JourNAL of AGRICULTURE

ISSN: 2636-8757

HTTPS://DERGIPARK.ORG. TR/TR/PUB/JA

INTERNATIONAL PEER REVIEWED JOURNAL

VOLUME ISSUE
6 2

YEAR
DECEMBER, 2023




JouRNAL of Aaf

ISSN: 2636-8757

https://dergipark.org.tr/tr/pub/ja

(Uluslararas1 Hakemli Dergi / International Peer Reviewed Journal)

CiLT/VYOLUME SAYV/ISSUE
6 2
YIL/YEAR
ARALK/DECEMBER,2023

jourofagri@gmail.com

DergiPark

AKADEMIK


https://dergipark.org.tr/tr/pub/ja

Dergimiz Hakkinda/ About Our Journal

Journal of Agriculture, hakemli uluslararas1 bir dergidir ve 2018 yilinda yayin hayatina baslamustir.
DergiPark biinyesinde agik erigimli olarak, tarim ve yasam bilimleri alaninda hazirlanmig arastirma ve
derleme makalelerini yayimlamak iizere May1s-2018 yilinda faaliyete baglamistir. Derginin destekledigi
diller Tiirkce ve Ingilizce’dir. Yilda 2 (iki) say1 yaymlanir. Dergiye gonderilen makaleler dnce editor
tarafindan sekil ve icerik yoniinden incelenir. Uygun olmayanlar sorumlu yazara geri gonderilir.
Gonderilen makaleler yazarlar tarafindan kaynaklar hari¢ olmak fizere intihale karsi kontrol
edilmektedir. Yapilan kontrollerde benzerlik oraninin %20'nin altinda olmasi zorunludur. intihal
raporlar incelenerek %20 {izerinde olan yayinlar reddedilir. Yaymlanmasi istenilen eserlerin herhangi
bir yerde yayinlanmamis veya yayinlanmak iizere herhangi bir dergiye gonderilmemis olmasi
zorunludur. Editoriin onayladigi makaleler konu ile ilgili 2 (iki) hakeme gonderilir. Hakem incelemesi
ve diizeltme siireci tamamlanan makaleler yaymlanir.

Journal of Agriculture is a refereed international journal and started its publication in 2018. DergiPark
started its activities in May-2018 in order to publish research and compilation articles prepared in the
field of agriculture and life sciences with open access. The languages supported by the journal are
Turkish and English. 2 (two) issues are published annually. Articles submitted to the journal are first
reviewed by the editor in terms of shape and content. Unsuitable ones are sent back to the responsible
author. Submitted articles are checked against plagiarism by the authors, excluding the sources. It is
mandatory that the similarity rate is below 20% in the controls. Publications over 20% are rejected by
analyzing plagiarism reports. It is mandatory that the works to be published have not been published
anywhere or sent to any journal to be published. Articles approved by the editor are sent to 2 (two)
reviewers. Articles whose referee review and correction process are completed are published.

Amag/Aim

Dergimiz bahge bitkileri, bitki koruma, bitkisel ve hayvansal iiretim, biyosistem miihendisligi, gida
mithendisligi, molekiiler biyoloji ve genetik, peyzaj mimarligi, su iiriinleri, tarim ekonomisi, tarimsal
mekanizasyon, tarimsal yapilar ve sulama, tarla bitkileri, toprak bilimi ve bitki besleme ve zootekni
alaninda hazirlanan arastirma ve derleme calismalarini Tiirkce ve Ingilizce dillerinde yayimlamay1 amag
edinmistir.

The articles that can be sent to the journal are horticulture, plant protection, plant and animal production,
biosystem engineering, food engineering, molecular biology and genetic, landscape architecture,
fisheries, agricultural economy, agricultural mechanization, agricultural structures and irrigation, field
crops, soil science and plant nutrition and animal science. The journal aims to publish research and
compilation studies in Turkish and English.

Kapsam/Scope

Journal of agriculture, Haziran ve Aralik aylarinda yilda iki kez yayinlanan hakemli, akademik, bilimsel,
uluslararas1 bir dergidir. Tiirkce ve Ingilizce makaleler kabul edilir ve ¢cevrimici olarak yayimlanir.

Journal of agriculture is a refereed, academic, scientific, international journal published twice a year, in
June and December. Turkish and English articles are accepted and are published online.



JourNAL of AGRICULTURE

jourofagri@gmail.com
ISSN: 2636-8757
https://dergipark.org.tr/tr/pub/ja

Cilt/Volume: 6 Sayi/Issue: 2 Yil/Year: Aralik/December, 2023

Sahibi / Owner

Dr. Ogr. Uyesi Baris EREN / Assist. Prof. Dr. Baris EREN
Igdir University, TURKEY, bariseren86@gmail.com

Bas Editor / Editor in Chief

Dr. Ogr. Uyesi Baris EREN / Assist. Prof. Dr. Baris EREN
Igdir University, TURKEY, bariseren86@gmail.com

Yardimcel Editor / Co Editor

Dog. Dr. Fethi Ahmet OZDEMIR / Assoc. Prof. Dr. Fethi Anmet OZDEMIR Bingol
University TURKEY, ozdemirfethiahmet23@yahoo.com

Dr. Ogr. Uyesi Fatih DEMIREL / Assist. Prof. Dr. Fatih DEMIREL
Igdir University, TURKEY, drfdemirel@gmail.com

Ars. Gor. Serap DEMIREL / Research Assistant Serap DEMIREL
Van Yiiziincti Y1l University, serap_comart@hotmail.com

Dil Editor / Language Editor

Dog. Dr. Fethi Ahmet OZDEMIR / Assoc. Prof. Dr. Fethi Anmet OZDEMIR Bingél
University TURKEY, ozdemirfethiahmet23@yahoo.com

Dr. Ogr. Uyesi Muhittin KULAK/ Assist. Prof. Dr. Muhittin KULAK Igdir University,
TURKEY, muhyttynx@gmail.com

Ars. Gor. Aysenur KALMER/ Research Assistant Aysenur KALMER Van Yiizinci Yil
University TURKEY, aysenurkalmer@gmail.com

Istatistik Editor / Statistical Editor

Dog. Dr. Samet Hasan ABACI / Assoc. Prof. Dr. Samet Hasan ABACI Ondokuz Mayis
Universitesi TURKEY, shabaci37@gmail.com

Dr. Cem TIRINK / Dr. Cem TIRINK
Igdir University, TURKEY, cem.tirink@gmail.com



mailto:jourofagri@gmail.com
https://dergipark.org.tr/tr/pub/ja
mailto:ozdemirfethiahmet23@yahoo.com
mailto:serap_comart@hotmail.com
mailto:ozdemirfethiahmet23@yahoo.com
mailto:muhyttynx@gmail.com
mailto:aysenurkalmer@gmail.com
mailto:shabaci37@gmail.com
mailto:cem.tirink@gmail.com

JouRNAL of AGRICULTURE

jourofagri@gmail.com
ISSN: 2636-8757

https://dergipark.org.tr/tr/pub/ja

Cilt/Volume: 6 Sayi/Issue: 2 Yil/Year: Aralik/December, 2023

Ulusal Editorler Kurulu / National Editorial Board

Prof. Dr. Kamil HALILOGLU
Atatiirk Universitesi, Tiirkiye

Prof. Dr. Taki DEMIR
Sakarya Uygulamali Bilimler Universitesi, Tiirkiye

Prof. Dr. Lutfi BEHCET
Bingol Universitesi, Tiirkiye
Prof. Dr. Mustafa Riza CANGA
Ankara Universitesi, Tiirkiye
Prof. Dr. Ali KAYGISIZ
Kahramanmaras Siit¢ii imam Universitesi, Tiirkiye
Prof. Dr. Ahmet Zafer TEL
Igdir Universitesi, Tiirkiye
Prof. Dr. Bahri KARLI
Siileyman Demirel Universitesi, Tiirkiye
Prof. Dr. ismet YILDIRIM
Diizce Universitesi, Tiirkiye
Prof. Dr. Ali Riza DEMIRKIRAN
Bingol Universitesi, Tirkiye
Prof. Dr. Veli UYGUR S
iileyman Demirel Universitesi, Tiirkiye

Dog. Dr. Celalettin GOZUACIK
Igdir Universitesi, Tiirkiye
Dog. Dr. Arzu UNAL
Igdir Universitesi, Tiirkiye
Dog. Dr. Behcet INAL
Siirt Universitesi, Turkiye
Dog. Dr. Fethi Ahmet OZDEMIR
Bingol Universitesi, Turkiye
Dog. Dr. Mustafa Kenan GECER
Abant Izzet Baysal Universitesi, Tiirkiye
Dr. Ogr. Uyesi Baris EREN
Igdir Universitesi, Turkiye
Dr. Ogr. Uyesi Fatih DEMIREL
Igdir Universitesi, Turkiye
Dr. Fatih GOKMEN
Igdir Universitesi, Turkiye
Dr. Asude CAVUS
Van Yuzuncu Yil Universitesi, Tirkiye

Dr. Muhammed Said YOLCU Van Yuziinci Yil
Universitesi, Tirkiye

Uluslararasi Editorler Kurulu / International Editorial Board

PhD Mabrouk Elsabagh
Department of Nutrition and Clinical Nutrition /Veterinary Medicine, Egypt

PhD Ayman Elsabagh

Egypt

PhD. Jiban Shrestha
Nepal Agricultural Research Council, Nepal

PhD. Marija Saric-Krsmanovic

Serbia

PhD. Arash Hossein POUR

Iran


mailto:jourofagri@gmail.com
https://dergipark.org.tr/tr/pub/ja

JourNAL of AGRICULTURE

jourofagri@gmail.com

ISSN: 2636-8757
https://dergipark.org.tr/tr/pub/ja

Cilt/Volume: 6 Sayi/Issue: 2 Yil/Year: Aralik/December, 2023

ICINDEKILER / CONTENTS

ARASTIRMA MAKALELERI (Research Articles)

1. Contribution to the Knowledge of Curculionidae (Coleoptera) Species Feed on Wild
Plants in the North East Anatolia Region

Celalettin GOZUACIK, Murat GUVEN*, Levent GULTEKIN

2. Economic Impact Analysis of Value Chain Development Programme (Vcdp) on
Productivity of Rice Farmers in Niger State, Nigeria

Olugbenga Omotayo ALABI*, Ajayi Godfrey SUNDAY, Elizabeth EBUKIBA
3. Farkh Kuru Fasulye Genotiplerinin Verim ve Verim Unsurlarinin Belirlenmesi
Erkan BOYDAK*, Ridvan FIRAT, Biisra KAYANTAS

4. Polyphenol Oxidase Enzyme Activity of Mulberries Grown in Igdir Ecological
Conditions

Sadiye Peral EYDURANY*, Zeynebi Kiibra AZITI

5. Assessment of Nutritional Potential and Methane Mitigation Efficacy of Napier
Grass Cultivars

Yakup BILAL, Bilal SELCUK, Tugba BAKIR, Emrah KAYA*, Adem KAMALAK

6. Bir Organik Materyal Olan Leonarditin Kahramammaras Kosullarinda Nohut
Bitkisinin Gelisimi Uzerine Etkileri

Enise Nur EKICI, Ali Riza DEMIRKIRAN*, Erkan BOYDAK

7. Tiirkiye'nin Yeni Yiizyilinda Tarim Alet ve Makina Parki ve Mekanizasyon Diizeyi
Sefa ALTIKAT*

8. Gladicya (Gleditsia Triacanthos) Meyvesinin Misir Silajinda Katki Maddesi Olarak
Kullanim

Caglar YUCAL, Ali Thsan ATALAY*

9. Giibre Miktarmmin Azaltilmas1 Ve Arttirilmasinin Aycicegi Verimi, Besin Madde
Icerikleri Ve Giibre Maliyetleri Uzerine Etkisi

Nureddin ONER, Ali Riza DEMIRKIRAN*
DERLEME MAKALELER (Review Articles)
10. Immune System and Nutrition in Fish
Naime Filiz KARADAS*

60-75

76-90

91-98

99-109

110-117

118-134

135-145

146-154

155-164

165-178


mailto:jourofagri@gmail.com
https://dergipark.org.tr/tr/pub/ja

GUVEN et al. | DOI: 10.46876/ja.1327728

JOURNAL OF AGRICULTURE
RESEARCH ARTICLE ISSN: 2636-8757

Contribution to the Knowledge of Curculionidae (Coleoptera) Species Feed on Wild Plants in the
North East Anatolia Region

Murat GUVEN® Celalettin GOZUACIK! *“ | Levent GULTEKIN?
Abstract
gdir University, Faculty of
Agriculture, Department of Plant This study was carried out in Agri, Ardahan, Erzurum, Igdir, Kars and Van
Protection, 76000, Igdir, Turkey provinces in Eastern Anatolia Region to determine the species of weevil
(Coleoptera: Curculionidae) on weeds in agricultural and non-agricultural areas in
? Biodiversity Application and 2016, as well as in 2021, 2022 and 2023. Surveys have been made 2-weeks apart

Research Center, Atatiirk

N intervals between march and november to determine the weevils. During the studies,
University, 25240 Erzurum, Turkey

the whole plants (root, stem, leaf and generative organs) have been examined. As a
Correspondence result of the research, 23 species belonging to 8 genera of the family Curculionidae
gdir University, Faculty of feeding on weeds have been identified. Information about the locality of the species,
Agriculture, Department of Plant their host plants, their distribution in The World and Turkey was given. Among
Protection, 76000, Igdur, Turkey these species, Lixus cardui Olivier, 1807 and Larinus latus (Herbst, 1783) had been
Email: murat.quven746@gmail.com | 44 o more encounter than other species. Also, Chlorophanus vittatus Schoenherr,
1832 was determined to be a new record for Turkey.

* This study is partly based on
Murat GUVEN's Master's thesis. | Keywords: Curculionidae species, Wilds plants, Fauna, North East Anatolia,
Turkey

INTRODUCTION

The rich geographical characteristics of our country are due to the fact that it is located at the
junction of three important biogeographical areas, namely Mediterranean, Euro-Siberian and Irano-
Turanian regions. As such, it is a very rich place in terms of biodiversity. The Serhat cities in the
easternmost part of the province are also locations on important migration and transit routes, having
the same characteristics. The favourable climate was reflected on the flora and contributed to the
enrichment of the fauna. The rich vegetation has provided habitat for many living things. This has
enabled many researchers to work on different orders and families.

The superfamily Curculionoidea is the order Coleoptera and at the same time the richest group of
the animal kingdom, represented by approximately 62,000 described species worldwide (Oberprieler et
al., 2007).

The Curculionidae (Coleoptera) fauna of Turkey is very rich and (Fairmaire, 1866; Gadeau de
Kerville, 1939; Lodos, 1960; Voss, 1962; Hoffman, 1964; Osella and Lodos, 1979 a, b; Bajtenov and
Lodos, 1980; Korotyaev et al., 2002; Giiltekin, 2004) are of great importance.

When the researches related to the superfamily Curculionoidea in our country are evaluated,
approximately 400 species have been identified in Western Anatolia by Lodos et al., (1978; 1983;
1989). Recently, these data have been contributed significantly. Domestic and foreign scientists who
have identified and named a large number of new data in our country (Korotyaev et. al., 2002;
Korotyaev and Giiltekin, 1999; Giiltekin, 2005a; 2006a; 2006b; Dorofeyev et al., 2004; Giiltekin and
Colonnelli, 2006; Giiltekin, 2008a; Giiltekin and Davidian, 2006; 2007; Giiltekin et al., 2008), some
species communities and their ecological descriptions (Giiltekin et al., 2003; 2004; Korotyaev and
Giltekin, 2003; Giiltekin and Korotyaev, 2005; Giiltekin, 2004a; 2005b; 2005¢; 2006b; 2006¢; 2007),
informing about their geographical distribution (Korotyaev and Giiltekin, 2002; Giiltekin, 2008b; Sert
and Cagatay, 1994; Ozbek et al., 2007; Korotyaev et al., 2004), some rare plant species and the insect
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groups that feed on them (Dorofeyev et al., 2005) and publications on groups to be used in some
biological control of weeds (Gtiltekin, 2006a) are quite remarkable.

This study was conducted the first time for Agri, Ardahan, Erzurum, Igdir, Kars and Van of
Northeast Anatolia. In this study, the distribution and host plants of Curculionidae family species in
the region were tried to be revealed.

MATERIALS and METHODS

The study was carried out 2-weeks apart intervals in 69 localities in agricultural and non-
agricultural areas in 6 different locations (Agri, Ardahan, Erzurum, Igdir, Kars and Van) in Eastern
Anatolia.During the studies, sweep net, mouth aspirator, polythene bags and ethyl acetate have been
used. The whole plants (root, stem, leaf and generative organs) were examined in the sampling. The
phenological period of each plant where the species were detected, the part of the plant where the
insect fed and the location of the plant were recorded with GPS. The locations of the provinces where
the investigate was conducted were shown using ArcMap 10.5 map programme.
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Figure 1: Places where the study was carried out on the map of Turkey
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After preparation and pinning, the labelled adult beetles were identified to species level and the
localities, host plants, distribution in Turkey and The World of each species were given in alphabetical
order. Identification of the species was made by the third author.

RESULTS and DISCUSSION

In Eastern Anatolia, 23 species belonging to 8 genera were identified in 69 localities in
agricultural and non-agricultural areas in 6 different provinces (Agri, Ardahan, Erzurum, Igdir, Kars
and Van). The locality and distribution of these species are explained below in order.
Genus Chlorophanus C. R. Sahlberg, 1823
Chlorophanus vittatus Schoenherr, 1832
Material examined: TR-Igdir: Aralik, Godekli, Aras, 39° 50" 09” N / 44° 35" 03" E, 806 m,
26.05.2016, 2 specimens. TR-Kars: Kagizman, Cayirarasi, 40° 3’ 49" N / 42° 47" 13" E, 1351 m,
13.06.2016, 1 specimen.

Distribution in Turkey: It is new record for Turkey.
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Distribution in world: Europe: Russia: South European Territory Asia: Azerbaijan, Armenia,
Georgia, Iran (Alonso-Zarazaga et al., 2023).

Remarks: Adults feed on the leaf of Tamarix sp. between may and june. Tamarix sp. is the first host
plant record. The host was identified Populus (Bolov and Bolov 1997).

Genus Epiphanops Reitter, 1895
Epiphanops persicus (Chevrolat, 1880)

Material examined: TR-Van: Dereustii, 38° 34" 24" N / 43° 28" 48" E, 1860 m, 15.06.2016, 2
specimens; Ozalp, Asag1 Mollahasan, 38° 39" 33" N / 43° 54" 25" E, 1980 m, 15.06.2016, 4 specimens.

Distribution in Turkey: Erzurum (Giiltekin et al., 2008). It is new record for VVan province.
Distribution in world: Asia: Armenia, Georgia, Iran, Turkey (Alonso-Zarazaga et al., 2023).

Remarks: Adults feed on the flowers of Centaurea solstitialis L. in June. The host was identified
Centaurea solstitialis L. (Giiltekin et al., 2008).

Genus Hypera Germar 1817
Hypera postica (Gyllenhal, 1813)

Material examined: TR-Igdir: Melekli, 39° 58" 08” N / 44° 08" 37" E, 848 m, 25.05.2016, 1
specimen; Aralik, Godekli, Aras, 806 m, 26.05.2016, 1 specimen; Karahacili, 39° 54" 33" N / 44° 22’
48" E, 826 m, 13.05.2022, 3 specimens; Karakuyu, 39° 51" 21" N / 44° 03" 22" E, 861 m, 18.06.2022,
5 specimens; Sarigoban, 40° 00" 50" N / 44° 00" 23" E, 867 m, 23.04.2022, 5 specimens; Hakmehmet,
39° 59" 42" N/ 43° 58" 23" E, 872 m, 23.04.2022, 3 specimens. TR-Agr1: Tashicay, 39° 37" 56” N /
43° 24" 11" E, 1798 m, 02.07.2022, 4 specimens. TR-Kars: Kagizman, 40° 09" 46" N / 43° 05" 59" E,
1188 m, 29.06.2022, 3 specimens.

Distribution in Turkey: Aglana, Antalya, Gaziantep, Hatay, Igdir, Kahramanmaras, Mersin,
Osmaniye (Lodos et al., 2003; Ireg, 2017). It is new record for Agr1 and Kars provinces.

Distribution in world: Europe: Albania, Austria, Azores, Belgium, Bosnia-Herzegovina, Bulgaria,
Belarus, Croatia, Russia: Central European Territory, Czech Republic, Denmark, Estonia, Finland,
France (incl. Corse, Monaco), France (incl. Corse, Monaco), Germany, Greece (incl. Kriti), Hungary,
Italy (incl. Sardegna, Sicilia, San Marino), Kazakhstan (west of Ural River), Latvia, Liechstentein,
Lithuania, Luxembourg, Malta, Macedonia (North), Moldavia, Montenegro, The Netherlands, Norway,
Russia: Nort European Territory, Poland, Portugal, Romania, Serbia, Slovakia, Slovenia, Spain (incl.
Gibraltar), Russia: South European Territory, Sweden, Switzerland, Turkey, Ukraine. North Africa:
Algeria, Canary Islands, Egypt, Libya, Morocco (incl. Western Sahara), Madeira Archipelago, Tunisia.
Asia: Azerbaijan, Afghanistan, Armenia, Cyprus, Georgia, Iran, lIrag, Israel, Jiangsu (Kiangsu),
Kyrgyzstan, Kazakhstan (east of Ural River), Mongolia, South Korea, Saudi Arabia, Syria, Tajikistan,
Turkmenistan, Turkey, Uzbekistan, Xinjiang (Sinkiang), Australian Region, Nearctic Region
(Alonso-Zarazaga et al., 2023).

Remarks: Adults feed on the leaf of Cirsium sp. between april and july. Cirsium sp. is the first host
plant record. The host was identified alfalfa (Fabaceae) (Rheinheimer and Hassler, 2010; Ireg, 2017).

Genus Larinus Dejean, 1821

Received: 14-07-2023 | Accepted: 20-08-2023
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Larinus carlinae Olivier, 1807

Material examined: TR-Ardahan: Damal, 41° 21" 20" N / 42° 49" 19" E, 2023 m, 17.07.2016, 4
specimens; Damal, 41° 21" 41" N/ 42° 49" 14" E, 2043 m, 24.08.2022, 1 specimen.

Distribution in Turkey: Artvin, Diizce, Eskischir, Kastamonu, Samsun (Sert, 1995; Lodos et al,.
2003; Pehlivan et al, 2005). It is new record for Ardahan province.

Distribution in world: Europe: Albania, Belgium, Bulgaria, Croatia, Russia: Central European
Territory, Czech Republic, Denmark, Estonia, Finland, France (incl. Corse, Monaco), Great Britain
(incl. Channel Is.), Germany, Greece (incl. Kriti), Hungary, Italy (incl. Sardegna, Sicilia, San Marino),
Latvia, Lithuania, Luxembourg, Moldavia, Montenegro, The Netherlands, Norway, Russia: Nort
European Territory, Poland, Portugal, Serbia, Slovakia, Spain (incl. Gibraltar), Russia: South European
Territory, Sweden, Switzerland, Ukraine. North Africa: Algeria, Morocco (incl. Western Sahara),
Tunisia. Asia: Azerbaijan, Armenia, Cyprus, Georgia, Kyrgyzstan, Kazakhstan (east of Ural River),
Turkey, Russia: Western Siberia, Xinjiang (Sinkiang), Nearctic Region (Alonso-Zarazaga et al.,
2023).

Remarks: Adults feed on the leaf of Onopordum sp., between july and august. Onopordum sp. is the
first host plant record. The host was identified Euphorbia sp. (Pehlivan et al, 2005 ).

Larinus curtus Hochhuth, 1851

Material examined: TR-Igdir: Tuzluca, 40° 4’ 9" N / 43° 39" 46" E, 1040 m, 17.8.2016, 3 specimens;
Egrekdere, 39° 59’ 0” N/ 43° 38' 58" E, 1477 m, 27.5.2016, 2 specimens; Egrekdere, 39° 58" 57" N /
43° 38" 58" E, 1481 m, 07.09.2022, 2 specimens.

Distribution in Turkey: Adana, Ankara, Antalya, Aydin, Bingdl, Corum, Gaziantep, Izmir,
Kahramanmaras, Kayseri, Kilis, Mersin, Nigde, Osmaniye, Sivas (Lodos et al., 2003; Pehlivan et al.,
2005). It is new record for Igdir province.

Distribution in world: Europe: Bulgaria, Croatia, Greece (incl. Kriti), Italy (incl. Sardegna, Sicilia,
San Marino), Montenegro, Serbia, Russia: South European Territory, Ukraine. Asia: Azerbaijan,
Armenia, Georgia, Iran, Israel, Syria, Turkey, Nearctic Region (Alonso-Zarazaga et al., 2023).

Remarks: Adults feed on the leaves of Centaurea solstitialis L. between may and september.
Centaurea solstitialis L. is the first host record. The host was identified Cirsium sp. and Oryza sativa
L. (Pehlivan et al, 2005).

Larinus iaceae (Fabricius, 1775)
Material examined: TR-Igdir: Tuzluca, 40° 4’ 9" N /43° 39'46" E, 1040 m, 17.8.2016, 1 specimen.

Distribution in Turkey: Adana, Afyonkarahisar, Ankara, Antalya, Bilecik, Burdur, Erzurum,
Gaziantep, Giimiishane, Hatay, Isparta, Mersin, Osmaniye (Lodos et al., 1978; 1989; Pehlivan et al,
2005). It is new record for Igdir province.

Distribution in world: Europe: Albania, Austria, Belgium, Bosnia-Herzegovina, Bulgaria, Croatia,
Russia: Central European Territory, Czech Republic, Estonia, France (incl. Corse, Monaco), Germany,
Greece (incl. Kriti), Hungary, Italy (incl. Sardegna, Sicilia, San Marino), Latvia, Liechstentein,
Luxembourg, Macedonia (North), Moldavia, Montenegro, The Netherlands, Russia: Nort European
Territory, Poland, Portugal, Serbia, Slovakia, Slovenia, Spain (incl. Gibraltar), Russia: South European
Territory, Switzerland, Ukraine. North Africa: Algeria. Asia: Azerbaijan, Armenia, Russia: East
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Siberia, Georgia, Iran, Israel Kyrgyzstan, Kazakhstan (east of Ural River), Sichuan (Szechwan), China:
Southwestern Territory, Tajikistan, Turkmenistan, Turkey, Uzbekistan, Russia: Western Siberia
(Alonso-Zarazaga et al., 2023).

Remarks: Adults feed on the leaf of Carduus nigrecens Vill. in august. C. nigrecens Vill. is the first
host record. The host was identified Carduus nigrecens Vill., collected on Centaurea scabiosa,
Carduus nutans, Cirsium palustre, C. oleraceum, C. canum, C. arvense ve C. lanceolatum (Scherf,
1964).

Larinus inaequalicollis Capiomont, 1874

Material examined: TR-Igdir: Giingdrmez, 39° 48" 21" N / 43° 45’ 28" E, 2096 m, 24.5.2016, 6
specimens; Glingérmez, 39° 48" 23" N / 43° 45 28" E, 2074 m, 21.06.2022, 2 specimens.

Distribution in Turkey: Ankara, Bitlis, Hakkari, Kars (Giiltekin and Podlussany, 2012). It is new
record for Igdir province.

Distribution in world: Europe: Moldavia, Russia: South European Territory, Ukraine. Asia:
Azerbaijan, Armenia, Georgia, Iran, Israel, Kazakhstan (east of Ural River), Syria, Tajikistan, Turkey,
Uzbekistan (Alonso-Zarazaga et al., 2023).

Remarks: Adults feed on the stem, leaf and flower of Echinops orientalis Trauv. between may and
june. The host was identified E. orientalis Trauv. (Korotyaev et al., 2016).

Larinus latus (Herbst, 1783)

Material examined: TR-Igdir: Cili, 39° 45’ 46" N / 44° 2" 43" E, 1790 m, 22.6.2016, 1 specimen;
Elmagol, 39° 45' 36" N / 44° 8’ 34" E, 1563 m, 18.6.2016, 1 specimen; Tuzluca, 40° 4’ 12" N / 43° 39’
47" E, 1046 m, 12.6.2016, 1 specimen; Kiigiikova, 40° 1’ 25" N / 43° 44’ 55" E, 1163 m, 24.5.2016, 1
specimen; Kiigiikova, 39° 58" 09” N / 43° 41" 36" E, 1491 m, 15.05.2022, 1 specimen; Kiigiikova, 39°
58" 09" N /43° 41" 36" E, 1491 m, 02.09.2022, 2 specimens. TR-Kars: Kiimbetli, 40° 32’ 31" N / 43¢
0" 48" E, 1759 m, 17.07.2016, 3 specimens; Arpacay, Yalingayir, 40° 48’ 12" N / 43° 18’ 58" E, 1707
m, 17.06.2016, 1 specimen.

Distribution in Turkey: Ankara, Aydin, Cankir1, Denizli, Eskisehir, Igdir, izmir, Karaman, Kayseri,
Kirsehir, Konya, Sivas, Yozgat (Lodos et al., 1978; Sert, 1995; Giiltekin, 2008b). It is new record for
Kars province.

Distribution in world: Europe: Albania, Austria, Bosnia-Herzegovina, Bulgaria, Croatia, France
(incl. Corse, Monaco), Germany, Greece (incl. Kriti), Hungary, Italy (incl. Sardegna, Sicilia, San
Marino), Moldavia, Montenegro, Romania, Serbia, Slovakia, Slovenia, Russia: South European
Territory, Turkey, Ukraine. Asia: Azerbaijan, Armenia, Cyprus, Russia: East Siberia, Georgia, Iran,
Israel, Syria, Turkey, Russia: Western Siberia, Australian Region (Alonso-Zarazaga et al., 2023).

Remarks: Adults feed on the stem, leaf and flower of Onopordum acanthium L. between may and
june. O. acanthium L. is the first host record. The host was identified Onopordum bracteatum Boiss.
(Giiltekin et al., 2000).

Larinus minutus Gyllenhal, 1835

Material examined: TR-Igdir: Tuzluca, 40° 4’ 12" N/ 43° 39" 47" E, 1046 m, 12.6.2016, 2 specimens.
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Distribution in Turkey: Adana, Adiyaman, Agri, Ankara, Antalya, Balikesir, Bitlis, Burdur,
Canakkale, Corum, Diyarbakir, Edirne, Eskisehir, Gaziantep, Hakkari, Hatay, Isparta, Izmir,
Kahramanmaras, Karaman, Kayseri, Kirklareli, Kirsehir, Kilis, Malatya, Mardin, Mersin, Mugla,
Nigde, Osmaniye, Siirt, Sivas, Sanliurfa, Van, Yozgat (Lodos et al., 1978; Sert, 1995; Lodos et al.,
2003; Pehlivan et al., 2005). It is new record for Igdir province.

Distribution in world: Europe: Albania, Austria, Bosnia-Herzegovina, Bulgaria, Croatia, Greece
(incl. Kriti), Hungary, Macedonia (North), Moldavia, Montenegro, Romania, Serbia, Slovakia,
Slovenia, Russia: South European Territory, Sweden, Turkey, Ukraine. Asia: Azerbaijan, Armenia,
Georgia, Iran, Israel, Jordan, Lebanon, Kazakhstan (east of Ural River), Syria, Turkey, Nearctic
Region (Alonso-Zarazaga et al., 2023).

Remarks: Adults feed on the leaf of Carduus nutans L. in june. C. nutans L. is the first host record.
The host was identified Prunus domestica, Cirsium sp., Medicago sativa, Quercus sp., Onobrychis
sativa Lam. and Carthamus tinctorius (Pehlivan et al., 2005).

Larinus onopordi (Fabricius, 1787)

Material examined: TR-Igdir: Tuzluca, Kii¢iikova, 39° 58’ 21" N/ 43° 41' 46" E, 1481 m, 12.6.2016,
3 specimens; 39° 58' 22" N / 43° 41' 47" E, 1469 m, 24.5.2016, 3 specimens; Kiigiikova, 39° 58" 29" N
/ 43° 41" 54" E, 1457 m, 20.05.2022, 2 specimens. TR-Agr1: Tutak, Derekdy, 39° 35" 7" N / 42° 54" 50"
E, 1596 m, 14.06.2016, 6 specimens; Tutak, Derekdy, 39° 34" 57" N / 42° 54" 47" E, 1591 m,
02.07.2022, 2 specimens. TR-Van: Cakirbey, 38° 54’ 11" N / 43° 33’ 56" E, 1667 m, 14.06.2016, 4
specimens.

Distribution in Turkey: Adana, Adiyaman, Afyonkarahisar, Artvin, Aydin, Balikesir, Bingol, Bitlis,
Burdur, Bursa, Canakkale, Diyarbakir, Edirne, Elazig, Erzincan, Erzurum, Gaziantep, Hatay, Igdir,
Isparta, Izmir, Kars, Kirikkale, Kirklareli, Kilis, Malatya, Manisa, Nevsehir, Osmaniye, Sivas,
Sanlurfa (Giiltekin, 2006¢; Lodos et al., 1978). It is new record for Agri and Van provinces.

Distribution in world: Europe: Bosnia-Herzegovina, Bulgaria, France (incl. Corse, Monaco), Greece
(incl. Kriti), Italy (incl. Sardegna, Sicilia, San Marino), Montenegro, Portugal, Serbia, Russia: South
European Territory, Ukraine. North Africa: Algeria, Egypt, Libya, Morocco (incl. Western Sahara),
Tunisia. Asia: Azerbaijan, Armenia, Cyprus, Georgia, Iran, Israel, Jordan, Kazakhstan (east of Ural
River), Lebanon, Saudi Arabia, Syria, Tajikistan, Turkmenistan, Turkey, Uzbekistan, Afrotropical
Region (Alonso-Zarazaga et al., 2023).

Remarks: Adults feed on the stem, leaf and flower of Echinops pungens between may and june. E.
pungens is the first host plant record. The host was identified Echinops sphaerocephalus L. (Giiltekin,
2006).

Larinus sturnus (Schaller, 1783)

Material examined: TR-Ardahan: Tepeler, 41° 2" 3" N / 42° 34" 24" E, 2058 m, 17.07.2016, 2
specimens.

Distribution in Turkey: Artvin, Cankir1, Isparta, izmir, Kars, Konya (Lodos et al., 1978; Sert, 1995;
Pehlivan et al., 2005). It is new record for Ardahan province.

Distribution in world: Europe: Albania, Austria, Belgium, Bosnia-Herzegovina, Bulgaria, Croatia,
Russia: Central European Territory, Czech Republic, Estonia, Finland, France (incl. Corse, Monaco),
Germany, Greece (incl. Kriti), Hungary, Italy (incl. Sardegna, Sicilia, San Marino), Latvia,
Liechstentein, Lithuania, Luxembourg, Macedonia (North), Moldavia, Montenegro, The Netherlands,
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Russia: Nort European Territory, Poland, Portugal, Romania, Serbia, Slovakia, Slovenia, Spain (incl.
Gibraltar), Russia: South European Territory, Sweden, Switzerland, Ukraine. Nourth Africa: Algeria,
Egypt, Morocco (incl. Western Sahara), Tunisia. Asia: Azerbaijan, Armenia, Georgia, Iran, Lebanon,
Turkey, Russia: Western Siberia (Alonso-Zarazaga et al., 2023).

Remarks: Adults feed on the leaf of Onopordum sp. in july. Onopordum sp. is the first host record.
The host was identified Medicago Sativa and Centaurea sp. (Pehlivan et al., 2005).

Larinus syriacus Gyllenhal, 1835

Material examined: TR-Igdir: Karakoyunlu, Gokeeli, 39° 59" 13" N / 44° 10" 22" E, 851 m,
19.6.2016, 3 specimens; Gokgeli, 39° 59’ 15" N / 44° 10’ 24" E, 850 m, 23.04.2022, 2 specimens;
Gokgeli, 39° 59" 55" N/ 44° 11' 00" E, 845 m, 26.04.2023, 4 specimens; Tuzluca, Pirli, 40° 1’ 31" N /
43° 44’ 56" E, 1160 m, 24.05.2016, 6 specimens; Pirli, 40° 00" 09” N / 43° 43' 52" E, 1269 m,
15.05.2022, 5 specimens; Pirli, 40° 1" 10" N / 43° 44’ 42" E, 1133 m, 26.04.2023, 5 specimens;
Karabulak, 39° 58" 57" N / 43° 42’ 43" E, 1378 m, 20.06.2021, 4 specimens.

Distribution in Turkey: Antalya, Denizli, Hatay, Izmir, Manisa, Osmaniye (Pehlivan et al., 2005;
Lodos et al., 2003). It is new record for Igdir province.

Distribution in world: Europe: Albania, Bulgaria, Croatia, Greece (incl. Kriti), Hungary, Macedonia
(North), Montenegro, Romania, Serbia, Russia: South European Territory, Ukraine. Asia: Azerbaijan,
Armenia, Cyprus, Georgia, Iran, Israel, Jordan, Kazakhstan (east of Ural River), Lebanon, Pakistan,
Syria, Tajikistan, Turkey, Uzbekistan (Alonso-Zarazaga et al., 2023).

Remarks: Adults feed on the leaf and flower of Carthamus persicus Willd. between april and june. C.
persicus Willd. is the first host record. The host was identified Carthamus lanatus L. and Carthamus
dentatus (Forsk.) Val. (Campobasso et al., 1999).

Larinus turbinatus Gyllenhal, 1835

Material examined: TR-Igdir: Tuzluca, ince, 39° 56’ 27" N / 43° 40’ 0" E, 1706 m, 15.7.2016, 2
specimens; Uckaya, 39° 58’ 14" N/ 43° 39’ 21" E, 1474 m, 17.8.2016, 34 specimens. TR-Ardahan:
Tepeler, 41° 2" 3" N / 42° 34’ 24" E, 2058 m, 17.06.2016, 2 specimens; Damal, 41° 21’ 20" N / 42° 49’
19" E, 2023 m, 17.06.2016, 10 specimens; Damal, Seyitéren, 41° 23’ 22" N / 42° 47’ 57" E, 2068 m,
24.08.2022, 2 specimens.

Distribution in Turkey: Afyon, Artvin, Balikesir, Bayburt, Bingol, Bitlis, Burdur, Diyarbakir,
Hakkari, 1gdir, Mardin, Van (Lodos et al., 1978; Pehlivan et al., 2005). It is new record for Ardahan
province.

