olusan, depolanmasi veya bertaraf edilmesi gevresel sorun
olabilen endustriyel bir islemin yan Grlnleridir. Celik ctruflari, yliksek miktarda CaO igermeleri
nedeniyle, toprak asiditesinin giderilmesinde toprak diizenleyicisi olarak ve ayni zamanda cesitli
konsantrasyonlarda fosfor (P), kiikiirt (S), mangan (Mn), demir (Fe), molibden (Mo) ve silisyum (Si)
gibi bitki besin elementlerine sahip olmalari nedeniyle toprak verimliligine ve Urtin kalitesine katki
saglamak amaciyla mineral glibre olarak kullaniima potansiyeline sahiptirler. igerdikleri kalsiyum
silikat nedeniyle celik ciruflari bugday, geltik ve seker kamigi gibi silisyuma duyarlilik gosteren
bazi bitkiler icin dnemli bir besin elementi kaynagi ve birgok kulttr bitkisi icin de hastaliklara karsi
direng artirici Gnemli bir trln olarak tanimlanmaktadir. Bu galisma kapsaminda degerlendirilen
literattir bulgulari; gelik ctruflarinin tarimda alternatif kiregcleme materyali olarak asit toprakla-
rin islahinda etkin bir sekilde kullanilabilecegini, dnemli miktar ve gesitlilikte temel bitki besin
elementlerine sahip olmasi nedeniyle toprak verimliligine ve dolayisiyla da triin miktarina katki
saglama potansiyelinin oldugunu ve ayni zamanda dogrudan glibre olarak kullanilabilecegi gibi,
bitkisel ve hayvansal atiklarla karistirilip kompost yapilarak da etkin bir sekilde kullanilabilecegini
gostermektedir.

Anahtar Kelimeler: Bazik oksijen firini clruflari, elektrik ark ocagi clruflari, indliksiyon ocagi
clruflari, toprak diizenleyici, mineral glibre

ABSTRACT

Steel slags are by-products of an industrial process formed during steelmaking, whose storage or
disposal can be an environmental concern. Steel slags, due to their high CaO content, are used as
soil conditioners for removing soil acidity and have the potential to be used as mineral fertilizers
to contribute to soil fertility and crop quality in various concentrations such as phosphorus, sulfur,
manganese, iron, molybdenum, and silicon. Due to their calcium silicate content, steel slags are
defined as an important source of nutrients for some plants sensitive to silicon, such as wheat,
paddy, and sugar cane, and an important input to increase resistance to diseases for many culti-
vated plants. This study shows that steel slags can be used effectively in the reclamation of acid
soils as an alternative liming material in agriculture, and they have the potential to contribute to
soil fertility and thus to crop yield as they contain a significant amount and variety of essential
plant nutrients. Steel slags can also be used directly as fertilizer or mixed with vegetable and ani-
mal wastes and used as compost.

Keywords: Basic oxygen furnace slags, electric arc furnace slags, induction furnace slags, sail
conditioner, mineral fertilizer

Giris

Celik ciiruflari, gelik (iretimi sirasinda Bazik Oksijen Firini (BOF), Elektrik Ark Ocagi (EAO) ve indiiksi-
yon Ocaginda (i0) metal eriyiginin rafinasyonu ve oksitlenmesi sirasinda, yogunlugunun celikten daha
dUsulk olmasi sebebiyle, celigin Uzerinde olusan curuftur. Turkiye 2021 yilinda 40,4 milyon ton ¢elik Gre-
timi yaparak Avrupa’nin en buyuk, diinyanin 7. blyUk ¢gelik Ureticisi konumunda yer almaktadir (Yayan,
2022). 2021 yili itibariyle Turkiye'de mevcut 37 adet tesisin 26 tanesi EAO, 8 tanesi IO ve 3 tanesi BOF
ile ham celik {iretimi yapmaktadir. IO ile {iretim yapan tesislerin sayisi ve iretim miktarlari, BOF ve
EAQ’larina oranla gok diisiik oldugundan IO bu galisma kapsaminda degerlendirilmemistir. Celik ciirufu
miktari ton ham celik basina, 150-200 kg arasindadir. 2018 yilinda, Tlrkiye genelinde 37.311.733 ton
ham gelik tiretimi sonucunda 5.562.018 ton ciiruf agiga cikmistir (STB, 2020; TCUD, 2021).
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Turkiye'de demir-gelik sektoriiniin en 6nemli yan uriind olan ve
clruflarin yaklagik yarisini olusturan yiksek firin (YF) clrufu tek-
rar kullanilmak Uzere ¢imento fabrikalarina gonderilirken, geriye
kalan celik clruflari atik sahalarinda depolanmakta ve ekonomik
anlamda atil birakilmaktadir. Oysaki gelik clruflari iyi bir toprak
dizenleyici oldugu kadar mineral glibre olarakta onemli bir kulla-
nim potansiyeline sahiptir. Bu nedenle, celik clruflari bitki blyu-
mesini tesvik etmek, topragdin yapisal 6zelliklerini diizenlemek ve
Urln verimini artirmak amaciyla glibre veya toprak dizenleyici
olarak ¢evre dostu bir uygulama firsati sunabilmektedir (Wen ve
ark., 2020).

Endustriyel biriglemin yan Griind olarak ortaya gikan gelik ctruflari,
ticari olarak Uretilen kireg tagina gore énemli maliyet avantajlari
sunmaktadir. Ayrica, gelik clruflari bir kiregleme materyali olma-
nin 6tesinde icerdikleri besin elementleri ve silis nedeniyle mineral
glbre olarak topragin tretim glcline, Ca, Mg ve Fe iceriklerinden
dolayr da topragin striktirel gelisimine katki saglayabilmekte
ve mantar enfeksiyonlarini da ciddi boyutlarda azaltabilmektedir
(Das ve ark., 2019; Mamatha ve ark., 2018; Yang ve ark., 2018).

Celik Uretimi sirasinda olusan ciruflar, ¢imento Uretimi, yol
yapimi, arazi dolgu malzemesi, glibre ve toprak diizenleyici ola-
rak farkli alanlarda kullanim potansiyeline sahiptirler (Branca ve
ark., 2014). Birgok Ulkede celik clruflari, yiksek miktarlarda Ca
ve Mg icermeleri nedeniyle toprak dlizenleyici olarak, diger yan-
dan bitkilerin hastalik ve zararlilara kars! direncini artirmak ama-
clyla dogrudan silisyum glbresi veya fosforlu glibre lretimi ve
mikro-element katkisi igin gibre Uretiminde hamsmmadde olarak
kullanilmaktadir. Hammadde kaynagi, ¢elik Gretim yéntemi, firin
kosullari vb. degiskenler nedeniyle farkli miktarlarda olsa bile gelik
clruflari tarimsal anlamda 6nemli diizeyde CaO, MgO, SiO,, P,O,
ve MnO icermektedirler (Proctor ve ark. 2000; Reuter ve ark.,
2004;Yive ark., 2012).

Celik curuflar alkalin karekterlidir ve pH’si genellikle 8-10 ara-
sinda degismekle birlikte eger yiiksek miktarlarda serbest CaO
iceriyor ise pH’si 12 veya daha yiiksek degerlere ulagabilmektedir.
Celik curuflarindaki kireclenme materyali suda ¢ozinir ve daha
az ¢ozlinebilir Ca ve Mg igermektedir. Blnyelerindeki serbest
Ca, su ile hizli bir tepkimeye girerek Ca(OH),'i olusturmakta ve
ortaya gitkan Ca(OH), ise aktif toprak asitligine kars! hizli bir tepki
vermektedir. Suda daha az ¢oziinebilir silikat bilesikleri ise daha
yavas reaksiyona girerek toprak pH'sinin daha uzun sireli tam-
ponlanmasina olanak saglamaktadir. Dider bir ifadeyle, yiksek
derecede alkalin karakterli olan Ca-silikat toprakta uzun sireli bir
kire¢ ¢Ozlici madde gorevi gorirken, toprak reaksiyonundaki ani
kireclenme etkisi, serbest CaO ve MgO'dan ortaya ¢ikmaktadir
(NLA, 1990; Yonar, 2017).

Celik Ciiruflarinin Toprak Diizenleyici Olarak
Kullanilmasi

EndUstriyel atik malzemelerin sorunlu topraklarin iyilestiriimesinde
kullanilmasi uygun maliyetli ve gevre dostu bir yontemdir. Toprak pH
sinin 5.5'ten daha duslk oldugu kosullarda, agir metallerin ¢éznir-
[G§U artmakta ve bu durum agir metallerin bitkiler tarafindan daha
fazla alinmasina yol agmaktadir. Mihalache ve ark. (2016) yaptiklari
calismada, farkl dozlarda (kontrol, 1 t/ha, 2 t/ha, 3 t/ha, 5 t/ha) gelik
clrufu uygulamasinin bugday verimini artirdigini, Cu, Cd, Co, Ni,
Pb ve Zn miktari agsinidan bitki lizerinde bir sorun yaratmadigini
belirterek, clirufun toprak asitligini diizeltmek, topragin fiziksel ve
kimyasal ozelliklerini ve toprak verimliligini artirmak igin basariyla
kullanilabilecegini ifade etmislerdir.