Distribution in world: Europe: Albania, Austria, Belgium, Boshia-Herzegovina, Bulgaria, Belarus,
Croatia, Russia: Central European Territory, Czech Republic, Estonia, France (incl. Corse, Monaco),
Germany, Greece (incl. Kriti), Hungary, Italy (incl. Sardegna, Sicilia, San Marino), Lithuania,
Luxembourg, Macedonia (North), Moldavia, Montenegro, The Netherlands, Russia: Nort European
Territory, Poland, Portugal, Serbia, Slovakia, Slovenia, Spain (incl. Gibraltar), Russia: South European
Territory, Switzerland, Ukraine. North Africa: Madeira Archipelago. Asia: Azerbaijan, Armenia,
Russia: East Siberia, Georgia, Iran, Israel, Jordan, Kyrgyzstan, Kazakhstan (east of Ural River), China:
Northwest Territory, Turkey, Russia: Western Siberia, Nearctic Region (Alonso-Zarazaga et al., 2023).

Remarks: Adults feed on the leaf and flower of Cirsium arvense (L.) Scop. and Carduus nutans L.
subsp. nutans from june to august. Carduus nutans L. subsp. nutans is the first host record.The host
was identified Cirsium arvense (L.) Scop. (Bolu, 2016).
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Genus Lixus Fabricius, 1801
Lixus cardui Olivier, 1807

Material examined: TR-Igdir: Cili , 39° 45’ 46" N / 44° 2" 43" E, 1790 m, 22.6.2016, 2 specimens;
Elmagol, 39° 45’ 36” N / 44° 8' 34" E, 1563 m, 18.6.2016, 2 specimens; Kuzugiiden, 39° 58’ 36" N /
43°58' 51" E, 884 m, 25.5.2016, 10 specimens; Melekli, 39° 58’ 8" N / 44° 8' 37" E, 848 m, 25.5.2016,
3 specimens; Sarigoban, 40° 0’ 49" N / 44° 0’ 23" E, 854 m, 25.5.2016, 8 specimens; Sari¢oban, 40° 0’
49" N / 44° 0' 23" E, 854 m, 02.09.2022, 3 specimens ; Taslica, 39° 45’ 46" N / 44° 2" 43" E, 1633 m,
24.6.2016, 3 specimens; Aralik, Asag1 Ciftlik, 39° 51" 19” N / 44° 34" 27" E, 813 m, 26.04.2023, 13
specimens; Aralik, Karahacili, 39° 54’ 35" N / 44° 24’ 1" E, 835 m, 26.5.2016, 9 specimens; Karasu,
39° 52" 1" N /44° 32' 14" E, 828 m, 26.5.2016, 2 specimens; Karasu, 39° 52" 1" N / 44° 32" 14" E, 828
m, 02.09.2022, 4 specimens; Karakoyunlu, Gokgeli, 39° 59’ 38" N / 44° 10’ 53" E, 850 m, 25.5.2016, 6
specimens; Tasburun, 39° 59" 4” N / 44° 13’ 18" E, 840 m, 26.5.2016, 13 specimens; Tuzluca, 40° 4’
12" N /43° 39" 47" E, 1046 m, 12.6.2016, 8 specimens; Egrekdere, 39° 59" 0" N / 43° 38' 58" E, 1477
m, 27.5.2016, 6 specimens; Egrekdere, 39° 59’ 0" N / 43° 38' 58" E, 1477 m, 02.09.2022, 4 specimens;
Kiigiikova, 39° 58’ 22" N / 43° 41' 47" E, 1469 m, 24.5.2016, 8 specimens; Halfeli, Urban Forest, 39°
53'31" N/ 43° 58’ 24" E, 893 m, 21.05.2021, 1 specimen. TR-Kars: Arpagay, Yalingayir, 40° 48' 12"
N /43° 18 58" E, 1707 m, 17.07.2016, 6 specimens; Yalingayir, 40° 49’ 37" N / 43°19' 13" E, 1696 m,
24.08.2022, 2 specimens. TR-Agri: Merkez, 39° 44’ 20" N / 42° 57’ 39" E, 1651 m, 14.06.2016, 4
specimens; Yolugiizel, 39° 43’ 56” N / 42° 58’ 25" E, 1633 m, 23.08.2022, 4 specimens. TR-Erzurum:
Horasan, 40° 5" 1" N/ 42° 17' 32" E, 1530 m, 13.06.2016, 1 specimen.

Distribution in Turkey: Ankara, Aydin, Balikesir, Bilecik, Burdur, Bursa, Canakkale, Cankiri,
Denizli, Edirne, Erzurum, Eskisehir, Igdir, Isparta, izmir, Karaman, Kayseri, Kirklareli, Kirsehir,
Konya, Kiitahya, Manisa, Mugla, Sakarya, Usak, Yozgat (Lodos et al., 1978; Sert, 1995; Pehlivan et
al., 2005). It is new record for Agr1 and Kars provinces.

Distribution in world: Europe: Albania, Austria, Bosnia-Herzegovina, Bulgaria, Croatia, Czech
Republic, France (incl. Corse, Monaco), Germany, Greece (incl. Kriti), Hungary, Italy (incl. Sardegna,
Sicilia, San Marino), Moldavia, Poland, Portugal, Romania, Serbia, Slovakia, Spain (incl. Gibraltar),
Russia: South European Territory, Turkey, Ukraine. North Africa: Algeria, Morocco (incl. Western
Sahara), Tunisia. Asia: Azerbaijan, Armenia, Cyprus, Georgia, Iran, Israel, Jordan, Kyrgyzstan,
Kazakhstan (east of Ural River), Lebanon, Syria, Turkey, Uzbekistan, Russia: Western Siberia,
Australian Region (Alonso-Zarazaga et al., 2023).

Remarks: Adults feed on the stem and leaf of Onopordum acanthium L. from april to september. O.
acanthium L. is the first host record. The host was identified Onopordum bracteatum Boiss. (Giiltekin,
2007).

Lixus fasciculatus Boheman, 1836

Material examined: TR-Erzurum: Pasinler, 39° 58" 40" N / 41° 37" 50" E, 1668 m, 13.06.2016, 5
specimens.

Distribution in Turkey: Erzurum, Kars (Giiltekin, 2007).

Distribution in world: Europe: Austria, Russia: Central European Territory, Czech Republic, France
(incl. Corse, Monaco), Germany, Hungary, Italy (incl. Sardegna, Sicilia, San Marino), Moldavia,
Poland, Slovakia, Russia: South European Territory, Switzerland, Ukraine. Asia: Afghanistan, China:
(cf. list of territorial subdivisions), Russia: East Siberia, Russia: Far East, Iran, Japan, Mongolia, North
Korea, South Korea, Turkey, Russia: Western Siberia (Bat1 Sibirya) (Alonso-Zarazaga et al., 2023).
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Remarks: Adults feed on the stem and leaf of Artemisia vulgaris L. in june. The host was identified
Artemisia vulgaris L. (Korotyaev and Giiltekin, 2003).

Lixus filiformis (Fabricius, 1781)

Material examined: TR-Agri: Merkez, 39° 44" 20" N / 42° 57" 39" E, 1651 m, 14.06.2016, 7
specimens; Asag1 Yoldiizii, 39° 48" 40" N / 43° 05’ 03" E, 1682 m, 23.08.2022, 1 specimen.

Distribution in Turkey: Ankara, Aydin, Bilecik, Bursa, Denizli, Kayseri, Kirklareli, Kirsehir, Konya,
Manisa, Mersin, Usak (Lodos et al., 1978; Sert, 1995; Erbey, 2010; Giirler, 2014). It is new record for
Agr1 province.

Distribution in world: Europe: Albania, Austria, Belgium, Bosnia-Herzegovina, Bulgaria, Croatia,
Czech Republic, Germany, Greece (incl. Kriti), Hungary, France (incl. Corse, Monaco), Italy (incl.
Sardegna, Sicilia, San Marino), Luxembourg, Macedonia (North), Moldavia, Montenegro, The
Netherlands, Poland, Portugal, Romania, Serbia, Slovakia, Spain (incl. Gibraltar), Russia: South
European Territory, Switzerland, Turkey, Ukraine. North Africa: Algeria, Canary Islands, Morocco
(incl. Western Sahara), Madeira Archipelago (Madeira), Tunisia. Asia: Azerbaijan, Afghanistan,
Armenia, Cyprus, Georgia, Iran, Israel, Jordan, Kazakhstan (east of Ural River), Lebanon, Syria,
Turkmenistan, Turkey, Russia: Western Siberia (Alonso-Zarazaga et al., 2023).

Remarks: Adults feed on the leaf of Carduus nutans L. between june and august. The host was
identified Carduus nutans L. and C. crispus L. (Giiltekin, 2004).

Lixus incanescens Boheman, 1835

Material examined: TR-Erzurum: Horasan, Camurlu, 40° 5" 1" N / 42° 17" 32" E, 1530 m,
13.06.2016, 3 specimens.

Distribution in Turkey: Agri, Bolu, Igdir, Kayseri, Kirsehir Mardin, Nevsehir, Sinop, (Lodos et al.,
2003; Pehlivan et al., 2005). It is new record for Erzurum province.

Distribution in world: Europe: Russia: Central European Territory, France (incl. Corse, Monaco),
Moldavia, Romania, Russia: South European Territory, Ukraine. Asia: Azerbaijan, Afghanistan,
Armenia, China (cf. list of territorial subdivisions), Cyprus, Georgia, Iran, Iraq, Kyrgyzstan,
Kazakhstan (east of Ural River), Mongolia, Russia (cf. ES, FE, WS), Tajikistan, Turkmenistan,
Turkey, Uzbekistan (Alonso-Zarazaga et al., 2023).

Remarks: Adults feed on the leaf of Cirsium sp. in june. Cirsium sp. is the first host record. The host
was identified Salsola kali L., Chenopodium foliosum Asch., C. vulvaria and Beta vulgaris L.
(Giiltekin, 2006b).

Lixus pulverulentus (Scopoli, 1763)

Material examined: TR-Kars: Aras vadisi, 40° 8" 19” N / 42° 42" 23" E, 1384 m, 13.06.2016, 5
specimens.

Distribution in Turkey: Amasya, Aydin, Balikesir, Bing6l, Bursa, Canakkale, Diyarbakir, Edirne,
Hakkari, Izmir, Kayseri, Mugla, Osmaniye, Samsun, Siirt, Sirnak (Pehlivan et al., 2005). It is new
record for Kars province.

Distribution in world: Europe: Austria, Azores (Terceira), Belgium, Bulgaria, Croatia, Russia:
Central European Territory, Czech Republic, France (incl. Corse, Monaco), Great Britain (incl.
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Channel 1s.), Germany, Greece (incl. Kriti), Hungary, Italy (incl. Sardegna, Sicilia, San Marino),
Luxembourg, Malta, Moldavia, Montenegro, The Netherlands, Poland, Portugal, Romania, Serbia,
Slovakia, Spain (incl. Gibraltar), Russia: South European Territory, Switzerland, Turkey, Ukraine.
North Africa: Algeria, Canary Islands, Morocco (incl. Western Sahara), Madeira Archipelago
(Madeira), Tunisia. Asia: Azerbaijan, Afghanistan, Armenia, Cyprus, Georgia, Iran, Israel, Syria,
Tajikistan, Turkmenistan, Turkey, Uzbekistan, Russia: Western Siberia (Alonso-Zarazaga et al., 2023).

Remarks: Adults feed on the leaf of Onopordum sp. in june. The host was identified Polyphagous
(Legalov et al., 2010).

Lixus rubicundus Zoubkoff, 1833

Material examined: TR-Kars: Kagizman, 40° 8 49" N / 43° 4" 38" E, 1192 m, 13.06.2016, 1
specimen.

Distribution in Turkey: Antalya, Artvin, Aydin, Bilecik, Erzurum, izmir (Pehlivan et al., 2005). It is
new record for Kars province.

Distribution in world: Europe: Austria, Bulgaria, Czech Republic, France (incl. Corse, Monaco),
Germany, Hungary, Italy (incl. Sardegna, Sicilia, San Marino), Moldavia, Poland, Romania, Slovakia,
Spain (incl. Gibraltar), Russia: South European Territory, Ukraine. North Africa: Morocco (incl.
Western Sahara). Asia: Azerbaijan, Armenia, Georgia, Iran, Israel, Kazakhstan (east of Ural River),
Mongolia, Tajikistan, Turkmenistan, Turkey, Russia: Western Siberia (Alonso-Zarazaga et al., 2023).

Remarks: Adults feed on the leaf of Onopordum sp. in june. Onopordum sp. is the first host record.
The host was identified Chenopodiaceae (Legalov et al., 2010).

Lixus vilis (Rossi, 1790)

Material examined: TR-Agri: Tutak, Derekdy, 39° 35" 7" N / 42° 54" 50" E, 1596 m, 14.06.2016, 1
specimen; Derekdy, 39° 34" 57" N / 42° 54" 47" E, 1591 m, 02.07.2022, 1 specimen.

Distribution in Turkey: Afyon, Aksaray, Ankara, Aydin, Balikesir, Bursa, Canakkale, Edirne, 1zmir,
Kirklareli, Kiitahya, Manisa, Mardin, Mugla (Lodos et al., 1978; Pehlivan et al., 2005). It is new
record for Agr1 province.

Distribution in world: Europe: Austria, Belgium, Bulgaria, Croatia, Czech Republic, France (incl.
Corse, Monaco), Great Britain (incl. Channel Is.), Germany, Greece (incl. Kriti), Hungary, Italy (incl.
Sardegna, Sicilia, San Marino), Malta, Moldavia, Portugal, Slovakia, Spain (incl. Gibraltar), Russia:
South European Territory, Turkey, Ukraine. North Africa: Algeria, Morocco (incl. Western Sahara).
Asia: Afghanistan, Armenia, Cyprus, Georgia, Iran, Irag, Israel, Lebanon, Syria, Turkmenistan,
Turkey (Alonso-Zarazaga et al., 2023).

Remarks: Adults feed on the leaf of Onopordum sp. between june and july. Onopordum sp. is the first
host record. The host was identified Centaurea sp., Malus sylvestris mitis and Salix sp. (Pehlivan et al.,
2005).

Genus Mononychus Germar, 1824

Mononychus punctumalbum (Herbst, 1784)

Material examined: TR-Igdir: Aralik, Godekli, 39° 50" 09" N / 44° 35" 03" E, 806 m, 26.05.2016, 14
specimens; Aralik, Asagi Ciftlik, 39° 51" 19” N / 44° 34" 30" E, 812 m, 26.05.2016, 23 specimens;
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Asagi Ciftlik, 39° 51" 19" N / 44° 34" 30" E, 812 m, 02.09.2022, 2 specimens. TR-Agr1: Tutak,
Dogangiin, 39° 22" 40" N / 42° 45" 10" E, 1671 m, 14.06.2016, 15 specimens. TR-Van: Tabanl, 38°
45" 27" N /43° 21" 16" E, 1757 m, 15.06.2016, 15 specimens.

Distribution in Turkey: Erzincan, Erzurum, Hakkari, Igdir, Kars, Mus, Nigde, Van, (Mathew 1984;
1988; Giiveng et al., 2005; Giiltekin and Korotyaev, 2012). It is new record for Agr1 province.

Distribution in world: Europe: Austria, Belgium, Bulgaria, Belarus, Croatia, Russia: Central
European Territory, Czech Republic, Denmark, France (incl. Corse, Monaco), Great Britain (incl.
Channel Is.), Germany, Greece (incl. Kriti), Hungary, Italy (incl. Sardegna, Sicilia, San Marino),
Latvia, Luxembourg, Moldavia, The Netherlands, Poland, Portugal, Romania, Slovenia, Spain (incl.
Gibraltar), Slovakia, Russia: South European Territory, Sweden, Switzerland, Turkey, Ukraine. Asia:
Azerbaijan, Armenia, Georgia, Iran, Kazakhstan (east of Ural River), Lebanon, Syria, Turkmenistan,
Turkey, Uzbekistan (Alonso-Zarazaga et al., 2023).

Remarks: Adults feed on the leaf and flower of Iris spuria L. subsp. musulmanica (Fomin) from may
to september. Iris spuria L. subsp. musulmanica (Fomin) is the first host record. The host was
identified Iris dichotoma Pall., Iris forrestii Dykes, Iris aphylla L., Iris longipetala Herb., Iris milesii
Baker ex Foster, Iris pallida Lam., Iris sibirica L. and Iris sikkimensis Dykes (Perju et al.,1997).

Genus Rhinocyllus Germar, 1817
Rhinocyllus conicus (Froelich, 1792)

Material examined: TR-Igdir: Tuzluca, Merkez, 40° 4’ 9" N / 43° 39" 46" E, 1040 m, 21.07.2016, 1
specimen; Ince, 39° 56’ 27" N/ 43°40' 0" E, 1706 m, 15.7.2016, 9 specimens; Ince, 39° 56’ 27" N / 43°
39" 57" E, 1695 m, 15.5.2022, 1 specimen; Alikose, 39° 53" 10" N/ 43° 37" 14" E, 1835 m, 15.5.2022,
2 specimens; U(;kaya, 39° 58" 14" N /43°39'21"E, 1474 m, 20.6.2016, 5 specimens.

Distribution in Turkey: Adiyaman, Aydin, Balikesir, Bursa, Canakkale, Denizli, Diyarbakir, Diizce,
Elaz13, Gaziantep, Hatay, Isparta, Izmir, Kastamonu, Kirklareli, Manisa, Mardin, Mersin, Mugla,
Nigde, Usak (Lodos et al., 1978; 2003; Pehlivan et al., 2005; Erbey, 2010). It is new record for Igdir
province.

Distribution in world: Europe: Albania, Austria, Belgium, Bulgaria, Croatia, Russia: Central
European Territory, Czech Republic, Estonia, Finland, France (incl. Corse, Monaco), Great Britain
(incl. Channel Is.), Germany, Greece (incl. Kriti), Hungary, Ireland, Italy (incl. Sardegna, Sicilia, San
Marino), Latvia, Lithuania, Luxembourg, The Netherlands, Malta, Macedonia (North), Moldavia,
Montenegro, Poland, Portugal, Serbia, Slovakia, Spain (incl. Gibraltar), Russia: South European
Territory, Sweden, Switzerland, Turkey, Ukraine. North Africa: Algeria, Canary Islands (Tenerife),
Egypt, Libya, Morocco (incl. Western Sahara). Asia: Azerbaijan, Armenia, Russia: Far East, Georgia,
Iran, Israel, Kyrgyzstan, Kazakhstan (east of Ural River), Lebanon, China: Northwest Territory,
Tajikistan, Turkey, Russia: Western Siberia, Afrotropical Region, Nearctic Region (Alonso-
Zarazaga et al., 2023).

Remarks: Adults feed on the leaf and flower of plant Carduus nutans L. subsp. nutans and Cirsium
congestum Fisch. & C. A. Ex DC. between may and july. Carduus nutans L. subsp. nutans is the first
host record. The host was identified Rosa sp., Populus sp., Sinapis sp., Prunus armeniaca and Cirsium
sp. (Pehlivan et al., 2005).

Genus Thamnurgus Eichhoff, 1864

Thamnurgus pegani Eggers, 1933
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Material examined: TR-Igdir: Kiilliik, 40° 1’ 46" N/ 43° 51’ 53" E, 1060 m, 27.5.2016, 29 specimens;
The University, Suveren Campus Land, 39° 48’ 6" N/ 44° 4’ 27" E, 1240 m, 23.5.2016, 45 specimens;
The University, Suveren Campus Land, 39° 48’ 34" N / 44° 04' 43" E, 1144 m, 25.5.2022, 2 specimens;
Tuzluca, Pirli, 40° 1' 29" N / 43° 44' 53" E, 1164 m, 24.5.2016, 78 specimens; Pirli, 40° 1’ 29" N / 43¢
44' 53" E, 1164 m, 15.05.2022, 5 specimens; Pirli, 40° 00’ 55" N / 43° 44’ 30" E, 1198 m, 26.04.2023,
7 specimens; Igdir, Urban Forest, 40° 02’ 05” N/ 43° 50" 12" E, 946 m, 05.06.2021, 4 specimens.

Distribution in Turkey: Igdir (Giiglii and Ozbek, 2007; Mandelshtam et al., 2011; Korotyaev et al.,
2016).

Distribution in world: Asia: Azerbaijan, Armenia, Turkmenistan, Turkey (Alonso-Zarazaga et al.,
2023).

Remarks: Adults feed on the stem and flower of Peganum harmala L. from april to may. The host
was identified Peganum harmala L. (Giiclii and Ozbek, 2007; Mandelshtam et al., 2011; Korotyaev et
al., 2016).

CONCLUSION

This study was carried out in agricultural and non-agricultural areas in Agri, Ardahan, Erzurum,
Igdir, Kars and Van provinces of Eastern Anatolia. As a result of the surveys, a total of 457 individuals
belonging to Curculionidae family were collected. The distribution of species according to provinces
in the Eastern Anatolia region is discussed and given in the table 1 below.

Table 1: Distribution of species according to provinces in Eastern Anatolia
Province name Species name

Agri Hypera postica (Gyllenhal, 1813)
Larinus onopordi (Fabricius, 1787)
Lixus cardui Olivier, 1807
Lixus filiformis (Fabricius, 1781)
Lixus vilis (Rossi, 1790)
Mononychus punctumalbum (Herbst, 1784)

Ardahan Larinus carlinae Olivier, 1807
Larinus sturnus (Schaller, 1783)
Larinus turbinatus Gyllenhal, 1835

Erzurum Lixus cardui Olivier, 1807
Lixus fasciculatus Boheman, 1836
Lixus incanescens Boheman, 1835

Igdir Chlorophanus vittatus Schoenherr, 1832
Hypera postica (Gyllenhal, 1813)
Larinus curtus Hochhuth, 1851
Larinus iaceae (Fabricius, 1775)
Larinus inaequalicollis Capiomont, 1874
Larinus latus (Herbst, 1783)

Larinus minutus Gyllenhal, 1835

Larinus onopordi (Fabricius, 1787)

Larinus syriacus Gyllenhal, 1835

Larinus turbinatus Gyllenhal, 1835

Lixus cardui Olivier, 1807

Mononychus punctumalbum (Herbst, 1784)
Rhinocyllus conicus (Froelich, 1792)
Thamnurgus pegani Eggers, 1933

Kars Chlorophanus vittatus Schoenherr, 1832
Hypera postica (Gyllenhal, 1813)
Larinus latus (Herbst, 1783)
Lixus cardui Olivier, 1807
Lixus pulverulentus (Scopoli, 1763)
Lixus rubicundus Zoubkoff, 1833

Van Epiphanops persicus (Chevrolat, 1880)
Larinus onopordi (Fabricius, 1787)
Mononychus punctumalbum (Herbst, 1784)
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Based on the evaluation of the literature, it was determined that Chlorophanus vittatus
Schoenherr, 1832 is new record for Turkey. Also, it was determined that Lixus and Larinus genera
were more common both in number and species. With this study, the distribution of the weevil of the
region has been given and it will contribute to further researches. When the species obtained were
evaluated at the genus level, it was observed that Larinus was more dominant in Igdir, which is at low
altitude, and Lixus was more dominant in locations such as Agri, Erzurum and Kars, which are at high
altitude. Also, the host plant Mononychus punctumalbum is distributed in similar ecosystems in all
three provinces of Agri, Igdir and Van.
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Abstract

This study evaluated economic impact analysis of value chain development
programme on productivity of rice farmers in Niger State, Nigeria. Primary
data were used. A multi-stage sampling technique was used to select a total

Territory, NIGERIA. sample size of two hundred and ninety-two (292) rice farmers which

comprised of one hundred and fifty-five (155) value chain development
program beneficiaries and one hundred and thirty-seven (137) non-
beneficiaries. Data were analyzed using descriptive statistics, farm
budgeting technique, total factor productivity index, Tobit dichotomous
regression model, propensity score matching (PSM), principal component
analysis, F-Chow test, and t-test. The results revealed that the 65.81% of
the rice farmers who benefited from the value chain program were male.
Also, 48.91% of the non-beneficiaries of VCDP were at sub-optimal
productivity level, while 36.13% of the beneficiaries were at super-optimal
productivity level. The result of the Tobit regression estimates shows that
the significant factors influencing total factor productivity were: that
household size (P< 0.10), farm experience (P< 0.10), access to credit (P<
0.05), labour input (P< 0.10), and farm size (P< 0.10). Rice production in
the study area was profitable. The coefficient of Average Treatment Effect
for all matching algorithms for yields of rice farmers such as nearest
neighbor, radius, kernel, and stratification were significant at (P< 0.01).
This shows that value chain development program impacted positively on
productivity of rice farmers. Extension officers should be employed to train
rice farmers. Governments should put policies in place that will help
remove bottlenecks in accessing agricultural loans.
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INTRODUCTION

Agriculture plays a key role in rural transformation and improvement in the overall well-being
of Nigerians. Agriculture is an important source of employment and a catalyst in the GDP and wealth
creation process in many African countries (Ayevbuowan, Popoola and Adeoti, 2016). Rice (Oryza
sativa L.) is the world’s most important food products, as research has shown that about three billion
people world-wide consume rice every day, the increasing rate of consumption makes most countries
import dependent on rice (Agbogo, Udouso, and Tiku, 2013). In the Nigerian agriculture environment,
rice has become an increasingly important commodity for majority of Nigerians, and it constitutes about
20% of total food expenditure (Braun, 2006). Rice generates more income for Nigerian farmers than
any other cash crop in the country. A report by the Federal Ministry of Agriculture and Rural
Development indicated that domestic rice consumption is below per capita need. Estimated national
demand for rice in Nigeria is about 5.2 million tons per annum, where production is estimated at only
3.3 million tons and a deficit of 1.9 million for importation with the attendant drain on the nation’s
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foreign reserve (Onyeneke, 2017). The Nigerian rice production sector reflects the combined effects of
both the traditional and non-traditional rice production techniques which is primarily sold in its paddy
form. It is view of this that the International Fund for Agriculture Development (IFAD) adopted the
innovative rice production technique in Nigeria to enhance the quality and purity of locally produced
rice in six States (Abia, Anambra, Benue, Ebonyi, Niger, Ogun and Taraba) under the rice and cassava
Value Chain Development Programme (VCDP) in order to complement the growing rice demand
particularly at the rural poor and also to serve as a means of empowerment. With the magnitude of
untapped resources in sub-Saharan Africa, the focus of the international community (Agricultural
finance donors) has shifted from food aid to developing the capacity of the numerous smallholder
farmers to increase their productivity (Mgbenka and Mbah, 2016). Africa has large expanse of land and
with enough resources, agriculture would set a new pace for Africa’s growth and development. The
IFAD intervention maximizes the potentials of smallholder farmers by exposing them to opportunities
through inputs support, market access and services that would increase their farming yields, build their
human capacity, and consequently increase their income. The programme, through commodity-specific
Value Chain Action Plans (VCAP) at different local governments in the participating states engages
with actors along the chain — producers, processors, marketers and their farmer organisations as well as
public and private institutions, service providers, policy and regulatory environment to deliver relevant
and sustainable activities that would lead to gradual transformation of the sector and contribute to
achieving food security, expand income-generating activities and employment opportunities. The
concept of ‘agricultural value chain’ includes the full range of activities and participants involved in
moving agricultural products from input suppliers to farmers’ fields, and ultimately, to consumers’
tables (Miller and Jones, 2010). Value is added by some additional transformation or enhancement made
to the product. This may be simply moving the product from one point of manufacture to the market or
to complex processing and packaging. At each stage of the chain, the value of the product goes up
because the product becomes more available or attractive to the consumer. Efficient value chains
normally reduce the use of intermediaries in the chain, and strengthen value-added activities because of
better technology and inputs, farm gate procurement, upgraded infrastructure, improved price
opportunities through demand-driven production. Value chain participants sometimes cooperate to
improve the overall competitiveness of the final product, but may also be completely unaware of the
linkages between their operation and other upstream or downstream participants (Keyser, 2015). Value
chains therefore encompass all of the factors of production including land, labour, capital, technology,
and inputs as well as all economic activities including input supply, production, transformation,
handling, transport, marketing, and distribution necessary to create, sell, and deliver a product to a
certain destination.

Objectives of the Study
The broad objective is to analyze economic impact of value chain development programme
(VCDP) on productivity of rice farmers’ in Niger State, Nigeria. The specific objectives were to:
(i) determine the socio-economic characteristics of rice farmers' beneficiaries and non-
beneficiaries of VCDP,
(i) analyze the costs, returns, and profitability of rice production for beneficiaries and non-
beneficiaries of VCDP,
(i) evaluate factors influencing total factor productivity of rice farmers’ beneficiaries of VCDP,
(iv) evaluate the impact of VCDP on productivity of the rice farmers’ beneficiaries, and
(v) identify the constraints faced by rice farmers’ beneficiaries of VCDP in the study area.
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Methodology

This study was carried out in Niger State, Nigeria. It lies between Latitudes 80° to 11°30" North
and Longitudes 03° to 07°40" East. It has a total population of 5,556,200 (NPC, 2016).

The predominant occupation of the people is farming, crops grown in the state are rice, maize,
yam, sorghum, and millet. The target population for this study was all rice farmers that are participants
and non-participants in the value chain development programme in Niger State, Nigeria. Purposive
sampling method was used to select Niger State because it is one of the State participating in the Value
Chain Development Programme (VCDP) initiative of the Federal Government of Nigeria and The
International Fund for Agricultural Development (IFAD) programme on the improvement of rice and
cassava value chain. Multistage sampling procedure was adopted in selection of representative samples.
First stage, five (5) Local Government Areas were selected. The second stage, simple random sampling
technique using raffle-draw ballot-box raffle-draw method was adopted to select the two (2) wards from
each of the five (5) Local Governments Areas. In the third stage, systematic sampling techniques was
used. Firstly, simple random sampling was used to selects the first respondents, subsequently;
systematic sampling will be used to select every n™ (3') rice farmers participating in the value chain
development programme from the list of registered rice farmers obtained from the baseline survey. A
total sample size of 292 rice farmers was selected comprising of 155 beneficiaries and 137 non-
beneficiaries of Value Chain Development Programme (VCDP). Primary sources were used to gather
necessary data from the sample respondents.

The following analytical tools were used to achieve stated objectives:

Descriptive Statistics

Descriptive statistics involves the use of mean, mode, range, frequency distribution tables and
percentages, minimum and maximum values and standard deviations.

Farm Budgeting Technique

Gross Margin Analysis is by definition the difference between total revenue and total variable
cost (Olukosi and Erhabor, 2005). Gross margin model is expressed as follows:

n n
GM = Z TR; — Z TVC; coeeoe e oo e (1)
i=1 i=1

NFI =TR —TC s e cee e eee e v ee v e eerene v enee v (2)

Where,
GM = Gross Margin (Naira),
TR = Total Revenue or Total Value of Output from the Rice Enterprise (Naira),
TVC = Total Variable Cost (Naira), and
TR = P.Q (Naira).
Where, P = Price of Rice Produced in Naira per Kilogram, Q = Output of Rice Produced in Kilogram.
NFI = Net farm Income (Naira),
TC = Total Cost (Naira).
Financial Analysis

Gross Margin Ratio (GMR) following Ben-Chendo et al. (2015) was used to determine the
profitability of rice production in the study area.

. . Net Farm Income
Gross Margin Ratio =

(3

Total Revenue
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Total Factor Productivity Index (TFP)

TFP model Following Singh et al. (2019) and Sadiq et al. (2015), was used. The TFP approach adopted
IS given as: -

Y
e S R )
TFP = — )
ST e

Where,

Y = Output (Kg),

TVC = Total Variable Cost (M),

Pi = Unit Price of i Variable Input (M), and

Xi = Quantity of i Variable Input (Kg).

This methodology ignores the role of total fixed cost (TFC) as it does not affect both the profit
maximization and the resource use efficiency conditions as the study focused on smallholder farmers.
Total fixed cost is constant as it is fixed.

From Cost Theory:

Where, AVC = Average Variable Cost in naira (N)
Therefore, the transpose of AVC will be TFP
1
As such, TFP is the inverse of the AVC. The partial productivity estimate is the marginal products
(MP) given as

TFP =

ATFP
pP=

i v (8)

Tobit Dichotomous Regression Model

Tobit model following Tobin, (1958) as stated in Sadiq et al. (2015) was adopted for this study
and used to achieve part of stated specific objective one (i). The model is given below: -
V' = oo+ B1X1 + BoXo + L3Xz + LaXs + BsXs + BeXo + € v v vve vn e et v e e . (9)
Y;"= is a censored variable. Now,
Y;i=0if Y <0
=Y ify’>0
Where,
Y;*= TFP Index of the i Farmer (Units) (1, TFP > 0; 0, Otherwise),
i = Number of Independent Variables,
X, = Intercept,
B1 — Ps = Regression Coefficients,
X1 = Size of Households (Total Number of Persons),
X2 = Farm Experience (Years),
X3 = Access to Credit (1, Access; 0, Otherwise),
Xa = Labour Input (Mandays),
Xs = Age of Rice Farmers (Years),
Xe = Farm Size (Ha), and
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Ui= Error Term.

Propensity Scoring Matching

Propensity score matching was employed to determine the impact of value chain development
programme on the net farm income of the participants of the programme; usually the propensity score
matching is used in programme evaluation to access whether the programme has impact on the
participants. The most common evaluation parameter of interest is the Average Treatment Effect on the
treated (ATT) which is defined as: -

Y, - Y, Y,
ATT = E(P — ) — (P — 1) RPN & 1)
The propensity score is the probability of the participation for farm households, if given a set X = X; of
characteristics.

PO =F (X = X,

The propensity scores were derived from the regression model in which these characteristics were
compared. The impacts of treatment on the treated (causal effect of project participants) were estimated
by computing the differences across both groups:

) (Pufahl and Weiss, 2009) ... ... oo cer ev ver e e (11)

1
ATT - - [Y1 - Yo] Mas wee wea mas mes wes wes mas mms wes sea mes wes wes wwu s (12)
Ny

Where,

ATT = Average Impact of Treatment on the Treated,
N;= Number of Matches (From Regression Model),
Y; = Productivity Index by Participants, and

Y,= Productivity Index by Non-Participants.

A positive (Negative) value of ATT will usually suggest that participants in a programme have
higher (lower) outcome variable than non-participants. This was used to achieve specific objective four
(iv)

Principal Component Analysis (PCA)

The constraints faced by rice farmers participating in the value chain development program was
achieved using principal component tools (PCA).
F-Chow Test

F-chow Test statistics is often used in programme evaluation to determine whether the programme
has impacts on different subgroup population. Chow Test is an application of the F-distribution test, if
F-chow is greater than the F-Table, then there is a projects impact on the beneficiaries otherwise, there

is no impact. The model is specified as follows:
RSS—(RSS1+RSS3)

F—Chow Test = W ....................................... (13)

(N1+Nz-2K)
Where,
RSS = Sum of Square Residual from Pooled Data,
RSS; = Sum of Square from the First Group (participants),
RSS, = Sum of Square from the Second Group (Non-Participants),
K = Total Number of Parameter,
N;, N, = Number of Observation in Each Group
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RESULTS and DISCUSSION

Socio-Economic Profiles of Rice Farmers VCDP Participants and Non-Participants

Table 1 shows the result of the socio-economic profiles or characteristics of rice farmers. Majority
(65.81%) of the rice farmers who benefited from the value chain program were male, while 34.19%
were female, in the same vein majority (78.10%) rice farmers who do not benefit from the value chain
program were male, while 21.90% were female. When combined the majority (71.58 %) of the rice
farmers were male, while 28.42% were male. This is in agreement with the findings of Yusuf (2022).

From the result, majority (65.81%) of the rice farmers that benefited from the value chain program
were less than 50 years of age. The mean age of rice farmers’ beneficiaries was 46.91 years. The non-
beneficiaries had a mean age of 51.67 years with 41.61% of them less than 70 years of age. When
combined the mean age was 49.15 years. This implies that most of the rice farmers were predominantly
young, resourceful, and energetic in their economically active age. Farmers' age is said to influence
farmers’ maturity and decision-making ability (Sani et al., 2014). The results show that younger farmers
are likely to be agile, more likely to adopt modern production technologies with potential high
productivity. This finding is similar to that of Sani et al. (2014). About 55.48% of the beneficiaries had
less than 10 people as members of households. The mean household sizes were 12, 10, and 11 people
for beneficiaries, non-beneficiaries, and when combined respectively. This has a direct implication on
labor supply to the farm because of the potential contributions to labor available for rice production.
The results agree with the findings of Sani et al. (2010) and Fakayode et al. (2014). Furthermore,
50.32% of the rice farmers in the study area who benefited from the program had between 11 and 20
years of experience in rice production. Also, 50.36% of the rice farmers in the study area who do not
benefit from the program had between 21 and 30 years of experience. The mean years of experience
were 21.53 years, and 17.94 years for beneficiaries, and non-beneficiaries respectively. According to
Olaoye et al. (2013) number of years of experience could improve skills and better approaches to rice
farming practices. Experience can help to correct past errors and expand or contract the scale of the
applications of tested skills. This result is in line with findings of Yusuf (2022).

Most (74.19%) of the rice farmers who benefitted from the program were married, also majority
(81.02%) of the rice farmers who do not benefited were married. In all, most (77.40%) were married.
The high proportion of the farmers who were married was an indication that family labor could be
available for rice farmers in the study area. This result agrees with the findings of Abah and Tor (2012).
Also, 83.87% of the rice farmers that benefitted from the value chain program had formal education.
About 96.35% of the rice farmers that do not benefit from the program had formal education, in all,
89.73% of the rice farmers had formal education. The expectations are rice farmers had formal education
given that the respondents had attained at least 6 years in school. This agrees with the findings of Alabi
et al. (2022). About 71.61% of beneficiaries had access to credit, while 68.61% of non-beneficiaries of
the program had no access to credit. This result indicates that agricultural loans were easily accessible
to rice farmers who participated in the value chain program in the study area. Also 78.77% of rice
farmers in the study area had access to the extension agent. Adoption of rice production technologies is
highly facilitated by the efforts of extension workers in introducing and demonstrating new research
findings, innovation to the farmer how to use the technologies. This result agrees with findings of
Tijani et al. (2015).
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Table 1: Socio-Economic Profiles or Characteristics of the Rice Farmers in the Study Area

Non- Beneficiaries Beneficiaries Combined
Variables Freq. Per Mean Freq Per Mean Freq Per Mean
Sex

Female 30 21.90 53 34.19 83 28.42
Male 107 78.10 102 65.81 209 71.58

Age (Years) 51.67 46.91 49.15
21-30 - - 13 8.39 13 4.45
31-40 19 13.87 29 18.71 48 16.44
41-50 38 27.74 60 38.71 98 33.56
51-70 80 58.39 53 34.19 133 45,55

Household Size

(Units) 12.64 10.79 11.66

1-10 41 29.93 86 55.48 127 43.49
11-20 90 65.69 60 38.71 150 51.37
2030 6 4.38 9 5.80 15 5.14

Farm Experience 2153 17.94 19.65
(Years)

1-10 19 13.87 26 16.77 45 1541
11-20 29 21.17 78 50.32 107 36.64
21-30 69 50.36 31 20.00 100 34.25
31-40 20 14.6 20 12.90 40 13.69

Marital Status
Single 26 18.98 16 10.32 42 14.38
Married 111 81.02 115 74.19 226 77.40
Widow/widower - - 18 11.61 18 6.16
Divorced - - 6 3.87 6 2.05
Level of Education
NEO;UE;':?:' 5 3.65 25 16.13 30 1027
Primary 55 40.15 29 18.71 84 28.77
Secondary 77 56.20 61 39.35 138 47.26
Tertiary - 40 25.81 40 13.70
Member of
Cooperative
No 58 42.34 44 28.39 102 34.93
Yes 79 57.66 111 71.61 190 65.07
Access to Credit
No 94 68.61 40 25.81 134 45.89
Yes 43 31.39 115 74.19 158 54.10
Extension Visit
No 24 17.52 38 24.52 62 21.23
Yes 113 82.48 117 75.48 230 78.77
Total 137 100 155 100 292 100

Freq = Frequency; Per = Percentage
Source: Field Survey (2020)
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Total Factor Productivity Index of Smallholder Rice Farmers

The summary statistics of the total factor productivity indices showed that 48.91% of the non-
beneficiaries were at sub-optimal productivity, while, 36.13% of the beneficiaries were at super-optimal
productivity and 34.84% were at optimal productivity. This suggests that the value chain development
program had an impact on the productivity of rice farmers in the study area. (Table 2). The mean total factor
productivity for non-beneficiaries was 0.92, while that of the beneficiaries was 1.06 which is about 7% in
total factor productivity. This result is in line with the findings of Sadiq et al. (2015). Figure 1 below gives
a pictorial diagram of the total factor productivity of the smallholder rice farmers who benefitted from the
value chain development program in the study area.

Table 2: Total Factor Productivity Index of Smallholder Rice Farmers

Non-Beneficiaries Beneficiaries Combined

TFP Index Frequency Percentag  Frequency Percentage  Frequency Percentag
e e

Sub-Optimal (< 1.00) 67 48.91 45 29.03 112 38.36
Optimal (1.01-1.09) 47 34.31 54 34.84 101 34.59
Super-Optimal (> 1.10) 23 16.79 56 36.13 79 27.05
Total 137 100 155 100 292 100
Mean 0.92 1.06 0.99
Minimum 0.06 0.54 0.06
Maximum 1.92 2.3 2.3
Standard Deviation 0.29 0.27 0.28

Source: Field Survey (2020)
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Graph of Total Factor Productivity of Beneficiaries
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Figure 1: Total Factor Productivity of Beneficiaries of VCDP
Factors Influencing Total Factor Productivity of Smallholder Rice Farmers

The results of the Tobit regression estimates of the factors influencing total factor productivity of
rice farmers who participated in value chain development program were presented in Table 3. The
explanatory variables included in the Tobit regression model were: household size, farm experience, access
to credit, labor input, age of farmers, and farm size. From Table 3, variables with positive coefficient leads
to an increase in total factor productivity, while, variables with negative coefficient lead to a decrease in
total factor productivity. The results showed that household size (X1), farm experience (X2), and farm size
(Xe) were statistically significant at 10% probability levels respectively. Labor input (Xs) was statistically
significant at 5% probability level. From the regression result, household size (X1) was negatively related
to total factor productivity. Marginal effect shows that a unit increase in household size will lead to a 0.006
marginal decrease in total factor productivity. This result disagrees with the findings of Sadiq et al. (2015).
The farming experience was positively related to total factor productivity. Returns of marginal effect shows
that a unit increase in farming experience will lead to a 0.004 marginal increase in total factor productivity
of rice production. Labour input was negatively related to total factor productivity. A unit increase in labor
input will lead to a 0.003 marginal decrease in total factor productivity of rice production. The Log-
Likelihood and Chi-Square value were -56.61 and 12.37 respectively. The Chi-Square was significant at
(P<0.05).
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Table 3: Maximum Likelihood Estimate (MLE) of the Tobit Regression Model

TFP Coefficient Standard Error t-value Marginal Effect
Household Size (X1) -0.006 0.006 1.70* -0.006
Farm Experience (X2) 0.004 0.003 1.85* 0.004
Access to Credit (X3) 0.031 0.054 0.58 0.031
Labour Input (X4) -0.003 0.001 -2.26**  -0.003
Age of Farmer (Xs) 0.003 0.003 0.93 0.003
Farm Size (Xe) -0.050 0.028 -1.82* -0.050
Constant 1.256 0.121 10.41 -0.006

Chi Square = 12.37**
Log-Likelihood = -56.61
Pseudo R?  =0.1207

** - Significant at (P<0.05); * - Significant at (P<0.10)
Source: Field Survey (2020)

Costs, Returns and Profitability Analysis of Rice Production among Beneficiaries and Non-
Beneficiaries of Value Chain Development Programme

The various costs incurred on various resources used and the benefits (profit) received from the sales
of the products were estimated based on the market price at the period under consideration (2019/2020
farming season) is presented in Table 4. The total revenue for program beneficiaries and non-beneficiaries
was estimated to be N698, 400.00 and N381, 600.00 respectively. The total variable cost for program
beneficiaries and non-beneficiaries was estimated to be N216, 177.00 and N251, 712.31 respectively. The
fixed cost for program beneficiaries and non-beneficiaries was estimated to N39, 625.26 and N19, 000.00
respectively. The variable cost for program beneficiaries and non-beneficiaries accounted for 85% and 80%
of the total cost of production. The gross margin for program beneficiaries and non-beneficiaries was
estimated to be N482, 223.00 and N129, 887.69 respectively. On average both program beneficiaries and
non-beneficiaries made a net farm income of N442, 597.74 and N110,887.69 respectively per hectare of
rice production in the study area. The gross margin ratio for program beneficiaries and non-beneficiaries
was 69% and 34% respectively. This indicates that rice production in the study area was profitable. This
implies that for every one Naira generated from sales by smallholder rice farmers that benefitted and non-
beneficiaries of the program, 69.00kobo and 34.00kobocovered the operating costs and profit respectively.
This suggests that rice production by the program beneficiaries were more profitable than non-beneficiaries.
The percentage change in the gross margin ratio was 50.72%.
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Table 4: Costs, Returns and Profitability Analysis of Rice Production Per Hectare

Beneficiaries Non- Beneficiaries Combined
Variable Costs
Seed Cost 23,143.55 24,545.12 47,688.67
Fertilizer Cost 70,835.00 84,682.97 155,517.97
Agrochemical cost 5,973.71 10,281.58 16,255.30
Land Preparation cost 27,248.91 29,531.68 56,780.59
Planting Cost 17,433.91 19,470.26 36,904.17
Fertilizer Application cost 12,481.96 17,141.34 29,623.30
weeding cost 20,634.07 23,358.38 43,992.45
Harvesting Cost 22,152.84 23,474.40 45,627.24
Jute bag Cost 5,037.31 11,048.61 16,085.92
Consume Cost 12,267.83 7,045.15 19,312.98
Gifts Cost 4,549.35 4,538.49 9,087.84
Transportation Cost 17,562.11 21,139.45 38,701.56
Total Variable Cost 216,177.00 251,712.31 467,889.31
Fixed Costs
Rent on Land 36,625.26 15,500.00 52,125.26
Equipment 3,000.00 3,500.00 6,500.00
Total Fixed Cost 39,625.26 19,000.00 58,625.26
Total Cost 255,802.26 270,712.31 526,514.56
Quantity (Kg) 3,492.00 1,908.00 5,400.00
Unit Price 200.00 200.00 200.00
Total Revenue 698,400.00 381,600.00 1,080,000.00
Gross Margin 482,223.00 129,887.69 612,110.69
Net Farm Income 442 597.74 110,887.69 553,485.44
Gross Margin Ratio 0.69 0.34 0.57

Source: Author (2020)

Propensity Score Matching of the Impacts of VValue Chain Development Programme on Productivity
(Yield) of Rice Farmers

Table 5 shows the propensity score matching of the Impacts of Value Chain Development Programme
on Productivity (Yield) of Rice Farmers. The coefficient of average treatment effect on Yield of Rice
Farmers for nearest neighbour, radius, kernel, and stratification were positive. All the matching algorithms
were significant at 1% probability levels. This means that considering the matching method selected the
program had a positive impact on the yield of farmers for the beneficiaries. The value of average treatment
effects for nearest neighbour, radius, kernel, and stratification were 0.609, 0.622, 0.626, and 0.614
respectively. They were all statistically significant at (P < 0.01) respectively.
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Table 5: Average Treatment Effect of Before and After Bootstrap on Yield of Rice Farmers

Matching Algorithm ATT Standard Error Standard Error Bias t-Value
Before Bootstrap After Bootstrap

Nearest Neighbour 0.609 0.052 0.0408 0.0073  13.314 ***

Radius 0.622 0.035 0.0311 0.0050  19.980 ***

Kernel 0.626 - 0.034 0.0083  18.610***

Stratification 0.614 0.036 0.035 0.0024  17.611 ***

Source: Field Survey (2020)

Constraints Faced by Rice Farmers Participants in Value Chain Development Programme in the
Study Area

Principal Component Analysis is a statistical technique that transfers a data set with many
interrelated variables into one with a smaller number of uncorrelated variables. From the result presented
in Table 6, the number of principal components retained using the Kaiser criterion was four (4) which had
an Eigen-value above 1. At this component, for beneficiaries, 58% of the variations have been explained
by the component captured in the model for beneficiaries of VCDP. The Kaiser-Meyer-Olkin which
measures of sampling adequacy (KMO) was 0.515 and Bartlett test of sphericity was 80.579 and significant
at a 1% level of probability which further demonstrated the feasibility of employing the data set for factor
analysis. The result in Table 6 further shows the constraints faced by rice farmers’ beneficiaries of the value
chain development program in the study area as identified by the farmers. From the results, herdsmen and
farmers-clashes was rank 1% in the order of importance based on the perceptions of the rice farmers with
19% proportion. Inadequate funds were ranked 2" in the order of importance based on the perceptions of
the rice farmers with 14%. Bureaucracy in accessing credit was ranked 3" in the order of importance based
on the perceptions of the rice farmers with 13%. Inadequate fertilizers were ranked 4™ in the order of
importance based on the perception of the rice farmers with 11%. The results agreed with that of
Yusuf (2022).

Table 6: Principal Component Analysis of Constraints Faced by Rice Farmers in Niger State, Nigeria

Component Eigen-Value Proportion Cumulative
Herdsmen’s and Farmer Clashes 1.74 0.19 0.19
Inadequate Funds 1.28 0.14 0.33
Bureaucracy in Accessing Credits 1.18 0.13 0.46
Inadequate Fertilizer 1.02 0.11 0.58
Pest and diseases 0.97 0.10 0.68
Poor Access to Extension Agent 0.87 0.09 0.78
Distance to the Market 0.72 0.08 0.86
High Cost of Labour 0.69 0.08 0.94
High Cost of Maintenance 0.49 0.05 1.00

Bartlett Test of Sphericity
Chi-Square=80.579***
KMO=0.515

Source: Field Survey (2020)
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Analysis of the Significant Impact of Value Chain Development Programme, on Productivity of Rice
Farmers in the Study Area

Table 7 reveals the F-chow-test analysis between impact of value chain development program on
productivity of rice production in the study area. Based on the findings of this study, the hypothesis which
states that there is no significant impact of value chain development program on productivity of rice
production in the study area was rejected, while the alternative hypothesis which states that there is
significant impact of value chain development program on productivity of rice production in the study area
was accepted. This implies that the value chain development program had impact on the yield of rice
production in the study area.

Table 7: Chow — Test Analysis of Impact of Value Chain Development Program on Productivity of Rice Farmers in the Study Area

Group Sample R? Residual Sum N K F-Cal F-Tab Prob
of Square

Pooled 0.0968 21.029 292 3 10.29 1.96 0.0000

Participants 0.1770 12.003 155 3 10.82 1.96 0.0000

Non- 0.0599 8.1473 137 3 2.82 1.96 0.0413

Participants

*** Significant at 5% level of Probability
Source: Field Survey (2020)

CONCLUSION and RECOMMENDATIONS

The rice farmers’ beneficiaries of value chain development programme were young, energetic, and
resourceful with a mean age of 46.91 years. The mean values of total factor productivity for non-
beneficiaries and beneficiaries were 0.92 and 1.06 respectively. Household size, years of experience, labour
input were statistically significant factors influencing the total factor productivity of rice farmers in the
area. The mean values of total factor productivity for non-beneficiaries and beneficiaries were 0.92 and
1.06 respectively. Household size, years of experience, labour input were statistically significant factors
influencing the total factor productivity of rice farmers in the area. The matching algorithms such as nearest
neighbour, radius, kernel, and stratification were significant at (P < 0.01) both for yield of rice farmers.
This shows that the value chain development programme impacted positively on the yield and net farm
income of rice farmers.
The policy implications and recommendations from this study include:
(i) Provision of extension officers to train rice farmers on new technologies, innovation, and new
research findings
(if) Rice farmers should be provided with farm inputs and improved varieties of rice. This will
increase rice production and hence net farm income.
(iii) Governments are hereby enjoyed to put policy in place that will help remove administrative bottle
necks in accessing agricultural loans.
(iv) Rice farmers should be provided with credit facilities at low interest rate with no collateral
securities. This will enable the farmers improve productivity and hence net farm income.
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Abstract

Bu aragtirma; dogu geg¢it bolgesinde bazi kuru fasulye cesitlerinin
verim ve verim unsurlarini belirlemek amaciyla ilkbahar doneminde
iki yil yiritilmistiir. Denemede Akman98, Berrak, Cihan,
GoOyniik98, Kirsehir98, Noyanbey, Yedisu22 ve yunus90 gesitleri
kullanilmistir. Deneme Tesadiif bloklar1 desenine gore {i¢
tekrarlamali olarak kurulmustur. Yapilan istatistiki analizlerde,
incelenen parametreler arasinda 6nemli farkliliklar tespit edilmistir.
Arastirma sonucunda; bitki boyu ilk yil 52.67-40.13 cm ikinci yil
79.50-50.17 cm, bakla sayis1 ilk yil 33.77-21.00 ad./bit. Ikinci yil
24.37-17.13 ad./bit. , baklada tohum sayis1 ilk yil 6.50 ad./bakla
ikinci y1l 4.67-3.67 ad./bakla, bakla uzunlugu ilk y1l 11.20-9.17 cm
ikinci y1l 10.88-8.72 cm , 100 tane agirligr ilk y1l 35.95-16.21g ikinci
yil 41.43-33.27 g ve dekara verim ilk y1l 262.20-150.52 kg/da ikinci
yil 171.67-99.99 kg/da arasinda degisim gostermistir. En yliksek
verim 262.20 kg/da ile Kirsehir98 c¢esidinden elde edilirken, en
diisiik verim ise 99.99 kg/da ile Berrak ¢esidinden elde edilmistir.

Anahtar Kelimeler: Kuru Fasulye, ¢esit, verim

Determination of Yield and Yield Components of Different Dry Bean Genotypes

Gelis Tarihi: 10-09-2023

Abstract

This research; It was carried out for two years in the spring in order
to determine the yield and yield components of some dry bean
varieties in the eastern passage region. Akman98, Berrak, Cihan,
Goyniik98, Kirsehir98, Noyanbey, Yedisu22 and yunus90 varieties
were used in the experiment. The experiment was set up with three
replications according to the Random Blocks design. In the statistical
analysis, significant differences were detected between the
parameters examined. As a result of the research; plant height was
52.67-40.13 cm in the first year, 79.50-50.17 cm in the second year,
and the number of pods is 33.77-21.00 pcs/bit in the first year.
Second year 24.37-17.13 ad./bit. , the number of seeds per pod is 6.50
pcs/pod in the first year, 4.67-3.67 pcs/pod in the second year, pod
length is 11.20-9.17 cm in the first year, 10.88-8.72 cm in the second
year, 100 seed weight is 35.95-16.21¢ in the first year, 41.43-33.27
in the second year. The yield for per decare varied between 262.20-
150.52 kg/da in the first year and 171.67-99.99 kg/da in the second
year. While the highest yield was obtained from Kirsehir98 variety
with 262.20 kg/da, the lowest yield was obtained from Berrak variety
with 99.99 kg/da.

Key Words: Dry Bean, Variety, Yield
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GIRIS

Amerika ve giiney asya kokenli oldugu bilinen fasulye, Phaseolus cinsine dahil olup yaklagik 230
takson igermesine ragmen yabani formlar ¢cogunluktadir. (Ciftgi ve Adak, 2011). Baklagiller Tarla
Bitkileri tiretimi igerisinde ekim alan1 ve iiretim miktar1 olarak 6nemli yere sahiptir. Ayrica zengin besin
degeri igerigi ve ekildigi topraga olumlu katkilar sagladigi i¢in ayrica bir oneme sahiptir. Diinyada soya
ve yerfistigindan sonra {igiincii siradadir.(Fageria ve ark., 2014). Baklagil {iretimini 6nemli kilan bazi
faktorleri su sekilde siralayabiliriz; Protein kaynagi olmasi, sera gazlarini toprakta tutmasi, topraktaki
organik maddeyi ve topragin su tutma miktarin1 artirmasi, toprak kalitesini artirmasi, azotlu giibre
kullaniminda iktisat edilmesi, art¢1 bitkiye azotlu bir ortam birakmasi (Cevik, 2021). Ozellikle et
fiyatlarinin pahali oldugu yerlerde daha ucuz protein elde etmeye imkan saglamasi nedeniyle de

beslenme acisindan énemli bir yeri vardir.

Yemeklik baklagiller nohut, Kuru fasulye, bezelye, mercimek, bakla ve boriilceyi igine almaktadir.
Diger bitkilerle kiyaslandiginda baklagiller, mineral, vitamin ve protein icerigi acisindan yiiksek, yag
acisindan ise diisiik igerige sahiptir. Diinyada insanlar beslenirken yaklagik karbonhidratlarin % 7’sini,
bitkisel proteinlerinin de % 22’sini yemeklik baklagillerden saglamaktadir. (Adak ark., 2010).
Kurutulmus tanelerinin yaklasik, %5°1 ham seliiloz, %60°1 karbonhidrat, %23-341i protein, %1.7’si yag
ve %3.6’s1 kiil icermektedir. (Abaci ve Kaya, 2018). Giinlimiizde islenebilme kabiliyetindeki tarimsal
arazilerin alanini ¢ogaltmak c¢ok kisitli olmasi nedeniyle, iirlin artisinin ancak birim alandaki verimi
artirmakla miimkiin oldugu go6z ard1 edilemeyecek bir gergektir. Bunun i¢in de en etkili yontemlerden
birisi, Uriiniin yetistirilecegi bolgenin iklim sartlarina uygun verimi yiiksek cesitlerin tespit edilerek
ekilmesidir. Kuru fasulyede de bu yontemin kullanilmasi biiyiik 6nem tagimaktadir (Varankaya, 2011).
Tiirkiye baklagillerin gen merkezi oldugu gibi iklimsel sartlarida iiretimine olduk¢a uygundur.
Dolayisiyla iilkemizin geleneksel tarim iirlinlerinden birisi olan kuru fasulye tahillardan sonra ikinci

siralarda yer almaktadir.

Fasulye yetisme sezonu siiresince 300-400 mm suya ihtiya¢ duymakla birlikte, besin maddesi
ihtiyacida fazladir. Tiim bitkilerde oldugu gibi kuru fasulyeni verimi de ekolojik sartlara, toprak
yapisina, kiiltiirel islemlere ve ¢eside bagl olarak farklilik gostermektedir (Barros ve Prudencio, 2016;
Sozen ve ark., 2017). Tarimsal iiretimde amac, en yliksek verimi elde edebilmek i¢in, tim girdileri
optimum sekilde saglamaktir. Buna ragmen iiretim artisin1 saglamak i¢in yeni ¢esitlerin gelistirilmesi
gereklidir. Tiirkiyenin her bolgesinde farkli ¢esitlere ve genotiplere rastlanmasi, bolgelere uygun
cesitlerin arastirilmasinin liizumunu ortaya koymaktadir. Son donemlerde yapilan 1slah ¢alismalari
sonucunda ekolojik kosullara uygun erkenci ve yliksek verimli yeni ¢esitler (Kantar-05 ve Elkoca-05)
tescil ettirilmistir (Elkoca ve Kantar, 2004 ve 2005). Ancak, tiiketicinin taleplerine bakildiginda ve
tilkenin ekolojik sartlarindaki degisiklikler gibi baz1 sebeplerden dolayr devamli yeni cesitlerin
gelistirilmesi gerekli olmaktadir.
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MATERYAL VE METOD

Denemede materyal olarak Berrak, Cihan, Noyanbey, Yedisu-22, Goyniik-98, Onceler-98,
Akman-98, Yunus-90 ve Kirsehir-98 ¢esitleri ekilerek verim ve verim komponentlerinin belirlenmesi

amaclanmis ve materyal olarak kullanilmistir.

Cizelge 1. 2012 ve 2014 Yillarinda denemenin yiiriitiildiigii aylara ait bazi iklim verileri ve uzun yillar
ortalamast verileri

Table 1. Some climatic data and long-term average data for the months in which the experiment was conducted
in 2012 and 2014

Ort. sicaklik (°C) Ort. nispi nem (%6) Toplam yagis
(mm)

Aylar Total precipitation (mm)
Yillar Uzun Yillar Uzun Yillar Uzun
2012 2014  Yllar "o 2014 yillar "o 2014 villar
Mayis 16.9 17.2 16.2 56.5 52.1 54.2 65.5 63.2 74.8
Haziran 24.7 22.3 22.3 33.1 36.9 42.7 11.0 25.9 21.0
Temmuz 27.6 274 26.8 274 27.7 36.2 0.2 4.0 6.1
Agustos 27.2 27.7 26.4 26.8 24.5 35.6 0.6 0.9 4.4
Eyliil 22.6 21.0 21.0 29.3 36.5 41.5 0.8 63.7 13.7
Ekim 16.3 13.9 14.0 52.3 62.4 58.0 62.1 87.3 70.2
Ort./Top. 225 215 211 375 40.0 447 140.2 245 190.2

Kaynak: Bingél ili Meteoroloji Genel Miidiirliigii

[k y1linda kurulan deneme alan1 ekimlerden &nceki 3-4 yil yonca tarlasindan bozulan bir arazidir.
Bu tarlanin toprak ozellikleri killi tekstiirlii, diizden hafif egimliye kadar degisen bir topografya
ozelligindedir. Bu topraklar genellikle hafif alkali (pH7.8), kirec oran1 yiiksek (%8.66), organik maddesi
diisiik (%0.63), diisiik fosforlu (14.9 kg ha-1 P205), potasyumu yiiksek (330 kg ha-1 K20), demir
yoniinden ¢ok yiiksek (6.46 ppm), bakir (1.49 ppm), manganez (2.14 ppm) ve ¢inko (1.52 ppm)
bakimindan ise orta seviyededir (Anonim, 2012). Ikinci y1linda kurulan arastirmanin topraklari ise; tash
ve tinli olmakla birlikte, Toprak pH 6.37, tuz igerigi % 0.0315, organik madde % 1.905 ve % 0.36 kireg
oranina sahiptir. Ayrica da faydalanilabilir P205 miktar1 7.91 kg da-1 ve K20 24.51 kg da-1
seviyelerindedir (Anonim, 2014).

Deneme, Tesadiif Bloklar1 Deneme Desenine gore li¢ tekerriirlii olarak kurulmustur. Her parsel 4
m uzunlugunda ve 2 m genisliginde 4 siradan olusturulmus olup 8 m?’dir. Parsellere sira aras1 50 cm ve
sira lizeri 20 cm olacak sekilde ekim yapilmistir. Ekimden once dekara saf olarak 3 kg N, 6 kg P ve 1.5
kg K kompoze giibre formunda uygulanmistir. Ekim elle yapilmistir. Bitkiler ¢ikiglarin1 tamamladiktan
7 glin sonra sira lizeri mesafelerini 10 cm’ye ayarlamak icin elle tekleme yapilmistir. Yetistirme
sezonlar1 boyunca bir defa iist giibreleme yapilmistir. Cigeklenme vaktinde dekara 7 kg AN %33 giibre
kullanilmis, yetistirme sezonu siiresince sulama, giibreleme, hastalik ve zararlilarla miicadele gibi
islemler en uygun zamanda yapilmistir. Yabanci ot ile miicadele her iki yilda da elle yapilmistir. Hasatta,
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parsellerdeki kenarlarindaki dis siralar kenar tesiri olarak birakilmis, 6rnekler her parselin orta iki

sirasindan belirlenmistir. Dekara verim degerleri, parseller tizerinden yapilmustir.

Incelenen elde edilen veriler JMP istatistik programu ile analiz edilmis, gruplandirmalar L.S.D %5

Onem seviyesine gore yapilmistir.

BULGULAR VE TARTISMA

Cizelge 2 incelendiginde, bitki boyu agisindan her iki yilda da gesitler arasinda istatistiki olarak
onemli farkliliklar meydana gelmis ve farkli gruplar olusmustur. Ilk y1l en yiiksek bitki boyu Yunus90
(52.67 cm) ve Noyanbey (52.07 cm) gesitlerinden elde edilirken ikinci y1l Berrak (79.50 cm), Kirsehir98
(77.80 cm) ve Akman98 (74.53 cm) cesitlerinden elde edilmistir. Ikinci yilda elde edilen bitki boylar
ilk y1l elde edilenlerle kiyaslandiginda daha yiliksek degerlere ulasmigtir. Bunun nedeni ilk yil ekim
yapilan yerin, ikinci yila oranla daha sicak olan ova 6zelligindeki bir lokasyonda ekilmesinin neden
oldugu diisiiniilmektedir. Bulgularimiz bazi arastiricilarin sonuglarindan yiiksek (Elkoca ve Cinar, 2015;
Sézen ve ark., 2022; idikut ve Karabacak, 2021), baz1 arastiricilardan diisiik (Konuk ve Uzun, 2021;
Yolci, 2021), (Sirat, 2020) ile uyum igerisinde ¢ikmustir.
Cizelge 2. Sekiz Kuru fasulye Cesidinde Bitki Boyu, Bakla Sayisi, ve Baklada Tohum Sayisina Ait Ortalamalar
ve Olusan L.S.D. (0.05) Gruplar

Table 2. Means and L.S.D. (0.05) Groups of Plant Height, Number of Pods, and Number of Seeds in Pods in
Eight Dry Bean Varieties

Cesitler Bitki Boyu (cm) Bakla Sayisi (ad./bit.) Baklada Tohum Sayisi
(ad./Bak.)
2012 2014 2012 2014 2012 2014
Akman98 42.10c 7453 a 33.77a 21.63 b 443c 4.07b
Berrak 40.13 ¢ 79.50 a 28.63 ab 13.27d 567D 453 a
Cihan 51.37 ab 53.93 bc 23.10 bc 17.90c 3.57 de 3.23d
Goyniik98 4423 ¢ 50.70 ¢ 21.00c 17.13 ¢ 443c 3.87 bc
Kirsehir98 43.20c 77.80a 33.07a 21.60 b 6.50 a 4.67 a
Noyanbey 52.07 a 56.83 b 23.10 bc 24.37a 4.03 cd 3.67c
Yedisu22 45.57 bc 50.17 ¢ 24.87 bc 18.97¢ 4.30 cd 3.07d
Yunus90 52.67a 56.60 b 24.97 bc 17.83 ¢ 3.17e 257e
Ortalama 46,42 62,51 26,56 19,09 451 3,71
L.S.D. (0.05) 6.19 5.61 6.64 2.15 0.82 0.32

Bakla sayisi agisindan baktigimizda ise her iki yilda da ¢esitler arasinda farkli gruplar olustugu
goriilmekte olup, istatistiki agidan énemli farkliliklar olustugu belirlenmistir. ilk y1l Akman98 (33.77
ad./bit.) ve Kirsehir98 (33.07 ad./bit.) ¢esitlerinden elde edilirken, ikinci y1l 24.37 ad./bit. ile Noyanbey
cesidinden elde edilmistir. Bakla sayis1 bakimindan ilk y1l degerleri ikinci y1l degerlerinden daha ytiksek
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bulunmustur. Bunun sebebinin ilk y1l ekilen alanin yonca tarlasindan bozma olmasi nedeni ile daha gii¢lii
ve verimli topraga sahip olmasi nedeni ile bitkilerin stres ortam1 yagamadan ihtiya¢ duydugu mikro ve
makro besin elementlerini rahatlikla alarak daha fazla bakla sayisi olusturdugu degerlendirilmektedir.
Bulgularimiz bazi arastiricilarin sonuglarindan yiiksek (Elkoca ve Car, 2015; S6zen ve ark., 2022;
Sirat, 2020), bazi arastiricilarinkinden diisiik (Idikut ve Karabacak, 2021), baz1 arastiricilar (Konuk ve
Uzun, 2021; Yolci, 2021) ile ise uyum igerisinde ¢ikmugtir.

Cizelge 2’den Baklada tohum sayisi parametresi incelendiginde goriilmektedir ki, her iki yilda da
cesitler arasindaki fark istatistiki agidan énemli bulunmus ve farkli gruplandirmalar ortaya ¢ikmistir. ilk
yil degerlerine dikkat edecek olursak en yiiksek baklada tohum sayisi 6.50 ad./bak. ile Kirsehir98
cesidinden elde edilirken, en diisiik deger 3.17 ad./bak. ile Yunus90 ¢esidinden elde edilmistir. Ikinci y1l
ekimlerinde ise Kirgehir98 ve berrak cesitleri 4.67 — 4.53 ad./bak. ile sirasiyla en yiliksek degere sahip
olurken, en diisiik deger yine yunus90 (2.57 ad./bak.) cesidinden elde edilmistir. iki y1l1 kiyasladigimizda
ise Bakla sayis1 parametresindeki goriintii ilk yildaki yiiksek degerler ile burada da karsimiza
cikmaktadir. Dolayisiyla ayni degerlendirme burada da s6z konusu olmaktadir. Bulgularimiz bazi
arastiricilarin sonuglarindan yiiksek (Yolci, 2021), bazilar1 ile uyum (Elkoca ve Cinar, 2015; S6zen ve
ark., 2022; Sirat, 2020) icerisinde ¢ikmustir.

Cizelge 3. Sekiz Kuru fasulye Cesidinde Bakla Uzunlugu, 100 Tane Agwrlig1 ve Dekara Verime Ait Ortalamalar
ve Olusan L.S.D. (0.05) Gruplar

Table 3. Means and L.S.D. (0.05) Groups of Pod Length, 100 Grain Weight and Yield per Decare in Eight Dry
Bean Varieties

Cesitler Bakla Uzunlugu (cm) 100 Tane agirhg (g) Dekara Verim (kg/da)
2012 2014 2012 2014 2012 2014

Akman98 9.17c 7.88d 28.84b 25.10d 174.61 bcd 158.28 ab
Berrak 11.20a 8.72¢ 28.44 Db 26.48 d 215.03 b 99.99d
Cihan 10.13 bc 8.38 cd 3595a 33.27¢c 185.66 bcd 123.35cd
Goyniik98 10.23 ab 8.92 bc 32.16 ab 37.86 b 160.28 cd 171.67a
Kirsehir98 10.50 ab 8.99 bc 16.21c 16.55¢e 262.20 a 150.40 abc
Noyanbey 9.67 bc 8.54 cd 33.08 ab 33.54c 167.87 cd 160.60 ab
Yedisu22 11.20a 9.62b 32.21ab 3756 b 197.34 bc 148.38 abc
Yunus90 9.77 bc 10.88 a 29.75Db 4143 a 150.52d 133.85 bc
Ortalama 10,23 8,99 29,58 31,47 189,19 143,32
L.S.D. (0.05) 0.99 0.82 5.85 2.19 46.18 27.84

Bakla uzunlugu agisindan bulgularimizi inceleyecek olursak, ¢izelge 3’°te goriilecegi gibi her iki
yilda da ¢esitler arasindaki fark istatistiki agidan 6nemli bulunmus ve farkli gruplandirmalar ortaya
cikmistir. ik yil en yiiksek deger 11.20 cm ile Berrak ve yedisu22 genotiplerinden elde edilirken, en
diisiik deger 9.17 cm ileAkman98 ¢esidinden elde edilmistir. ikinci y1l degerleri incelendiginde ise en
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yiiksek Bakla uzunlugu 10.98 cm ile yunus90 ¢esidinden elde edilirken, en diisiik bakla uzunlugu 7.88
cm ile yine Akman98 ¢esidinden elde edilmistir. Yillar birbiriyle kiyaslandiginda ise, ilk y1l degerlerini
ikinci y1l degerlerinden daha yiiksek oldugu goriilmektedir. Bunun nedeninin Bing6l ilinin cografik
yapisinin ¢ok degisken olmasi (ilk yil daha disiik rakimda ve ova denebilecek bir arazide deneme
kurulmusken, ikinci yilinda daha yiiksek ve agik hava hareketlerine agik bir arazide ¢alisilmistir) ve bu
degiskenlige gore ikliminin farkli yillarda farkli sekillerde etki etmesi gosterilebilir. Bulgularimiz

sonugclari (Sirat, 2020) ile uyum igerisinde ¢ikmistir.

100 tane agirhig1 parametresini inceleyecek olursak, ¢izelge 3’te goriilecegi gibi ilk yil elde edilen
verilere gore en yiiksek deger 35.95 g ile Cihan ¢esidinden elde edilirken, en diisiik deger 16.21 g ile
Kirsehir98 ¢esidinden elde edilmistir. Ikinci y1l verilerine gore ise en yiiksek deger 41.43 g ile yunus90
cesidinden elde edilirken, en diisiik deger 16.55 g ile yine Kirsehir98 cesidinden elde edilmistir. iki y1lin
sonuclarint karsilastirdigimizda genel olarak ilk yil degerleri ikinci yil degerlerinden yiiksek
goriilmektedir. Bu durumun toprak 6zelliklerinden kaynaklandig: diisiiniilmektedir. Bulgularimiz bazi
arastiricilarin sonuglarindan diisiik (Elkoca ve Cinar, 2015; Sozen ve ark., 2022; Sirat, 2020; Yolci,
2021) ¢ikmustr.

Dekara verim degerleri bakimindan elde edilen bulgular incelendiginde ise, ilk yil en yiiksek
verimin dekara 262.20 kg ile Kirsehir98 c¢esidinden, en diisiik verimin ise 150.52 kg ile Yunus90
cesidinden elde edildigi goriilmektedir. ikinci yil verimlerinde ise en yiiksek verimin 171.67 kg ile
GoOyniik98 ¢esidinden elde edildigi, en diisiik verimin ise 99.99 kg ile Berrak ¢esidinden elde edildigi
belirlenmistir. ikinci yil verimlerinin birinci yila kiyasla diisiik ¢ikmasimin nedeni; ilk yil deneme
kurulan arazinin 6nceden yonca ekili olmasindan, ayrica ikinci y1l denemenin kuruldugu arazi ise egimli
ve taglik bir arazi olmasindan kaynaklandigi disiiniilmektedir. Bulgularimiz bazi arastiricilarin
sonuglarindan diisiik (Elkoca ve Cinar, 2015; Sézen ve ark., 2022; Sirat, 2020; Yolci, 2021; Idikut ve
Karabacak, 2021; Konuk ve Uzun, 2021) ¢ikmustir.

Tiim parametreleri nazara alarak, g¢esitler arasi istatistiki olarak dnemli goriilen farkliliklarin,
cesitlerin genetik yapisindan dolay: farkli ekolojik sartlarda farkli tepkiler vermesinden kaynaklandigi

sOylenebilir (Barros ve Prudencio, 2016; Sozen ve ark., 2017).

SONUC ve ONERILER

Sonug olarak, Bingdl ilinde iki lokasyon denecek kadar farkli toprak 6zelliklerinde ve rakimlarda
yedi farkli kuru fasulye ¢esidi ve bir kuru fasulye genotipi ile yiiriitiilen bu ¢alismada, bolgede kuru
fasulyenin yetisebilecegi, bolgenin cografik yapisina bagl olarak dekara verim miktarlarinin ¢ok farkl
cikabilecegi, dolayisiyla daha saglikli neticelerin elde edilebilmesi icin bu tiir ¢calismalarin bolgenin

farkli ilge ve kdylerinde yapilmasina devam edilmesi gerektigi sonucuna varilabilir.
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Abstract

The presence of polyphenol oxidase enzyme (PFO) in black and white
mulberry varieties grown in Igdir province were determined. In the study,
no polyphenol oxidase enzyme was detected in the white mulberry varietie,
therefore the study was conducted only with black mulberry varieties. The
mulberry samples were collected from Igdir Center, Melekli and
Karakoyunlu districts during June and July, both in 2015 and 2016, when
the fruits were fully ripe. Mulberries were stored at -20 °C, and the crude
enzyme extract was stabilized with pH 5.0 sodium-acetate buffer
containing 1% Polyethylene glycol (PEG). To weigh with a precision scale,
20 grams of frozen mulberries were taken into mortars. After the
mulberries were thoroughly crushed in these mortars, 40 ml of crude

peralatilla@gmail.com.tr

enzyme extract preparation solution was added to each variety and mixed
homogeneously. These mixtures were filtered through a cheesecloth and
rotated at 4 °C, 10,000 rpm for 30 minutes. The obtained supernatants were
used for enzyme solubilization, and the enzyme activity of the solution was
determined spectrophotometrically. The PFO content depended on the
genotype. There was a significant difference among the tested mulberry
genotypes.