Chand ve ark. (2015) entegre ¢elik tesislerinde geri donusturdle-
bilir atiklardan biri olan BOF curuflarinin tarimda mevcut ve olasi
kullanimi ile ilgili calismalari toparladigi derlemesinde, clirufun
tarim topraklarinda toprak asitligini notralize etmek igin kireg
tas! yerine basariyla kullanilabilecegini ve glbre materyali ola-
rakta degerlendiriimesinin mimkin olabilecegini degderlendi
rmiglerdir. Benzer sekilde, Das ve ark. (2007) BOF ciruflarinin
tarimsal gibre ve toprak diizenleyici olarak givenli ve etkin bir
sekilde kullanilabilecegine dikkat cekmislerdir. Demir ve gelik-U-
retim endUstrisinin yan UrlinG olan ve %29 Ca, %21 Fe ve %5 Mg
iceren BOFcurufunun dolomit kiregleme malzemesi olarak mera
topraklarinda kullanim olanaklarini inceleyen Pinto ve ark. (1995),
clruf uygulamasiyla (O, 1, 1,5, 3, 5 ve 7,5 t/ ha) toprak pH'sinin
onemli diizeyde ve dogrusal olarak ytkseldigini ve mera veri-
minin hektara 3 ton clruf uygulamasiyla %41 oraninda arttigini
belirtmislerdir.

Munn (2005) yaptigi ¢alismada, ABD’'nin Ohio Eyaletinde, celik
endUstrisi cUruflarini tarim ve asidik maden alanlarinin islahi igin
kirecleme materyali olarak kullanmis ve 3 yillik sera deneme-
siyle asidik maden alanlarindaki topraklarda ctiruf uygulamasinin
bitki gelisimi Uzerine etkilerini incelemistir. Celik clrufu, pH’s
3,5 olan asit topraga uygulanmis ve farkl ardigik bitkiler; yulaf
(Avena sativa L.), bugday (Triticum aestivum L.), misir (Zea mays
L.), bugday ve soya fasulyesi (Glycine max (L.) Merr.) yetistirilerek
fide asamasinda hasat edilmislerdir. Celik clirufu uygulamasinin
kontrole gore verimi p < ,01 seviyesinde artirdigi belirlenmistir.
Uygulamaya bagli olarak; toprak ve bitkinin Ca ve Mg igeriginin
arttig, bitkinin Al ve Mn igeriginin dnemli dlzeylerde azaldigi ve
celik ctruflarin ylksek Fe igerigine ragmen ciruf ile muamele
edilmis bitki dokularinda ylksek miktarlarda depolanmadigi
belirlenmistir.

Kore, Japonya, Banglades ve Cin gibi geltik Gretiminin hayati
onem tasidi§r Ulkelerde, celtik Uretiminin stabilize edilmesi,
geltik tarlalarindan ortaya ¢ikan sera gazi emisyonlarinin azaltil-
masl ve gok daha dnemlisi toprak verimliliginin artiriimasi ama-
ciyla gelik clruflari toprak dizenleyici olarak etkin bir sekilde
kullanilmaktadir. Wang ve ark. (2018a) yaptiklari caligsmada, gelik
clruflarinin Fe ve diger besin elementleri bakimindan oldukca
zengin oldugunu belirterek, topraga uygulanmasi durumunda
ozellikle celtik tarlalarinda asidik toprak pH’sinin yikseltilebilec
edine, bu alanlarda meydana gelen metan emisyonunun azal-
tilabilecegine, toprak kalitesinin iyilestirilebilecedine ve celtik
veriminde onemli dlizeylerde artig saglanabilecegine dikkat gek-
mislerdir. Makela ve ark. (2012) celik ciruflarinin, kiispe ve kagit
enduUstrisi kati atiklariyla karistirilmasiyla elde edilen kompos-
tun asit karakterli topraklarin islahinda oldukga basarili sonug-
lar verdigini, bu nedenle ticari glibrelerle ikame edilebilecegini
belirtmislerdir.

Wang ve ark. (2018b) yaptiklari ¢alismada, gelik clruflarinin geltik
tarlalarina uygulanmasinin bitki-toprak besin dagilimi ve verim
Uzerine etkilerini incelemisler, uygulamaya bagli olarak toprakta
N ve P miktarinin arttigi, yarayigli-N/yarayigli-P oraninin azaldigi,
toprakta Ca ve Si konsantrasyonlarinin ve yaprak ve kék N ve P
konsantrasyonlarinin dnemli dizeyde arttigini belirlemislerdir.
Topragin P, Ca ve Mg icerigindeki artisa bagl olarak celtik verimi-
nin de arttigini ifade etmislerdir. Celik ctirufu uygulamasi ile verim
arasinda pozitif bir iliskinin tespit edildigi ve bunun da uygulamaya
bagh olarak toprakta Ca, Si ve P yarayishliginin artmasina (toplam
etkinin %35’)) bagh dolayh bir etki olduguna dikkat gekmislerdir.
Sonug olarak, geltik tarlalarina gelik ctrufu uygulamasinin, besin
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elementi kullanimini tesvik ederek bitki gelisimini ve verimi artir-
digy, toprak ve bitki kimyasini diizenledigi belirlenmistir. Ayni calig-
mada Wang ve ark. (2018b) toprak diizenleyicisi olarak gelik clirufu
ve biochari hem ayri ayri hem de birlikte uygulayarak, toprak orga-
nik C stoku tzerine etkilerini incelemigler ve topragin 30 c’lik Ust
toprak katmanindaki organik C miktarinin 8 ton ha™ oranindaki
uygulamalara bagli olarak %28,7-%42,2 oraninda arttigini ortaya
koymuslardir. Bu galismada ayrica gelik clirufu uygulamasinin, top-
rak mantar popllasyonunu kontrol topragina gore %62,8 oraninda
azalttigi, toprak tuzlulugunda istatistiksel anlamda 6nemli olma-
makla birlikte az da olsa ylkselttigi saptanmistir.

Celik Ciiruflarinin Mineral Giibre Olarak
Kullanilmasi

Celik ctrufu glbreleri; clruf silikatli glibre, kiregli glbre, clruf
fosfatli glibre veya Fe-katkili 6zel glibre olarak kategorize edil-
mekte ve bol miktarda Ca, Si, Mg, P, Mn ve Fe igermektedirler.
Gelik curuflari ytksek miktarda CaO, SiO, ve MgO gibi bilesenleri
icerdiklerinden diinyanin bircok bdlgesinde silikat glibresi olarak
kullanilmaktadirlar. Celik clruflari ayrica Fe,O,, MnO ve P,O; gibi
temel bitki besinlerini de icerdiklerinden, tarim ve mera alanla-
rinda da glbre olarak etkin bir sekilde kullanim potansiyeline
sahiptirler. Celik ctruflarinin kalsiyum silikat glibresi olarak uygu-
landigi topraklarda bitki besin elementi dengesinin ozellikle Si, Fe,
Ca, Mg, P, Mn ve B arasinda hizla saglanabildigi gorilmektedir. Si
bircok kiltir bitkisinde; fotosentezi tesvik etmesi, kdk aktivitesini
artirmasi, alt yapraklarin sararmasini engellemesi, govde daya-
nikliligini artirmasi ve yanik olusumuna engel olmasi sebebiyle
onemli bir besin elementidir. Bu nedenle, kalsiyum silikat uygu-
lamasina bagli olarak verimde, kalite ve kantite yoninde onemli
artigslar meydana gelmekte, 6zellikle kuru madde Uretimi ve tane
verimi artmakta, goriiniim ve tat gostergeleri pozitif yonde degis-
mektedir. Ayrica, Fe, Mn ve P takviyesi nedeniyle Griin verimi art-
makta, kok ¢lrtkligu ve yaprak yanmasi basta olmak tzere trin
kaybina yol agan olumsuzluklar ortadan kalkmaktadir (Ito, 2015;
Yonar, 2017).

Diger yandan, gelik ctruflarinin Fe glibresi olarak kullanim etkin-
liginin belirlenmesi Uzerine yapilan calismalarda, Fe eksikligi
olan kiregli topraklarda uygulama dozuna bagh olarak verim
ve bitki Fe aliminda ¢ok dnemli diizeylerde artiglar saglandigi
ortaya konulmustur. Xian and QingSheng (2006) gelik ctrufunu
dogrudan veya asitlestirilmis formda 2 farkli dozda (10 ve 20 g/
kg) kirecli topraga uygulamis ve uygulama sonunda misir bit-
kisinin kuru madde oraninda ve bitki Fe iceriginde istatistiksel
manada ¢ok énemli artiglarin oldugunu belirlemislerdir. Yapilan
bu calismada, arastirmacilar clrufun Fe eksikligi bulunan kal-
kerli topraklarda verimi artirmak ve Fe kaynakli kloroz etkisini
azaltmak amaciyla etkin ve ekonomik olarak kullanilabilecedine
dikkat gekmiglerdir.

Ito (2015) gelik curuflarinin glibre igin hammadde olarak kulla-
nilmasinin 1878 yilinda ingiltere’de Thomas doniistiiriici siire-
cinin icadina kadar gittigini belirtmektedir. 1882 yilinda, Wagner,
Thomas donUstlricl prosesinde dretilen ctrufun fosfath gibre
haline getirilebilecegdini agiklamis ve clruftan Uretilen “Thomas
fosfatli glibre” cok kisa stirede degerli bir fosfor kaynagi olarak kul-
lanilmaya basglanmistir. 1960’1 yillarda Almanya’da Thomas fosfat
glbre Uretim miktarinin 2 500 000 tona ulastigi rapor edilmek-
tedir. Ancak 1970 yillarda kompoze glibre (NPK) Uretimiyle birlikte,
Thomas fosfat glibre tretiminin hizli bir sekilde azaldigi ve glini-
muzde artik tretilmedigi bildirilmektedir.
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Curufun resmi onayli silikatli glibre olarak kullanimina ilk defa
1955 yilinda Japonya Tarim ve Orman Bakanligi tarafindan baglan-
mistir. Arastirma sonuglarina dayali olarak BOF clirufunun siradan
bir glibre olarak kullanimi ise 1981 yilinda onaylanmistir. Japon-
yada clruf halihazirda 4 farkl glbre cesidinin, silikatli gtbre,
tarim kireci, fosforlu glibre ve Fe igerikli 6zel glibre, Uretiminde
hammadde olarak kullaniimaktadir. Ozellikle BOF ciiruflarinin Ca,
Mg ve Si yani sira Fe, Mn ve B gibi farkl iz elementler icermesi
glbre Uretiminde kullanilmasini 6n plana gikarmaktadir (Horii ve
ark., 2015). Celik ctruflarinin Cin'de glibre olarak kullaniimasi 2011
yilinda Taiyuan Demir ve Celik Grubu ile ABD Harsco Sirketinin
ortak yatirimlariyla baslatilan “ilk Gelik Ciirufu Giibre Program!” ile
hayata gecirilmistir (Yi et al, 2012).

Ito (2015) yaptigi calismada; Japonya Nippon Curuf Birligi'nin 2012
yili ctruf kullanimina ait istatistikleri paylasarak, gelik ctiruflarinin
insaat alaninda 3 470 000 ton, ¢imento lretiminde 530 000 ton
ve althk materyali olarak 260 000 ton olarak kullanildigini belirt-
mistir. Clruflarin giibre hammaddesi veya toprak dizenleyici
olarak kullaniminin ise halen istenilen diizeyde olmadigina (100
000 ton gelik cirufu) dikkat gekmistir. Hindistan Tarim Bakan-
lig1, gelik curuflarinin Ca, P ve Fe gibi besin elementleriyle zengi
nlestirilmesiyle elde edilen ve Hindistan Glbre Birligi tarafindan
Uretilen Growell adli Grlind toprak diizenleyici olarak onaylamistir.
S6z konusu drtintin asidik topraklarda oldukga basarili sonuglar
verdigi ve verimin en az %25 arttigi belirlenmistir (Chand ve ark.,
2015). Branca ve ark. (2014) italya ve Almanya'da ciirufun tarimda
mineral glibre olarak kullaniimasiyla ilgili uzun streli tarla dene-
mesi yaptiklari calismalarinda, Almanya’daki denemelerinde BOF
curufunu, referans kiregleme materyali ve ticari mineral glibrelerle
karsilagtirmiglar, uzun sireli ctruf uygulamasinin triin miktarini
ve besleme kalitesini 6nemli derecede artirdi§ini ve toprakta Cr
ve V miktarinda artiglar olmakla birlikte toprak verimliliginde her-
hangi bir olumsuz etkinin ortaya gikmadigini rapor etmislerdir.
italya’da yaptiklari denemelerde ise, uzun stireli cliruf uygulama-
sinin toprakta degisebilir Ca miktarini dnemli diizeyde artirdigini,
buna ragmen Na miktarinda sodiklige yol acabilecek bir artigin
meydana gelmedidini, diger yandan ylksek dozda (7 g/kg) clruf
uygulamasinin drenaj suyunda ylksek miktarda V yikanmasina yol
actigina dikkat gcekmislerdir.

Celik clruflart Si, Ca, P, Mg, Mn ve Fe gibi glibrelemede gerekli
bircok besin elementini igermektedir. Dogrudan glibre olarak kul-
lanilabilecekleri gibi, gelik clruflari bitkisel ve hayvansal atiklarla
karistirilip kompost yapilarak da daha etkin bir sekilde kullanilab
ilmektedir. Kompostlanmis hayvan glibresi N ve P kaynagi olarak
kullanilmaktadir. Celik curuflarinin hayvan gubresi ile karistirila-
rak N ve P yanisira Si, Ca, Mg, Mn ve Fe gibi elementlerce zengin-
lestirilmis bir kompost halinde topraga uygulanmasiyla oldukga
basarili sonuglar alinabilmektedir. I1to (2015) yapti§i calismada,
si§ir glbresine adirlik esasina gore %15 oraninda clruf karistiril-
maslyla hazirlanan kompostun, ytizeyden 20 cm derinlikte sicak-
l1§1 70°C’ye kadar yukselttigini, kontrol grubunda ise bu sicakligin
sadece 58 °C ye kadar ytkseldigini, her 10 glinde bir karistirldigi
durumda bile sicakligin kisa bir dislsten sonra 65-70°C lerde
sabitlendigini, bu nedenle de kompostlamada cuiruf kullaniminin
slireci hizlandirarak daha kisa strede kompost elde edilebilece-
gini ifade etmistir. Ayni galismada clruf karistirilan kompostun
daha yiksek oranda bir gimlenme sagladigi ve verimi 6nemli
derecede artirdigi belirtilmistir.

Celik curuflarinin topraga mineral glibre olarak uygulanmasinda
temel amag besin elementi saglamaktir. Ancak bu atiklarin insan,
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hayvan, bitki ve gevre saghgi tzerinde olumsuz etkileri olmama-
lidir. Dolayisiyla gelik clruflarinin tarimda verim Uzerine etkileri
incelenirken, agir metal ve tuz icerigi nedeniyle toprak sagligi ve
yeralti suyu kalitesi bakimindan da dikkatle izlenmesi gerekmek-
tedir. Yuksek etkinlik ve distk maliyetli olmasi sebebiyle celik
curuflari diinyanin birgok Ulkesinde tarim topraklarinda toprak
asitligini notralize etmek amaciyla kireg tasl yerine basaril bir
sekilde kullanilmaktadir. Chand ve ark. (2015) tarimda daha etkili
ve surdlrdlebilir kullanimini incelemek amaciyla gelik cruflarinda
bulunan agir metallerin topraktaki davranis ve immobilizasyonu
Uzerine yaptiklarl calismada, topraktaki agir metal konsantras-
yonunun yonetmeliklerde belirtilen sinir degerlerin altinda oldu-
dgunu ifade etmislerdir. Wang ve ark. (2015) gelik ciruflarinin,
toprakta ve dane Uzerinde olumsuz etki yaratabilecek konsant-
rasyonlarda agir metal birikimine yol agmadan, celtik dane veri-
minin artirilmasi ve geltik alanlarindan kaynaklanan CH, ve N,O
emisyonunun azaltilmasinda etkili bir toprak diizenleyicisi olarak
kullanilabilecegini belirtmislerdir.

Gelik clruflarindan Uretilen glibrenin bitkiler tarafindan fazlaca
tlketilen Ca ve Mg gibi besin elementleri icermesi yani sira, Fe
ve Mn gibi mikro bitki besin elementlerini 6zellikle de bazi 6zel
Urlnlericin zaruri olan Si igermesi glibreleme agisindan énem arz
etmektedir. Ancak, clruftan Uretilen glibrenin bitkiler icin temel
besin elementi olarak kabul edilen ve makro dlizeyde ihtiyag
duyulan N, P ve K eksikligini tamamen ortadan kaldirmasi bek-
lenmemelidir. CUnkU cirufun N ve K igerigi ¢cok dusUk, P igerigi
ise bitkinin optimum duzeyde isteklerini karsilayabilecek mik-
tarlarda degildir. Dolayisiyla Uretilecek giibrenin bir miktar NPK
glbresiyle birlikte kullanilmasi gerekmektedir (Das ve ark., 2020;
Ito, 2015). Topragda ilave edilecek kire¢ miktari, kullanilan kireg
materyalinin ozellikleri yani sira, islah edilecek toprak tabakasinin
kalinhigina, tekstlr ve topragin baslangi¢ pH’si basta olmak tzere
toprak ozelliklerine ve yetistirilecek Urln isteklerine bagh olarak
onemli dizeylerde farkliliklar gosterebilmektedir. Uygulanacak
kirecleme materyalinin CaO igerigi ve tane bulyukligiu oldukga
onemlidir. Kiregleme materyalinin CaO igerigdi arttik¢a birim alana
uygulanacak miktari azalirken, tane blyUkliginin kiglk olmasi
spesifik ylizey alaninin artmasina sebep oldugundan kimyasal
etkinliginin ylksek olmasini saglayacaktir. Kirecleme materyali-
nin uygulanacagi toprak tabakasinin kalinligi genellikle 15-20 cm
olarak dikkate alinmaktadir. Bu derinlik birgok kiltlr bitkisinin kok
yogunlugunun %80’inin bulundudu, suyu ve bitki besin madde-
lerini yogun olarak kullandigi ve mikrobiyal aktivitenin en ytksek
oldugu toprak derinligidir (Anderson ve ark., 2013; USDA, 1999).