* This study is based on Zeynebi Kiibra
AZITI's Master's thesis.

Keywords: Black mulberry (Morus nigra), Polyphenol oxidase enzyme,
[gdir

INTRODUCTION

Mulberry is a type of fruit that can grow in temperate, tropical and subtropical climate zones due
to its high adaptability to different climate and soil conditions. Mulberry (Morus spp) belongs to the
Morus genus of the Moraceae family of the Urticales order. The number of species included in the
Morus genus is estimated by Freeman (1978) as 12, Huo (2002) as 14, Koidzumi (1917) as 24 and 1
subspecies (Machii et al., 2001), Martin et al. (2002) report it as more than 30, and Datta (2002) reports
it as 68. Mulberry is especially common in East, West and Southeast Asia, Southern Europe, southern
North America, northwest of South America and some parts of Africa (Datta, 2002). Mulberry species
whose fruits are used and widely cultivated are Morus alba, Morus nigra, and Morus rubra. Morus alba
is native to China, Japan, Thailand, Malaysia and Burma, Morus nigra is from Tiirkiye, Iran, Arabia,
parts of Russia in South Asia and Syria, and Morus rubra is from North America (Bellini et al., 2000).
However, the natural distribution areas of mulberry have been greatly changed by human interventions
(Zheng et al., 1988). As with many fruit species, Anatolia is the homeland of mulberry and one of the
oldest cultural areas (Ozbek, 1977). In our country, 50,000 tons of product are obtained from mulberry
trees that produce 2,130,000 fruits (MEB, 2013).

Mulberry is considered to symbolize wisdom and patience, as cultivated fruit species never begin
to develop their buds in cold weather conditions (Grieve, 2002). Mulberry is a type of fruit that can be
grown even in our regions where the continental climate prevails. Our country looks like a collection
garden with mulberry trees grown in all regions. Mulberry is produced in almost every province in our
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country, but only 7 provinces do not produce enough mulberry to be included in the statistics (Erdogan
and Pirlak, 2005). While Erzurum province ranks first in mulberry production in our country with a
production of 5,921 tons and an average yield per tree of 102 kg, this is followed by Erzincan province
with a production of 5,134 tons and an average yield per tree of 40 kg, with a production of 3,941 tons
and an average yield per tree of 28 kg. and Malatya province (TUIK, 2014). Although our country,
whose fruit-growing culture dates back to ancient times, is one of the homelands and natural distribution
areas of mulberry, this genetic potential cannot be adequately evaluated. Many genotypes, which have
very superior characteristics in terms of fruit quality, have been cut down and destroyed just to benefit
from their timber. Although it has a wide distribution in the world, mulberry fruit is not yet recognized
in many countries. It will be possible to bring mulberry fruit into the economy with the development of
its consumption range and preservation techniques (Erdogan and Pirlak, 2005).

Although mulberry is grown in Igdir province, where the study was conducted, it does not
constitute an economic value and mulberry does not get the value it deserves. Enzymes are organic
catalysts synthesized intracellularly by living cells under genetic control. The term catalysis is used in
Greek to mean effective in chemical reactions, accelerating and facilitating the reaction. Substances that
act as catalysts in biological events are called enzymes. In general, enzymes catalyze certain reactions
between certain substances. Nutrient elements are used in the body with the help of enzymes and are
transformed into body structure as a result of reactions. All vital events require enzymes. Enzymes are
synthesized from nucleic acids under the control of DNA (deoxyribonucleic acid). A small change in
the DNA structure causes some enzymes to not be synthesized or to be synthesized incorrectly. The
defectively synthesized enzyme cannot show activity and causes various problems in body functioning.
Without enzymes, the body cannot maintain its vitality. Enzymes play a role in the formation of many
physical and chemical events such as digestion, respiration, growth, muscle contraction and
photosynthesis.

MATERIAL AND METHOD
Material

Since the study examined the polyphenol oxidase enzyme activity in black mulberries, polyphenol
oxidase was referred to when the enzyme was mentioned in the article. To determine the enzyme
activities of mulberry varieties, mulberries were marked in the gardens of 1gdir Center (M1, M2, M3)
and the villages of Melekli (ME1, ME2, ME3), Karakoyunlu (K1, K2, K3) and samples were taken from
each of them in June and July collected. Starting from 2015-2016, samples were brought to the laboratory
of Igdir University Faculty of Agriculture and left in the refrigerator to examine the enzyme activities of
mulberry. After the frozen mulberries were taken out of the refrigerator, they were weighed to 20 g using
a precision scale and left in the refrigerator (Figure 1).

Figure 1. Examples used in the research
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After freezing, the mulberries were thoroughly pounded, and acetate buffer (500 ml) was prepared
to determine the enzyme activities of the pounded mulberries. After these processes were completed, the
crude extract was prepared, and the mixing process was carried out after pouring the prepared crude
extract into the acetate buffer (Figure 2).

Figure 2. Samples prepared for analysis

After this stage, the mixture we had was filtered into a closed plastic bottle with the help of
cheesecloth. The filtered mixture was weighed on a precision scale and placed in the centrifuge with the
same weights. The mixture was removed after being kept in the centrifuge for 30 minutes at + 4°C. To
check the enzyme activity, the cuvettes to be used in the research were passed through pure water and
separated into blank samples and main samples, and the color change on the spectrophotometer was
examined one by one, and the enzyme activity was checked. The centrifuge used in the research can be
seen in Figure 3.

Figure 3. Centrifuge used in the research
Method

Acetate Buffer Preparation pH=5: In the study, 3,402 g of sodium acetate was used for 500 ml of
acetate buffer. 3.402 g of sodium acetate was left in the beaker, 450 ml of pure water was added, and the
sodium acetate was dissolved in pure water with the help of a magnetic stirrer. Then, the pH was adjusted
to 5 by slowly pouring the acetic acid into the acetate buffer.

Crude Extract Preparation: After the mulberries were weighed as 20 g on a precision scale, 40 ml
of acetate buffer, twice the weight of the mulberries, was prepared in a ratio of 1:2. After 100 ml of 0.4
g of PEG (polyethylene glycol) was deposited onto the prepared acetate buffer, the PEG was dissolved
with the help of a magnetic stirrer.
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Substrate Freedom: To prepare the substrate used in the curry and sample to measure the enzyme
activity, the substrate was weighed as 0.11 g on a precision scale, dissolved in some pure water, and then
10 ml of pure water was added.

Statistical Analysis: Descriptive statistics of the data obtained in terms of polyphenol oxidase
enzyme activity are expressed as mean and standard error. In terms of the enzyme activity in question,
the main effects of variety (K1, K2, K3, M1, M2, M3, ME1, ME2, ME3), year (2015 and 2016), month
(June and July) and variety x year, variety x month, To test the hypotheses regarding the interaction
effects of year x month and variety x year x season, analysis of variance technique was used in factorial
trial design in random parcels. Tukey's multiple comparison test for variety was used to determine
significant differences.

To develop a prediction equation in terms of polyphenol oxidase enzyme activity, a prediction
model was developed with the MARS data mining algorithm using variety, year and month variables
(Demirel et al., 2023a; Tiirkoglu et al., 2023a; Tiirkoglu et al., 2023b). Additionally, the CART data
mining algorithm was used to obtain a regression tree based on the existing data set (Kovalchuk et al.,
2017). Statistical analysis of the data was performed with R software (Demirel et al., 2023b; Eren et al.,
2023).

RESULTS and DISCUSSION

In terms of enzyme activity, the main effects of variety (K1, K2, K3, M1, M2, M3, ME1, MEZ2,
ME3J), year (2015 and 2016), month (June and July) and variety X year, variety X month, year x Month
and variety x year x month interaction effects were found to be statistically significant. Approximately
100% of the total variation in enzyme activity was explained by these effects included in the model.
Looking at the introductory statistics regarding the main effects, it was observed that Melekli mulberries
(ME1=ME2> ME3) had more enzyme activity. On the other hand, the lowest enzyme activity was
obtained from K1 accession. It was determined that enzyme activity was higher in 2015 and June
compared to 2016 and July (Table 1).

Table 1. Introductory statistics for main effects

Kind Enzyme activities (Unit)
K1 293.3 £61.3h
K2 314.1+£60.1g
K3 338.9+65.4d
M1 283.3£56.01
M2 323.8 £ 64.7f
M3 337.9+60.1e

ME1 5549 +19.7a

ME2 551.8£35.1b

ME3 465.8 £ 16.4c

Year

2015 475.8 £18.5a

2016 293.9 £29.6b

Month

June 4774 +24.1a

July 292.2 +£24.9b
General 384.8+19.4
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When we look at the enzyme activity averages of varieties according to years; It was observed that
the enzyme activity in 2015 was more than in 2016, Karakoyunlu 3 and Melekli 3 accessions were more
than the others in 2015, and Melekli 2 had more enzyme activity in 2016 (Table 2).

When looking at the average enzyme activity of varieties by month; While it was found most in
Melekli 2 in June, it was least found in Karakoyunlu 3. In July, the highest enzyme activity was detected
in the Melekli 1 accession, while it was found to be the least in Center 1 (Table 3).

Table 2. Enzyme activity averages of varieties according to years (Unit)

Kind 2015 2016
K1 438 + 88.0h 148.3+19.7h
K2 470.9 + 75.9f 157.2 + 16.5f
K3 536.6 + 55.6a 141.1 +9.64
M1 390.0 £ 69.31 176.4+66.5 ¢
M3 499.0+ 558 ¢ 148.4 + 54.9¢g
M3 481.5+51.7¢ 194.3 +70.5d
ME1 497.1 +19.4d 612.4+2.10b
ME2 462.9 + 38.8g 640.6 = 27.2a
ME3 505.7+23.5b 426.2 + 0.64c
Table 3. Enzyme activity averages of varieties according to months (Unit)
Kind June July
K1 413.8 £ 99.0h 172.9 +30.7h
K2 417.4 +99.0g 210.8 £40.4¢
K3 412.0 £ 111.01 265.9 + 65.5d
M1 435.1 £49.2f 131.4 + 46.41
M2 447.5+78.9¢ 200.0 £ 77.9g
M3 474.6 +54.8d 201.2 + 73.6f
ME1 578.8+17.1b 530.7 = 34.4a
ME2 625.6 = 34.0a 478.0 +45.5b
ME3 492.7 +29.4¢ 4392 +6.22¢

When we look at the enzyme activity averages of varieties according to years; It was determined
that the month of June 2015 was the highest and the month of July 2016 was the least (Table 4).

Table 4. Enzyme activity averages for months according to years (Unit)

Year June July
2015 594.6 +8.71a 357.0+15.2a
2016 360.3 +35.3b 227.4 + 44.5b

Enzyme activity averages of varieties according to years and months are given in Table 5.
According to the results; In 2015, the highest enzyme activity value among the June averages was
observed in Karakoyunlu 3, and the highest enzyme activity value among the July averages was observed
in Melekli 1. In 2016, the highest enzyme activity was observed in Melekli 2 in June, while it was
detected in Melekli 1 in July.
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Kind 2015 2016
June July June July

K1 635.2+0.115¢ 241.5+0.115h 192.3 £0.115h 104.2+0.115g
K2 640.7 £ 0.058b 301.1 £0.058g 194.0 + 1.150g 120.4 + 0.058¢
K3 660.9 + 0.058a 412.3 £0.058¢ 162.6 + 0.0581 119.5+0.115f
M1 5452 +0.115h 235.1+£0.1151 325.0 £ 0.580¢e 27.70 £0.115h
M2 623.8 £0.058d 3742 £0.115¢ 271.0 £ 0.580f 25.70 = 0.0581
M3 597.2 £0.115¢e 365.8 + 0.0058f 352.0+0.580d 365.0+0.115d
ME1 540.5 £0.0581 453.7+0.115a 617.1 £0.058b 607.7 £ 0.058a
ME?2 549.6 £0.115¢g 376.2 £ 0.058d 701.5+0.115a 579.7+0.115b
ME3 558.3 £ 0.058f 453.1 £ 0.058b 427.0+ 1.150c 425.3 +£0.058¢c

MARS data mining algorithm was used to determine the factors affecting enzyme activity, and the
results are summarized in Table 6. The coefficients of the prediction equation obtained with the
algorithm in question are given below. The correlation coefficient (r=0.99) between the predicted values
calculated with the prediction equation for enzyme activity and the actual value was found to be
statistically significant (t=126, df=106, P<2.2e-16, 95% confidence interval; 0.9951523-0.9977415).
Almost all of the total variation in enzyme activity was explained by the elements included in the model.

Enzyme activity for the K1 genotype was estimated at 267 units in July 2015. Enzyme activity
was estimated at 93 units for the K1 genotype in July 2016. For the K1 genotype, the enzyme activity
was estimated to be at 572 units in June 2015, while the enzyme activity was estimated to be at 180.2
units in June 2016. Enzyme activity for the K3 genotype was estimated at 409.31 units in July 2015.
Enzyme activity was estimated at 122.5 units for the K3 genotype in July 2016. For the K3 genotype,
the enzyme activity in June 2015 was estimated to be at 664 units, and the activity in June 2016 was
estimated to be at 160 units.

Enzyme activity for the M2 genotype was estimated at 350.2 units in July 2015. Enzyme activity
was estimated at 26 units for the M2 genotype in July 2016. For the M2 genotype, the enzyme activity
in June 2015 was found to be at 655.2 units, and the activity in June 2016 was 264 units. Enzyme activity
for the M3 genotype was estimated at 366 units in July 2015. Enzyme activity was estimated at 37 units
for the M3 genotype in July 2016. For the M3 genotype, the enzyme activity in June 2015 was estimated
to be 597.2 units, and the activity in June 2016 was estimated to be 352 units.

Enzyme activity for the ME1 genotype was estimated as 453.7 units in July 2015. Enzyme activity
for the ME1 genotype was estimated as 607.7 units in July 2016. For the ME1 genotype, the enzyme
activity in June 2015 was estimated to be 540.5 units, and the activity in June 2016 was estimated to be
at 617.1 units. Enzyme activity for the ME2 genotype was estimated at 578 units in July 2015. Enzyme
activity for the ME2 genotype was estimated as 579.7 units in July 2016. For the ME2 genotype, the
enzyme activity in June 2015 was estimated to be 701.5 units, and the activity in June 2016 was estimated
to be at 376.2 units. Enzyme activity for the ME3 genotype was estimated at 453.1 units in July 2015.
Enzyme activity for the ME3 genotype was estimated at 425.3 units in July 2016. For the ME3 genotype,
the enzyme activity in June 2015 was estimated to be at 571.2 units, and the activity in June 2016 was
estimated to be at 427 units. The enzyme activity of the ME3 genotype varies depending on the month
and year factor.

Enzyme activity for the K2 genotype was estimated at 303 units in July 2015. Enzyme activity for
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the K2 genotype was estimated at 129 units in July 2016. For the K2 genotype, the enzyme activity in
June 2015 was estimated to be 608 units, and the activity in June 2016 was estimated to be 216.43 units.

Enzyme activity for the M1 genotype was estimated at 235.1 units in July 2015. Enzyme activity
was estimated at 27.7 units for the M1 genotype in July 2016. For the M1 genotype, the enzyme activity
in June 2015 was estimated to be 572 units, and the activity in June 2016 was estimated to be 325 units.
When the prediction equation created by MARS data mining is examined, it is noted that the effect of
the variety factor on enzyme activity depends on the year and month factors.

Table 6. Basic functions and coefficients of the MARS model

Basic function Coefficients
(Fixed) 572
Kind K2 36
Kind K3 92
Kind M2 83
Kind M3 26
Kind ME1 -31
The Year 2016 -391
Month July -305
Kind K3 * Year 2016 -113
Kind K3 * Month July 50
Kind M1 * Year 2016 145
Kind M1 * Month July -32
Kind M3 * Year 2016 146
Kind M3 * Month July 74
Kind ME1 * Year 2016 468
Kind ME1 * Month July 218
Kind ME2 * Year 2016 521
Kind ME2 * Month July 110
Kind ME3 * Year 2016 247
Kind ME3 * Month July 186
Year 2016 * Month July 217
Kind M1 * Year 2016 * Month July -178
Kind M2 * Year 2016 * Month July -150
Kind M3 * Year 2016 * Month July -302
Kind ME1* Year 2016 * Month July -140
Kind ME2 * Year 2016 * Month July -144
Kind ME3 * Year 2016 * Month July -101

GCV 267 GR2 0.99 R?0.99 CVR?0.98

The CART algorithm was used to determine independent variables affecting enzyme activity. The
regression tree diagram created with this algorithm is given in Figure 4. The correlation coefficient
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(0.944) between the enzyme values predicted by the CART algorithm and the measured enzyme values
was found to be significant (t=29.323, df= 106, P<2.2e-16, 95% confidence interval; 0.9182926-
0.9611332). However, according to the regression analysis results obtained from the CART algorithm,
89% of the total variation in the enzyme in question was explained by the independent variables (variety,
year and month) included in the model. The node at the top of the regression tree is called the root node
and gave the grand average of enzyme activity (385 units). The child node on the left, located at the first
depth of the regression tree, consists of the K1, K2, K3, M1, M2 and M3 genotypes, and the enzyme
activity for this node was determined as 315 units. Likewise, the right child node at the first depth of the
tree created with the CART algorithm consists of ME1, ME2 and ME3 genotypes, and the average
enzyme activity of this node was determined as 524 units. Thus, two genotype groups were obtained in
terms of enzyme activity. However, this child node is divided into two new child nodes according to the
months (July and June). However, the average enzyme activity of the group consisting of ME1, ME2
and ME3 genotypes in Melekli in June (566 units) was found to be higher than the average enzyme
activity in July (483 units). The enzyme activity of the genotypes in Melekli varied by month, but not
by year.

On the other hand, the enzyme activity of K1, K2, K3, M1, M2 and M3 genotypes varied according
to months and years. The average enzyme activity of the group consisting of K1, K2, K3, M1, M2 and
M3 genotypes in 2015 (469 units) was found to be higher than the average enzyme activity in 2016 (161
units). However, the average enzyme activity of the group consisting of K1, K2, K3, M1, M2 and M3
genotypes in July 2016 (72 units) was found to be lower than the average enzyme activity in June of the
same year (249 units). The effect of the year factor affecting the enzyme activity of these six genotype
groups varied depending on the month factor.

However, the average enzyme activity of the group consisting of K1, K2, K3, M1, M2 and M3
genotypes in July 2015 (322 units) was found to be lower than the average enzyme activity in June of
the same year (617 units).

385
100%

CESIT = K1,K2,K3,M1,M2,M3

YIL = y2016 AY = TEMMUZ
161 469
33% 33%

AY = TEMMUZ AY = TEMMUZ

72 249 322 617 483 566
17% 7% 17% 17% 17% 17%

Figure 4. Regression tree created with CART Algorithm

In the study, if the enzyme activity for June 2015 is listed from most to least, the K3 variety is 661
units, the K2 variety is at 641 units, the K1 variety is at 635 units, the M2 variety is at 624 units, the M3
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variety is at 597 units, the ME3 variety is at 558 units, the ME2 variety is at 549.7 units, and the M1
variety is at 549.7 units. Type was determined at 545 units, the ME1 was determined as 540.7 units. For
July 2015, enzyme activity from most to least: the MEL variety at 454 units, the ME3 variety at 453
units, the K3 variety at 412 units, the ME2 variety at 376 units, the M2 variety at 374 units, the M3
variety at 366 units, the K2 variety at 301 units, the K1 variety at 241.7 units, the M1 variant is designated
at 235 units.

In the study, if the enzyme activity for June 2016 is listed from most to least, the ME2 variety is
701.7 units, the MEL variety is 617.0 units, the ME3 variety is 427 units, the M3 variety is 352 units,
the M1 variety is 325 units, the M2 variety is 271 units, the K2 variety is 194 units, the K1 variety is
194 units. Variety was found to be 192.3 units, and type the K3 was found to be 163 units. Suppose the
enzyme activity If the enzyme activity for July 2016 is listed from most to least. In that case the ME1
variety is 608 units, the ME2 variety is 580 units, the ME3 variety is 425 units, the M3 variety is 367
units, the K2 variety is 120.3 units, the K3 variety is 120 units, the K1 variety is 104 units, and the M1
variety is 104 units. 28 units, the M2 type was found to be 26 units.

In this study, the enzyme activity of mulberries grown in Igdir ecological conditions was
determined. Polyphenol oxidase enzyme activity was detected in K1, K2, K3, M1, M2, M3, ME1, ME2
and ME3 mulberry varieties in June and July of 2015 and 2016. Although there are few studies on
mulberry enzyme activity in Tiirkiye and in the world, our study sheds light on future studies.

Although there are few studies on mulberry enzyme activity in Tiirkiye and in the world, (Unal,
2007) purified the polyphenol oxidase enzyme from Anamur banana grown in Tirkiye in 2007 and
studied the characteristic properties of the enzyme. He found the optimum temperature of Banana PFO
to be 30 °C and the optimum pH to be 7.0. In 2003, (Besel 2003) researched the polyphenoloxidase
(PFO) enzyme obtained from Mushroom (Agaricus bisporus). It was observed that when 8% TX-114
was used, almost 5-fold purification was achieved, and when polyvinylpolypyrrolidone (PVPP) was
used at pH 7.0, it was observed that the purification increased 10-fold and 72% enzyme was recovered.
However, when studied at pH 6.0, it was observed that the purification increased to 15.5 times and the
recovery approached 100%. In our research, no purification was performed, and there is no similarity in
this respect. In another study, the biochemical properties of the PFO enzyme extracted from Victoria
grapes grown in South Africa were investigated by (Repeanu et al., 2006). They found the optimum pH
for enzyme activity to be 5 and the optimum temperature to be 25 °C with 10 mM catechol substrate in
Mcllvaine buffer. In many studies, the temperature value for the best activity of the enzyme is estimated
to be between 25 °C - 30 °C. In our study, the best enzyme activity was observed in June between 2015
and 2016, and the average temperatures of June were observed to be 24.9 °C and 22.6 °C, respectively.
(Mahanta et al., 1993), investigated the formation of brown compounds in fermented (black) tea in the
specific activities of two basic enzymes, PFO and peroxidase (POD). PFO and POD activities were
determined by spectrophotometric method, and the maximum activities of PFO and POD were observed
to be during the rolling process during tea processing. It was observed that the reason for the decrease
and subsequent increase in enzyme activity was due to mechanical damage affecting oxidative
fermentation (enzymatic browning) in fermented black tea. In our study, PFO enzyme activity of black
mulberry was measured by spectrophotometric method.

It is estimated that the increase and decrease in enzyme activity over years and months is due to
ecological conditions. In our research and when the studies are analyzed, the temperature and the type
of fruit affect the minimum and maximum values of the polyphenol oxidase enzyme. It was estimated
that the polyphenol oxidase enzyme was desired in dark-colored fruits, but not in light-colored fruits. In
our study, polyphenol oxidase enzyme activity in black mulberry varies according to years and months.

Received: 24-10-2023 I Accepted: 29-12-2023
Journal of Agriculture 2023; 6 (2) 99-109 https://dergipark.org.tr/tr/pub/ja 107



https://dergipark.org.tr/tr/pub/ja

EYDURAN ve AZITI JOURNAL OF AGRICULTURE
Polyphenol Oxidase Enzyme Activity of Mulberries Grown in Igdir Ecological Conditions

Determining the ecological conditions and detecting changes in enzyme activity over the years is
important for those who grow black mulberry in Igdir province. We believe that our study will shed light
on future studies in terms of comparison and determination of polyphenol enzyme activity in black
mulberry.
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Abstract

Napier grass is cultivated as a high-yielding forage crop and widely utilized in the nutrition
of grazing animals such as cattle and goats due to its rapid growth rate, expansive leaf
surface, and ability to thrive even in low-quality soils, making it a valuable animal feed
option. In this study, the chemical compositions, in vitro gas (GP) and methane (CH4)
production, metabolizable energy (ME), organic matter digestibility (OMD), true digestible
dry matter (TDDM), microbial protein (MP), partitioning factor (PF), microbial protein
synthesis efficiency (MPSE, and relative feed values (RFV) of the grasses Packhongl
(Penisetum purpureum x Penisetum americanum), Chinese Pennisetum (Penisetum
purpureum x Penisetum alopecurides), and Dwarf Elephant (Pennisetum purpureum cv.

Correspondence Mott) were investigated. Significant differences were found in the chemical contents of
napier varieties used in the study (p<0.05). The crude protein (CP) values of the Napier
grass varieties were 12.21, 13.58, and 12.04%, while the acid detergent fibre (ADF) values
were 51.91, 50.58, and 47.09%, respectively. Following a 24-hour incubation period, GP
values were 70.16, 73.42, and 85.36 ml, with corresponding CH4 of 13.08, 16.68, and
16.08%. The TDDM contents were measured at 231.96, 253.82, and 239.61, and the PF

values were found to be 3.58, 3.75, and 3.04. The findings highlight variations in chemical
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composition and GP characteristics among the varieties, offering insights for more
efficient feed utilization and environmental sustainability in livestock management. In
conclusion, additional in vivo studies are warranted to assess the impact of Napier grass
varieties on feed intake.

Keywords: Digestion, Feed value, Gas production, Napier grass

INTRODUCTION

The escalation of greenhouse gases has emerged as one of the most critical global concerns in
recent years, prominently contributing to climate change (Seyedin et al., 2022). The primary greenhouse
gases generated by human activities are carbon dioxide (CO>), nitrous oxide (N20), and methane (CHa).
The escalating production of these greenhouse gases worldwide poses a threat to life, while it has been
determined that the absence of these gases could reduce the Earth's average surface temperature by
approximately -18°C (Ma, 1998). This situation underscores the vital role these gases play in the survival
of life on Earth. However, a rapid increase in the concentration of these gases leads to climate change
and global warming. According to a statement by the United Nations Food and Agriculture Organization
(FAO), the agricultural sector is responsible for 18% of greenhouse gas emissions worldwide, with
approximately 80% of these emissions attributed to livestock (Swain et al., 2016). It is anticipated that
global temperatures will rise slightly above 1°C per year, and global warming is expected to decrease
feed quality by reducing digestibility and crude protein (CP) content in feeds (Polley et al., 2013; Rojas-
Downing et al., 2017). Tropical grasses typically utilize C4 metabolic pathways for photorespiration,
while most temperate grasses employ C3 carbon fixation pathways. Often, C4 metabolic pathways lead
to faster lignin accumulation in plant tissues, which can be a factor altering dry matter intake (DMI) and
digestibility in ruminants (Wilson, 1994). Napier grasses (Pennisetum purpureum) are a type of C4
carbon-fixing monocot perennial grass known for their natural presence in tropical regions across Africa,
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especially in East Africa (Khan et al., 2007). They are recognized for their high productivity capacity
and use as livestock feed, being long, robust, and deep-rooted perennial grasses (Woodard and Prine,
1991). Napier grasses come in various varieties and new Napier grass varieties emerge through
interbreeding (Dowling, 2012). The aim of this study is to determine the potential nutritional values,
relative feed values (RFV), and anti-methanogenic properties of Packhongl (Pennisetum purpureum X
Pennisetum americanum), Chinese Pennisetum (Pennisetum purpureum X Pennisetum alopecurides),
and Dwarf Elephant Grass (Pennisetum purpureum cv. Mott).

MATERIALS and METHODS

Napier grasses used in this study were harvested from a private greenhouse in Antalya in the first
year of cultivation and in the pre-flowering period in 2023. These greenhouse-harvested Napier grasses
were dried in the shade for 7 days and subsequently ground to prepare them for the milling process. The
grasses used in the study were then individually ground using a 1 mm feed mill. The chemical analysis
of the ground feeds, including dry matter (DM), crude ash (CA), ether extract (EE), and CP content, was
conducted in triplicate following the method outlined by AOAC (1990). Neutral detergent fiber (NDF)
and acid detergent fiber (ADF) contents were determined according to the procedure described by Van
Soest et al. (1991). For the determination of fermentation parameters, the ground Napier grass varieties
were weighed at approximately 200 mg + on a sensitive balance and placed into 100 ml special glass
syringes. Subsequently, 30 ml of a previously prepared artificial saliva solution and rumen fluid obtained
from three Merino sheep were added to the glass syringes at a 1:2 ratio. The glass syringes were then
subjected to a 24-hour incubation in a water bath set at 39°C, in triplicate, following the method of
Menke et al. (1979). After the 24-hour incubation, the gas measurements within the glass syringes were
determined using a methane analyzer (Sensor Europe GmbH, Ekrath, Germany). The measurement
values obtained were calculated according to the formula as reported by Goel et al. (2008).

CHa (ml) = GP (ml) X CH4 (%) 1)
In this formula:
GP represents the gas production after 24 hours of incubation (200 mg DM).

The metabolic energy (ME) and organic matter digestibility (OMD) of the grasses used in the study were
determined according to the formula provided by Menke and Steingass (1988).

ME (M] kg DM) = 2.2 +(0.136 X GP) + (0.057 X CP) + (0.002859 X EE X EE) )
OMD (%) = 14.88 + 0.8893 X GP + 0.448 X CP + 0.651 X CA ?3)
ME: Metabolic Energy (Mj kg?),

GP: Gas Production (ml),

CP: Crude Protein (%),

EE: Ether Extract (%),

CA: Crude Ash (%)

OMD: Organic matter digestibility (%)

Neutral detergent acid (NDF) and acid detergent fibre (ADF) values of Napier grass varieties were
determined according to the method reported by Van Soest et al. (1991). The relative feed values of
these grasses were calculated according to the following formula (Van Dyke and Anderson, 2000).

DMD (%) = (88.9 - (0.779 X %ADF)) 4)
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DMI (%) = (120 / %NDF) (5)
RFV = (%DMD X %DMI) / 1.29 (6)
In this formula;

DMD: Dry Matter Digestion

DMI: Dry Matter Intake

RFV: Relative Feed Value

After measuring the gases and methane produced in special glass syringes following a 24-hour
incubation period, the inoculants were transferred into 100 ml beakers. Subsequently, 70 ml of NDF
solution was added, and the mixture was boiled on a hot plate device for 60 minutes. Upon completion
of the boiling process, the substrates in the beakers were filtered through glass filters with the aid of
suction. After filtration, the glass filters were placed in an oven and kept at 70°C for 120 minutes. The
glass filters were then removed from the oven, cooled in a desiccator, and weighed using a sensitive
balance. The weights obtained were calculated using the formula described below (Bliimmel et al.,
1997a).

TDDM (%): (Amount of incubated substrate - Amount of substrate after filtration) X 100 (7)

PF = (TDDM / GP) (8)
MP (mg) = (TDDM - (2.2 X GP)) (9)
MPSE = ((TDDM - (2.2 X GP)) / TDDM) X 100 (10)
TDD (%) = (TDDM / Amount of incubated substrate) X 100 (12)

In these formulas:

TDDM: True Digestible Dry Matter

PF: Partitioning Factor

MP: Microbial Protein

EMP: Microbial Protein Synthesis Efficiency
TDD: True Digestibility Degree

The study's data were subjected to ANOVA and Duncan multiple range tests. Principal component
analysis was conducted using the chemical composition and in vitro gas production parameters as
variables, with Napier grass varieties used as the classification criterion.

RESULTS

The chemical compositions of Napier grass varieties are provided in Table 1. Significant
differences in the chemical content of the Napier grass varieties used in the study were observed (p <
0.05). The ADF content, which represents the proportion of more resistant fibrous components in the
feeds, differed significantly among the varieties, with Packhongl grass having higher ADF values
compared to other Napier varieties. This indicates that Packhongl grass contains a higher amount of
resistant fibers compared to other varieties. The EE content of Napier varieties did not show a significant
difference among all varieties (p > 0.05). The NDF represents the fiber content of plant cell wall
components in the feeds, and statistically, there was no significant difference in NDF values among the
varieties (p > 0.05). The CA value, which indicates the mineral content of the feed, was 14.10% for
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Dwarf Elephant Grass, which is 10.95% and 9.67% higher compared to the other two varieties. This
difference suggests that Dwarf Elephant grass contains more mineral content than the others. The CP
content represents the protein content of the feeds. Dwarf Elephant grass had the highest CP value at
13.58%, while the other varieties had lower CP values at 12.21% and 12.04%. The varieties did not show
a significant difference in their ME values (p > 0.05). The OMD represents the proportion of digestible
organic matter in the feeds. Dwarf Elephant and Chinese Pennisetum varieties had higher OMD ratios
compared to the Packhongl variety. These findings indicate that Dwarf Elephant and Chinese
Pennisetum varieties are superior in terms of digestible organic matter. The GP in the feeds represents
the amount of gas produced during feed fermentation. In this study, GP was measured for 200 mg of dry
matter. Chinese Pennisetum grass had a higher GP value (36.07 ml) compared to the other varieties,
indicating a higher fermentation potential and more GP. The other varieties, Packhongl and Dwarf
Elephant grasses, had lower GP values compared to the Chinese Pennisetum variety, suggesting lower
fermentation potential and less GP.

Table 1. Chemical compositions of the varieties

Varieties DDM CA CP EE NDF ADF GP ME OMD
Packhongl 92.692 10.95P 12.218 451 64.57 51.91° 30.512 7.57 54.612
Dwarf E. 94.57b 14.10° 13.58° 5.24 65.84 50.58° 31.242 7.84 57.93
Chinese P. 95.19¢ 9.672 12.042 4.46 64.04 47.09% 36.07° 7.72 58.65°
SEM 0.12 0.31 0.25 0.33 2.29 0.71 0.98 0.27 0.97
Sig. .000 .000 .002 .103 734 .001 .003 .633 .013

3% Differences between means with different letters within the same row are significant (P < 0.05). DDM: Dried Dry Matter, CA: Crude Ash, CP: Crude
Protein, EE: Ether Extract, GP: Gas Production (200 Mg DM), OMD: Organic Matter Digestibility, NDF: Neutral Detergent Fiber, ADF: Acid Detergent
Fiber, ME: Metabolic Energy (Mj Kg*), SEM: Standard Error Of The Mean. Sig: Significance Level.

The RFV, DMD, and DMI values of Napier grass varieties are provided in Table 2. The DMD of
Napier grass varieties was found to be statistically significant (p<0.05). In the study, the highest RFV
among the Napier grass varieties was determined to be 70.22 in Dwarf Elephant grass. The DMD and
DMI values were found to be the highest in Chinese Pennisetum grass, with values of 52.20% and 1.87%,
respectively.

Table 2. Digestion values of the varieties

Varieties RFV DMD (%) DMI (%)
Packhongl 69.79 48.452 1.85
Dwarf E. 70.22 49.492 1.82
Chinese P. 52.20 52.20° 1.87
SEM 0.55 0.06 3.16
Sig. .001 .800 .187

RFV: Relative Feed Value, DMD: Dry Matter Digestibility, DMI: Dry Matter Intake. SEM: Standard Error of the Mean. Sig: Significance Level.

The in vitro GP and digestion parameters of Napier grass varieties in Table 3 showed statistically
significant differences (p<0.05). The in vitro GP and CH4 production amounts of Napier grass varieties
were observed to be the highest in Chinese Pennisetum grass, with values of 85.36 ml and 13.73 ml,
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respectively. The TDDM amount, PF, MP, MPSE, and TDD were found to be the highest in Dwarf
Elephant grass, with values of 253.82 mg, 3.75, 104.96 mg, 41.33%, and 52.97%, respectively.

Table 3. Gas production and digestion parameters of the varieties

Varieties GP CHa(ml)  CHa(%) TDDM PF MP EMP(%)  TDD (%)
Packhongl 70.162 9.13° 13.08° 231.96° 3.58° 89.69° 38.69° 49.61°
Dwarf E. 73.422 12.260 16.68° 253.82° 3.750 104.96°¢ 41.33 52.97°
Chinese P. 85.36" 13.73° 16.08° 239.61° 3.042 66.55° 27.73 50.052
SEM 217 0.64 0.46 459 0.09 5.24 1.87 0.82
Sig. .001 001 .000 000 009 .001 001 013

¢ The difference between means with different letters in the same column is significant (P<0.05). GP: Gas Production (500 mg DM), TDDM: True
Digestible Dry Matter, PF: Partitioning Factor, MP: Microbial Protein, MPSE: Microbial Protein Synthesis Efficiency, TDD: True Digestibility Degree,
SEM: Standard Error of the Mean, Sig: Significance Level.