Asidik topraklarin islahi agisindan topragin tamponlama kapasi-
tesi buylk 6nem tasimaktadir. Topragin tamponlama kapasitesi
toprak teksturlinin, topraktaki hakim kil tipinin ve topragin orga-
nik madde iceriginin bir fonksiyonudur. Ozellikle simektit grubu
2:1 tipi kil minerallerince zengin, fazla miktarlarda kil ve organik
madde igeren topraklarin tamponlama kapasitesi ylksektir. Bir-
cok kultur bitkisi igin ndtr pH (6.7-7.2), bitki gelisimi ve besin ele-
menti alimi igin idealdir. Ancak dislk pH istegi olan bitkilerde
asiri kiregcleme ozellikle Cu ve Zn gibi mikro elementler agisin-
dan olumsuz etkiler yaratabilmektedir (Curtin & Trolove, 2013;
Goulding, 2016; Neina, 2019). Asidik topraklarin islahinda kulla-
nilan tarimsal kire¢ materyali genellikle her 3-5 yilda bir topraga
yeniden uygulanmaktadir. Kireg tasinin ¢ozinlrliginidn disik
olmasi istenilen toprak pH'sinin bu stire boyunca stabil kalmasini
saglayabilmektedir. Celik ctrufu uygulamalarinda ise bu durum
biraz farklidir. Cliruftaki CaO toprak nemiile reaksiyona girdiginde
ortaya glkan Ca(OH), toprak pH'sinda ani bir yliikselme meydana

getirmektedir. Ancak bu durum gegici olmakta ve istenilen pH,
clruf igindeki az ¢ézlnUr kiregli bilesenlerin toprakla tepkimeye
girmesiyle ortaya ¢ikmaktadir. Dolayisiyla gelik ctruflarinin kireg-
leme amaciyla topraga uygulanma sikligi, ctruflarin istenen top-
rak pH'sini koruyabildigi streye bagl olarak degisir ve bu durum
toprak reaksiyonunun birkag yil araliklarla izlenmesiyle tespit edi-
lebilir (Yonar, 2017).

Celik curuflarinin tarimsal kire¢ materyali olarak kullaniimasi
durumunda, bu ctruflarin uygulanmasina bagl olarak topraga
ilave edilen tuz miktari, degerlendirilmesi gereken en onemli
hususlardan biridir. Kireg tasinin sudaki ¢ozinUrligid distk
oldugundan bu materyallerin kullanilmasiyla toprakta biriken
¢OzUnebilir tuzlarin miktarr ciddi bir risk olusturmamaktadir.
Fakat, celik clruflarinin suda ¢ozinebilir tuz icerigi kireg tasina
gore gok daha yuksektir. Clrufdaki CaO ve MgO su ile reaksi-
yona girerek Ca(OH), ve Mg(OH),’i olusturmaktadir. Bu hidrok-
sitlerin suda ¢ozunurligu sirasiyla 1.20 g/L ve 0,009 g/L olup,
CaCo0, (0,014 g/L) ve MgCO,a (0,013 g/L) oranla ¢ok daha yuik-
sektir (Beck & Daniels, 2008; NLA, 1990). Ancak, clrufun toprak
pH’sinin nétralizasyonu amaciyla optimum dozlarda uygulandigi
kosullarda, ¢ozlnebilir tuzlarin yagisli bdlgelerde ve iyi-drenajli
topraklarda sorun olmasi beklenmemektedir. Beck ve Daniels
(2008) yaptiklari galismada ince ve kaba gelik ctruflarinin ¢ozU-
nebilir tuz iceriklerinin sirasiyla 3,68 ve 2.55 dS/m oldugunu
belirtmiglerdir. Bitkilerin 4 dS/m'ye kadar olan toprak tuzlulu-
Jgunu tolere edebilir olduklari dikkate alindiginda, gelik ctrufla-
rinin uygulanmasi ile toprakta ¢ozutnebilir tuzlarla ilgili ciddi bir
sorun olmasi beklenmemektedir. Ancak celik clruflarinin ytiksek
dozlarda uygulandidi alanlarda ¢ozUlebilir tuzlarin ve toprak tuz-
lulugunun izlenmesi gerekmektedir.

Celik curuflariyla birlikte topraga ilave edilen adir metal miktarinin
da mutlaka izlenmesi gerekmektedir. Celik ciruflari gesitli kon-
santrasyonlarda agir metal igerebilmektedir. Yapilan galigmalar
gelik clrufu uygulamasi ile toprada ilave edilen agir metal miktar-
larinin kabul edilebilir sinir dederlerin genellikle cok altinda kaldi-
gini gostermektedir. Celik ctruflarinin kiregleme materyali olarak
kullanildigi durumlarda, toprak pH’sinin nétr oldugu kosullar igin,
Al, Cr (Ill), Pb, Cd, Ni, Co, Be, Ba ve Sr gibi metallerin topraktaki
¢ozunurluklerinin distk olmasi nedeniyle herhangi bir risk olus-
turmadigi gortlmektedir (NSA, 2021; Yonar, 2017).

Toprak Diizenleyici ve/veya Mineral Giibre
Olarak Kullanimi Agisindan Celik Ciiruflarinin
Fiziksel ve Kimyasal Ozellikleri

Celik ctruflarinin en 6nemli fiziksel 6zelligi tane blylklik dagi-
limidir. Tarimsal agidan kiregleme materyali olarak kullanilacak
clruf ne kadar kiglk olursa, o kadar reaktif olacagindan toprak
asitliginin notralizasyonundaki etkinligi de o dlglide artacaktir.
Tane buyiklik dagilimi bakimindan clrufun %90’ inin 20 mesh
(841 mikron) elekten gegcmesi onerilmektedir. Celik clruflarinin
hacim agirhgr ve ozgul agirhigi tarimsal kireg materyaline oranla
daha yiksektir. Bu durum celik ctruflarinin igerdigi metal mik-
tariyla dogrudan ilgilidir. Celik ctruflarinin hacim agirligi 1.6 ile
1.9 g/cm? arasinda degisirken, tarimsal kireg materyalininki 1.4 ile
1.5 g/cm?® arasinda degismektedir. Benzer sekilde gelik clruflari-
nin 6zgul agirh§r 3.2-3.6 g/cm? arasinda degisirken, tarimsal kireg
materyalininki 2.7-2.9 g/cm?® arasinda degismektedir (NSA, 2021).

BOF ve EAO ciruflarinin genel kimyasal bilesimleri Tablo 1'de
gorilmektedir. Celik clruflarinin kimyasal bilesimleri oldukca
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Table 1.
BOF ve EAQ Clruflarinin Kimyasal Bilesimleri (Yi ve ark., 2012).

CURUFTURU (%) | CaO | SiO, | AL,O, | MgO | MnO | Fe,0, | P,0,
BOF Ciirufu 45-60 | 10-15| 1-5 | 3-13 | 2-6 | 3-9 | 1-4
EAO Ciirufu 30-50 | 11-20 | 10-18 | 8-13 | 5-10 | 5-6 | 2-5

Note: BOF=basic oxygen furnaceslags; EAF=electric arc furnace.

degiskenlik gostermekte ve genel olarak kimyasal bilegsimle-
rini CaO, SiO,, Al,O,, MgO, MnO, Fe,O, ve P,O, olusturmaktadir
(Yi ve ark., 2012). Celik ctruflari, tretilen geligin tirline ve kulla-
nilan gelik Uretim islemine bagli olarak gesitli konsantrasyonlarda
iz elementleri de icerebilmektedirler (Kourounis ve ark., 2007,
Motz & Geiseler, 2001).

Sonug ve Oneriler

2021 yili itibariyle Turkiye'de mevcut 37 adet tesisin 26 tanesi
EAO, 8 tanesi iO ve 3 tanesi BOF ile ham celik Gretimi yapmakta
ve bu Uretim sonucunda yan Uriin olarak ctruflar olugsmaktadir.
Gelik clrufu miktari, ton ham celik bagina 150-200 kg arasinda
degismekte ve Turkiye'de bu clruflar sahalarda diizenli/dizensiz
depolanmaktadir. Temel olarak Ca0, SiO,, Al,O,, MgO, MnO, Fe,O,
ve PO, iceren celik clruflari birgok tlkede asidik topraklarin isla-
hinda kiregcleme materyali olarak ve bitki besin elementi olarak
kullanilmaktadir.

Celik tesislerinde yan Urtn olarak ortaya ¢ikan celik ctruflarinin
toprak dlizenleyici ve/veya mineral glibre olarak kullanimi tarim-
sal, gevresel ve ekonomik agidan buylk 6nem tasimaktadir. Celik
curuflarinin toprak dizenleyici vel/veya mineral gibre olarak
kullanimi ile ilgili yapilan galismalar CURUFUN (Tozsin & Oztas,
2022);

 Asit topraklarda agronomik agidan daha uygun kimyasal ve biy-
olojik ortam kosullari olugturarak besin elementi alimini tesvik
ettigi, bitki gelisimini ve verimi artirdigini,

o Onemli bir maliyet avantaji sagladigindan tarim kirecine alter-
natif olarak, asit topraklarin islahinda etkin ve ekonomik bir
toprak diizenleyici materyal olarak kullanilabilecegini,

o Farkl bitki besin elementlerine (P, S, Mn, Fe, Mo ve Si) sahip
olmasi nedeniyle, dogrudan glibre olarak kullanilabilecegi gibi,
bitkisel ve hayvansal atiklarla karistiriip kompost yapilarak da
daha etkin bir sekilde uygulanabilecegini,

» Fazla miktarda CaO, SiO, ve MgO gibi gtibre bilesenlerine sahip
olmasi nedeniyle Japonya, Cin, Hindistan, ABD ve Almanya
basta olmak tzere birgok Ulkede dogrudan silikat glibresi olarak
kullanilabildigini,

o Yliksek miktarlarda Si icermesi nedeniyle ve Si'nin temel
bitki besin elementi olmamakla birlikte bircok kiltir bit-
kisinde fotosentezi tesvik etmesi, kok aktivitesini artirmas,
alt yapraklarin sararmasini engellemesi, govde dayaniklihgini
artirmasi ve yanik olusumuna engel olmasi gibi verimde kalite
ve kantite Uzerine ciddi bir etki yaratmasi nedeniyle silikat
glbresiolarak yaygin bir kullanim potansiyeline sahip oldugunu,

o Mineral glbre olarak uygulandiginda verimde ciddi artig
saglayabildigini,

o Asit topraklarda P yetersizligini 5nemli dlgtide azalttigini,

o Fe kaynakli kloroz etkisini minimize ettigini,

« Bitki organlarinda depolanan Al ve Mn miktarini dnemli dlgtide
azaltarak zehirlenmelere engel oldugunu,

o Yiksek Fe icerigine ragmen curuf ile muamele edilmis bitki
dokularinda yiksek miktarlarda Fe depolanmadigini,
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o Hali hazirda diinya piyasalarinda gesitli formasyonlarda (ctruf
silikatli glibre, kiregli glibre, clruf fosfath giibre ve Fe-katkili
ozel glbre) Uretildigini,

« Belirli miktarlarda agir metal icermesine karsin, topragda yikle-
nen veya topraktan bitkiler tarafindan alinan Cu, Cd, Co, Ni,
Pb ve Zn miktarinin kabul edilebilir sinir degerlerin altinda
oldugunu, ortaya koymaktadir.
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Uziim Baglarinda ve Meyve Bahgelerinde
Buz Cekirdegi Olusumunu Tetikleyen
Bakteriler ve Dusuk Sicaklik Zarari

Ice Nucleation Active Bacteria in Vineyards and
Orchards and Low Temperature Damage

6z

Sicaklik, bitkilerin yerytziindeki dogal yayilisinin sinirlarini belirleyen iklim faktorlerindendir.
Sicaklik O °C’nin altina disttgdiinde, bitki biinyesindeki suyun donmasi ile bitkide fizyolojik olay-
larin gergeklesmesi mimkin olmaz. Hicre ici ve hiicreler arasindaki kiiglik buz kristalleri donma
esnasinda sitoplazmaya karigir ve protoplazmik yapiy1 bozarak 6lime neden olur. Tabiatta i¢ veya
dis niikleatdrler tarafindan baslatilan ve heterojen olarak meydana gelen donma olayinda etkili
olan faktorlerden bir tanesinin de bakteriler oldugu distinilmektedir. Buz kristali olusumunu
tetikleyen (INA bakterileri) 6zellikle Pseudomonas syringae tiriline ait bu bakterilerin asma ve
diger bircok odunsu meyve tirlerinin yagsam alanlarini 6nemli dlgtide kisitladigr distinilmektedir.
Bu derlemede, bag ve bahcgelerde farkli donemlerde goriilen diistik sicakliklarin meydana getirdik-
leri zararlar ile bakteriler arasinda bir iligki olup olmadigi arastiriimistir. Bu dogrultuda bakterilerin
tdrleri, yapilari, yagsam alanlari, mevsimsel poptlasyon blyukltkleri, etki mekanizmalari, buz kris-
tali olusumunu tetikledigi sicakliklar, soguk zarari ve sliper soguma ile arasindaki iligskiler mevcut
calismalar isiginda incelenmis ve agiklanmaya caligiimistir.

Anahtar Kelimeler: Asma, bakteriler, buz niikleasyonu, don zarari

ABSTRACT

Temperature is one of the climatic factors that determine the limits of the natural distribution of
plants on earth. When the temperature drops below 0°C, it is not possible for physiological events
to occur in the plant as the water in the plant freezes. Small ice crystals inside and between cells
mix into the cytoplasm during freezing and cause death by disrupting the protoplasmic structure.
Bacteria are thought to be one of the factors affecting the freezing event, which is initiated by
internal or external nucleators and occurs heterogeneously in nature. These bacteria, which trig-
ger the formation of ice crystals (INA bacteria), especially those belonging to the Pseudomonas
syringae species, are thought to significantly restrict the habitats of grapevines and many other
woody fruit species. In this review, it was investigated whether there is a relationship between
the damage caused by low temperatures during different periods in vineyards and orchards and
bacteria. In this direction, the relationships between bacteria species, structures, habitats, sea-
sonal population sizes, mechanisms of action, temperatures triggered by ice crystal formation,
cold damage, and supercooling have been examined and tried to be explained in the light of cur-
rent studies.

Keywords: Grapevine, bacteria, ice nucleation, frost damage

Giris

Ekolojik faktorler, tabiatta kendiliginden gelisip ¢ogdalabilen yabani bitkilerin yagama alanlarini sinir-
lamasinin yani sira, kiiltlre alinan bitkilerin de ekonomik anlamda yetistiriciliginin yapilabilmesi ile
yakindan iligkilidir. Belirli bir bolgede bitkisel Gretimin strddrdlebilirligini belirleyen en dnemli ekolojik
faktorlerden biri sicakliktir. Ozellikle donma noktasi altindaki diisiik sicakliklar, bitkilerin yeryiiziinde
yayillmasini sinirlandiran en 6nemli gevresel stres faktorlerinden biri olarak gosterilmektedir. Bitkile-
rin cografi dadilisi yaninda, Uriin verimini ve kalitesi de 6nemli 6lglide iklime baglidir (Ashworth, 1986;
Jones ve ark., 2004; Kiipe, 2019).


mailto:muham​med.k​upe@a​tauni​.edu.​tr
http://orcid.org/0000-0002-7225-8065
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

43

Farkl degerlendirme sekillerinin sagladigi avantaj ile ticari agidan
onemli tirlerden biri haline gelen asmanin olumsuz gevre sart-
larina karsl dayanikl olmasi, genis bir alana yayilmasini da bera-
berinde getirmistir. iklim kosullari bakimindan diinya tzerinde
bircok farkli bolge igin uygun bir tir olan asma, karasal iklimin
etkili oldugu o6zellikle gegit bolgelerinde ilkbahar, sonbahar ve kis
aylarinda gorilen distk sicakliklardan olumsuz olarak etkilemek-
tedir (Fennell, 2004; Mills ve ark., 2006). Bu gegit bdlgelerinde
asma ve diger iliman iklim meyve tlrlerinden yiiksek kalitede
Urln elde edilebilmesine karsin, siklikla meydana gelen don olay-
lari bitkilerin toprak Ustl ve toprak alti organlar Uzerinde ciddi
hasarlar meydana getirmektedir (Barranco ve ark., 2005; Kappel,
2010; Wolf, 2008). Bitkilerin maruz kaldiklari disik sicakliklar
siddetine, sliresine ve meydana gelis bigcimine gore degismekle
birlikte verim ve kalite kayiplarinin yani sira kiltlrel uygulama-
larda da farkliliklara sebep olmaktadir. Asmalar ve yapragini doken
bircok odunsu meyve tirleri Gzerinde ciddi hasarlara neden olan
bu distk sicakliklar, ayni zamanda dreticiler icin de dnemli eko-
nomik kayiplara neden olmaktadir (Fennell, 2004; Klpe, 2019;
Lean, 2011; Rodrigo, 2000; Warmund ve ark., 2008; Zabadal ve
ark., 2007).