DISCUSSION

The nutrient content of feed ingredients may vary depending on factors such as the climate and
soil conditions in the cultivation area, harvesting stage, and storage methods of feed ingredients
(Akyildiz, 1986; Kutlu, 2001; Sehu, 2002). The CP content in feeds has been reported to be an important
component for producing high-quality feeds (Mohamad et al., 2022). It has been reported that when the
CP content of feed ingredients is below 8%, the enzymatic activities of microorganisms in the rumen
may be limited, leading to an inadequate supply of required ammonia in the rumen (Norton, 2003;
Cappellozza et al., 2013). Since the CP content of the Napier grass varieties used in the study is above
8%, it can be said that the enzymatic activities of microorganisms in the rumen are at an adequate level.
In this study, the CP value of the Packhongl variety used was determined as 12.21%. In a study
conducted by Ahamed et al. (2021), the CP values of Packhongl grasses were found to be between
9.49% and 11.23%. In another study, CP values of Packhongl grasses were observed to be between
8.64% and 12.64% (Lounglawan et al., 2014). The CP values of Dwarf Elephant grass were determined
as 13.94% in the study conducted by Sirait (2018). The CA content of feeds, when exceeding 14%, has
been reported to lead to contamination with foreign substances (Nauman and Bassler, 1993). In this
study, the CA values of the Napier grass varieties met the desired values for Chinese Pennisetum and
Packhongl grasses. Plant fibers play an essential role in ruminant animals. Ruminant animals can digest
plant substrates with the help of enzymes not present in other mammals, thereby contributing to the life
cycle of rumen microorganisms (Van Soest, 1994). Sirait (2018) found NDF-ADF contents of Dwarf
Elephant grass to be 54.02%, 73.88%, and 34.02%, 44.11%, respectively, in his research. The NDF
content of Dwarf Elephant grass in this study is similar, but the ADF content is slightly higher.
Lounglawan et al. (2014) determined the NDF-ADF contents of Packhongl grasses as 59.63-76.49 and
37.86-46.99, respectively. The NDF findings in this study are similar to the findings in the study, while
the ADF findings are slightly higher. The GP of feeds is related to the amount of fermentable
carbohydrates (Sampath et al., 1995). Volatile fatty acids produced during fermentation react with buffer
solution, leading to indirect GP (Wolin, 1960). Therefore, it is believed that the evaluation of feeds
should consider not only GP but also digestible nutrient content and MP production (Bliimmel et al.,
1997b). Studies have reported that higher PF values in feeds increase MPSE, feed intake, and
digestibility (Blimmel et al., 1997b; Bliimmel and Lebzien, 2001). The most suitable value of PF, an
important part of MPSE, is reported to be between 2.75 and 4.41 (Bliimmel et al., 1997b; Bliimmel and
Lebzien, 2001). In this study, the PF values of Napier grass varieties were found to be within the values
reported by animal nutrition experts. In some studies, feeds have been classified based on their anti-
methanogenic properties. According to this classification, those with values between 11-14% are
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considered to have low anti-methanogenic properties, those with values between 6-11% are considered
to have medium anti-methanogenic properties, and those with values between 0-6% are considered to
have high anti-methanogenic properties (Lopez et al., 2010). In this study, the Packhongl grass among
the Napier grass varieties used had low anti-methanogenic properties, while Dwarf Elephant and Chinese
Pennisetum grasses were found to have no anti-methanogenic effect.
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Figure 1. Principal component analysis of varieties using chemical composition and GP parameters

Figure 1 shows the principal component analysis of napier grass varieties. The first two principal
components of Napier grass varieties accounted for 100% of the total. The variables GP, TDDM, PF,
MP, EMP, TDD, NDF, CP, CA, and EE exhibited the highest factor loadings, with -0.22, 0.26, 0.29,
0.31, 0.28, 0.30, 0.33, 0.32, 0.33, and 0.32, respectively, explaining 59.6% of the variability between
chemical composition and in vitro GP parameters through the first component (PC 1). The variables
CHa, %CHa, ME, ADF, and OMD exhibited the highest factor loadings, with 0.40, 0.38, 0.32, -0.34, and
0.40, respectively, explaining 40.4% of the variability between chemical composition and in vitro GP
parameters through the second component (PC 2). Dwarf Elephant grass was characterized by high
%CHs, ME, TDDM, TDD, EE, CP, CA, NDF, MP, PF, and EMP (Figure 1). Chinese Pennisetum grass
was characterized by high GP, CH4, and OMD variables, while Packhongl grass was characterized by
high ADF content.

CONCLUSION

According to the chemical composition of the Napier grass varieties used in the study, Packhongl
has a higher ADF content compared to the other two varieties. In terms of CP content, Dwarf Elephant
variety is significantly different from the other varieties (p<0.005). Regarding in vitro GP and digestion
parameters, Packhongl variety exhibits lower gas and CH4 production compared to the other varieties.
However, it has the lowest observed value for TDDM. Chinese Pennisetum grass has the lowest PF value
among the varieties while having the highest OMD value. Based on these findings, it is evident that there
are differences among the varieties in terms of chemical composition and GP characteristics. These
findings provide valuable information for more efficient feed utilization and environmental
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sustainability in the livestock industry. However, further in vivo studies are needed to examine the effects
of these results on animal performance in more detail.
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beslenmelerini saglayan dogal kaynaklardir. Bu c¢alismada, Kahramanmaras
Afsin-Elbistan bolgesinden elde edilen leonardit, 0, 1, 2 ve 3 ton.da™ dozlarinda
(L1, L2, L3 ve L4) uygulanmak suretiyle nohut bitkisinin gelisimine etkileri
amaciyla kullanilmistir. Bu materyalin nohut bitkisinin gelisimine ve bazi bitki
gelisim parametrelerine etkileri arastirilmistir. Sonuglara gore, ¢iceklenme
doneminde L1 uygulamasinin kuru bitki agirligr (2.433 g), ve nodiil sayisina
(14.7 adet) etkilerinin 6nemli oldugu, yine bu dénemde L3 uygulamalarinin
bitki yas agirhigma (12.4 g) etkisinin 6nemli oldugu tespit edilmistir. Hasat
zamani incelenen parametrelerde ise en fazla anadal sayinin LO uygulamasinda
(5.8 adet), en yiiksek 100 tane agirlinin ise L1 dozundan (60.842 g) elde edildigi
gozlenmistir. Bitkinin tane verimi ve tane agirhigi kriterleri agilarindan L1
uygulamasinin en fazla etkiye sahip oldugu goriilmiistiir. Bitkinin bazi bitki
gelisim  parametrelerine lizerine leonarditin etkilerine bakildiginda L1
uygulamasinin en yiliksek degerlerin elde edilmesinde rol oynadig1 gézlenmistir.
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Abstract

Organic materials are ecological, natural resources that contribute to the fertility
of soils and provide better nutrition for plants. In this study, leonardite which
obtained from Kahramanmaras Afsin-Elbistan region was used with 0, 1, 2, and
3 tonne.decare™ doses (as L1, L2, L3, and L4) for its effects on the development
of chickpea plant. The effects of this material on the growth of chickpea plant
and some plant growth parameters were investigated. According to the results at
the flowering period, it was seen that L3 applications caused an increase in the
wet weight of the plant (12.4 g), and L1 application had the most effect in dry
plant weight (2.433 g) and number of nodules (14.7) of the plant. According to
the results at the harvest period, it was seen that LO applications caused an
increase in the number of main branches of the plant (5.8), and L1 application
had the most effect in 100 grain weight (60.842 g) of the plant. When the effects
of leonardite on the some plant growth parameters of the plant were examined,
it was observed that L1 application played a role in obtaining the highest values.

Keywords: Leonardite, chickpea, organic fertilization, Kahramanmaras
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GIRIS
Nohut (Cicer arietinum L.) hem iilkemizde hem de diinyada yetistiriciligi en fazla yapilan
baklagil bitkilerinden birisidir (FAO 2020; TUIK 2020). Nohut, topraktaki bitki besin elementlerine

olan ihtiyaci bakimindan da kanaatkar bir bitkidir (Kulaz ve Ciftgi 1999; Karaaga¢ vd. 2019; Ugar
2020).

Leonardit, dogal olarak olusan bir oksitlenmis linyit tiiri, yani bir tiir “olgunlagsmamis”
komiirdiir. Leonarditin olugmasinin milyonlarca yil siirdiigii bilinmektedir. Linyit ve leonarditin
ozellikleri c¢ikarildigr yoreye gore de degisken olmaktadir (Boughton 1972; lakimenko 2005; Eady
2012). Leonardit, yiiksek miktarda hiimik asit (HA) ve fulvik asit (FA) igeren organik bir karigimidir
(Sugier et al. 2013; Rataprommanee and Shutsrirung 2014; Olivella et al. 2011; Cankaya vd. 2017,
Zengin 2013; Aygiin ve Mert 2020; Filcheva et al. 2017; Holatko et al. 2020; Shahryari et al. 2011;
Wadas and Dziugiet 2020; Dias et al. 2020; Karaman et al. 2013). Son yillarda leonardit'in toprak ve
bitki yetistirme agilarindan potansiyel olusturdugu ve bu konuda yapilan c¢alismalarin artmaya
basladig1 gbzlenmektedir.

Leonarditin Anadolu sarigam ve karagam tiirlerinde etkileri aragtirilmis (Celer 2013), leonarditin
bir¢ok dozunun fidan taze ve kuru agirlik degerlerinde olumlu yonde etkide oldugu anlagilmustir.

Fascella et al. (2021) siis bitkisi yasemine (Murraya paniculata L. Jacg.) leonarditin etkisini
aragtirmistir. Leonarditin bitki boyunu, dal sayisini, bitki meyve sayisini, yaprak sayisini, yaprak
alanini, bitkinin yas yaprak agirligini, yas kok agirhigini, toplam bitki yas agirligini, kuru yaprak
agirlhigini, toplam kuru agirligini ve kék uzunlugunu onemli diizeyde arttigini, bitki yas govde
agirliginin ve kok kuru agirligin ise arttigini belirmislerdir. Kotodziej et al. (2013) altin kok bitkisine
(Rhodiola rosea L.) leonardit uygulamislar, bitkinin toprak istii ve toprak alti aksamlarinin
agirliklarinin ve biyomasinin leonardit uygulamalariyla arttigini bulmuslardir. Leonarditi horozibigine
(Amaranthus) uygulayan Keten ve Tanriverdi (2020), verimin, bin dane agirliginin, bitki boyunun ve
salkim boyunun arttigini bildirmislerdir.

Leonardit uygulanan misir genotiplerinde (Shahyari et al. 2011) kdok gelisiminin ve kok
uzunlugunun arttigl, bitki gelisiminin olumlu etkilendigi tespit edilmistir. Leonarditin (L) pamuk
bitkisine azotla birlikte kullanildiginda (Aygiin ve Mert 2020), bitki boyu, dal sayisi, koza sayisi, koza
agirhigy, lif inceligi, lif mukavemeti ve 100 tohum agirlig1 kriterlerinde 6nemli degisiklik olmadig, lif
uzunlugunda 100 kg L/da + 15 kg N/da ile 200 kg L/da + 20 kg N/da uygulamalariyla 6nemli artiglarin
oldugu goézlemlenmistir.  Ertekin vd. (2020) 3 fig tiiriine leonardit, zeolit ve hayvan giibresi
uygulamislar, leonardit uygulamalarimin tiiyli figin bitki boyunu; yaygin figin taze ot verimini; yaygin
figin, macar figinin ve tiiyli figin kuru ot verimini arttirdigini belirtmiglerdir. Leonarditin patates
bitkisine etkilerini arastiran Seyedbagheri ve Torell (2001) yumru veriminin arttigini bildirmistir.
Cavdar bitkisinde leonarditin kuru madde verimini arttirdig1 (Adiloglu et al. 2018), bugday bitkisinde
uygulamanin (50, 100, 150, 200 ve 250 kg/da) verimde 200 kg/da’a kadar artisa neden oldugu (Kolay
vd. 2016), aygigeginde olumlu etkileri oldugu (Tamer vd. 2016) belirtilmistir. Sanli et al. (2013)
patates bitkisine uyguladiklari leonarditin (200, 400 ve 600 kg/ha) bitkideki yumru adedine ve bitki
boyuna olumlu etkileri oldugunu bulmuslardir. Ayhan et al. (2021), bugday bitkisine uyguladiklar1
leonarditin (160 kg N/ha olarak) en yiiksek bitki boyuna, tane sayisina, basaktaki tane agirligina neden
oldugunu bildirmislerdir.

Litardo et al. (2022) tarafindan Ekvator’da piring bitkisine leonardit uygulanmis, verim,
tane/govde orani ve hasat indeksininin arttig1 bildirilmistir. Bunun yaninda leonarditin bitki boyuna,
filiz sayisina, govde kuru agirligina, salkima, 1000 tane agirligina ve tane kuru agirhigna etkisi
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olmamugstir. Ratanaprommanee et al. (2017) pirince dogal ve zenginlestirilmis leonardit uygulamislar,
bitkide tane agirligin1 leonarditin %17, zenginlestirilmis leonarditin %20 arttirdigin1 bildirmislerdir.
Bitkinin biyokiitlesinin leonarditle %97, iyilestirilmis leonarditle %117 oraninda arttig1 tespit
edilmistir.

Leonarditin (% 5, 10 ve 20 oranlarinda) kivircik yaprak salata bitkisine etkilerini arastiran
Sesveren ve Tas (2018), verim ve bazi gelisim parametreleri tizerine istatistiki olarak 6nemli oldugunu
bulmustur. Leonarditin toz haline getirilmis formunun, bugday, misir, kanola ve domates bitkilerinde
kok gelisimini olumlu etkiledigi bildirilmistir (Adani et al. 1998; Pertuit et al. 2001; Dilk 2002).
Benzer sekilde, marul ve fasulye bitkilerinde de leonarditin olumlu etkilerinin oldugu rapor edilmistir
(Dudley et al. 2004). Farkli dozlarda (100, 200, 400 kg/da) uygulanan leonarditin 1spanak bitkisine
etkilerini aragtiran Y1ldiz vd. (2019), yaprak eni, yaprak agirlig1 ve kok agirligr gibi bitkinin bazi verim
kriterlerinin de olumlu etkilendigini vurgulamislar, leonarditin dozunun artisiyla bu parametrelerin de
arttigini belirtmiglerdir. Duval et al. (1998) leonarditi kullandig: bitkilerde bitki gelisiminin oldugunu
bildirmislerdir. Leonardit uyguladiklar1 turp (Brassica rapa L.) ve hardal (Brassica hirta L.)
bitkilerinde Olgtiikleri fizyolojik kriterlerde istatistiksel olarak oOnemli bir fark bulunamadigini
kaydetmislerdir. Topcuoglu ve Onal (2006) serada yetistirdikleri domatese leonardit uygulamiglar ve
meyve verimine pozitif etki yaptigini rapor etmislerdir. Oguz vd. (2012) Tokat kosullarinda leonardit
uygulamalarinin biber verimine 6nemli etkide bulunmadigini bildirmislerdir. Wallaca and Wallaca
(1986) domatese ve bugdaya 5.8 ile 11 t/ha leonardit uygulamislar, domatesin veriminin arttigini, fakat
bugdayin verim ve kuru madde miktarinda 6nemli bir artis olmadigini rapor etmislerdir. Salatalik
bitkisine 0, 20, 35 ve 50 g/kg leonardit uygulayan Majeed (2021), leonarditin bitki kuru agirligini, bitki
boyunu, bitki meyve sayisini arttirdigini bulmuslardir. Leonarditin bitki gelisimine olumlu etkilerinin
oldugu ve bitki besin maddelerinin aliminda iyilesmelerin goriildiigii baz1 arastiricilar tarafindan ortaya
konmustur (Aguire et al. 2009; Ertani et al. 2011; Tahiri et al. 2015). Conselvan et al. (2017), marul
bitkisine uyguladiklar1 leonarditin kdk gelisimine (alan, ¢ap, uzunluk ve cesitlilik acilarindan) pozitif
etkide bulundugunu bildirmislerdir. Ertani et al. (2019) misir bitkisine leonardit-humat uygulamislar
ve kok gelisiminin daha fazla olumlu etkilendigini belirtmislerdir.

Sugier et al. (2013), dag tiitiiniine (Arnica montana L.) uyguladiklar1 leonarditin dal ve ¢igek
sayist ile verimi arttirdigini, Qian et al. (2015) leonarditin fasulyenin kok gelisiminde rol oynadigini,
kok yilizey alanina, kok uzunluguna, kok alanmma ve kok sayisina olumlu etki yaptigini ilave
etmislerdir. David et al. (2014) ise yine leonardit — humatinin misir bitkisinde kok gelisimine pozitif
etkide bulundugunu tespit etmislerdir. Sun et al. (2016) misir fidelerinin laboratuvar kosullarinda,
leonarditin kok gelisimini (kok uzunlugunu ve toplam kok alanini) arttirdigini bildirmislerdir.
Hidroponik kiiltiirde leonarditin misir fidesi toplam agirligini, yaprak ve kok agirligr ile bitki boyunu
arttirdigini tespit etmislerdir.

Cieschi et al. (2019) tarafindan leonardit-humat uygulamalar ile baklagil bitkilerinin gévde ve
kok gelisiminin (%15-25 oraninda) arttig1 belirtilmistir. Kiyas (2020) leonarditin fasiilye (Phaseolus
vulgaris L.) bitkisinde kok-gévde uzunlugunu, kok-gévde agirligini arttirdigini tespit etmistir. Pertuit
et al. (2001) ve Ding (2014) leonarditin bitki boyuna etki etmedigini, Imamoglu (2019), Azcona et al.
(2011) ve Ozel (2011) bitki boyunu artirdigini, Ergoniil (2011) ise bitki boyunu azalttigim
bulmuslardir. Pertuit et al. (2001) domates fidesinin 1/3 oraninda leonarditle ve kimyasal giibre
ortaminda, bitki boyunun % 40, yas govde agirhiginin % 134, yas kok agirligimin % 82, kuru govde
agirligimin % 133 ve kuru kok agirliginin % 400 artiginmi belirtmislerdir. Akimbekov et al. (2020)
leonarditin patatese etkilerini arastirmis, uygulamalarin bitki boyu, bitki dal sayisi, bitki meyve sayisi,
meyve agirligr ve verimini arttirdigini bildirmislerdir. Mostofa ve Akin (2017) ve Giirsoy (2016)
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leonarditin  100-tane agirhigimi artirdigini, Ergoniil (2011) ise 1000-tane agirligini azalttigini
bildirmislerdir. Leonarditin asmanin (Vitis vinifera L., Chardonnay) (Reynolds et al. 1995), salataligin
(Rauthan and Schnitzer 1981), misirin (Tan and Nopamornbodi 1979) ve domatesin (Bryan 1976)
gelisiminde olumlu oldugu bildirilmistir. Oktem vd. (2017), Ergéniil (2011) ve Oztiirk (2010)
leonarditi tane verimini artirdigini, Ugar vd. (2020) ise belli bir diizeye kadar tane verimini arttirdigini
bildirmislerdir. Nazli et al. (2014a) sorguma (Sorghum bicolor x sorghum bicolor var. sudanense)
leonardit uygulamislar, yesil ot veriminin 6énemli diizeyde arttigin1 bulmuslardir. Ece et al. (2007)
fasiilyede, Demir et al. (2012) patateste ve Nazli et al. (2014b) silajlik misirda benzer sonuglarin
ciktigini bildirmislerdir.

Unsal vd. (2008) humik asit uyguladiklar1 nohut bitkisinin biyolojik verim, tane verimi, bin dane
agirhig, bitki boyu, bakla sayisi, bitkide tane verimi, tane sayisinda en iyi sonuclarin sirasi ile 484.83
kg/da, 291.51 kg/da, 549.17 g, 33.10 cm, 11.12 adet, 5.19 g, 9.27 adet oldugunu elde etmislerdir.
Donder and Togay (2021) Mardin’de nohuta uyguladiklar1 hiimik asitin incelenen kriterlerde 6nemli
etkide artis sagladigi, en yiliksek tohum veriminin 286.9 kg/da oldugunu, hiimik asitin bitki boyunu 4
cm uzattigini (47-51 cm), dal sayisin1 1 adet arttirdigini (4-5 adet), bitki bakla sayisin1 9 adet
arttirdigini (23-32 adet), bitki tane sayisin1 9 adet arttirdigini (24-33 adet), tane verimini 27 kg/da
arttirdigini (235-263 kg/da) ve 100 tane agirligini 4 g arttirdigini (32-36 g) tespit etmislerdir. Ali and
Ali (2019), giibreleme uyguladiklari nohut bitkisinde bitki boyunun 21-40 cm, dal sayisinin 5-10 adet,
100 tane agirligimin 27-46 g, tane veriminin 480-671 kg/ha arasinda oldugunu bildirmislerdir. Cakir
(2005) asilama ile nohut boyunun % 1.6-3.6, tane sayisinin % 13.8-27.6, kok kuru agirhiginin % 1-13
arttigini belirtmistir.

Babagil (2010) Mus’ta nohut tane veriminin 92-133 kg/da arasinda, bitki boyunun 37-43 cm, dal
sayisinin 3.1-3.3 adet, bakla sayisinin 22-26 adet, 100 tane agirliginin 40.7-43.9 g arasinda oldugunu
bulmustur. Uzun vd. (2012) nohut ¢esitlerinde bitki boyunun 34-40 cm, bitki dal sayisinin 2.9-3.9 adet,
100 tane agirhigmin 43.4-55.7 g, verimin 172-285 kg/da arasinda oldugunu tespit etmistir. Chauhan et
al. (2021) Hindistan’da nohut bitkisinin dallanmasinin 2-12 adet arasinda oldugunu, koklerinin 3 metre
derine gidebildigini, bakla boyunun 15-30 mm, her baklada 1-25 tane bulundugunu, 100 tane
agirliginin ortalama 16-45 g oldugunu, toprak iistii bitki boyunun 4-95 cm arasinda oldugunu
vurgulamistir. Singh et al. (2021), nohut verimin Hindistan’da 893 kg/ha, Avustralya’da 1491 kg/ha,
Myanmar’da 1492 kg/ha, Etopya’da 2007 kg/ha, Tiirkiye’de 1259 kg/ha, Pakistan’da 349 kg/ha
oldugunu raporlamiglardir. 2000 kg/ha civarinda verim elde etmek i¢in 125 kg N/ha, 10 kg P/ha ve 63
kg K/ha besin elementine ihtiyag oldugunu bildirmislerdir. 100 tane agirliginin 25-45 g arasinda
oldugu tespit edilmistir.

Aydin ve Sepetoglu (1991) nohut bitkisindeki nodiil sayisinin 8-18 adet/bitki oldugunu,
Miiderriszade (1996) 3-7 adet/bitki oldugunu bulmuslardir. Nohutta bitki boyunun 20-100 cm arasinda
oldugu, bazen 150 cm’ye kadar uzadigi bildirilmektedir (Saxena and Singh 1985). Diyarbakir’da
bunun 37-43 cm arasinda (Tirk 2001), Amasya’da 33-49 cm arasinda (Bozoglu vd. 2007) oldugu
tespit edilmistir.

Yapilan bu ¢alismada, Kahramanmaras kosullarinda nohut (Cicer arietinum L.) bitkisine
ozellikle o bolgeden tedarik edilen leonardit (Afsin-Elbistan Leonarditi) materyalinin farkli oranlarda
topraga uygulanmasi sonucu elde edilen nohut bitkisinin farkli zamanlardaki bazi fizyolojik 6zellikleri
ve verime dair bazi unsurlar1 incelenmistir.

MATERYAL VE METOT
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Bu aragtirma 2021 yili ilkbahar doneminde Kahramanmaras, Sucati-Karadut yoresindeki ¢iftci
tarlasinda yiiritiilmiistiir. Denemede kullanilan nohut yorede tarimi yapilan yerel ¢esittir. Denemede
nohuta uygulanan leonardit materyali Afsin-Elbistan Termik santralinde c¢ikan materyaldir. Ekim
Oncesi arazi sirlilmis, diizeltilmis ve parselizasyon islemi yapilmistir. Yabanci otlar elle
temizlenmistir. Farkli leonardit dozlar1 olarak 0 kg/da (kontrol), 1000 kg/da, 2000 kg/da, 3000 kg/da
(0, 1, 2 ve 3 ton/da leonardit) uygulamalar1 ekimden 6nce yapilmistir. Leonardit materyali ekim igin
acilan 3-4 cm’lik siralara parsel iginde esit olacak sekilde dnceden topraga karistirilmis ve daha sonra
ekim yapilmistir. Bu leonardit miktarlari; Ece ve digerlerinin (2007) fasiilyeye (1 ve 2 ton/da),
Demirkiran ve Cengiz’in (2010) antepfistigi fidanlarina (0.24, 0.48, 0.96 ton/da), Yolcu ve
arkadaglarinin (2011) ¢avdara (2.5, 5 ve 7.5 ton/da), Seker ve Ersoy’un (2005) misira (5 ton/ha),
Wallaca ve Wallaca’nin (1986) domatese ve bugdaya (0.5-1 t/da), Singkham ve Ditthakit’in (2019)
salatalik bitkisine (1.5, 3, 4.5 t/da), Majeed’in (2021) yine salataliga (4, 7 ve 10 ton/da) uygulamalari
dikkate alinarak belirlenmistir.

Denemeler tesadiif bloklari deneme desenine gore 4 tekrarlamali olarak kurulmustur. Ekim 2021
yilinin mart ayimin son haftasinda yapilmistir. Parsel 6zellikleri; parsel uzunlugu 4 m, sira aras1 30 cm,
her parselde 4 sira olacak sekilde diizenlenmistir (Togay vd. 2005). Denemede sulama damla sulama
olarak yapilmis, yabanci otlar elle parsel igerisinden uzaklastirilmigtir. Parsel kenar tesirleri
cikarildiktan sonra, parsel igerisindeki tesadiifen segilen 5 bitki iizerinde gozlemler yapilmistir.
Arastirmada incelenen Ozellikler; bitkinin toplam yas agirhigi, toplam kuru agirligi, toprak istii
uzunlugu, kok uzunlugu, dal sayisi, tane sayisi, tane agirligi, 100 tane agirligi, nodil sayisidir.
Calismadan elde edilen veriler JUMP istatistiki paket programinda analiz edilmistir (Giiliimser vd.
2013).

BULGULAR VE TARTISMA

Calismanin yapildig1 araziden alinan topragin analiz sonuglar1 Cizelge 1°de verilmistir.

Cizelge 1. Nohut denemesinin yapildig: arazinin toprak analizi

Yapilan analiz, birim Sonug Ag¢iklama Referanslar
Saturasyon, % 46.2 Tl FAO (1990), Kacar ve Katkat (2010)
pH 7.45 Notral Peech (1965), Kacar ve Katkat (2010)
Tuzluluk, % 0.014 Tuzsuz Rhoades (1990), Kacar ve Katkat (2010)
Organik madde, % 3.57 Iyi Nelson and Sommers (1982), Kacar ve Katkat (2010)
Kireg (CaCOs3), % 1.33 Az kiregli McLean (1982), Kacar ve Katkat (2010)
Potasyum (K20), kg/da 44,71 Yeterli Helmke and Sparks (1996), Kacar ve Katkat (2010)
Fosfor (P20s), kg/da 30.85 Yiiksek Olsen et al. (1954), Kacar ve Katkat (2010)

Toprak analiz sonuglar1 dikkate alindiginda, topragin organik madde, fosfor ve potasyum
acilarindan 1yi durumda oldugu, tuz problemi olmadigi, pH nin nétral durumda oldugu, biinyesinin
tinl1 6zellikte oldugu anlagilmaktadir. Tirkiye genelindeki degisik bolgelerde yapilan toprak analizleri
sonuclarina bakildiginda; topraklarimizin genellikle hafif alkalin reaksiyonlu, organik maddelerini
diisiik, kireg iceriklerinin orta ve yliksek, elverisli fosfor ve degisebilir potasyum igerikleri bakimindan
ise degisken ozellik gosterdigi bildirilmistir (Oner 2014; Demirekin 2014; Fidanci1 2015; Soba vd.
2015; Akega vd. 2015; Yaganoglu 2016).
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Kahramanmaras ili topraklarinda yapilan diger toprak analizlerinde ise, topraklarin genellikle
ndtr ve hafif alkalin reaksiyonda, hafif tuzlu, kireg¢ igeriginin yiiksek, organik madde igeriginin diisiik,
bitkiye yarayisli potasyumun yeterli, fosforun ise analizlerin yarisina yakininda yeterli ¢iktigt
bildirilmistir (Y1lmaz 2020). Karagdktas’in (2012) Kahramanmaras, Afsin-Elbistan tarim arazilerinde
yaptig1 analizlerde, topraklarin saturasyonlarinin % 52-74 arasinda, toplam tuz miktarinin % 0.07-0.25
arasinda, bitkiye yarayisl fosforun 8.9-116.5 mg/kg arasinda, bitkiye yarayish potasyumun 119-1256
mg/kg arasinda oldugu belirtilmistir. Calismada kullanilan leonarditin analiz sonuglar1 Cizelge 2’de
verilmistir.

Cizelge 2. Kullanilan leonarditin analiz sonuglar:

Analiz, birim Deger
Azot (N), % 2.52
Fosfor (P), % 0.266
Potasyum (K), % 0.41
Kalsiyum (Ca), % 0.30
Magnezyum (Mg), % 0.15
Sodyum (Na), mg/kg 608.7
Bakir (Cu), mg/kg 4.22
Mangan (Mn), mg/kg 71.56
Cinko (Zn), mg/kg 18.06

Demir (Fe), mg/kg 5921.41

Bu ¢alismada, nohut bitkisine uygulanan leonarditin 25 Mayis 2021 tarihindeki belirlenen kuru
nohut agirligi, yas agirligi, gévde uzunlugu, kok uzunlugu, nodiil sayisi, anadal sayisi lizerine etkisini
gosteren varyans analiz sonuglari Cizelge 3, 4, 5, 6, 7 ve 8’de verilmistir. Yine, nohut bitkisine
uygulanan leonarditin 23 Temmuz 2021 tarihindeki belirlenen bitki kuru agirligi, gévde uzunlugu, dal
say1s1, bitki tane sayisi, bitki tane agirligi, 100 tane agirligi lizerine etkisini gosteren varyans analiz
sonuclar1 Cizelge 9, 10, 11, 12, 13 ve 14°te verilmistir.

Cizelge 3. Leonarditin kuru nohut agirligi (25 Mayis) iizerine etkisinin varyans analiz sonuglar:

Varyans Kaynagi Serbestlik derecesi Kareler toplami Kareler ortalamasi F
Uygulama 5 4,3968891 0,879378 18,2952
Hata 6 0,2883958 0,048066 Prob > F
Genel 11 4,6852849 0,0014

Cizelge 4. Leonarditin nohut yas agirligi (25 Mayzs) iizerine etkisinin varyans analiz sonuclart

Varyans Kaynagi Serbestlik derecesi Kareler toplamm Kareler ortalamasi F
Uygulama 5 92,97240 18,5945 5,9309
Hata 6 18,81100 3,1352 Prob > F
Genel 11 111,78340 0,0256
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Cizelge 5. Leonarditin gévde uzunlugu (25 Mayis) iizerine etkisinin varyans analiz sonuglart

Varyans Kaynagi Serbestlik derecesi Kareler toplanm Kareler ortalamasi

Uygulama 5 132,51914 26,5038 0,5309
Hata 6 299,51375 49,9190 Prob > F
Genel 11 432,03289 0,7480
Cizelge 6. Leonarditin kok uzunlugu (25 Mayrs) iizerine etkisinin varyans analiz sonuglart

Varyans Kaynagi Serbestlik derecesi Kareler toplanm Kareler ortalamasi

Uygulama 5 35,008208 7,00164 1,4076
Hata 6 29,844883 4,97415 Prob > F
Genel 11 64,853092 0,3412
Cizelge 7. Leonarditin kéoklerdeki nodiil sayist (25 Mayts) iizerine etkisinin varyans analiz sonuglart

Varyans Kaynagi Serbestlik derecesi Kareler toplam Kareler ortalamasi

Uygulama 5 174,09214 34,8184 5,5867
Hata 6 37,39395 6,2323 Prob > F
Genel 11 211,48609 0,0293
Cizelge 8. Leonarditin ana dal sayist (25 Mayzs) iizerine etkisinin varyans analiz sonuglart

Varyans Kaynagi Serbestlik derecesi Kareler toplam Kareler ortalamasi

Uygulama 5 1,3104833 0,262097 1,0816
Hata 6 1,4539167 0,242319 Prob > F
Genel 11 2,7644000 0,4546
Cizelge 9. Leonarditin toplam kuru agirligi (23 Temmuz) iizerine etkisinin varyans analiz sonuglart

Varyans Kaynagi Serbestlik derecesi Kareler toplanm Kareler ortalamasi

Uygulama 5 0,02961000 0,005922 0,6507
Hata 6 0,05460763 0,009101 Prob > F
Genel 11 0,08421764 0,6731
Cizelge 10. Leonarditin govde uzunlugu (23 Temmuz) iizerine etkisinin varyans analiz sonuclar

Varyans Kaynagi Serbestlik derecesi Kareler toplami Kareler ortalamasi

Uygulama 5 70,82000 14,1640 0,4323
Hata 6 196,60667 32,7678 Prob > F
Genel 11 267,42667 0,8122
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Cizelge 11. Leonarditin dal sayist (23 Temmuz) iizerine etkisinin varyans analiz sonuclari

Varyans Kaynagi Serbestlik derecesi Kareler toplanm Kareler ortalamasi

Uygulama 5 6,353333 1,27067 1,9889
Hata 6 3,833333 0,63889 Prob > F
Genel 11 10,186667 0,2135
Cizelge 12. Leonarditin bitki tane sayist (23 Temmuz) iizerine etkisinin varyans analiz sonuglar

Varyans Kaynagi Serbestlik derecesi Kareler toplanm Kareler ortalamasi

Uygulama 5 679,3825 135,877 1,2180
Hata 6 669,3267 111,554 Prob > F
Genel 11 1348,7092 0,4024
Cizelge 13. Leonarditin bitki tane agwrligr (23 Temmuz) iizerine etkisinin varyans analiz sonuglart

Varyans Kaynagi Serbestlik derecesi Kareler toplam Kareler ortalamasi

Uygulama 5 0,01459408 0,002919 1,4048
Hata 6 0,01246617 0,002078 Prob > F
Genel 11 0,02706025 0,3421
Cizelge 14. Leonarditin 100 tane agwrligi (23 Temmuz) iizerine etkisinin varyans analiz sonuglart

Varyans Kaynagi Serbestlik derecesi Kareler toplam Kareler ortalamasi

Uygulama 5 888,3465 177,669 5,8223
Hata 6 183,0922 30,515 Prob > F
Genel 11 1071,4387 0,0267

Bu c¢aligmada, nohut bitkisine uygulanan leonarditin 25 Mayis 2021 tarihindeki belirlenen kuru
nohut agirligi, yas agirligl, géovde uzunlugu, kék uzunlugu, nodiil sayisi, anadal sayisi ortalama

degerleri ve bu ortalama degerlerin istatistiksel acidan farkliklar1 Cizelge 15°te verilmistir.

Cizelge 15. Leonarditin nohut bazi gelisim faktorleri iizerine etkisi (25 Mayis 2021)

Uygulama Kuru bitki Yas agirhg Govde Kok uzunlugu Nodiil sayisi Anadal sayisi
agirhg (g) (9) uzunlugu (cm) (cm) (adet) (adet)

LO 1.440B 4.967C 25.837 11.103 7.967B 2.037

L1 2.433A 8.297BC 31.060 11.667 14.700A 2.233

L2 1.605B 10.457AB 31.980 11.233 7.310B 1.867

L3 2.765A 12.400A 34.300 12.300 10.080AB 2.743

Yine, nohut bitkisine uygulanan leonarditin 23 Temmuz 2021 tarihindeki belirlenen bitki kuru
agirhg@i, gévde uzunlugu, dal sayisi, bitki tane sayisi, bitki tane agirligi, 100 tane agirligi ortalama
degerleri ve bu ortalama degerlerin istatistiksel a¢idan farkliklar1 Cizelge 16°da verilmistir.
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Cizelge 16. Leonarditin nohut bazi gelisim faktorleri iizerine etkisi (23 Temmuz 2021)

Uygulama Kuru nohut Govde Anadal sayis1  Bitki tane Bitki tane 100 tane
agirhg (g) uzunlugu (cm) (adet) sayisi (adet) agirhg () agirhg (g)
LO 521 49.600 5.800A 37.267 0.267 54.960AB
L1 4.95 49.067 4.467AB 53.667 0.241 60.842A
L2 4.17 47.800 4.133B 52.500 0.190 40.133C
L3 4.27 53.667 4.267TAB 51.000 0.199 47.272BC

25 Mayis 2021 tarihindeki bitkinin ¢igeklenme déneminde alinan 6rneklerdeki kuru bitki agirlig
1.44-2.76 g arasinda, bitki yas agirhigit 4.97-12.40 g arasinda, govde uzunlugu 25.84-34.30 cm
arasinda, kok uzunlugu 11.10-12.30 cm arasinda, nodiil sayis1 7.31-14.70 adet arasinda, anadal sayis1
1.87-2.74 adet arasinda oldugu gozlenmistir. 23 Temmuz 2021 tarihindeki hasat zamani 6l¢iimlerinde
elde edilen degerlere bakildiginda, bitkide kuru agirhigin 4.17-5.21 g arasinda, gévde uzunlugunun
47.80-53.67 cm arasinda, dal sayisinin 4.13-5.80 adet arasinda, bitki tane sayisinin 37.27-53.67 adet
arasinda, tane agirliginin 0.19-0.27 g arasinda, 100 tane agirliginin 40.13-60.84 g arasinda oldugu
bulunmustur. Bitkinin tane verimi ve tane agirligi kriterleri iizerine leonarditin etkisine bakildiginda,
L1 uygulamasimin en fazla etkiye sahip oldugu goriilmistiir. Bitkinin yas agirliginda ve biyomast
tizerine leonarditin etkilerine bakildiginda ise L3 uygulamasinin en yiiksek degerin elde edilmesinde
rol oynadig1 gézlenmistir.

Tarla denemesinde nohut bitkisine uygulanan leonarditin 25 Mayis 2021 tarihindeki belirlenen
bitki fizyolojik 6zelliklerinden kuru bitki agirligi, yas agirlig1 ve nodiil sayisina énemli etkileri olmus,
kuru bitki agirliginin en yiiksek degeri L1 ve L3 uygulamalarindan, en yliksek bitki yas agirligr L3
uygulamasindan, ve fazla nodiil sayis1 da L1 uygulamasindan elde edilmistir. 23 Temmuz 2021
tarthindeki olciilen bitki fizyolojik Ozelliklerinden ana dal sayminin en yiiksek degerine kontrol
uygulamasindan, en fazla 100 tane agirligina ise L1 uygulamasindan elde edilmistir.

Nohutun organik giibreleme ile tane verimi ve bazi bitkisel parametrelerinin arttirilabildigi degisik
caligmalarla vurgulanmistir (Koca 2019; Eker 2019; Karayel vd. 2020; Ugar 2019; Ucar 2020; Donder
ve Togay 2021; Jat and Ahlawat 2004; Otieno et al. 2009; Singh et al. 2012; Mahawar 2013; Mir et al.
2014; Saadati and Baghi 2014).