Dustk sicakliklarin bitkiler Gzerindeki olumsuz etkilerinden korun-
mak igin birgok farkli yontem olmakla beraber tam bir koruma
mUmkin olmamaktadir. Farkli tlkelerde yapilan birgok ¢aligmada
bu olumsuz etkilerin nasil ve hangi sartlarda meydana geldigi kis-
men ortaya koyulmus ve zararin azaltiimasi adina bazi dneriler
sunulmus olsa da henliz bu alandaki galismalar distk sicakhigin
meydana gelis sekillerini ve bitkiler Gzerindeki etki mekanizmala-
rini net bir sekilde izah etmekte yeterli olmamistir (Fennel, 2004;
Londo, 2018; Zhang ve ark., 2012).

Ekstrem sicaklik kosullarinda bitkiler, canliliklarini devam ettire-
bilmek igin fizyolojik ve biyokimyasal birtakim stratejiler gelis-
tirerek adaptasyon saglamak zorundadirlar (Nilsen & Orcutt,
1996). Bitkilerde soguk stresine karsi adaptasyon mekanizmasini
agiklayabilmek icin basta hicre igi ve hicreler arasi don olusum
mekanizmasi olmak Uzere, don olusumu oncesinde ve donma
esnasinda dokudaki nem ve kuru madde icerigindeki degisimler,
proteinler, lipitler, makro ve mikro besin elementlerindeki degi-
simler gibi bircok 6nemli faktorln incelenmesi gerekmektedir
(Aslantasg ve ark., 2010; Burke, 1995).

Sicaklik kritik dederlerin altina dusttglnde, bitki bulnyesin-
deki suyun donmasi ile bitkide fizyolojik olaylarin gergeklesmesi
muimkin olmaz. Sicakligin O °C'nin altina dismesi sonucu olu-
san don stresinin olumsuz etkisi gevre sicakliginin distk olma-
sindan ziyade, hiicre suyunun donmasindan kaynaklanir. Donma
sicakliginda buz olugsumu, ¢ozllebilir kuru maddenin daha disik
konsantrasyonu ve buz olusumunu saglayan nikleatorlerin var-
ligindan dolayr hiicreler arasi bosluklarda baslar (Pearce, 1988).
Buradaki suyun donmasi osmotik bir etki yaparak hicre icindeki
suyun (simplast) hiicre arasi bosluga (apoplast) gegmesine ve don-
masina yol agar. Bu durum hicrelerde su eksikligine neden olur.
Hdcre igindeki su miktari azalmis, hiicre ici yogunlugu artmis oldu-
gundan hicre igi su hemen donmaz. Baslangicta sadece hiicreler
arasindaki su dondugundan bitki fazla zarar gormez. Ancak, diistik
sicakligin devam etmesiyle hiicreler arasi buzun kademeli olarak
artisl, hiicrelerden suyu disari gekmekte ve hiicre igindeki suyun
da donmasina sebep olmaktadir. Hicreler arasi buz olusumu neti-
cesinde olusan dehidrasyonun yani sira buz kristallerinin hacimsel
artisi hiicredeki biyolojik zarlari parcalayarak zararlanmaya, hatta
olimlere neden olmaktadir (Sakai & Larcher, 1987).

Bazi bitkiler hentiz tam olarak agiklanamayan mekanizmalarla
buz kristallerinin olugmasini engelleyerek dona dayaniklilik gos-
terirler (Ashworth ve ark., 1998; Levitt, 1980). Bircok odunsu
bitkide gorilen hiicre ici ve hiicreler arasindaki suyun donma
noktasini yaklasik olarak —40°C’ye kadar distren stper soguma
mekanizmasi ile bitkiler sicaklik dislslerinden belirli derecelere
kadar etkilenmemektedirler (Davies, 2014). Stper sogumanin
derecesi birgok faktoriin etkisiyle degisebilmektedir. Farkli doku
ve organlardaki bitki 6z sulari farkli sicakliklarda donma ve erime
ozelligine sahiptir. Bitkilerin maruz kaldiklari don zarari ve hic-
reler arasi don olusumu hiicre iginde dehidrasyon olayi ile tolere
edilmeye calisilir (Lewitt, 1980). Asiri sogumanin sinirlari asildi-
ginda hiicre diginda buz kristalleri olusur. Hicre icinden disariya
meydana gelen su kaybi tolere edilecek seviyeyi asinca 6lim
meydana gelir.

Dormant donemde asma ve diger yapragini doken birgok iliman
iklim meyve tlrtnlin odunsu dokulari yapilari itibari ile géz ve
tomurcuklariise siper soguma 6zelligi gostererek don zararindan
kaginmaktadir. Siper soguma, homojen veya heterojen sekilde
baglayan buz nlikleasyonu ile gergeklesen donma olayi ile son
bulurken, bu esnada hiicre zari ile ¢ekirdek zari arasindaki sivida
meydana gelen kurumalara badl olarak ksilem iletim demetle-
rinde olusan tikanmalar da sirglin olimlerine neden olmaktadir
(Adrews ve ark., 1984; Vali, 1995; Wisniewski & Basett, 2003).

Bitkiler Uzerinde farkli gelisme donemlerinde gorilen duistk
sicakliklarin kompleks yapidaki etki mekanizmalarinin bir gok fak-
tor tarafindan etkilendigi yapilan ¢odu calismada ortaya koyul-
mustur (Centinari ve ark., 2016; Fennel, 2004; Trought ve ark.,
1999). Tabiatta i¢ veya dig niikleatorler tarafindan baglatilan ve
heterojen olarak meydana gelen donma olayinda etkili olan fak-
torlerden bir tanesinin de bakteriler oldugu disinilmektedir
(Wilson & Heneghan, 2003).

Asmalarda ve Bazi Odunsu Meyve Tiirlerinde Buz Kristali
Olusumunu Tetikleyen (INA) Bakteriler

Bitki kisimlari igerisindeki buz olusumlarini tetikleyerek bitkilerin
yasam alanlarini dnemli dlgide kisitladigi disiindlen bu bakteri
tlrleri arasinda Envinia herbicola, Envinia ananas, Envinia uredo-
vara ve Xanthomonas gibi farkli tlrler olmasina karsin, dogada
en yaygin olani Pseudomonas syringia'dir (Morris ve ark., 2004;
Pouleur ve ark., 1992; Wisniewski ve ark., 2008). Bitkilerde buz
kristallesmesini baglatan bu bakterilere "Buz Kristali Olusturan
Bakteriler" (INA) adi verilmektedir. Cogunlukla yaprak ylzeyle-
rinde epifitik olarak bulunan bu bakteriler cesitli bitki tirlerinde
don zararina neden olabilmektedir. Ozellikle Pseudomonas
syringae ve Erwinia herbicola bakteri tirlerinin -1°C' ye kadar
olan sicakliklarda buz olusumuna baslatan en etkin katalizorler
olduklari bildirilmistir (Lindow, 1983). Pseudomonas syringae’ nin
birgok izolatinin —4°C veya daha yUksek sicakliklarda, bazilarinin
da —-4°C veya -10°C Uzerindeki sicakliklarda buz kristallesmesine
neden olduklari bulunmustur. -5°C’nin Uzerindeki sicakliklarda
yaprak ylzeyleri Uzerinde olusan buz kristallerinden en az %95'
nin bakteriyel orjinli oldugu ifade edilmektedir (Atkinson & Baker,
1987; Lindow, 1983; Lindow ve ark., 1982).

Bitkilerin yaprak ylzeylerinde buz ¢ekirdegdi olusumunu tetikleyen
bakterilerin varligini belirlemek Uzere yapilan bir ¢aligmada ince-
lenen 95 bitki tlrlintn 74 ‘Unde bu bakterilere rastlandig, ince-
lenen bitki gruplarindan sadece kozalakli tirlerde bu bakterilerin
gorilme olasiliginin ¢ok dislk oldugu, izole edilen bakteri tir-
lerinin tamamina yakininin Pseudomonas syringia ya da Erwinia
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herbicola tirtine benzediklerini ve bu bakterilerinin sayisinin, bitki
ylizeylerinin 6nemli bir atmosferik buz ¢ekirdegi kaynagi olustu-
rabilecedini dislindlrecek kadar buylk oldugunu bildirmislerdir
(Lindow ve ark., 1978).

Cubuk seklinde, kutupsal kamgilari olan Pseudomonas syringia
tlrlne ait bakteriler, floresan pigmentler Uretebilirler ve gram
negatif aerob olarak kolaylikla tespit edilebilirler. Sifirin altindaki
sicakliklarda bitkilerin stiper sogumasina engel olarak bitki doku
ve organlarinin zarar gormesine neden oldugu distnilen bu bak-
terilerin aktiviteleri —2°C ile —8°C arasinda maksimum diizeye ¢ik-
maktadir (Atkinson & Baker, 1987).

Bu bakterilerin popilasyon buytkliginin mevsimsel olarak dal-
galanma gosterdigi, serin ve yagisli ilkbaharda bitki tomurcuk ve
giceklerinde de yil boyunca gorilen en ylksek popllasyon seviye-
sine ulastigi, ardindan yaz aylarinda bir distse gectigi ve sonbahar
sonunda kademeli bir artig sergiledigi bildirilmistir (Lindow, 1983)

Pseudomonas syringia bakteri tlirlinin bitki epidermis ylizeyinde
ve apoplastta gorildigu fakat hicre icinde bulunmadigina dair
hakim bir goris vardir. Stephanie (2011),in yapmis oldugu bir calig-
mada buz Ureten nikleator olduklari ileri strtilen Pseudomonas
syringia tlrlne ait bakterilerin mart ve mayis aylarinda yagmur
sularindan ve havadan izole edildigini, bakteri populasyonunun
yagmur sularinda havaya gore daha yodun oldugunu ortaya koy-
mustur. Ayrica maksimum buz olusturma aktivitelerinin -2,7°C
olarak belirlendigi calismada, yagmurlarin meydana gelmesinde
bu bakterilerinin dnemli rol Gstlenebilecedi ifade edilmistir.

Pseudomonas syringia bakterilerinin cogunlukla ilkbahar gelisme
doneminin basinda olusan geng yapraklarda ve akabinde gigekler
Uzerinde kolonilestigi ifade edilmesine karsin, yazin sicak ve kuru
havalarda ve kig aylarinda Prunus armenica tirtinde zararlanmaya
yol actigr ifade edilmistir (Cambours ve ark., 2005). Bazi galigmalar
buz kristali olusturan bakterilerin bitki muhitine yagmurla tagindi-
gini bildirmesine karsin, kis dinlenme doneminde, bitki dokularin-
daki catlaklar igerisinde, bitki artiklarinda ve tohumlarda konukgu
olarak yasayabildikleri de bir takim arastirmacilar tarafindan ileri
slrGlmustlr (Cambours ve ark., 2004; Hoose & Mohler, 2012; Mur-
ray ve ark., 2012; Nejad ve ark., 2005; Smith, 2019). Ozellikle ilkba-
har doneminde daha aktif oldugu ifade edilen bu bakterilerin toprak
ve tohuma inokule olduktan sonra yaprak ytzeyinde epifitik olarak
yasadigi, yaprak stomalarindan bitki icerisine girdigi, hlicreler arasi
bolgede gelistigi distindlmesine karsin, bu bakterilerinin yagiglarla
ilkbahar ayinda mi tagindigi yoksa kigi bitkilerin doku ve organlari
icerisinde mi gecirdigi hususunda gorUs ayriliklari vardir (Cambours
ve ark., 2004; Hoose & Mohler, 2012; Lindow ve ark., 1978, 1982;
Murray ve ark., 2012; Nejad ve ark., 2005).

Banuelos ve ark. (2008), yaprak ylizeyinde yasayan bazi bakterile-
rin donun etkisi ile olusan zarari artirdigi, =3°C ile =5°C’lik sicak-
liklara maruz birakilan yapraklarda Pseudomonas syringae ve
Erivinia herbicola gibi dogal olarak yaprak ylizeyinde yasayan belli
bakterilerin ylizeyde buz olusumunu hizlandirdigini bildirmistir.
Bu bakterilerin buz olusturmak icin gekirdek gorevi gordigind,
dona duyarli yapraklara bu bakteri kiltirleri inokule edildiginde
bakterisiz yapraklara gore daha ylksek sicakliklarda dondugunu
ifade etmistir. Arastirmaci yaptigi galismada ylizeydeki buzun
hizla yapragin igerisindeki bosluklara yayilarak hiicrelerde su kay-
bina neden oldugunu tespit etmistir.

Nejad ve ark. (2005), buz kristali olusturan bakteriler lzerinde
yaptiklari bir ¢alismada, bakteri gelisiminin bakteri irkina gore
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degismekle beraber beslenme ile dogrudan alakali oldugun belir-
lemislerdir. Calismada karbon kisitlamasinin P. fluorescens tir-
lerinde niikleasyon aktivitesini distrdigu, ayni sekilde nitrojen
sinirlanmasinin da Erwinia herbicola spp tiriline ait bakterilerde
nikleasyonu azaltti§i, potasyum sinirlandirmasi ile de P siyrin-
gae turlerinde az miktarda nikleasyon aktivitesini sinirlandirdigi
ortaya koyulmustur.

Fregaria vesca tirline ait bitki giceklerindeki don zararinin Pseu-
domonas syringae bakterileri ile iligkili olup olmadigini belirlemek
amaclyla yapilan bir arastirmada, i1slak cilek giceklerinin ytizeyle-
rindeki bakteri yogunlugunun, ylizeyleri kuru olan gigeklere gore
dahaytksek oldugu tespit edilmistir. Ayrica galismada bakteriler ile
bulasik giceklerin %75’inden daha fazlasinin —2,5°C’de dondan zarar
gordukleri ve bulasik gigeklerinin tamaminin -3°C'de oldukleri,
bakterileri ile bulasik olmayan gigeklerin %271inin -3,5°C’de hayatta
kalmayi basardiklari tespit edilmistir (Warmund & English, 1998).

Pseudomonas syringae tiurtne ait bakterilerin bitki tomurcuk-
larinin 1slak ylzeylerindeki konsantrasyonlarinin belirlenmeye
calisildigi benzer bir calismada, tomurcuklarin don hassasiyetle-
rinin sadece icerisinde bulunduklari fenolojik donemlerle degil,
ayni zamanda tomurcuk yizeyinin islakhgr tarafindan da arttigi
belirlenmistir. Buna karsin hassasiyetin artiginda bu bakterileri-
nin etkilerinin net olmadigini bildirmistir. Arastirmaci bakterilerin
etkinliginin bakteri tirt ile yakindan iligkili oldugunu ifade etmis-
tir (Itier ve ark., 1991).

Kayisi (Prunus armenica) gigeklerinde yapilan bir galismada Pseu-
domonas syringea’nin etkileri arastirilmis, bakterileri inokule
edilen cigek organlarindan petallerin, stamentlerin ve pistillerin
sliper soguma noktalarinin sirasiyla 2,1 °C, 1,6 °C ve 1,4 °C arttigi
gorulmustlr. Ayrica bu bakterilerinin, mebranlarin gegirgenligini
artirarak floral organlardaki mebranlarin elektrolit sizintisini nis-
peten artirdigi tespit edilmistir. -3°C’deki so§uk stresi altinda bu
bakterilerile inokule olan floral organlardeki polen tekalarinin pat-
layarak polenlerin disari ¢iktidl, polen hicrelerindeki organellerin
zarar gordigu ve diger gigek organlarinin pargalanmasina neden
oldudu ortaya koyulmustur. Calismada bakteriler ile bulagik ovul-
lerde plazmoliz olusumu yani sira, ¢ekirdek hiicrelerde bosluklar
meydana geldigini, bakterilerin ovuldeki yumurta hiicrelerinin zar
kilifinin sismesine ve akabinde de patlamasina neden oldugu bil-
dirilmistir. Sonug olarak arastirmacilar, bu bakterilerin kayisi floral
organlarinin yapisini bozdugunu ve soguga toleransini azalttigini
saptamistir (Yang ve ark., 2007).

Kaliforniya'da armut, badem, portakal ve avakado gibi bazi meyve
tlrleri ile bazi sebze tirleri lzerinde Pseudomonas syringea
bakteri tirlerinin populasyon yogunluklarinin mevsimsel degisi-
mini belirlemek Uzere bir galisma yapilmistir. Yapilan ¢alismada
portakal ve avakadonun geng yaprak dokularindaki populasyon
yogunlugunun degiskenlik gosterdigini ve bademin geng yap-
rak dokularinda bakteri populasyonunun en fazla oldugu ortaya
koyulmustur. Yapilan ¢aligmada yapragini doken tirlerde tomur-
cuk patlamasindan sonraki ilk 6 haftalik periyotta bakteri popU-
lasyonunun yaklagik 1000 kat arttigi gorilmustir. Portakal ve
avakado yapraklarinda yaz aylari boyunca disen populasyon
yogunlugunun, ekim ayindan subat ayina kadar tekrar arttigi
belirlenmistir (Lindow, 1982).

Gilek, kiraz, seftali, kayisi, erik ve armut gibi farkl tiirlerde soguk
zarari ile P. siyringae bakterileri arasinda iliski olup olmadigini
belirlemek amaciyla yapilan birgok calismada bitkilerin farkli
dokularinda meydana gelen zararlanmalarin  Pseudomonas
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syringae bakteri sayisi ile dogru orantili olarak arttigr gortlmus-
tlr. Ayrica fastilye, misir ve domates gibi hassas tek yillik bitkilerin
buz nikleasyon bakterilerinden ari olduklari durumlarda -5°C ile
-7°C’ye kadar dondan korunabildikleri ortaya koyulmustur. Calis-
malarin bircogunda bitkinin soguga olan direncinin artmasi ile
bakteri sayisi arasinda ters orantili bir iliskinin oldugu tespit edil-
mistir (Gross ve ark., 1984; Lindow, 1982; Lindow, 1983).