Rashid et al. (2021) Pakistan nohut genotiplerinin bitki boyunun 42.7-67.0 cm, 100 tane agirliginin
12.1-28.2 g arasinda degistigi bulunmustur. Unsal (2007) Van’daki calismasinda, nohut bitkisinin bin
tane agirliginin 549 g, bitki boyunun 33 cm, bitki tane veriminin 5 g ve tane sayisinin 9 adet oldugunu
bildirmistir. Akay ve Onder (2004), Konya’da bitki boyunun 27.8-44.5 cm arasinda oldugunu tespit
etmiglerdir. Kahraman (2017) Konya’da hiimik asit uyguladigi nohut bitkisinde, 38.33-54.44 cm bitki
boyu, 2.33-3.00 ana dal/bitki ve 417.23-449.90 g bin tane agirlig1 tespit etmistir. Singh et al. (2012)
giibreleme ile nohut bitkisinin bitki boyunu 49-63.6 cm, bitki dal sayisin1 6.1-8.9 adet, 100 tane
agirhgin 12.2-14.3 g arasinda tespit etmislerdir. Koca (2019) ¢inkonun nohuta etkilerini arastirmis ve
nodozite sayisinin 3-7 adet arasinda, bitki boyunun 25-31 cm, bitkide tane sayisinin 10-17 adet, bitki
biyolojik veriminin 8-15 g, bitki tane agirliginin 4-8 g, 100 tane agirliginin 22-44 g arasinda oldugunu
belirtmistir. Eker (2019) Diyarbakir’da nohutta giibreleme sonucunda, bitkide nodul sayisinit 81.6-
113.7 adet arasinda bulmustur. Karayel vd. (2020) organik ve kimyasal giibre uyguladigi nohutta
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(Cicer arietinum L., Sezenbey), biyolojik verimin, tane veriminin giibre dozlarindan istatistiksel olarak
etkilendigini, bitki boyunun 54-61 cm, ana dal sayisinin 3-4 adet, biyolojik verimin 43-62 g/bitki, 100
tane agirhigmin 51-54 g ve tane veriminin 12-19 g/bitki arasinda oldugunu bulmustur. Tahiri et al.
(2016) agacsi bitkilere uyguladiklari leonardit kaynakli humik materyallerin bitkilerin kok uzunlugunu
ve kok dallanmasimi arttirdigini gézlemlemislerdir. Ugar (2020) Siirt’te leonarditin nohut (Cicer
arietinum L., Azkan) etkilerini arastirmis, bitki boyu, bitkide tane sayisi, 100 tane agirligina olan
etkilerini 6nemli oldugunu, bitki boyunun 51,0-57,5 cm, bitkide tane sayisinin 33,2-37,9 adet/bitki,
100 tane agirhigmmin 31,2-35,4 g arasinda oldugunu bildirmistir. Calismada 100 kg/da leonardit
uygulamasmin en yliksek degerleri verdigi ve dozlarin biraz daha miktarca arttirilmasi gerektigi
vurgulanmstir.

Bu deneme sonucunda bulunan leonardit materyallerinin bitkilerin gelisim, verim ve bazi
fizyolojik parametreleri {lizerine bulunan olumlu etkisi Onceki pek cok arastiricilar tarafindan da
degisik parametrelerce desteklenmistir (Ugar 2020; Dias et al. 2020; Ertekin vd. 2020, Akimbekov et
al. 2020; Aygiin ve Mert 2020; Karayel vd. 2020; Donder ve Togay 2021; Chauhan et al. 2021,
Majeed 2021; Fascella et al. 2021; Ayhan et al. 2021; Litardo et al. 2022).

SONUC

Organik materyaller, ekolojik dengeyi goézeten, topraklarin verimliligini siirdiiriilebilir kilan,
bitkilerin daha dogal beslenmelerini saglayan, dogadaki kaynaklarin dogru kullanimi ile verimi arttiran
maddelerdir. Calismada kullanilan organik materyal Kahramanmaras Afsin-Elbistan bolgesinde komiir
madenlerinin civarinda bulunan leonardit materyalidir. Bu materyalin nohut bitkisinin gelisimine, bazi
bitki parametrelerine ve bitki besin elementlerinin igerigine etkileri arastirilmigtir.

Tane verimi ve tane agirlig1 kriterleri agilarindan L1 uygulamasinin en fazla etkiye sahip oldugu
goriilmistiir. Bitkinin yas agirli§inda ve biyomasi iizerine leonarditin etkilerine bakildiginda ise L3
uygulamasinin en yliksek degerin elde edilmesinde rol oynadigi gbézlenmistir. Bu arastirma sonucunda
leonarditin nohut bitkisinde verim, verim parametreleri ve bitki besin elementleri iizerine olumlu
etkileri daha 6nceki degisik arastiricilar tarafindan da desteklenmistir. Hem iilkemizin topraklarinin
organik maddesinin artirilmasinda biiylik 6neme sahip olmasi acisindan, hem de denemede kullanilan
nohut bitkisinin gelisimine O6nemli katkilarinin oldugu tespit edilen leonardit materyalinin tarima
katkilarinin devam etmesi olduk¢a dnemli bir konudur. Leonarditin yaygin kullaniminin degisik bitki
ve agaclarda denenmesi gerekmekte olup, tarimsal tliretimde 6nemli bir girdi olan kimyasal giibre
miktarini azaltabilecek potansiyelinin olmasi da dikkate alinmalidir.
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Ozet

Bu arastirmada Tiirkiye genelinde tarim alet ve makina parkindaki degisimler 2004-2022
yillar1 arasinda incelenmis ve 2022 yil1 itibariyle Tiirkiye’nin tarimsal mekanizasyon degerleri
belirlenmistir. Tiirkiye Istatistik Kurumu’na ait verilerin kullamldig1 arastirmada; toprak
isleme alet ve makinalari, ekim-dikim ve giibreleme makinalari, bitki koruma makinalar1 ve
hasat harman makinalarinin yillar i¢indeki degisimleri dikkate alinmistir. Aragtirma
sonucunda; toprak isleme makinalar1 arasinda kulakli pulluk, kiiltivatér ve diskli pulluk
sayilarinin diger makinalardan daha fazla oldugu dikkat ¢cekmektedir. Bu sonugtan hareketle
iilke genelinde geleneksel toprak igslemenin halen yaygin bir sekilde kullanildigi kanisina
varilmistir. Yapilan incelemelerde Tiirkiye’de kimyevi giibre dagitma makinalart yogun bir
sekilde kullanildig: belirlenmistir. Ekim ve dikim makinalari arasinda ilk sirada hububat ekim
makinalar1 yer alirken bu makinay: iiniversal ekim makinasi ve pnomatik makinasi takip
etmektedir. Bitki koruma makinalari arasinda sirt piilverizatorleri genis bir kullanim oranina
sahiptir. Sirt piilverizatoriinden sonra kuyruk milinden hareketli piilverizator ve motorlu
piilverizator lilke genelinde yogun bir sekilde kullanilmaktadir. Hasat makinalari varligi
incelendiginde harman makinalarmin sayisi digerlerine gore daha fazla oldugu belirlenmistir.
Tiirkiye’de dort tekerlekli traktorler arasinda en fazla 38-53 kW grubundaki traktorler tercih
edilmektedir. Bu verilere ilaveten Tiirkiye’nin 2022 yili itibariyle birim alana diisen traktor
giicii 0.068 kW/ha olarak belirlenmistir. Bin hektar alana diisen traktor sayis1 68.05 (adet/1000
ha), bir traktdr basina diisen ekili alan 14.70 (ha/traktdr) ve ortalama traktdr giicii ise 36.12
kW oldugu sonucuna varilmistir. Tarimsal mekanizasyon diizeyinin 2004 yilindan 2022 yilina
kadar gecen siire iceresinde traktdr basmna diizen ekili alan degerlerinin haricindeki tiim
mekanizasyon kriterlerinde artis belirlenmistir.

Anahtar kelimeler: Mekanizasyon, toprak isleme, hasat, bitki koruma, traktor, gii¢

Agricultural Equipment-Machinery Park and Mechanization Level in Turkey's New Century

Abstract

In this research, changes in the agricultural equipment and machinery park across Turkey were
examined between 2004 and 2022, and Turkey's agricultural mechanization values were
determined as of 2022. In the research using data from the Turkish Statistical Institute; the
changes of soil cultivation tools and machines, sowing-planting and fertilizing machines, plant
protection machines and harvest threshing machines over the years were taken into account.
As a result of the research, it is noteworthy that the number of moldboard plows, cultivators
and disc plows among the tillage machines is higher than other tillage machines. Based on
this result, it was concluded that conventional tillage is still widely used throughout the
country. Chemical fertilizer distribution machines are used extensively throughout the
country. While grain-sowing machines take the first place among sowing and planting
machines, this machine is followed by universal sowing machines and pneumatic sowing
machines. Back sprayers have a wide usage rate among plant protection machines. The back
sprayer is followed by field sprayer and motorized sprayer. When the presence of harvesting
machines was examined, it was determined that the number of threshing machines was more
than the others. Among the four-wheel tractors in Turkey, tractors in the 38-53 kW group are
most preferred. In addition to these data, Turkey's tractor power per unit area has been
determined as 0.068 kW/ha as of 2022. It was concluded that the number of tractors per
thousand hectares was 68.05 (units/1000 ha), the cultivated area per tractor was 14.70
(ha/tractor) and the average tractor power was 36.12 kW. Agricultural mechanization level
has been determined to increase in all mechanization criteria except the cultivated area per
tractor values in the period from 2004 to 2022.

Key words: Mechanization, tillage, harvesting, plant protection, tractor, power
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GIRIS

Tarim, Tirkiye ekonomisinin temel yap1 taslarindan biri olup iilkenin sosyo-ekonomik yapisini dnemli
Olciide etkilemektedir. Gelismis tarimsal iiretim tekniklerinin ve mekanizasyonun benimsenmesi,
verimliligi artirma ve siirdiiriilebilir tarim uygulamalarin1 destekleme agisindan olduk¢a Onemlidir.
Tarimsal mekanizasyon, tarim iiretiminde insan emegini azaltarak verimliligi artiran mekanik araglarin
tasarimi, yapimi, gelistirilmesi, uygulanmasi, pazarlanmasi, isletilmesi, bakimi ve onarimi gibi ¢esitli
hizmetleri kapsamaktadir (Kogtiirk ve Avcioglu 2004, Zeren ve ark., 1995). Tarimsal iirctimde makina
kullanimi, i yiiklinii hafifletmekle kalmaz, ayn1 zamanda tarimsal verimliligi ve karlilig1 da artirir.
Bununla birlikte iilkenin tarimsal mekanizasyon seviyesi, her bélgenin teknik ve ekonomik 6zelliklerine
gore farklilik gosterebilir (Kogtiirk ve Avcioglu, 2004).

Tarimsal mekanizasyon c¢aligmalar1 bolgesel ve lilke bazinda belirli periyotlarla yapilmaktadir. Bu
caligmalardaki temel amag, mekanizasyon diizeyinin yillar igindeki degisimlerini incelemenin yani sira,
tireticilerin giincel teknolojiyi ve siirdiiriilebilir tarimsal iiretim yontemlerini benimseme durumlari
hakkinda bilgi sahibi olmaktir. Mekanizasyon diizeyinin belirlenmesi sirasinda, genellikle traktor sayisi
ve ekili alan biyiikliigi gibi faktorler goz 6niinde bulundurulur. Ancak; toprak isleme, ekim - dikim ve
giibreleme makinalari; bitki koruma ve hasat harman makinalar1 gibi tarimsal ekipmanlarin varligi ve
bunlarin yillar igindeki degisimlerinin incelenmesi de tiretim yontemlerinin gelisim trendlerini anlamak
acisindan biiyiik 6nem tasimaktadir.

Bu aragtirmada 2004 - 2022 yillar1 arasinda Tiirkiye genelinde 6nemli bazi tarim alet ve makinalarinin
sayisal ve oransal degisimleri incelenmistir. Ayrica, 2022 yilina ait traktdr sayilar1 ve giic gruplar ile
toplam ekili alan verileri dikkate alinarak tilkenin mekanizasyon diizeyi belirlenmistir.

MATERYAL ve YONTEM
Materyal

Bu ¢alismada kullanilan ana materyal, Tiirkiye Istatistik Kurumu'nun (TUIK) 2004-2022 yilina ait
verileridir. Bu veriler, islenen alan ve traktor sayisin1 kapsamanin yani sira, toprak isleme, ekim—dikim
ve giibreleme makinalari, bitki koruma makinalari, hasat ve harman makinalari gibi gesitli 6nemli
tarimsal alet ve makinalarin varligini da icermektedir.

Yontem

Tiirkiye'de mekanizasyon diizeyini belirlemek i¢in, birim alana diisen traktor giicii (kW/ha), 1000 hektar
islenen alan bagina diisen traktor sayisi (adet/1000 ha) ve her bir traktore diisen toplam alan (ha/traktor)
gibi kriterler kullanilmistir (Erkmen ve Celik, 1992; Altikat ve Celik, 2009; Altikat ve Celik, 2011). Bu
kriterlerin hesaplanmasinda toplam islenen alan, traktor sayis1 ve ortalama traktor giicii gibi degerler
dikkate alinmistir. Ancak, arastirmada traktor sayis1 ve gii¢ biiylikliiglinlin belirlenmesinde, tek akslt
traktorler dikkate alinmamuistir.

SONUCLAR VE TARTISMA

Toprak Isleme Alet ve Makinalarina Iliskin Sonuclar

Tiirkiye genelinde tarim alet ve makina varliginin 2004 — 2022 yillar arasindaki degisimi Sekil 1’de
verilmistir.

Sekil 1 incelendiginde kulakli pullugun iilke genelinde tiim yillarda yaygin bir sekilde kullanildig:
goriilmektedir. Kulakli pullugu kiiltivator ve disli tirmik takip etmektedir. Verilerden de anlasilacagi
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gibi Tiirkiye genelinde yaygin olarak kullanilan toprak isleme ekipmanlarina gore hala geleneksel toprak
isleme yontemleri tercih edilmektedir.

2022 yilin ait toprak isleme alet ve ekipmanlarinin oransal dagilimlari Sekil 2’de sunulmustur.
Tiirkiye’de 2022 yili itibari toprak isleme ekipmanlarinin %44’lik boliimiinii kulakli traktor pulluklar
olusturmaktadir. Kulakli pullugu %23 ile kiiltivator, %14 ile digli tirmik ve %10 ile diskli tirmik takip
etmektedir. Toprak isleme aletleri arasinda en diisiik degerler % 3 ile diskli pulluk ve toprak frezesi
olmustur.

Toprak frezeleri hem birinci hem de ikinci siif toprak isleme ekipmanlaridir. Ozellikle tek gegiste
tohum yatagi hazirlama yetenekleri sayesinde enerji ve zamandan tasarruf saglanmasinin yani sira
topragi alt iist etmeden islemesinden dolay1 toprak kalitesinin korunmasina ve atmosfere daha az CO»
yayilimina neden olmaktadir (Botta ve ark., 2022; Gursoy ve ark., 2021). Toprak frezeleri her ne kadar
cok sayida avantaja sahip olsalar da iilke genelinde oransal miktar1 diisiik diizeydedir. Toprak
frezelerinin diger toprak isleme alet ve makinalarina gore daha pahali olmasi ve {ireticilerin azaltilmig
toprak isleme uygulamalarindan ziyade geleneksel toprak isleme uygulamasini tercih etmesi bu sonuca
yol agmis olabilir (Aldaoseri ve Muhsin, 2022).

Diskli traktor pullugu geleneksel toprak isleme yonteminde kullanilan bir pulluk olmasina ragmen iilke
genelinde oransal varlig1 diger geleneksel toprak isleme aletlerine gore ¢ok diisiik diizeyde oldugu tespit
edilmistir. Diskli pullugun daha az tercih edilme nedenleri arasinda kulakli pulluga gére daha pahali ve
agir olmasi sayilabilir. Buna ilaveten diskli pulluklarin kulakli pulluklara gore ayarlanmasinin daha zor
olmasi ve daha fazla teknik bilgi gerektirmesi de daha az tercih edilme nedenleri arasinda yer almaktadir.
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Sekil 1. Tiirkiye genelinde 2004-2022 yillari arasindaki tarum alet ve makina varlig
Figure 1. Presence of agricultural tools and machinery throughout Tiirkiye between 2004-2022
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Sekil 2. Tiirkiye genelinde toprak isleme alet ve makinalarinin oransal dagilimi (TUIK, 2022).
Figure 2. Proportional distribution of soil tillage equipment and machines throughout Turkey (TUIK, 2022).

Ekim-Dikim ve Giibreleme Makinalarina fliskin Sonuclar

Tiirkiye’de 2004-2022 yillar1 arasinda bulunan bazi ekim-dikim ve giibreleme makinalart sayilart
Cizelge 1°de verilmistir. Cizelge incelendiginde hububat ekim makinasi, patates dikim makinast ve
kimyevi gilibre dagitma makinalarmin sayilarinda yillar bazinda siirekli bir artis gézlemlenirken bu
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egilim tiniversal ekim makinalarinda belirlenmemistir. Tiirkiye’de 2022 yil1 verilerine gore ekim-dikim
ve glibreleme makinalarinin oransal dagilimlar Sekil 3’de verilmistir. Bu kategoride Tiirkiye genelinde
kimyevi giibre dagitma makinalar1 %60 ile birinci sirada yer almistir. Ekim-dikim makinalarinin 2022
yilindaki oransal dagilimlarina bakildiginda birinci sirada hububat ekim makinasi yer alirken bunu
tiniversal ekim makinas1 ve pndmatik ekim makinasi takip etmistir.

= Patates dikim makinasi = Pnématik ekim makinasi
Universal ekim makinasi = Kimyevi giibre dagitma makinasi

= Hububat ekim makinas1

3%

Sekil 3. Ekim dikim ve giibreleme makinalarinin oransal dagilimi (TUIK 2022)
Figure 3. Proportional distribution of sowing, planting and fertilizing machines (TUIK 2022)

Cizelge 1. Ekim dikim ve giibreleme makinalarimin yillar bazindaki degisimi
Table 1. Change in sowing, planting and fertilizing machines over the years

YVillar Universal ekim  Pnomatik Patates dikim Kimyevi giibre Hububat
makinasi ekim makinasi makinasi dagitma makinasi Ekim Makinas:

2004 63073 20668 11875 320609 90171

2005 62982 18633 12217 326599 94588

2006 63392 19874 12761 334461 101776
2007 62979 22048 13183 339461 101633
2008 62892 22919 13632 346471 106533
2009 61634 23165 13698 354973 111049
2010 61487 25390 14006 366781 117276
2011 62015 27153 14413 371771 119889
2012 61702 29377 14970 385149 128675
2013 61922 30921 15152 389918 131471
2014 61337 32048 15421 392908 134786
2015 61353 34589 15769 399451 136846
2016 61018 35850 16087 408737 140329
2017 61660 39024 16717 419388 142258
2018 61509 40376 16993 428545 144927
2019 62026 41590 17139 434755 148953
2020 62868 45158 18194 442277 155326
2021 62752 48873 18413 458050 163119
2022 58422 52280 19343 470318 169516
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Bitki Koruma Makinalarina iliskin Sonuclar

Arastirmada bitki koruma makinalari; sirt piilverizatorii, kuyruk milinden hareketli piilverizator ve
motorlu piilverizator olmak tizere 3 kategoride degerlendirilmis ve sonuglar Cizelge 2’de sunulmustur.
Cizelge incelendiginde Tiirkiye genelinde bitki koruma makinalarinda yillar boyunca siirekli bir artig
oldugu goriilmektedir. Tiirkiye’de 2022 yili verilerine gére mevcut bitki koruma makinalart arasinda
oransal anlamda en fazla sirt pililverizatorii bulunmaktadir. Sirt piilverizatoriinii kuyruk milinden
hareketli piilverizator ve motorlu piilverizator takip etmektedir (Sekil 4).

Kuyruk milinden hareketli _ 13
piilverizator

Motorlu piilverizator - 9

0 10 20 30 40 50 60 70
%

Sekil 4. Bitki koruma makinalarinin oransal dagilimi (TUIK, 2022).
Figure 4. Proportional distribution of plant protection machines (TUIK, 2022).

Sirt  piilverizatorleri, Ozellikle maliyet acisindan diger piilverizatdr cesitlerine kiyasla daha
ekonomiktirler (Mashongedza ve Beem, 2022). Baslangi¢ yatirim masraflart diger piilverizatorlere gore
daha diisiik oldugundan, kii¢iik ve orta dlgekli araziye sahip ciftgiler icin idealdirler (Cavalaris ve ark.,
2023). Ek olarak, bu piilverizatorlerin igletme giderleri, motor giicii veya elektrikle ¢alisan modellere
gore daha azdir (Bolo ve ark., 2019). Sirt piilverizatorlerinin basit tasarimi ve hafifliginden dolay:
kullanimi1 oldukga kolaydir (Vargas ve ark., 2019). Dar ve engebeli arazilerde biiyiik tarim makinalarinin
kullan1lmas1 zor olabilir, ancak sirt piilverizatorleri bu tiir zorlu alanlarda bile kolaylikla kullanilabilir
(Mashongedza ve Beem, 2022). Ayrica, ¢iftcilerin egitim diizeyi ve teknolojiye olan asinaliklar1 daha
karmasik makinalar1 kullanmalarii siirlayabilir (Cavalaris ve ark., 2023). Tiirkiye'deki genis tarim
tirtinleri yelpazesi, farkl: tiirde piilverizatorlerin kullanilmasini gerektirebilir. Fakat sirt piilverizatorleri,
bir¢ok iiriinde kullanabilmeleri nedeniyle iilke genelinde tercih edilmektedir (Bolo ve ark., 2019).
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Cizelge 2. Bitki koruma makinalarmin yillar bazindaki degisimi
Table 2. Change in plant protection machines over the years

Sirt Motorlu

Yillar Kuyruk milinden hareketli piilverizator
piilverizatorii piilverizator

2004 580547 239126 72868
2005 582618 241753 72838
2006 586685 245311 73015
2007 587821 255582 71015
2008 590590 259475 72171
2009 588556 264421 72494
2010 591373 278761 73745
2011 597460 291505 75905
2012 606366 305295 78151
2013 612626 312651 80457
2014 623190 322174 84093
2015 628059 329768 85974
2016 633598 338625 87486
2017 641819 350272 90832
2018 647442 358407 95143
2019 656669 365171 96703
2020 668867 372512 99642
2021 686194 382820 102447
2022 695791 398381 105703

Hasat Harman Makinalarina iliskin Sonuclar

Arastirmada 2004-2022 yillarina ait hasat-harman makinalarinin sayisal degerleri Cizelge 3’de
verilmistir. Cizelge incelendiginde; orak makinasi ve sap dover harman makinasinin haricindeki tim
hasat harman makinalarinin sayilarinda artis meydana gelmistir. Her ne kadar sap déver ve harman
makinasi sayisi yillar i¢inde azalsa da, 2022 yil1 verilerine gore hasat harman makinalari i¢inde %29 pay
ile en fazla sap dover ve harman makinasi yer almaktadir. Bu makinay1 %28 ile ot tirmig1 ve %23 ile
cay1r bicme makinalari takip etmektedir (Sekil 5).
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Table 3. Changes in harvesting-threshing machines over the years

(;ay1r Ot Orak ) . Sap dover Mistr silaj Sap
Yillar bicme . ) Bigerbaglar harman . pargalama
; tirmigr  makinasi . makinasi .
makinast makinasi makinasi
2004 40684 64824 64489 4557 193930 7416 12876
2005 42690 68132 64549 4558 197017 8717 13571
2006 46213 68566 64972 4950 196346 9734 13881
2007 50669 70335 65977 5039 194847 11998 14933
2008 54072 101958 69430 6107 192440 14000 15075
2009 55762 98383 71415 6139 190856 15287 15243
2010 61248 99729 69411 6451 187978 16627 16685
2011 66193 101452 66768 6987 188153 18507 17288
2012 68579 103940 63092 7409 185327 19988 17968
2013 73314 106668 61954 8468 181320 21887 17889
2014 79115 110030 60645 8882 173555 24486 17864
2015 81480 113405 58271 9210 170836 25370 18239
2016 82899 115169 57234 9305 167581 26347 18533
2017 87233 115809 53972 9478 160121 27998 19014
2018 90020 119760 52172 9492 155600 29247 19241
2019 93143 122494 49632 9295 149687 30452 19545
2020 97617 123834 37661 7449 145023 31338 20041
2021 101841 131322 34535 7652 139257 32627 20752
2022 105702 130908 33118 8241 135329 34017 21951
40
35 A
30 -
25 1
22 20 -
15 |
10 1
s 2
0 [ . . l
Biger Orak  Misirslay Cayir Ot tirmugr Sap dover
baglar pargalama makinasi makinast  bi¢cme harman
makinast makinasi makinast

Sekil 5. Hasat-harman makinalarinin oransal dagilimi (TUIK, 2022).

Figure 5. Proportional distribution of harvesting-threshing machines (TUIK, 2022).
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Mekanizasyon Diizeyine iliskin Sonuclar

Ulke genelinde 2004 ve 2022 yili verilerine gére ¢ift aksh traktdrlerin gii¢ gruplarina gére dagilimlar
Sekil 6°da verilmistir. Tiirkiye genelinde 2022 yili verilerine gore en fazla traktor sayis1 570629 adet ile
38-53 kW gii¢ gurubunda yer alan traktorlerden olugmaktadir. Bu gii¢ grubunu 26-37kW ve >53kW
giiclindeki traktorler takip etmistir.
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Sekil 6. Cift aksl traktor varhigimin gii¢ gruplarina gore dagilimi (TUIK,2022).
Figure 6. Distribution of double-axle tractor availability according to power groups (TUIK, 2004-2022).

Tiirkiye’de 2022 yili verilerine gore toplam 20898715 ha islenen alan bulunmaktadir. Buna ilaveten
toplam dort tekerlekli traktor sayist 1422071 adettir. Bu veriler dikkate alinarak 2022 yili i¢in birim
alana diisen traktor gilicii 0.0680 kW/ha olarak belirlenmistir. Bin hektar alana diisen traktor sayisi 68.05
(adet/1000 ha), bir traktor basina diisen ekili alan ise 14.70 (ha/traktdr) ve ortalama traktor giicii ise
36.12 kW olarak belirlenmistir.
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Sekil 7. Tiirkiye genelinde 2004-2022 yillarina ait mekanizasyon diizeyine iliskin sonu¢lar
Figure 7. The results regarding the mechanization level across Turkey between 2004 and 2022
SONUCLAR

Bu aragtirmada iilke genelinde 2004-2022 yillar1 arasindaki tarim alet ve makina sayilarindaki
degisimlerin yam sira 2004 ve 2022 yilina ait mekanizasyon diizeyi incelenmis ve asagida belirtilen

sonuclara ulasilmistir.

Toprak isleme alet ve makinalarindaki degisimler incelendiginde; pulluk, kiiltivatér ve disli
tirmiklar en yaygin kullanilan toprak isleme ekipmanlari olarak 6n plana cikmistir. Ozellikle, pulluklar
2022 yilinda toprak isleme ekipmanlarinin %44’liik bir boliimiinii olusturmus, bunu %23 ile kiiltivatorler
ve %14 ile disli tirmiklar takip etmistir.

Ekim-dikim ve giibreleme makinalari iginde, kimyasal giibre dagitma makinalar: kullanimi %78
ile en yaygin kullanilan makina olmustur. Bu sonuca ilaveten hububat ekim makinalarinin sayilarinda
yillar bazinda siirekli artig gézlenmistir.

Bitki koruma makinalar1 kategorisinde, maliyet etkinligi ve kullanim kolayligi sebebiyle sirt
piilverizatorleri en biiyiik pazar payima sahip olmustur.

Hasat ve harman makinalari varligi incelendiginde, sap dover ve harman makinalari diginda diger
tiim makinalarda bir artis meydana gelmistir. Her ne kadar sap dover ve harman makinalari sayis1 yillar
icinde azalsa da 2022 yil1 itibariyle, %29 oranla en ¢ok tercih edilen hasat harman makinalar1 arasinda

yer almistir.

Mekanizasyon diizeyi analiz edildiginde, 2022 yili igin birim alana diisen traktor giicii 0.068
kW/ha olarak belirlenmistir. Bin hektar alana diisen traktor sayisi 68.05 (adet/1000 ha), bir traktor bagina
diisen ekili alan ise 14.70 (ha/traktor) ve ortalama traktor giicii ise 36.12 kW olarak belirlenmistir.
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Ozet

Bu calismada, misir silajmma farkli oranlarda gladicya meyvesini katki
maddesi olarak katilmasinin silaj kalitesine ve aerobik stabilitesine etkisi
arastirilmistir. Arastirma sonucunda silajlarin kuru madde igerikleri %28,74
ile 31,78 arasinda degismistir. Silajlarin ADF ve NDF igerikleri sirasiyla
%11,65-12,28 ve 21,41 ile 25,35 arasinda oldugu tespit edilmistir. Silajlarin
pH’lart 3,46 ile 3,59 arasinda degismis ve fleig skorlar1 103,75 ile 114,08
olarak belirlenmistir. Olmas1 gereken pH degerleri dl¢iilen pH’lardan yiiksek
bulunmustur. Silajlarin in vitro fermantasyonunda elde edilen bulgulardan
net gaz icerikleri 37,39 ila 41,20 ml arasinda oldugu tespit edilmistir. Metan
tretimleri ise %14,21 ile 16,89 olarak oOlgiilmiistiir. Silajlarin metabolik
enerji ve organik madde sindirim dereceleri sirast ile 8,16 ile 8,71 MJ/kg KM
arasinda ve %59,73 ile 62,90 olarak belirlenmistir. Sonug olarak, silajlarin
aerobik stabiliteleri katki maddesinin katilmasi ile bozulma siiresinin
geciktigi tespit edilmistir.

Anahtar Kelimeler: Gladigya meyvesi, misir silaji, hayvan besleme, in
vitro, katki maddesi

Use of Gladichia (Gleditsia Triacanthos) Fruit as Additives in Corn Silage

Gelis Tarihi: 23-11-2023

Abstract

In the this study, the effect of using the honey locust (Gleditsia Triacanthos)
as an additive for corn silage on silage quality and aerobic stability was
investigated. As a result of the study, the dry matter content of the silages
varied between 28.74 and 31.78%. The ADF (acid detergent fiber) and NDF
(neutral detergent fiber) contents of the silages ranged between 11.65-12.28
and 21.41-25.35%, respectively. The pH of the silages varied between 3.46
and 3.59, and the fleig scores of the silages were determined in the range
from 103.75 to 114.08. The required pH values were higher than the
measured pH values. The net gas contents obtained from the in vitro
fermentation of the silages were determined to be between 37.39 and 41.20
ml. Methane production percentages were found as 14.21 and 16.89.
Metabolic energy (ME) and organic matter digestion degrees (OMD) of the
silages were determined to be between 8.16 - 8.71 and 59.73 - 62.90,
respectively. It was concluded that the deterioration period of the silages was
delayed with the additive for aerobic stability.

Keywords: Additives, Honey locust, corn silage, animal nutrition, in vitro

| Kabul Tarihi: 05-12-2023

Journal of Agriculture 2023; 6 (2) 146-154

https://dergipark.org.tr/tr/pub/ja

146


https://dergipark.org.tr/tr/pub/ja
mailto:aliihsanatalay66@hotmail.com
https://orcid.org/0000-0002-0027-4920
https://orcid.org/0000-0002-7379-9082

YUCAL VE ATALAY JOURNAL OF AGRICULTURE
Gladigya (Gleditsia Triacanthos) Meyvesinin Misir Silajinda Katki Maddesi Olarak Kullanimi

GIRIS

Hayvansal girdilerin en basinda kaba yemler biiyiik 6nem tasimaktadir. Kaba yemlerin igerisinde
silaj bilyiik 6neme sahiptir. Ozellikle kis aylarinda hayvanlarin yesil kaba yem ihtiyacini karsilamada
biiyiikk 6nem kazanmistir (Keskin ve ark., 2017). Kaba yemlerin kurutulmasi baz1 dénemlerde biiyiik
zorluklarla karsilasilmaktadir. Bu sebeple kaba yemlerden silaj yapilmasi diinyada ve iilkemizde
yayginlasmistir. Diinyada ve iilkemizde en fazla silaji yapilan tiriin misirdir (Keskin ve ark., 2018).
Bunun yaninda baklagil ve bugdaygillerin birgogundan ve sanayi artiklarindan da silaj yapilmaktadir
(Basar ve Atalay 2020, Alphan Kaynar ve Atalay, 2023). Baklagillerin silolanmasi bugdaygillere
nazaran daha zordur bu sebeple silaj materyaline farkli katki maddelerinin katilmasi ¢ok yaygin olarak
karsimiza ¢ikmaktadir (Atalay, 2009, Kamalak vd., 2013, Atalay ve Kamalak, 2018). Silajlarin
kaliteleri birden fazla faktore bagli olarak ¢ok degiskenlik gostermektedir. Silaj kalitesi genellikle, silaj
materyalinin kendisinden ya da silaj yapim asamasindaki problemlerden kaynaklanmaktadir. Kaliteli
bir silajin yapilabilmesi i¢in pH’nin 4 civarina ¢ekilmesi gerekmektedir. Bunun iginde silaj
materyalinde en az %3 oraninda suda ¢Oziiniir karbonhidrat (SCK) igerigine sahip olmasi
gerekmektedir (Chamberlain and Wilkinson, 1996). Hayvancilikta karliligin artirilmasi ig¢in hayvan
kalitesi, bakim, saglik giderleri ve en Onemlisi ve en c¢ok paya sahip olan yaklasik %70 yem
girdilerinin azaltilmas1 hayvancilikta karliligt %30’a kadar artiracaktir (Kabukcu, 1985). Yem
maliyetlerini azaltmada ucuz ve kaliteli bir yem olan silajin rasyonlarda kullanilmas: girdi
maliyetlerini azaltacaktir (Artmann, 2000).

Hayvancilikta silajlarin  olustuktan sonra hayvanlarin tiiketimine sunulana kadar olusan
bozulmalar biiyilkk ekonomik kayiplara yol ac¢maktadir. Bu olay aerobik bozulma olarak
nitelendirilmektedir. Bir silajin kalitesi ne kadar iyi ise aerobik stabilitesi terS orantili olarak
diismektedir. Bu durumun negatif etkisinden kurtulmak i¢in silaj materyallerine cesitli katki maddeleri
uygulanmaktadir. Gladigya bitkisinin anavatani Amerika olmasina karsin tilkemizde ¢ogu bolgede
rastlanmaktadir. Aga¢ ve ¢ali formunda olan peyzaj alanlarinda yaygin olarak kullanilmaktadir.
Yaklagik 120-130 yi1l yasayan 30 m yiikseklige ulasan 5 yaslarinda meyve vermeye baslayan yarim
metreye ulagan meyveleri tanen ve suda ¢oziiniir karbonhidrat bakimindan zengin yetigkin bir agacin
100 kg dan fazla meyve verdigi baklagil familyasindan {ilkemizde kullanilmadan ¢ope giden bir ¢it
bitki olarak tanimlanabilir.

Bu ¢alismanin amaci, iilkemizde her yil fazla miktarlarda agiga ¢ikan ve ¢ope giden bir atik
tirliniintin kurutulup 6giittilerek silajlik misirda hem kaliteyi artirmak hem de aerobik stabilitesine olan
etkisini belirlemek i¢in yapilmistir.

MATERYAL VE METOT

Igdir ilindeki tarladan taze bigilmis silajlik misir 6rnekleri zaman kaybetmeden alinarak Yemler
Ve Hayvan Besleme Laboratuvarina getirilmistir. Laboratuvara getirilen silajlik misir 6rnekleri %0,
1.5, 3 ve 4,5 oraninda gladigya meyvesi eklenerek 4 muamele ve her muamelenin 3 tekerriir olacak
sekilde hazirlanarak 3 It kapasiteli silaj kaplart igerisine hava almadan sikistirllmis ve 60 giinliik
silolama siirecine birakilmustir.

Kimyasal kompozisyon

Altmis giinliik silolamanin sonunda silaj 6rneklerine ilk olarak pH ol¢iimleri kalite parametrelerinden
biri olarak yapilmis (Kung at al., 2000) ve kuru madde (KM) igerikleri belirlenmistir (AOAC, 1990).
Silaj drnekleri 70 °C'de 48 saat siire ile kurutularak diger kimyasal analizlerin ve in vitro gaz {iretiminin
yerine getirilmesi i¢in elek boyu 1 mm olacak sekilde 6giitiilerek hazirlanmistir. Besin madde analizleri en
az 3 tekerriir olacak sekilde yapilmustir. Silajlarin KM, ham kiil (HK), ham protein (HP) ve ham yag
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(HY) analizleri AOAC, (1990) bildirdigi analiz metotlarma gére yapilmustir. Orneklerin NDF ve ADF
icerikleri ise Van Soest, at al. (1991) bildirdigi yontemle yapilmistir. Silajlarin Fleig skorlart ve olmasi
gereken pH degerleri ayrica hesaplanmistir (Kilig, 1986, Meeske, 2005). "Olmas1 gereken pH degeri"
(01pH) Meeske (2005) tarafindan ortaya atilan bir metot olup, silajlarin pH’lar1 KM igerigine gore sekil
almaktadir

Olmasi gereken pH = 0,00359 x KM (g/kg) + 3,44 1)

In vitro fermantasyon parametreleri

Hassas terazide 0,2 gr agirhi@inda tartilan 6rnekler in vitro gaz tiretim analizi igin 100 ml kapasiteli cam
enjektore yerlestirilmistir. Enjektorlerin pistonlarina dip boliimiinden 2 parmak, iist kismandan ise 3
mm temiz kalacak sekilde kati vazelin siiriilmistiir. Vazelin siiriilen pistonlar 6rnek bulunan
enjektorlere 30 ml ¢izgisine kadar itilip klips yardimiyla silikon hortumu kapatilmistir. Yapay tiikiiriik stvist
hazirlanarak {izerine kesimhaneden taze kesilmis kiiciikbaglardan alinan rumen sivist homojen sekilde
stiziiliip karistirilmigtir. Hazirlanan karisimdan biiret yardimi ile 100 ml cam sirgalarin i¢ine 30 ml (1/3
rumen sivist + 2/3 yapay tiikiiriik) eklenmistir. Ornekler 39 °C’deki su banyosunda en az ii¢ paralel olacak
sekilde inkiibe edilmistir. Gaz tiretim Olg¢imleri, inkiibasyondaki cam sirmgalar igin 24 saatin sonunda
gerceklestirilmistir (Menke and Steingass, 1988).

Metan uretimi

24 saat sonunda in vitro fermantasyon ile olusan gaz, cam enjektorlerden 100 ml plastik siringalara
cekilerek metan orani % olarak S-AMG 1010 cihazi ile 6l¢iilmiis ve toplam gaz miktarina oranlanarak ml
cinsinden hesaplanmustir (Goel at al., 2008).

Organik madde sindirilebilirlik derecesi (OMSD)
OMSD degeri asagida yer alan formiile gore belirlenmistir (Menke at al.,1979).

OMSD(%)= 14,88+0,889 GU+0,45 HP+0,0651 HK )

Metabolik enerji (ME)
ME degeri asagida yer alan formiile gore belirlenmistir (Menke at al.,1979).

ME (Mj/kg KM) = 2,2+0,1357 GU+0,057HP+0,002859HY ©)

Istatistik analiz
Elde edilen analiz sonuglar1 varyans analizi (ONE WAY ANOVA) ile degerlendirilmis ve
ortalamalar arasindaki farklar i¢in Tukey ¢oklu karsilastirma testi kullanilmustir.

BULGULAR ve TARTISMA

Gladicya Meyvesi Ilavesinin Musir Silajimin Kimyasal Kompozisyonuna EtKisi

Altmis giinliik silolama sonucunda olugan silajlarin besin madde kompozisyonuna ait parametreler
Cizelge 1'de gosterilmistir. Katki maddesi olarak kullanilan gladigya meyvesi silajlarda kuru madde (KM),
ham protein (HP) ve ADF'yi etkilemezken; ham kiil(HK), NDF ve ham yagi (HY) 6nemli derecede
etkilemigtir.

Kontrol grubu musir silajinin KM degeri %28,74 olarak tespit edilmistir. Gladigya meyvesinin
katilmasiyla birlikte misir silajinin KM igeriginde dnemli bir degisiklik gézlenmemistir.

Calismada elde edilen kuru madde verileri Ates ve Atalay (2022) ve Idikut ve ark., (2009)'nin
yapmis olduklar1 ¢aligmalardan biraz yiiksek bulunmustur. Kamalak vd. (2009) aym katki maddesini
yoncaya uyguladiklarinda olusan yonca silajlarini kuru madde igerigini dnemli derecede artirmustir.
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Cizelge 1. Gladigcya meyvesinin ilavesi ile olusan silajlarin besin madde kompozisyonuna etkisi
Table 1. The effect of the addition of gladiolus fruit on the nutrient composition of silages

Muamele KM, % HK, % HP, % NDF, % ADF, % HY, %
Kontrol 28,74 11,41° 7,49 25,35% 12,28 11,26°
% 1,50 30,85 15,532 6,7 24,29% 11,65 11,01°
% 3,00 31,3 11,94b¢ 7,81 22,89 11,99 12,802
% 4,50 31,78 12,52b 7,83 21,412 11,93 12,382
SHO 0,67 0,993 0,266 0,856 0,291 0,431
0s 0s kel 0s ** 0s el

acAyn; harflere sahip ve ayni satirda yer alan ortalamalar arasinda fark yoktur (P<0.05), SHO: Standart hata ortalamasi, OS: Onem
seviyesi, ***- P <0.001, **- P<0.01, KM: Kuru madde, ADF: Asit deterjan fiber, NDF: Notral deterjan fiber, HP: Ham protein, HY:
Ham yag

Katk1 maddesi olarak kullanilan gladigya meyvesinin katki oranmim artmasiyla misir silajlariin HK
icerikleri artmustir. Katki orani ile olusan silajlarin HK igerikleri Cizelge 1'de verilmistir. Silajlarda en
yiiksek HK igerigi %1.5 oraninda gladigya ilavesinde bulunmustur. Kamalak ve ark., (2009)’nin
gladigya meyvesini yoncanin silolamasinda kullandiklar1 ve HK igeriklerinin azaldigini bildirmislerdir. Bu
calismadaki HK igerikleri Saced and Latif (2008) ve Elkholy et al. (2009)’in yapmis olduklar1 ¢alismalarda
elde ettikleri sonuglardan yiiksek bulunmustur. Bu farkliliklarin sebebi ise silaj hammaddesinin yetistirildigi
cografi kosullar ve Orneklere karismis olabilecek toz, toprak gibi yabanci madde bulagigindan
kaynaklanabilecegi diisiiniilmektedir.

Kontrol grubu misir silajjmn HP igerigi %7,49 bulunmus olup, gladigya meyvesinin
katilmasiyla birlikte olusan misir silajinin HP igeriginde dnemli degisimler gozlenmemistir. Gladigya
meyvesinin kullanim orani ile olusan silajlarin HP igerigi arasinda iliski Cizelge 4.1°de verilmistir. Bu
caligmada elde edilen bulgular Kamalak ve ark. (2009)’nin bulgular ile farkliliklar gostermektedir.
Kamalak ve ark. (2009) yaptiklari ¢alismada, gladigya meyvesinin katilmasi ile olusan yonca silajinin
ham protein igerigini Oonemli derecede disiirdiigiinii bildirmislerdir. HP igerigindeki degisimin
Kamalak ve ark. (2009)’nin calismasi ile farklilik gostermesi silaj hammaddesinin farkliligindan
kaynaklanabilecegi diistiniilmektedir.

Kontrol grubu misir silajmmin ADF igerigi % 12,28 bulunmus olup gladicya meyvesinin
kullanilmastyla birlikte olugan misir silajlarin ADF igeriginde fark bulunmamustir.

Kontrol grubu misir silajinin NDF igerigi %25,35 bulunmus olup gladigya meyvesinin
eklenmesiyle birlikte olusan misir silajinin NDF igeriginde onemli diisiisler meydana gelmistir.
Gladigya meyvesinin kullanim orani ile musir silajlarinin NDF igerigi arasinda ki iliski Cizelge 4.1°de
verilmistir. Bir birim gladigya eklenmesiyle birlikte olusan musir silajinin NDF igeriginde 1,06 birimlik
bir azalma meydana gelmistir. Misir silajinin NDF icerigindeki bu azalmanin sebebi gladigyanin NDF
iceriginin misir silajindan biraz diisiik oldugundan kaynaklandig: diisiiniilmektedir. Bu ¢alismada elde
edilen bulgular Kamalak ve ark. (2012)’nin bulgular ile uyumlu bulunmaktadir. Kamalak ve ark.
(2012) yirittiikleri ¢alismada, yemlik ke¢iboynuzu kiriginin yonca otuyla birlikte silolanmasi sonucu
olusan yonca silajimin NDF igeriginin 6nemli derecede azaldigini bildirmislerdir. Kamalak ve ark.
(2012)’nin yaptig1 ¢alismada kullanilan yemlik keciboynuzu kiriginin NDF igerigi yonca otundan daha
diisiik bulunmustur. Dolayisiyla katki oraniin artmasiyla birlikte olusan misir silajinin NDF igerigi de
azalmistir.

Bu ¢alismada kontrol grubu musir silajinin ait HY igerigi %11,26 bulunmus olup, gladigya
meyvesinin katilmasiyla birlikte HY degerlerinin %11,01 ile 12,38 arasinda degistigi gézlemlenmistir.
Katki1 maddesi katilmasi ile ham yag degerlerinde olusan farkliliklarin 6nemli oldugu saptanmuistir.
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Gladicya Meyvesi Ilavesinin Misir Silajinin Fermantasyon Karakteristiklerine Etkisi

Katki maddesinin misir silajinin fermentasyon karakteristiklerine ve Fleig skoruna (FS) etkisi
Cizelge 4.2°de verilmistir. Silaj katki maddesi olarak kullanilan gladigya meyvesi misir silajinin
pH’1na 6nemli derecede etki etmemesine ragmen FS iceriklerini nemli derecede etkilemistir.

Cizelge 2. Gladi¢ya meyvesi ilavesinin silajlarin fermantasyon parametrelerine etkisi
Table 2. Effect of gladiolus fruit addition on fermentation parameters of silages

Muamele pH OlpH FS
Kontrol 3,59 4,47 103,75°
% 1,50 3,54 4,54 110,23
% 3,00 3,53 4,56 112,242
% 4,50 3,46 4,58 114,08%

SEM 0,027 4,466 2,248
0s 0s 0s *

3cAyn; harflere sahip ve aym satirda yer alan ortalamalar arasinda fark yoktur (P<0.05), SHO: Standart hata ortalamast,
OS: Onem seviyesi, ***- P <0.001, **- P<0.01, OlpH: Olmas1 gereken pH; FS: Fleig skoru

Bu ¢alismada kullanilan kontrol grubu misir silajinin pH’1 3,59 olarak bulunmus olup, katki
maddesinin katilmasi ile musir silajlarmnin pH degerlerindeki degisim istatistiki olarak &nemsiz
bulunmustur. Katki maddesinin katilmasi ile fermente olan musir silajlarin pH degerleri arasindaki
iligki Cizelge 4.2°de verilmistir. Misirin iyi bir silolanma kapasitesine sahip olmasindan dolay1 katk1
maddesi silaj pH’sina etki etmemistir. pH olusumunda silaj materyalinin suda ¢6ziiniir karbonhidrat
icerigi direk etkilidir. Kamalak ve ark. (2009) yoncayla yaptiklari ¢alismada, gladigcya meyvesinin
yonca silajlarinin pH’sin1 6nemli derecede diisiirdiigiinii bildirmislerdir.

Cizelge 4.2°de goriildiigli gibi katkisiz misir silajinin Fleig skoru 103,75 olarak bulunmustur.
Katkisiz misir silajinin Fleig skoru, katki maddesinin katilmasiyla birlikte ytlikselmistir. Katki maddesi
katilmasi ile tiim gruplarda silaj kalitesi olan fleig skorlar1 yiikselmistir. Ayn1 durum Kamalak ve ark.
(2009)’ yonca ile yapmis olduklar1 calismayla benzerlik igerisindedir.

Gladicya meyvesinin silajlarin gaz iiretim kinetigi, metan iiretimi, Metabolik Enerji ve Organik
Madde Sindirim Derecesine olan etkisi

Gladigya meyvesinin musir silajina katilmasi ile olusan silajlarin in vitro fermantasyon
parametreleri, metabolik enerji (ME) igerikleri organik madde sindirim derecesine (OMSD) etkisi ile
anti metanojenik etkisi Cizelge 3’te bildirilmistir. Silajlarda en yiiksek gaz tretimi %3 katkil
silajlardan elde edilirken en diisiik %4.5 katki maddesi kullanilan gruplarda elde edilmistir. Bulunan
sonuglar Hasan, (2015) ve Sucu, (2009)’un bulduklari sonuglardan diisiik bulunmustur. Silajlarin
metan tiretimlerinde istatistiki olarak fark bulunmamus, 5.70 ile 6.61 ml arasinda degismistir. Gaz ve
metan iiretimini etkileyen en 6nemli unsur fermente olabilen yem miktar1 ile dogrudan orantilidir.
Protein ve yaglarin gaz iiretimi ve metan iiretimine kismi etkisi olup, fermente olabilen
karbonhidratlarin miktar1 fazla olmasi gaz ve metan liretiminde pozitif etkiye sahiptir (MakKkar,
1995;2005).

Gladi¢gya meyvesinin katki maddesi olarak kullanilmasi ile silolanan silajlarin ME ve OMSD
tizerinde negatif yonde etki etmistir. Silajlarin ME igerikleri 8,16 ile 8,71 ml araliginda bulunmustur.
Bu ¢alisma da %0 katkili grubu olusturan musir silajinin ME igerigi Tabacco et al. (2006) nin bildirdigi
ME igeriginden yiiksek bulunmustur. Baska yonden bakildiginda, bu g¢alisma sonucunda bulunan
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OMSD, Tabacco et al. (2006)’nin buldugu degerlere yakin bulunmustur. Bu diisiisiin sebebi ME ve
OMSD hesaplanirken HP ve 24 saatlik in vitro gaz tiretimi kullanilmasidir. Ciinkii katki maddesinin
katilmasi ile olusan silajlarin HP ve gaz iretimlerinin azaldigindan kaynaklandig: diistiniilmektedir.

Cizelge 3. Gladigya meyvesi ilavesinin silajlarin gaz iiretim kinetigi, metan tiretimi, ME ve OMSD olan etkisi
Table 3. Effect of gladiolus fruit addition on gas production kinetics, methane production, ME and OMSD of silages

Muamele Net gaz, ml Net Metan, ml Metan, % ME, Mj/kg KM OMSD, %

Kontrol 40,952 6,54 15,96 8,55% 62,02%

% 1,50 39,10 6,61 16,89 8,24b¢ 62,902

% 3,00 41,202 5,86 14,21 8,712 62,732

% 4,50 37,39 5,70 15,24 8,16° 59,73P
SEM 0,89 0,232 0,567 0,129 0,731
0s * 0s 0Ss * *

acAyn; harflere sahip ve ayni satirda yer alan ortalamalar arasinda fark yoktur (P<0.05), SHO: Standart hata ortalamasi, OS: Onem
seviyesi, ***- P <0.001, **- P<0.01, ME: Metabolik enerji, OMSD: Organik madde sindirim derecesi
Gladicya meyvesinin Masir Silajinin Aerobik Stabilitesine Etkisi

Bu ¢aligmada musir silajina farkli oranlarda katki maddesi ilavesinin aerobik stabiliteye etkisi
Sekil 1°de verilmistir. Silajlara ilave edilen katki maddesi aerobik stabilitesini iyilestirmistir. Kontrol
grubu 7. saatte bozulurken %4.5 katki ilavesi ile bozulma siiresi 12 saate kadar ¢ikmustir. Silajlarda
aerobik bozulmalar ¢ok fazla olmakta bunun neticesinde milyonlarca dolar zarar ortaya ¢ikmaktadir.
Diinyada ve iilkemizde silaj kalitesini artirmaya yonelik basarili sayisiz ¢alisma olsa da aerobik
stabiliteyi iyilestirme konusunda pek fazla ilerlemeden s6z etmek miimkiin olmamistir. Bunun sebebi
silaj kalitesi ile aerobik stabilite arasindaki ters orantidan kaynaklanmaktadir. Kalite artarken aerobik
stabiliteler diismektedir. Kalite yiikseltilmeye ¢alisilirken biitirik asit ve asetik asit igerikleri
azaltilmaya calisilmis boylelikle de aerobik stabilitenin diismesine neden olmaktadir (Wyss, 1999).
Genel bir ifade ile i1yi kalitede silolanmis bir silaj aerobik agidan koétiilesmekte ve daha cabuk
bozulmaya baslamaktadir (Cai et al., 1999). Silajlarda aerobik stabiliteyi etkileyen unsurlara
bakildiginda pH, KM, SCK, laktik asit igerigi, bitkinin tiirli, ortam sicakligi ve silajin sikigtirilma
durumu olarak siralana bilmektedir (Ohyama et al., 1975, Muck and Pitt, 1991, Bolsen, 1999,
Woolford, 1984). gladigya meyvesi katki maddesi olarak katilmasi ile olusan silajlarda aerobik
stabilitesi iyilesmis yani kontrol grubuna gore katkilr silajlar daha ge¢ zamanda bozulmaktadir. Bunun
sebebi ise katki maddesinin igermis oldugu anti fungal Ozellige sahip tanenlerden kaynaklandig:
diistiniilmektedir. Bu durum Kamalak ve ark., (2009)’in gladigya meyvesini yoncaya ilave etmesi ile
elde ettigi bulgular ile 6rtiismektedir.
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Sekil 1. Misir silajina Gladigya meyvesinin katki maddesi olarak kullanimwnin silajlarin aerobik stabilitesine etkisi
Figure 1. The effect of using Gladiocia fruit as an additive to corn silage on the aerobic stability of silages

SONUC ve ONERILER

Bu ¢alisma sonucunda; muisir silajinin silolanmasi esnasinda katki maddesi olarak gladigya
meyvelerinin kullanilmasinin silaj kalitesini kismen etkiledigi goriilmektedir. Gladigya meyvelerinin
silaja katilmasi ve katki dozunun artmasi ile birlikte silajlarin aerobik stabilitesini yani bozulma
stiresinin geciktigi tespit edilmis olup katki oraninin %3 ile 4.5 olmasinin ideal seviye olacagi
diistiniilmektedir.

Bundan sonra yapilacak calismalarda olusan silajlarda organik asit iceriginin tespit edilmesi ve
hayvanlarda yem tiiketimine ve in vivo sindirim denemeleri ile desteklenmesine ihtiyag vardir.
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? Bingdl University, %40 arttirilmast ve 6- Uretici uygulamasi olmak iizere alti degisik giibre uygulamalari

Agricultural Faculty, Soil
Science and Plant Nutrition
Department, Bingol, Tiirkiye

yapilmistir. Arastirma, farkli giibre uygulamalarinin yaglik aygigegi bitkisinin verimine ve
yapraktaki bitki besin elementlerinin (N, P, K, Ca, Mg, S, Fe, Cu, Zn, Mn, B ve Mo)
iceriklerine etkisini belirlemek amaciyla yapilmistir. Arastirma sonuglarina gore topraga alti
farkli oranda giibre uygulamanin aygiceginin verim ve yapraklarindaki bitki besin

Correspondence
2 Bingdl University, elementleri igeriklerine etkisi istatistiki olarak 6nemli bulunmustur (p<0.01). Ay¢igeginde en
Agricultural Faculty, Soil yiiksek verim (419.6 kg.da?) 5. uygulamadan, en diisiik verim (321.4 kg.da?l) ise 3.

Science and Plant Nutrition uygulamadan elde edilmistir. Yapraklardaki en yiiksek N, Zn, Fe, Mn ve Mo miktarlart 1.
Department, Bing6l, Tirkiye | uygulamadan (sirastyla %3.90, 41.98 ppm, 568.82 ppm, 114.3 ppm ve 2.51 ppm), en yiiksek
Email: P, Mg, S ve Cu miktarlar (sirasiyla %1.38, %4.56, %1.49 ve 32.59 ppm) 6. uygulamadan,
ademirkiran@bingol.edu.tr en yiiksek K, Ca ve B miktarlar (sirasiyla %6.95, %4.55 ve 286.03 ppm) 3. uygulamadan
elde edilmistir. Yapraklardaki en diisiik K, Ca, Mg, S, Zn, Fe, Cu, Mn, B ve Mo igeriklerine
(sirasiyla %3.48, %2.40, %2.17, %0.74, 18.26 ppm, 258.02 ppm, 13.65 ppm, 59.70 ppm,
132.09 ppm ve 1.47 ppm) 5. uygulamadan, en diisiikk N ve P miktarlar1 (%3.19 ve %%0.58)
2. uygulamadan elde edilmistir.

Anahtar Kelimeler: Aygicegi (Heliantus annuus L.), Giibre Uygulama, Verim, Giibre
Maliyeti, Toprak Analizi

The Effect of Decreasing or Increasing of the Fertilizer Amount on Sunflower Yield, Nutrient
Contents and Fertilizer Costs

Abstract

This research was conducted in the trial area of Mugla Dalaman Agricultural Enterprise Directorate (TIGEM). The
experiment was set up with three repetitions, based on the principle of a completely randomized trial design.
Fertilizer applications were applied as, 1- Fertilizer application according to 400 kg.da sunflower yield from the soil,
2- Reducing fertilizer application (1) by 20%, 3- Reducing fertilizer application (1) by 40%, 4- Increasing fertilizer
application (1) by 20%, 5- Increasing fertilizer application (1) by 40%, 6- Farmer application. The research was
conducted to determine the effect of different fertilizer applications on the yield of the oil sunflower plant and the
content of plant nutrients (N, P, K, Ca, Mg, S, Fe, Cu, Zn, Mn, B and Mo) in the leaf. According to the results of the
research, the effect of applying six applications of fertilizer to the soil on the yield of sunflower and the content of
plant nutrients in its leaves was found to be statistically significant (p <0.01). The highest yield of sunflower (419.6
kg.da?) was obtained from the 5th application, and the lowest yield (321.4 kg.da) was obtained from the 3rd
application. The highest amounts of N, Zn, Fe, Mn and Mo in the leaves were from the 1st application (3.90%, 41.98
ppm, 568.82 ppm, 114.3 ppm and 2.51 ppm, respectively), and the highest amounts of P, Mg, S and Cu (1.38%,
respectively 4.56, 1.49% and 32.59 ppm) were obtained from the 6th application, and the highest amounts of K, Ca
and B (6.95%, 4.55% and 286.03 ppm, respectively) were obtained from the 3rd application. The lowest K, Ca, Mg,
S, Zn, Fe, Cu, Mn, B and Mo contents in the leaves (3.48%, 2.40%, 2.17%, 0.74%, 18.26 ppm, 258.02 ppm, 13.65
ppm, 59.70 ppm, 132.09 ppm and 1.47 ppm, respectively).) were obtained from the 5th application, and the lowest N
and P amounts (3.19% and 0.58%) were obtained from the 2nd application.

Keywords: Sunflower (Heliantus annuus L.), fertilizer application, yield, fertilizer cost, soil analysis
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GIRIS

Ulkemizde yaglik aycicegi ekilis alanlar1 2019 yilinda 6.7 milyon dekar, aycicegi iiretimi
yaklasik 1.95 milyon ton, dekara verim 289 kg olarak bildirilmistir (Anonim, 2020). Ayg¢igeginde
giibreleme konusunda yapilan farkli denemelerde elde edilen sonuglar asagida Ozet olarak
sunulmustur. Farkli azot dozlarinin verim ve kalite iizerine etkilerini belirlemek amaciyla yapilan bir
arastirmada, 291.1 kg.da™ ile en yiiksek verim dekara 10 kg azot uygulamasinda almmustir (Kasap,
1994). Aycicegi cesitlerine 0, 6, 12, 18 ve 24 kg.da* N uygulamalar1 sonucunda, 312.5 kg.da™ ile en
yiiksek verimin 18 kg.da® N uygulamasinda elde edildigi bildirilmistir (Nasim vd., 2012). Yine
aycicegi cesitlerine 0, 4, 8, 12 ve 16 kg.da™ azot dozlarinin uygulandigi bir ¢alismada, en yiiksek tane
veriminin 12 kg.da® N uygulamasinda elde edildigi belirtilmistir (Herdem, 1999).

Aycicegi bitkisine 71:57, 107:57, 107:114 ve 142:114 kg.ha'l olmak iizere 4 farkli N:K
kombinasyonlarmin uygulandigi bir arastirmada, en yiiksek tane veriminin 342.9 kg da? ile 142:114
kg.ha! uygulamasinda elde edildigi vurgulanmustir (Abdel ve Osman, 2010). Malik vd. (2004)
ayciceginde en yiiksek verimi 123.1 kg.da? ile 13-9-9 kg.da! (N-P-K) giibre uygulamasindan elde
ettiklerini bildirmislerdir. Aycicegi bitkisinin yetistiriciliginin yapildig: alana dekara 0, 4, 8 ve 12 kg
azot dozunun uygulandig1 ¢aligmada artan oranlarda verilen azotlu giibre yapragin azot ve potasyum

icerigini arttirirken, fosfor, demir, mangan igeriklerinin azalmasina neden olmustur (Bozkurt ve
Karagal, 1999).

Aygigegi bitkisinde 0, 4, 8, 12 kg.da™® K20 (K2SOa4) ve 0, 2, 4, 6 kg.da* MgO (MgSOa) olacak
sekilde taban giibresi uygulamanin aycicegi yapraklarinda bitki besin elementleri iizerine etkilerini
belirlemek amaciyla yapilan bir ¢alismada; K ve Mg’un tek basma artan dozlarda uygulanmasi
yapraklardaki bazi besin maddelerini arttirmis ve K elementi ile Fe veya Mn arasinda Mg elementi Mn
veya B arasinda sinerjik iligkiler belirlenmistir (Ertiftik ve Zengin, 2015). Sulu kosullarda yetistirilen
aycicegi bitkisine 0-3-6-9-12 kg.da! potasyum siilfat giibresinin uygulandigi bir calismada,
uygulamalarin tane verimi lizerine etkisi onemsiz ¢ikmistir (Sarikaya, 2016).

Bu calismada 400 kg.da?® aycicegi verimine gore uygulanacak giibre miktarma yapilan toprak
analiziyle karar verilmistir. Deneme, 400 kg aycicegi verimi i¢in gerekli olan giibre dozun %20, %40
azaltilarak verilmesi ve %20, %40 arttirllmas1 yaninda tireticinin uygulamasiin da ilave edilerek
denendigi alti farkli orandaki giibre uygulamasinin aygicegi yapragindaki bitki besin elementleri
degisimi ve verimi iizerine etkilerini belirlemek igin yapilmustir.

MATERYAL VE YONTEM

Denemede arazi olarak Mugla ilinin Dalaman ilgesindeki TIGEM’e ait deneme arazisi
kullanilmigtir. 2016 yilinda yiriitiillen ¢alismada bitki kaynagi olarak LG 5580 erkenci hibrit aycicegi
(Helianthus annuum L.) tohumu, giibre kaynagi olarak da iire, potasyum siilfat ve 15-15-15 kompoze
giibresi kullanilmastir.

Aragtirma, tamamiyla sansa bagli deneme desenine gore 3 tekrarlamali olarak yiiriitiilmiistiir.
Denemede parseller; aygicegi bitkisinin sira aras1 70 cm ve sira tizeri 24 cm olarak, bir deneme parseli
1200 m? (genislik 20 m x uzunluk 60 m) olmak iizere planlanmistir. EKim pnématik mibzerle
yapilmustir.

Calismada giibre uygulamalari; a) 400 kg.da™* verim baz almarak giibre uygulamasi, b) Bu giibre
(@) oranmin %20 azaltilmasi, ¢) Bu giibre (a) oraninin %40 azaltilmasi, d) Bu giibre (a) oraninin %20
arttirilmasi, e) Bu giibre (a) oraninin %40 arttirtlmas: ve f) Bu uygulamalardan bagimsiz olan iiretici
uygulamas1 olmak tizere 6 degisik uygulama olmak {izere apilmistir. Giibreler her parsel igin
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hesaplanip, topraga karistirilarak verilmistir. Giibre uygulamalar1 kapsaminda verilen giibrelerin
miktarlar Cizelge 1’de verilmistir.

Cizelge 1. Farkli giibre oranlarina gore aycicegine verilmis olan giibreler ve bunlarin NPK miktarlar:
Table 1. Fertilizers and their NPK amounts given to sunflower according to different fertilizer rates

) Giibreler Toplam Verilmis Olan Giibre Giibre ile Verilmis Olan NPK
Giibre Uygulamalar Miktan (Kg.da™) Elementlerinin Miktarlan (kg.da)
N P20s K20
A .
400 'l.<g.da verime gore Ure 32.6 15 0 0
giibre uygulamasi
. o
Giibre oraninin %20 Ure 26.1 12 0 0
azaltilmasi
. o
Giibre oraninin %40 Ure 19.6 9 0 0
azaltilmasi
Giibre oraninin %20 Ure 349 18 2.0 2.0
arttirilmasi 15-15-15 13 . .
Ure 37
Giibre oraninin %40 15-15-15 26 21 4.0 10.4
arttirllmasi K2S04 125 . .
Ure 32
Ureticinin geleneksel giibre
15-15-15 43.9
uygulamasi 21,2 6.6 15.6
K,SO, 17.7

Genel olarak dekardan 400 kg aycicegi verimi i¢in bitkinin topraktan 15 kg N, 10 kg P2Os ve 44
kg K20 elementlerinin kaldirildigi rapor edilmektedir (Anonim, 2021). Deneme alaninda yapilan
toprak analiz sonucu Cizelge 2’de verilmistir. Cizelge 2’deki degerler, bir dekar alanda alinabilir bitki
besin element miktar1 olarak hesaplandiginda; 10.08 kg P20s ve 51.2 kg K20 olarak hesaplanmustir.
Arazinin toprak sonuglarina gore, 400 kg aycigegi verimi igin topraktaki P2Os ve K20 yeterli oldugu
belirlenmistir. Diger elementlerden aygiceginin ihtiyac duydugu miktarlar olan 8 kg.da! MgO, 24
kg.da® CaO, 84 g.da! Fe, 7 g.da® Cu, 40 g.da* Zn ve 47 g.da Mn elementlerinin de toprakta daha
fazla miktarda olmak tizere bulundugu belirlenmistir. Azot dozlar1 ve giibre oraninin %20 arttirilmast
icin gerekli olan 2 kg P2Os ve 2 kg K20 ve giibre uygulamasinin %40 arttirilmasi i¢in gerekli olan 4 kg
P20s ve 10.4 kg KO iire, 15-15-15 ve K>SO4 giibresinden karsilanmistir. Giibre uygulamalarinda
taban giibresi aygigegi tohumuyla birlikte banda verilmistir. Uygulanan iist giibreler ise ii¢ seferde
damlama sulama ile verilmistir. Giibreler her parsel i¢in ayri1 ayr1 hesaplanmigtir. Giibre uygulamalari
kapsaminda verilen giibreler miktarlar1 ve bunlara ait besin elementi hesaplamalar1 Cizelge 2’de
verilmistir. Topraktaki azot miktari, organik madde dikkate alindigi ve bunun da orta diizeyde
oldugundan dolay1 normal verim alabilmek i¢in verilecek azotlu giibrenin belirli oranlarda azaltilarak
(%20 ve %40) verilmesi planlanmistir. Topraktaki fosfor ve potasyum miktarlar1 zaten yeterli oldugu
icin bunlarda azaltma islemi yapilmamis, giibre miktarlarinin arttirilma islemleri ise azot, fosfor ve
potasyum elementlerinde yapilmistir.

Yaprak Ornekleri, her parselden 25 adet olacak sekilde ¢iceklenme baslangicinda iist yapraklar
sap1 ile birlikte alinmistir. Alinan yapraklar once ¢esme suyu ile daha sonra da saf su ile yikanarak
tozlardan arindirilmistir. Daha sonra yapraklar 70°C'de 2 giin siireyle oda sartlarinda kurutulmus ve
sonra Ogiitiilerek analize hazir hale getirilmistir. Kuru yaprak orneklerinde toplam azot kjeldahl
yontemiyle (Bremner, 1965), toplam P, K, Ca, Mg, S, Fe, Cu, Zn, Mn ve B analizleri mikrodalgada
yas yakma yontemiyle (0,5 g 6rnek +2 ml H202 + 2 ml HNO3) yapilmis (Kacar ve Inal, 2008) ¢ikarilan
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ekstraktlar ICP-OES cihazinda okunmustur. Elde edilen veriler SPSS programinda varyans analizine
ve Duncan ¢oklu karsilastirma testine tabi tutulmustur.

Cizelge 2. Farkl giibre oranlarina gére ay¢icegine verilmis olan taban ve iist giibre miktarlar
Table 2. Amounts of base and top fertilizer given to sunflower according to different fertilizer rates

Giibre Uygulamasi Giibre ad1 Taban ve Ust Giibre Olarak Verilmis Olan Giibre Miktarlar (kg.da™)
Taban 1. Sefer 2. Sefer 3. Sefer
400 kg.da! verime gore giibre Ore 9.8 08 9.8 3.2
uygulamasi
Giibre oraminin %20 azaltilmasi Ure 7.8 7.8 7.8 2.7
Giibre oraninin %40 azaltilmasi Ure 59 59 59 1.9
Ure 7.6 11.8 11.8 3.7
Giibre oraninin %20 arttirilmasi 15-15-15 13
Ure 52 13.7 13.7 4.6
Giibre oraminin %40 arttirilmasi 15-15-15 26
K2S04 125
Ure 9.5 9.5 9.5 3,5
Ureticinin geleneksel giibre 15-15-15 43.9
uygulamasi K2SOu 177
BULGULAR VE TARTISMA

Deneme alaninin toprak ozellikleri

Aygicegi ekiminden 6nce deneme alanindan toprak 6rnekleri (0-20 cm derinlikten) alinmis ve bunun
analizleri yapilmistir. Toprak drneginin analiz sonuglar1 Cizelge 3'te verilmistir.

Cizelge 3. Arastirma alani topraginin bazi fiziksel ve kimyasal ozellikleri
Table 3. Some physical and chemical properties of the soil of the research area

Analiz (metot)

Sonuc¢

Referans

Saturasyon (Su ile doygunluk)
EC (Saturasyon Camuru)
pH (Saturasyon Camuru)

Kire¢ (Kalsimetrik)
Organik Maddde (Walkley Black)
N (Teorik Hesaplama)

P20s (Olsen, Spektrofotometre)
K20 (A. Asetat, ICP-OES)
CaO (A. Asetat, ICP-OES)
MgO (A. Asetat, ICP-OES)

Fe (DTPA, ICP-OES)
Cu (DTPA, ICP-OES)
Mn (DTPA, ICP-OES)
Zn (DTPA, ICP-OES)

%64.9

0.83 mmhos/cm

7.69
%20.66
%?2.66
%0.14
10.08 kg da™*
50.8 kg da™*
1.563,2 kg da*
408.7 kg da’*
4.900 g/da
940 g/da
2.660 g/da
180 g/da

(Tiiziiner ve ark.,1990)
(Richards, 1954)

(Anonim, 1988)

(Anonim, 1988)

(Anonim, 1988)

(FAO, 1990)
(FAO, 1990)
(FAO, 1990)
(FAO, 1990)
(FAO, 1990)

(Lindsay ve Norvel, 1969)

(Follet, 1969)
(FAO, 1990)
(FAO, 1990)
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Arastirma alaninin topraklarinin 6zellikleri incelendiginde; topraklarin killi tin tekstiirld, tuz
probleminin olmadigi, hafif alkali reaksiyonlu, kire¢ oraninin fazla, organik madde igeriginin ise orta
diizeyde oldugu anlasilmistir. Makro ve mikro besin maddeleri agilarindan toprak incelendiginde;
Demir, kalsiyum ve magnezyum igeriklerinin yiiksek oldugu, azot (N), fosfor (P), potasyum (K), bakir
(Cu) ve ¢inko (Zn) igeriklerinin yeterli diizeyde oldugu belirlenmistir. Bitki besin elementlerinden
mangan miktarinin ise az oldugu saptanmaistir.

Topraga farkh oranda giibre uygulamanin aycicegi verimine ve yapraktaki bitki besin elementi
icerigine etkisi

Aygigegi denemesinin kuruldugu topraga 6 farkli glibre uygulamasi yapilarak bitkinin verimi ve
yapraklarindaki bitki besin elementleri igerikleri belirlenmistir. Elde edilen verilerin 6nemlilik
diizeylerine ait sonuglar Cizelge 4’te, verilere ait Duncan ¢oklu karsilastirma testi sonuglari ise Cizelge
5’te verilmistir.

Cizelge 4. Giibre uygulamalarin ay¢igegi verimine ve yapraktaki bitki besin elementleri degisimine ait varyans analiz sonuglar
Table 4. Analysis of variance results of fertilizer applications on sunflower yield and changes in plant nutrients in leaves

Uygulama Verim N P K Ca Mg S Fe Cu Mn Zn B Mo

" ** *%* *%* *%* *%* *%* *%* *%* *%* *%* *%* *%* *%*
Giibre

** p<0.01 diizeyinde 6nemli farklilik
Cizelge 3’ten anlasilacagi lizere, topraga farkli oranlarda giibrelerin uygulamasiyla elde edilen

aycicegi verimi ve yapraklardaki toplam bitki besin elementleri (N, P, K, Ca, Mg, S, Fe, Cu, Mn, Zn, B
ve Mo) miktarmin tiimiiniin tizerine etkisi istatistiki olarak dnemli bulunmustur (p<0.01).

Aygicegi verimi ve yaprak analizleri sonucu belirlenen toplam bitki besin elementlerinin ortalama
miktarlar1 ve bu ortalamalarin gruplandirilmalarina ait sonuglar Cizelge 5°te verilmistir.

Cizelge 5. Topraga farkl oranda giibre uygulamanin aygicegi verimi ve yapraktaki bitki besin elementleri 6nemlilik gruplart
Table 5. Significance groups of sunflower yield and foliar plant nutrients of different fertilizer rates applied to the soil

Giibre Verim N P K Ca Mg S Zn Fe Cu Mn B Mo

Uygulamalan (kg.da) % ppm

400 kg.da* 384c 3.90a 120b 6.64b 420b 3850 146a 41.98a 568.82a 30.50a 114.3a 250.01b 25la
verime gore

uygulama

920 azaltma 375d 3.19d 058e 435d 2.33e 252d 0.95c 29.50c 416.90d 21.58c 47.27f 167.08e 2.23c
%40 azaltma 321.4f 356bc 1.14c 6.95a 4552 3.80b 1.48a 41.03a 485.15c 31.35a 103.4b  286.03a  2.07d
%20 arttirma 396.2b 3.70b 0.83d 5.15¢ 3.38d 3.13c 1.15b 34.10b 502.71b 22.27b  86.48d 185.08d 1.76e
%40 arttirma 419.6a 3.47c 059 348e 240e 217e 0.74d 18.26d 258.02f 13.65d 59.70e  132.09f  1.47f
Uretici 366e 3.44c 138a 5.15c 3.76c 4.56a 149a 28.14c 376.32e 32.59a 93.3lc 244.14c 2.42b
uygulamasi

Sinir degerleri 400 3-5 0.2-05 345 08-2 03-08 0.2-04 30-80 20-249 10-20 25-100  35-100 0.3-1

Topraga alt1 farkli oranda giibre uygulamanin verim iizerine etkilerini inceledigimizde aycicegi
bitkisinde en yiiksek verimi giibre oraninin %40 artirillmasi daha sonra giibre miktarinin %20
arttirilmasi, 400 kg.da® verime gore giibre uygulamasi, giibre oranmnin %20 azaltilmas1 ve geleneksel
giibre uygulamasi takip ederken, en diisiik verim ise giibre oraninin %40 azaltilmasinda elde edilmistir.
En yiiksek ile en diisiik verim arasinda 98.2 kg.da® (419.6-321.4) verim farki olusmustur. Aycicegi
iiretiminde iilkemiz ortalamas1 289 kg.da™ iken (Anonim, 2020) yaptigimiz tiim uygulamalarda elde
edilen verim sonuglar1 bu ortalamanin iizerinde belirlenmistir. Alinmas1 gereken 400 kg.da™ verimi
gecen uygulama ise giibre oraninin %40 arttirilmasiyla 419.6 kg.da™ olarak elde edilmistir (Cizelge 5).
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Nasim ve ark.’na (2012) gore 18 kg.da® N uygulamasinda 312.5 kg.da™ ile en yiiksek verim edildigi
bildirilmistir.