Lindow (1983), yaptigi bir calismada buz gekirdegdi olusturan bak-
terilerin bitkilerde sebep oldugu don hasarini azaltabilmek adina
kimyasal olarak seyreltiimis P syringae, P. fluorescens ve E. her-
bicola tirlne ait bakterileri bitki ylzeylerine inokule etmistir.
Galismanin sonucunda don hasarinin azaltiimasi yoniinde olumlu
sonuglarin aldidi bildirilmistir.

Bitki hiicrelerine zarar veren ve sliper sogumayi engelledigi bili-
nen bu bakteriler asmalarda ilkbahar ge¢ donlarina neden olan
faktorler arasinda gosterilmektedir. Birgok literatlr buz kristali
olusturan bakterilerin ilkbaharda geng yaprak ve giceklerde zarara
yol agtigini belitmis olmasina ragmen bu bakteriler hakkinda bir
¢ok husus netlik kazanmamistir. Pseudomonas syringae bakteri
tlrlerinin, ilkbaharda 6zellikle asma tomurcuklarinda goriilebi-
lecegi gortst hakim olmasina karsin, Bell ve ark. (1995), Gzim
gesitlerinde ksilemde yasayan bakterileri incelemistir. Populas-
yon blyUklGgunin ekstraksyon metoduna gore farklilik goster-
digini ifade eden Bell ve ark. (1995), cogu endofitik bakterilerin
iletim dokularinin duvarlarina tutunabilecegini, burada da geli-
simlerinin kolay olmadidini ve hicre igine girmelerinin mimkin
goztkmedigini bildirmistir.

Pinot noir Uzim ¢esidinde yapraklarin donma noktasi Uzerine
Pseudomonas syringae bakterilerinin etkilerinin arastirldigi calis-
mada, ylUzeyi steril edilmis yapraklarin yizeylerinde buz gekirdegi
olusumunun -7,5°C’de baslarken, bakteri ile inokule olmus yap-
raklarin ylzeyinde buz gekirdegi olusumun -3,1°C'de bagladidi
tespit edilmistir. Ayrica galismada yaprak ylizeyine inokule edilen
bakterilerin —3°C ile —4°C’lerde en gligli etkiye sahip oldugu ifade
edilmistir (Gardea, 1987).

Himelrick ve ark. (1991), asmalarda duisutk sicakliklarda etkili
oldugu bilinen Pseudomonas syringae turiine ait bakterilerin
zararl etkilerinin azaltilmasi Uzerinde bir galisma yapmistir. Calis-
mada -2°C'de bitkiye uygulanan Frostgard (FG) uygulamasinin
bitki hlcrelerindeki bakteri populasyonunun etki mekanizma-
sini baskiladigl, bdylelikle bitkinin disik sicakliga maruz kaldigi
zaman arali§inda yapilacak Frostgard uygulamasi ile diislik sicak-
lik zararinin siddetinin azaltiimasinin mimkin olabilecegi sonu-
cuna varimistir.

Bitkilerin dUslk sicakliklara karsi korunmasinda birgcok farkli
mekanizmanin rol aldigi bilinmektedir. Soguk aklimasyonu stire-
since biriken 6zel proteinlerden bazilari antifriz protein 6zel-
ligi gostermektedir (Pearce, 2001). Bu antifriz proteinlerin, buz
kristalinin sekli ve olusumunu degistirerek buz cekirdeklenme
aktivitesini artiran buz niikleatorleri ile de etkilesime girebilme
yetenedine sahip oldugu bilinmektedir. Bu 6zel proteinler bitkile-
rin dUsuk sicakliklara karsi toleransinda en 6nemli nokta olan htic-
reler arasindaki suyun donmasini ¢ok kiiglik konsantrasyonlarda
dahi engelleyebilme ozelligine sahiptirler. Béylece don zararindan
hicrelerin korunmasina katki saglarlar. Suyu cekmeyen ve makro
molekdllerin bir araya gelmesini dnleyici bir 6zellige sahip oldugu
belirlenen bu proteinlerin arpa, bugday, cavdar ve kiglik kanolada
soguk aklimasyonu stresince biriktikleri gortlmustir. (Scebba ve
ark., 1998; Smallwood & Bowles, 2002).

Sonug

Pseudomonas syringae bakterilerinin 6zellikle yapragini doken
odunsu meyve tlrleri Uzerindeki don zararindaki roll Uzerine
yapilan galismalarda sonuglarin geligkili oldugu gorilmdstir. Bu
bakteri tlirintin ozellikle asmalar igin zayif bir patojen oldugu bil-
dirilmis, ancak bu bakterilerin ¢zellikle geng slirgtinlerde stiper
sogumayi sinirlandirarak sebep olduklari soguk zarari hakkinda
varsayimlarin oldugu ve bu durumun arastirilmasi gerektigi bir-
¢ok galismada vurgulanmistir. Pseudomonas syringae tiirline ait
bakterilerin paraziter (bakteriyel kanser) etkileri cogu calismada
ortaya koyulmus olmasina ragmen (Bradbury, 1986; Kennelly ve
ark., 2007; Park & Nakai, 2003; Pinheiro ve ark., 2019), bu bak-
terilerin bag ve bahcgelerdeki yasam dongusd, ortaya ¢ikisi, don
zarari ile iligkisi, bitkiler Gzerindeki fizyolojik etki mekanizmalari,
distk sicakliklar ve stiper soguma mekanizmasi arasindaki ilig-
kileri aciklamada mevcut literatirler yeterli olmamistir. Nite-
kim mevcut literatirlerde bakterilerin yagislarla ilkbahar ayinda
mi tasindigl, yoksa kigi bitkilerin doku ve organlari icerisinde
mi gegirdigi hususunda gériis ayriliklari vardir. ilkbaharda asma
dahil birgok iman iklim meyve tlriinde rastlandigi ifade edilen
bu bakterilerin sayet yagislarla tasinmayip da konukgu olarak
yasadigi varsayildiginda, bitki tGzerindeki zarar mekanizmasinin
hicreler arasindaki suyu daha yiksek sicakliklarda dondurarak
mi, yoksa direk bakteriyel hastalik olusturarak bitkiyi hassaslas-
tirdig1 konularr agiklik kazanmamistir. Ayrica birgok literatlirde bu
bakterilerin ilkbaharda geng yaprak ve giceklerde zararlanmalara
yol actigi belirlenmesine karsin, bazi calismalarda bu bakterilerin
bitkilerin apoplast sivisinda yer aldigi ifade edilmistir. Bu bakteri-
lerin kigin dormant tomurcuklarda konukgu olarak yasadigi kabul
edildiginde zararlanmanin esasinda kis ayinda goz veya tomur-
cuklarda zaten meydana gelmis olabilecedi goz ardi edilmigtir.
Mevcut calismalarda heniz netlik kazanmamis bu hususlarin
ortaya konulmasi ile yapragini doken ve siper soguma ozelligi
gOsteren tUim bitki tlrlerinde oldugu gibi asmalar lzerinde de
bu bakteriler ile soguk zarari arasindaki iliski tespit edilmis ola-
cak ve bu bakterilerin muhtemele etkileri hakkinda projeksiyon-
lar sunulmasi mimkin olacaktir. Bu iliskinin netlik kazanmasi
halinde, bitki muhitindeki bu bakterilerin elemine edilmesi ile
sliper sogumanin engellenmesinin ortadan kaldirilmasi mim-
kiin hale gelebilecektir. Ayrica bulutlarla tasinabilecegi ifade
edilen bu mikroorganizmalarin buz c¢ekirdekleri olugturmalari,
sonrada yagmur veya kar yagislariyla topraga geri donmeleri
muhtemeldir. Kiresel bazda duslndldiginde, bulutlar vasita-
siyla tasinabilen bu mikroorganizmalarin tim tarim alanlari igin
zarar meydana getirme potansiyelinin oldugu anlasilmaktadir.
Son yillarda artan dinya nifusu ile birlikte kiresel iklim degi-
sikliginin de olumsuz etkilerinin yogun bir sekilde hissedildigi
dlinya tariminda bu durum daha da 6nem kazanmaktadir (Ktpe,
2012). ABD’'de buz gekirdegi olusumunu tetikleyen bakterilerden
kaynaklanan tarimsal kayiplarin senede 1 milyar dolari astigi ileri
slrilmektedir. Bu yonde yapilacak caligmalarla, 6zellikle karasal
iklimin hikim sirdligu gecit bolgelerinde ¢ok ciddi olumsuz
etkileri olan don riski kismen veya tamamen ortadan kaldiril-
mis olacaktir. Boylelikle gegit bélgelerinde bagcilik ve meyvecilik
daha distuk risk ile daha ekonomik olarak yapilabilecektir.
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