Topraga farkli oranlarda uygulanan azotlu, fosforlu ve potasyumlu giibrelerin yapraktaki toplam
bitki besin elementlerinden makro elementlerin miktarlar: tizerine etkisi Cizelge 4’te verilmistir.
Ayrica bu Cizelge 5°te, ¢igeklenme baslangicinda aygicegi iist yapragindaki bitki besin elementlerinin
sinir degerleri de verilmistir (Kagar, 2008). Azot elementinin en yiiksek degeri (%3.9) 400 kg.da
verim igin Onerilen giibre uygulamasinda, daha sonra giibre miktar1 %20 arttirildiginda (%3.7) elde
edilmistir. En disiik azot miktar1 (%3.19) ise giibre uygulamasinin %20 azaltilmasindan elde
edilmistir. Yapraklardaki azot degerleri aygigegi i¢in belirtilen sinir degerleri arasinda kalmustir.
Aygigegi yapraginda en yiiksek fosfor elementi miktar1 (%1.38) iireticinin geleneksel uygulamasindan
elde edilirken bu degeri 400 kg.da™ verime gore giibre uygulamasi (%]1.2) takip etmistir. En diisiik
fosfor miktar1 (%0.58) ise giibre miktarinin %20 diisiiriilmesinden ve %40 arttirilmasindan (%0.59)
elde edilmistir. Yapraklardaki fosfor degerlerinin aygigegi i¢in belirtilen sinir degerlerinin tizerinde
oldugu belirlenmistir. Ay¢igegi yapraginda en yiiksek potasyum miktari (%6.95) giibre miktariin %40
azaltilmas1 uygulamasindan, daha sonra da 400 kg.da® verime gore giibre uygulamasindan (%6.64)
elde edilmistir. En diisiik potasyum miktar1 giibre miktarinin %40 arttirilmast uygulamasinda (%3.48)
elde edilmistir. Yapraklardaki potasyum diizeyleri sinir degerleri igerisinde ve tiizerinde olarak
belirlenmistir. Yapraktaki en yiiksek kalsiyum oraninin (%4.55) giibre miktarinin %40 azaltilmasi
uygulamasindan, bunu takiben de 400 kg.da™ verime gére giibre uygulamasindan (%4.2) elde edildigi
tespit edilmistir. En diisiik kalsiyum miktar1 ise (%2.33) giibre oraninin %20 azaltilmasindan ve %40
arttirtlmasindan (%2.40) elde edilmistir. Yapraklardaki kalsiyum miktarlarinin tiim uygulamalarda
aycicegi i¢in belirtilen sinir degerlerinin iizerinde oldugu tespit edilmistir. Aycicegi yapraklarinda en
yiiksek magnezyum orani (%4.56) iiretici uygulamasinda elde edilirken bu uygulamay1 400 kg.da™
verime gore glibre uygulamasi (%3.85) ve giibre miktarinin %40 azaltilmas1 uygulamasi (%3.80) takip
etmistir. Elde edilen en diisiik magnezyum miktar1 (%2.17) ise giibre uygulamasinin %40 arttirilmasi
ile belirlenmistir. Yapraklardaki magnezyum miktarlarinin tiim uygulamalarda aygicegi i¢in belirtilen
sinir degerlerinin {izerinde oldugu tespit edilmistir. En yliksek yapraktaki kiikiirt miktarlarina
bakildiginda, iireticinin geleneksel uygulamalarindan (%1.49), giibre miktarinin %40 azaltilmasindan
(%1.48) ve 400 kg.da® verime gére giibre uygulamasindan (%1.46) elde edildigi belirlenmistir. En
diisiik kiikiirt miktarina (%0.74) bakildiginda ise bunun giibre uygulamasinin %40 arttirilmasindan
elde edildigi anlasilmistir. Yapraklardaki kiikiirt miktarlarmin da tiim uygulamalarda aygigegi igin
belirtilen sinir degerlerinin lizerinde oldugu tespit edilmistir.

Yapraklardaki mikro besin maddeleri olan Zn, Fe, Cu, Mn, B ve Mo elementlerinin igerikleri
Cizelge 5’te verilmistir. Bu elementlerden cinko igeriklerine bakildiginda, 400 kg da? verim baz
alinarak giibre uygulamasindan (41.98 ppm) ve giibre uygulamasinin %40 disiriilmesi
uygulamasindan (41.03 ppm) en yiiksek ¢inko degerleri elde edilmistir. En diisiik ¢inko miktari (18.26
ppm) ise giibre miktarinin %40 arttirilmasindan elde edildigi ve bu degerin de ¢inko i¢in verilen sinir
degerlerin altinda kaldig1 goriilmiistiir. Yaprakta en yiiksek demir miktar1 568.82 ppm ile 400 kg.da™
verime gore giibre uygulamasindan, en diisiik demir miktart ise 258.02 ppm ile giibre oranmin %40
arttirilmasindan elde edilmistir. Yapraklardaki demir miktarlarinin tim uygulamalarda aygigegi icin
belirtilen sinir degerlerinin iizerinde oldugu tespit edilmistir. Yapraktaki bakir oranini en yiiksek
seviyeye cikaran uygulamalar sirasiyla, ireticinin geleneksel uygulamasindan (32.59 ppm), giibre
miktarinin %40 diisiiriilmesinden (31.35 ppm) ve 400 kg.da? verime gére giibre uygulanmasindan
(30.50 ppm) elde edilmistir. En diisiik bakir degeri ise 13.65 ppm ile giibre miktarinin %40 arttirilmasi
uygulamasindan elde edilmistir. Yapraklardaki bakir miktarlarinin tiim uygulamalarda aygigegi i¢in
belirtilen sinir degerlerinin tizerinde oldugu tespit edilmistir. En yiiksek mangan miktarinin (114.3
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ppm) 400 kg da verime gore giibre uygulamasidan elde edildigi, en diisiik degerin (47.27 ppm) ise
giibre uygulamasimnin %20 azaltilmasindan elde edildigi anlasilmistir. Yapraklardaki mangan
diizeylerinin bildirilen smir degerleri igerisinde ve iizerinde oldugu belirlenmistir. Giibre
uygulamasinin %40 disiiriilmesinde bor elementinin en yiiksek miktar1 (286.03 ppm) elde edilirken,
en diisiik bor miktar1 (132.09 ppm) ise giibre uygulamasiin %40 arttirilmasi uygulamasindan elde
edilmistir. Yapraklardaki bor diizeylerinin bildirilen smir degerleri iizerinde oldugu belirlenmistir.
Yapraktaki molibden miktaria bakildiginda, 400 kg.da™ verime gore giibre uygulamasinda en yiiksek
degere (2.51 ppm) ulasirken, en diisiik molibden miktar1 (1.47 ppm) giibre uygulamasinin %40
arttirtlmasinda elde edilmistir. Yapraklardaki molibden diizeyleri de bildirilen smur degerleri
tizerindedir.

Topraga farkli oranda giibre uygulamanin yapraktaki azot miktarma etkisini
degerlendirdigimizde tiim sonuclarin bu degerler arasinda yer aldigi goriilmektedir. Yapraktaki en
yiiksek azot miktar1 400 kg.da™! verime gore giibre uygulamasi ile (15 kg.da™® saf azot) yaprakta %3.9
azot elde edilirken en diisiik miktar ise giibre miktarmin %20 azaltilmasi uygulamasinda (9 kg da saf
azot) %3.19 elde edilmistir. Yapraktaki analiz sonuglarina baktigimizda en yiiksek ve en diisiik iki
uygulama arasinda yapraktaki N miktar1 %18.2 oraninda azalmistir. Fosfor elementinin yapraktaki
siir degeri %0.25- 0.5 arasindadir. Uygulamalardan sonra alinan bitki yapraklarinda fosfor miktar
tiim uygulamalarda bu sinir degerlerinin tizerinde ¢ikmaistir. Giibre miktarinin %20 azaltilmasi (%0.58)
ve %40 arttirilmas1 uygulamalarinda (0.59) elde edilen rakamlar fosforda {ist sinir degeri olan %0.5 en
yakin olan uygulama sonuglaridir. Cigeklenme baslangicinda aygicegi bitkisinde potasyum elementine
ait smir degeri %3-4.5"dir. Giibre uygulamalarin %20 azaltilmas1 (%4.35) ve giibre uygulamalarin
%40 arttirtlmast (%3,48) hari¢ tiim uygulamalar %4,5 oranindan yiiksek bulunmustur. En yiliksek
potasyum orani giibre miktar1 %40 azaltildiginda (%6.95) elde edilmis ve bu uygulama ile potasyumun
tist sinir degeri olan %4.5 oranindan %54.4 daha fazla potasyum belirlenmistir. Kalsiyum elementi i¢in
sinir degeri %0.8-2°dir. Giibre uygulamalarin tiimiinde kalsiyum elementi oram1 %2’den daha fazla
belirlenmistir. Giibre uygulamalarinin %20 azaltilmas1 (%2.33 ) ve %40 arttirilmas: uygulamalarinda
(%2.40) en diisiik Ca orani giibre oran1 %40 azaltildig1 durumda ise en yiliksek kalsiyum orani elde
edilmis (%4.55) ve bu deger kalsiyum iist degeri olan %?2’den %127.5 daha fazladir. Magnezyum
elementi i¢in belirlenen sinir degeri %0.3-0.8°dir. Tim uygulamalar %0.8 degerinden yiiksek
bulunmustur. En yiiksek magnezyum orami liretici uygulamasinda elde edilmis (%4.56) ve st sinir
degeri olan %0.8 degerinden %470 daha fazladir. Yaprakta kiikiirt elementi i¢in sinir degeri %0.2-
0.39°dur. Yapilan uygulamalarin hepsinde elde edilen degerler verilen sinir degerlerin {izerinde
bulunmustur. En yiiksek olan deger ile (%1.49) en diisiik deger (%0.74) arasindaki fark %50.3"diir.
Cinko elementi i¢in sinir degeri 30-80 ppm’dir. Giibre miktar1 %20 azaltildiginda (29.5 ppm), %40
arttirildiginda (18.26 ppm) ve iiretici uygulamalarinda (28.14 ppm) elde edilen ¢inko oranlari sinir
degerinin altinda digerleri ise bu degerlerin arasinda bulunmaktadir. Demir elementi i¢in sinir degeri
20-249 ppm’dir. Yapilan tiim uygulamalarinda elde sonuglar 249 ppm’den yiiksek bulunmustur. Bakir
elementinin smir degeri 10-20 ppm’dir. Giibre uygulamasimin %40 arttirilmasi uygulamast (13.65
ppm) hari¢ tiim degerlerin 20 ppm degerinden biiyiiktiir. En yiiksek deger (32.59 ppm) ile en diisiik
deger (13.65 ppm) arasinda %58.1°lik fark olusmustur. Mangan elementinin sinir degeri 25-100
ppm’dir. 400 kg.da! verim igin giibre uygulamasi (114.3 ppm) ve giibre uygulamasi1 %40 azaltilmasi
(103.4 ppm) uygulamalar1 100 ppm degerinden biiyiikken, diger uygulamalarda elde edilen veriler bu
degerlerin arasinda kalmistir. Aycicegi yapragindaki bor elementi konsantrasyonu 35-100 ppm’dir.
Yapilan uygulamalarin hepsinde elde edilen degerler 100 ppm’den fazla belirlenmistir. En yliksek bor
miktar1 glibre uygulamasinin %40 azaltilmasinda elde edilmis (286.03 ppm) ve deger bor i¢in {ist limit
olan 100 ppm {ist sinir degerinin %186 oraninda bor fazlaligi tespit edilmistir.
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Ciceklenme baslangicinda aycicegi yapraginda bulunmasi gereken molibden miktar1 0.3-1
ppm’dir. Uygulamalar sonucunda elde edilen tiim sonuglar 1 ppm degerinden yiiksek bulunmustur. En
yiiksek molibden elementi miktar1 400 kg da-1 verime gore gilibre uygulamasinda elde edilmis (2.51
ppm) ve bu deger 1 ppm {ist sinir degerinden %151 daha fazladir.

Cizelge 5 incelendiginde bitkide bitki besin elementlerinin yarayishigint artiran uygulama 400
kg.dal verime gore topraga yapilan giibre uygulamasidir. 400 kg.da™ verime gore topraga yapilan
giibre uygulamasinda aygicegi yapraginda yapilan 12 bitki besin elementi analizinde N, S, Fe, Cu, Mn
ve Mo yeterli ve fazla gurubuna girerken P, K, Ca, Mg ve B elementleri ikinci guruba girmis olmasina
ragmen elde edilen degerler sinir degerlerin {lizerinde bulunmustur. Cinko ise uygulamalardan giibre
miktarmin %20 azaltilarak, %40 artirilarak ve tiretici uygulamalarinda yapraklardaki siir degerin
altinda kalmistir. Bunun nedenlerinin arasinda fazla makro element (6zellikle fosfor) uygulamasi ve
ciftgi giibre uygulamasinin genellikle fazla olmasi nedenlerinden dolayr ¢inko aliminin olumsuz
etkilendigi diistiniilmektedir. Deneme kurulan arazinin toprak analiz sonucu incelendiginde topragin
bitki besin elementlerince yeterli olmasi aygigegi veriminin yiiksek olmasinda 6nemli bir faktor oldugu
diisiiniilmektedir. Aym bolgede farkl1 bir bitkide (misir) yapilan bir calismada (Oner ve Oner, 2023),
misirin 950 kg.da? verimine gore giibre uygulamasi, bu giibre miktarinin %40 azaltilmasi, %40
artirilmasi ve {iretici uygulamasi sonuglar1 incelenmis, uygulamalardan sonra misir yapragindaki bitki
besin elementlerinden N, K, Ca, Mg, Fe, S, Cu, Mn miktarlarinin en yiiksek diizeylerinin {iretici
uygulamasindan elde edildigi belirlenmistir. Bitki yapraginda toplam N elementi iiretici uygulamasi
hari¢ diger lic uygulamada elde edilen degerler sinir degerinin altinda belirlenmistir. Bitkideki P
elementi miktar1 giibre uygulamasinin %40 arttirilmast ve azaltilmasi uygulamalart hari¢ sinir
degerlerinin iginde belirlenmistir. K, Ca, Mg, Zn, Cu, Mn ve B elementleri tim uygulamalarda sinir
degerleri arasinda belirlenirken, Fe ve Mo ise tiim uygulamalarda sinir degerinin {izerinde
belirlenmistir.

Degisik uygulamalar (400 kg.da verime gore giibre uygulamasi, bu giibre miktarinin %20-40
azaltilmasi, %20-40 artirllmasi ve iretici uygulamasi) sonucu aygigegi verimi ve giibre maliyetleri
cikarildiktan sonraki verim hesaplanmig, daha sonra uygulanan giibrelerin maliyeti ile elde edilen
aycigeginin fiyati1 Cizelge 6°da verilmistir.

Cizelge 6. Giibre maliyetleri ¢tkarildiktan sonra net verim
Table 6. Net yield after subtracting fertilizer costs

Giibre Verim Giibre maliyeti* Uygulanan giibrelerin TL Aycicegi
cikarildiktan sonra olarak degeri karsihg: (kg)

1 1 kg.da
uygulamalari (kg verim (kg_da‘l)

h Ure 15-15-15 K2SO4

400 kg.da verime gore 384 365.9 32.6 18.1

Giibrenin %20 375 360.5 26.1 14.5
azaltilmasi

Giibrenin %40 3214 310.5 19.6 10.9
azaltilmasi

Giibrenin %20 396.2 368.3 34.6 15.6 27.9
arttirilmasi

Giibrenin %40 419.6 367.8 37 31.2 25 51.8
arttirillmasi

Uretici uygulamasi 366 299.3 32 52.68 35.4 66.7

*iire: 1 TL.kg?, 15-15-15: 1.2 TL.kg?, K2SO4: 2 TL.kg, aygicegi: 1.8 TL.kg™! (2016 tarihinde denemenin kuruldugu zaman fiyatlari)
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Cizelge 6’da goriilecegi gibi 2016 yilinda her deneme parselinde kullanilan giibre miktarina ve
2016 yilindaki birim giibre fiyatlar1 dikkate alinarak giibre maliyetleri belirlenmistir. Belirlenen giibre
maliyetleri ayciceginin 1 kg fiyat1 1.8 TL olmasi nedeniyle 1.8’e boliinerek giibre masrafina karsilik
gelen aygicegi miktar1 belirlenmistir. Giibre maliyeti icinde olan verim miktarindan ve parseller i¢in
hesaplanan aycicegi miktart diisiilmiis ve giibre maliyeti olmadan net ay¢icegi verimi belirlenmistir.

Veriler incelendiginde, giibre maliyeti disiiriilmeden en yiiksek verimin giibre miktarinin %40
artirllmasindan elde edilirken (419.6 kg.da), bu deger giibre maliyetlerinin diisiiriilmesinden sonra 2.
siraya diismiistiir (367.8 kg da). Bunun yaninda, 400 kg.da verime gore giibre uygulamasi ve giibre
miktarinin %20 azaltilmas1 uygulamalarindan elde edilen verimlerin siralamalar1 degismemistir.
Uretici uygulamasinda ise giibre maliyetleri diisiiriilmeden elde edilen verim 5. sirada iken maliyetler
disiiriildiikten sonra bu sira 6’ya gerilemistir. Giibre maliyetleri diisiiriildiikten sonra uygulamanin
%20 arttirilmasi elde edilen en yiiksek verim ile (368.3 kg.dal) iiretici uygulamasiyla elde edilen en
diisiik verim (299.3 kg.da?) arasinda 69 kg.da* fark olusmustur.

Giibre bayilerinde 06.01.2022 tarihi itibariyle giibre fiyat:; iire 14.000,0 TL.ton?, 15-15-15
10.000,0 TL.ton?! ve K»SO4 ise 22.000,0 TL.ton’dir. 06.01.2022 tarihi itibar1 ile Edirne Ticaret
Borsasindaki aycicegin fiyat1 9.300,0 TL.ton’dir (Anonim a, 2022). Aygicegi hasadinin yapildig:
26.09.2016 tarihinde 1 ABD dolar1 2.9846 TL (Anonim, 2016), 06.01.2022 tarihinde ise 1 ABD dolar1
13,3687 TL’dir (Anonim b, 2022).

Bu sonuglardan da anlasilacag iizere, dolar kurundaki artis ve dolayisiyla giibre fiyatlarinin artis
da dikkate alindiginda 2016 yilina gore 1 kg iire giibresi fiyat1 0.85 TL’den 14 TL’ye (16.47 kat), 1 kg
15-15-15 giibresi 0.96 TL’den 8.6 TL’ye (8.95 kat) ve 1 kg KNO3 giibresi 3.2 TL’den 20 TL’ye (6.25
kat) artis oldugu gozlenmistir.

SONUC

Aygiceginin farkli giibre uygulamalari sonucunda, yapraktaki alinan besin elementlerinin Zn
disinda ¢ogunun (N, P, K, Ca, Mg, S, Fe, Cu, Mn, B ve Mn) smir degerleri arasinda veya lizerinde
bulunmasi bitkinin beslenmesinin yeterli oldugunu géstermektedir. Cinkonun da sadece giibrenin %40
arttirildigr uygulamada diisiik ¢ikmasi disinda bitkinin beslenme sorunu olmadig: belirlenmistir. Bu
durumun agir1 giibrelemenin ozellikle de fazla fosforlu giibrelemenin ve topraktaki fazla kireg
(%20.66) miktarmin ¢inko alimini olumsuz etkilediginden kaynaklandigi diisiiniilmekte olup, bu
durumun 6nceki arastirma bulgulariyla paralellik gosterdigi de anlasilmaktadir (Topcuoglu ve Yalgin,
1996; Demirkiran, 2009).

Girdi maliyetlerinin en 6nemli bileseni olan giibrelerin dogru ¢esit ve miktarlarda kullanilabilmesi igin
tireticilerin toprak analizi ve onu destekleyen bitki analizleri yaptirarak verilen giibreleme programini
uygulamas1 gerekmektedir. Cilinkii geleneksel olarak yapilan {iretici uygulamasi ve giibre miktarinin
%20, %40 arttirilmas1 gibi tarimsal iiretim agisindan yanlis miktarda ve cesitte giibre kullanilmast
ciddi ekonomik kayiplara neden olacaktir. Yapilan ¢alisma sonucu toprak analizleri sonucunda N hari¢
toprakta yeterli miktarda element bulunmasi nedeniyle 400 kg.da® verime gore topraga sadece azotlu
giibre kullanilarak yapilan giibreleme programinin verim ve yapraktaki bitki besin elementleri
miktarlari i¢in yeterli oldugunu gdstermektedir.
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Fish have a complex immune system consisting of various defense mechanisms to

Correspondence protect their bodies from disease-causing organisms and external threats. While
1 Atatiirk University, Faculty of fish's immune system shares some similarities with that of humans, it also has some
Fisheries, Erzurum, Turkey differences. Understanding and researching the immune system of fish in recent
Email: filizkaradas66@gmail.com years has become crucial for combating infections in both natural habitats and fish

farms. The health of fish depends not only on environmental factors but also on the
strength of their immune systems. In fish farms, the risk of infectious diseases
spreading increases due to high fish density and limited living spaces. Therefore,
fish producers employ various methods to strengthen the immune system of fish.
Immunostimulants play a significant role in this context. These compounds, which
stimulate both specific and non-specific immune systems in fish, can enhance
resistance to infectious diseases. The immune system of fish can vary depending on
species and environmental conditions. Factors such as nutrition, stress, water
temperature, and water quality can affect the immune system of fish. Thus, in
situations like fish farming or aquarium maintenance, measures such as maintaining
proper water conditions, providing balanced nutrition, practicing hygiene, and
implementing disease prevention strategies should be taken into account to support
the health of fish.

Keywords: Fish, Immune system, Nutrients, Immunonutrition

INTRODUCTION
Immune system in fish

Knowledge of immune defenses is remarkably advanced in mammals, and this knowledge is generally taken
as a basis for comparative studies in other vertebrates. This is mainly due to the similarity in the anatomical
and functional organization of the immune system among vertebrate species. However, in recent years some
difficulties have emerged in transferring the experimental knowledge in immunology acquired in mammals
to ectothermic vertebrates, particularly in fish. These difficulties originated from the increasing number of
fish species investigated, each one living in a unique environment and thus requiring unique handling
conditions, from the use of outbred species with high genetic variability in immune responses and, mainly,
from the lack of markers for cellular and molecular components of the immune system (Randelli et al.,
2008). Since fish are cold-blooded animals, their immune properties are quite different from mammals.
Cold-blooded animals change their body temperature depending on their external environment. This
requires them to adjust their metabolism and behavior according to temperature changes. The mammalian
immune system includes specialized organs such as bone marrow and lymph nodes. Bone marrow is a place
where white blood cells are produced and matured. Lymph nodes, on the other hand, are regions where
immune cells interact and pathogens are recognized. In fish, these organs are either absent or very limited.
Therefore, the immune system of fish relies on different mechanisms than that of mammals (Press and
Evensen, 1999). Among the factors that significantly affect the immune system of fish are the physical and
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chemical characteristics of the aquatic environment. Careful management of these factors in fish farming or

natural habitats is of critical importance for maintaining the health and immune system of fish (Altinterim,
2011).

The immune system of vertebrate animals encompasses both acquired immunity and innate immunity
responses. The first line of defense against infection occurs through innate immunity and this process occurs
independently of antibodies. Unlike acquired immunity, innate immunity is faster and does not necessitate
prior exposure to pathogens. Various proteins that serve as opsonins to neutralize pathogens have direct
antibacterial activity (Epstein et al., 1996; Sumyia and Summerfield, 1997). The immune system in fish
includes a range of factors that prevent infections and enable the body to respond to infections. Among these
factors are natural immune cells, the complement system, interferons, antiviral proteins, and many other
molecules and mechanisms. The natural immune system of fish plays a crucial role in defending the body
against infections and combating diseases. The combination of these factors is critical in providing fish with
resistance to infections (Aoki and Neurosci, 1992).

Like other vertebrates, fish also divide their immune system into two main categories: non-specific (innate)
and specific (adaptive) immunity. The primary defense mechanism of fish relies on the non-specific immune
system. This system cansubpart respond rapidly without the need for the recognition of antigens (foreign
substances). This means that infections can be quickly controlled. The non-specific immune system protects
the body against pathogens (microorganisms such as bacteria, viruses, and fungi) while showing relatively
less variation depending on body temperature. This contributes to the ability of fish to tolerate different
water temperatures. Despite these advantages, the non-specific immune system may be inadequate against
some infections that require a more specific and customized response. Therefore, in some fish species, the
specific immune system has also developed, and they can generate acquired immune responses. The immune
systems of fish are formed through a combination of specific and non-specific immune mechanisms,
allowing them to mount highly effective defenses against various infections (Ellis, 2001).

The immune system, due to this complexity, is divided into subparts. These subparts are referred to as
specific/non-specific immunity, acquired immunity/innate immunity, or even mucosal/systemic immunity
(Timothy, 2008). In recent years, immunological research in fish has been primarily divided into two main
areas. Firstly, developmental and comparative studies have led to a better understanding of the functional
and structural evolution of the immune system from fish to invertebrates and then to mammals. Fish provide
an interesting model to study the interaction between the innate and adaptive components of the immune
system, and a significant delay often occurs between the onset of infection and the emergence of adaptive
responses. The second significant aspect encompasses the financial requirements of the aquaculture
industry. The growth of the aquaculture sector worldwide over the past decade has made it necessary to
obtain comprehensive information about the immune systems of commercially important fish species. There
are two reasons for this demand: to optimize the natural immune defense system of fish under culture
conditions and to advance fish stock selection, as well as to develop and proliferate protective measures
such as probiotics and vaccines (Magnadottir, 2010).

Immunity in fish comes in two forms: 1) Innate immunity and 2) Adaptive immunity. Innate immunity is
known as the body's ability to naturally recognize signals from substances that are inherently foreign and
dangerous. This system recognizes the protein structures of bacteria, fungi, and disease-causing compounds
using a limited number of patterns. These patterns are specific to compounds found on the surface of
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microorganisms, such as glycoproteins and lipopolysaccharides (Arda et al., 2002). Adaptive immunity:
Unlike the response mechanisms of innate immunity, adaptive immunity is a component of the immune
system in which cells like lymphocytes carry specific receptors. These receptors can recognize various
substances produced by microorganisms and even non-infectious molecules. Adaptive immunity is
characterized by the ability to develop a specific response to the body and its ability to create specific
mechanisms to combat different types of microorganisms (Abbas and Lichtman, 2007).

It emphasizes the complexity and adaptability of the immune system. Innate immunity is based on the
organism'’s genetic traits and the evolutionary history of the species and is shaped over time by interactions
with environmental factors and pathogens. This illustrates how versatile and dynamic the body's self-
defense capability is. Thanks to its ability to adapt to environmental changes, the immune system can
develop more effective defenses against infections and can adapt evolutionarily appropriate responses.
Therefore, the immune system provides an important evolutionary advantage in supporting the survival and
resistance of animals to various infections (Janeway and Medzhitov, 1998; Carroll and Janeway, 1999; Du
Pasquier, 2001, 2004; Alvarez-Pellitero, 2008). During the processes of development and growth, various
systems within the bodywork to ensure the organism's healthy and balanced growth. At the same time, even
when external or internal stress factors such as inflammatory reactions or tissue damage occur, the organism
strives to maintain this balance (Magnadottir, 2010). Innate immunity encompasses the natural defense
mechanisms of an organism and forms the first line of defense against infections with rapid responses.
Macrophages and monocytes are essential cell types that recognize foreign substances entering the body
and act to destroy them. Granulocytes are directed to sites of inflammation and infection, aiding in the
destruction of pathogens in infected areas. Additionally, humoral elements like lysozyme and the
complement system are significant components of the innate immune system. Lysozyme is an enzyme used
to eliminate bacteria, while the complement system consists of a series of proteins and protein complexes
that initiate natural killing mechanisms against pathogens. When these components come together, they
assist the organism in developing rapid defenses against infections and help cope with diseases. The innate
immune system is a crucial defense line that regulates the immune responses of the organism and provides
protection against pathogens (Secombes and Fletcher, 1992; Magnadottir, 2006). Phagocytosis is an
important component of innate immunity, especially in organisms like fish, against pathogens such as
bacteria, viruses, and parasites, and it is used in the fight against these pathogens. Phagocytosis works by
engulfing and destroying pathogens. Additionally, different pathways like the alternative, lectin, and
classical pathways can lead to various outcomes, including the formation of the membrane attack complex
and cell lysis, or they can involve the activation of the adaptive immune response through the opsonization
of the pathogen. These processes can help diversify the organism's defense strategies against pathogens and
facilitate adaptation. Furthermore, enhancing phagocytosis through the classical pathway can trigger the
activation of the adaptive immune response. In conclusion, phagocytosis and these different immune
pathways are essential components of the organism's defense mechanisms against pathogens and are
intricately regulated by the immune system (Nonaka and Smith, 2000; Boshra et al., 2006).

This explanation emphasizes that adaptive immunity is an immune mechanism used by the organism to
develop a more effective response against specific pathogens. Adaptive immunity initiates a response when
the organism encounters a specific pathogen for the first time and provides a stronger response upon re-
encountering the same pathogen. This allows the immune system to develop a more effective defense
mechanism against pathogens.
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Additionally, it mentions that the activation of the adaptive immune system involves processes such as the
selection of specific receptors, cellular proliferation, and protein synthesis. These processes may take time
but have long-lasting effects in regulating the immune response. In conclusion, adaptive immunity is a
crucial component of the immune system, enhancing the complexity and effectiveness of the organism's
immune response (Dixon et al., 1995; Du Pasquier, 2000; Harding and Neefjes, 2005; Huttenhuis et al.,
2005; Randelli et al., 2008).

Immunonutrition

Fish health is closely related to what they eat, or more specifically, how they are fed in the context of
aquaculture. Proper feed and feeding regimes are of utmost importance for the health of fish. While fish
nutrition and fish immunity have existed as separate fields since the early 1960s, it was only in the late
1980s that the scientific community began to merge these two areas. The past decade has witnessed a rapid
increase in research in this field, driven not only by interdisciplinary efforts and the availability of modern
genomic tools but also by a better understanding of preventive health measures and the central role of feeds
in maintaining the health of fish. Current knowledge about the immune responses of fish to nutrients, feed
ingredients, or additives is based on a limited number of selected substances (Kiron 2012).

Immunomodulatory
nutrients & additives

Activation of the
Antioxidant defenses

immune system

Cytokines

Acute phase protein” Nutrient release  Cellular responses
synthesis

Metabolic responses

Hostile milieu for pathogen m Restoration of homeostasis

Figure 1. The concept of immunonutrition in preventive health (Kiron 2012).
Nutrients

Nutrients can influence fish health and their immune systems in ways that can enhance their resistance to
infections. Specific nutrients like vitamin C, vitamin E, and lipids are known to have positive contributions
to fish health. A deficiency in these nutrients can have adverse effects on fish health and weaken their
immune systems. Therefore, the aquaculture and seafood industries should focus on carefully managing fish
nutrition and ensuring the provision of these essential nutrients. In conclusion, nutrients play a critical role
in maintaining fish health and their immune systems, making this a matter of significant importance.
According to Hardy (2001), This description emphasizes that vitamin C plays a role in various processes by
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affecting biological metabolism, particularly regulating steroid and collagen formation. Vitamin C is an
important vitamin for the organism and contributes to many vital functions.

Vitamin C deficiency can lead to a range of negative health effects. These effects include growth problems,
loss of appetite, and poor feed utilization, among nutrition-related issues. Additionally, it can cause more
serious health problems such as pigment deficiency, anemia, spine deformities, and organ hemorrhages.
Therefore, it is important to ensure an adequate intake of vitamin C within a balanced diet (Blazer and
Wolke, 1984a).

Vitamin E emphasizes its importance for both marine and freshwater fish. This importance is particularly
associated with its antioxidant properties because these properties can prevent the oxidation of unsaturated
fatty acids. Furthermore, it can promote cell proliferation in immunogenetic organs, increase the number of
antibody-producing plasma cells, stimulate helper T lymphocytes, and enhance phagocytic activity. This
can, in turn, affect both humoral (related to body fluids) and cellular immune responses.

The various effects of Vitamin E point to its positive contributions to the immune system of fish,
underscoring the importance of having an adequate amount of vitamin E in their diets. This is a vital factor
in maintaining fish health and making them more resilient against infections (Tacon, 1985).

Proteins, amino acids

Proteins provide the essential amino acids required for the proper functioning of animals' bodies. They also
serve as the source of nitrogen needed for the synthesis of these amino acids and contribute to the formation
of nitrogen-containing compounds used in important biochemical processes in the body. Therefore, dietary
proteins are considered a critical component for the growth, energy production, and overall health of animals
(Young, 2000). The deficiency of protein and amino acids can adversely affect the normal protein
production capability of cells and ultimately render these cells non-functional. Fish, in particular, require
approximately ten essential amino acids for the proper functioning of their bodies. This highlights how
critical it is for their healthy growth and functionality to obtain these essential nutrients. Additionally, this
sentence alludes to a general biological principle by indicating that other living organisms also have a similar
need for amino acids and proteins (Hardy, 2001). Feeds based on high-quality fish meal are effective in
providing the amino acids that fish require. However, when the amino acid content from alternative sources
replacing fish meal in feeds is insufficient, the health and growth of fish can be jeopardized.

This is particularly important in the field of fish farming and aquaculture because the quality of fish feeds
directly impacts the productivity and health of the cultivated fish. Therefore, fish feed producers and fish
farmers should be cautious in developing and using suitable feeds that meet the nutritional requirements of
fish (Tacon, 1995).

Amino acids play a significant role in the synthesis of various important proteins, including components of
the immune system such as antibodies. While certain amino acids, particularly arginine, glutamine, and
cysteine, may have received more attention in terms of nutrition and immunity, other amino acids also play
a crucial role in maintaining immune competence and preserving resistance to diseases. Imbalances or
antagonisms among amino acids can hinder the effective utilization of nutrients and have a negative impact
on immune organs and responses. Therefore, proper nutrition and maintaining the balance of amino acids
are of critical importance for a healthy immune system (Li et al., 2007).
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Lipids, fatty acids

Lipids serve as both an energy source and fulfill the requirements of essential fatty acids (EFA). Vertebrates
like fish require precursor fatty acids or their highly unsaturated metabolic derivatives in their diets. When
we examine the effects of various polyunsaturated or monounsaturated fatty acids on immune functions in
mammals, these fatty acids can influence the immune system through various mechanisms. The increased
use of alternative lipid sources, especially vegetable oils, in response to the decrease in marine resources,
has led to a reduction in natural essential fatty acid sources in fish feeds. These changes can challenge the
physiological mechanisms of fish, especially in carnivorous fish species, and may impact immune functions
(Kiron et al., 1995, 2011; Bell et al., 1996; Montero et al., 2008).

Antioksidan micro nutrients

The content of antioxidant micronutrients, including vitamins A, C, and E, carotenoids, and various
minerals, especially selenium, zinc, copper, manganese, and iron, is emphasized. These nutrients possess
important antioxidant properties that are crucial for the health of fish.

It is mentioned that fish feeds typically contain these vitamins and minerals, aiding in meeting the nutritional
requirements of fish. However, in aquaculture, it is noted that there may be deficiencies in these nutrients,
necessitating supplementary feeding. This is particularly important in situations where fish cannot obtain
these nutrients directly, such as in aquarium environments or natural habitats (Hardy, 2001). It is known
that incorrect feeding practices, feed production errors, and storage conditions can lead to nutrient
deficiencies. Furthermore, research has shown that the stability of micronutrient substances such as vitamins
and carotenoids can be affected by the extrusion process used during feed production. This information
emphasizes the importance of proper feed production, storage, and feeding practices in fish farming and
aquaculture. Incorrect feed production or storage conditions can prevent fish from obtaining essential
nutrients and may lead to health issues, underscoring the need for careful attention to these aspects.
Additionally, studies have highlighted how crucial feed production processes are in preserving the stability
of the nutrients they contain (Riaz, 2000; Anderson and Sunderland, 2002).

Supplements

Additives are substances intentionally added to feeds and have various functions such as regulating the
immune system, alleviating stress, or preventing pathogens. These substances have been evaluated and
approved by the European Food Safety Authority (EFSA). These additives have the potential to influence
the natural defense mechanisms of fish, and it is noted that this can occur through their direct effects on cell
receptors or their effects on genes associated with the immune system. Therefore, these additives are
typically incorporated into feeds, especially during stressful aquaculture processes such as sorting, transfer,
vaccinations, or critical life stages. This practice helps animals become more resistant to pathogens and
maintain good health (Bricknell and Dalmo, 2005).

Protective nutrition

The feeding habits and immune system of fish involve a complex array of different physiological processes
occurring in various organs at different regulatory levels. These processes encompass various aspects such
as the intake, absorption, metabolism of nutrients, and the regulation of immune responses. Additionally,
feeds are complex mixtures containing different nutrients, which elicit various physiological responses to
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support processes like growth, energy production, immune function, and overall health in fish. Therefore,
the interaction between nutrition and the immune system entails a multitude of physiological processes and
has a significant impact on fish health (Panserat and Kaushik, 2010).

Dietary immunomodulation has significant potential in aquacultural production for preventing or treating
diseases. It involves optimizing immune function and resistance to diseases by adding nutrients and non-
nutritive immunostimulatory compounds to diets. If consistent reductions in mortality rates can be
demonstrated, this approach can be cost-effective. However, further research is needed in this field.
Particularly, questions regarding the diversity of fish and pathogen species, the amount of nutrients and non-
nutritive immunostimulatory compounds needed for protection, and the duration of different treatments
need to be addressed using standardized protocols. This way, we can better understand how to effectively
utilize dietary immunomodulation in aquacultural production (Delbert, 2003).

The effects of nutrition on disease resistance mechanisms and the potential effects of these effects on the
incidence and severity of infectious diseases are quite important. Various nutrients, such as vitamins,
minerals, and fatty acids, are mentioned to play a role in increasing disease resistance. It is stated that there
is potential for the diet to enhance disease resistance, but there are still many questions to be answered in
this area. An important point emphasized is that feeds that promote high growth may not necessarily
guarantee the optimal immune response. In other words, using feeds that only stimulate growth may not be
sufficient to enhance fish resistance to diseases. Therefore, nutrition strategies need to be carefully planned
to increase disease resistance (Blazer, 1982; Blazer and Wolke, 1984b; Blazer et al., 1989). In such cases of
"marginal deficiencies,” fish may continue to grow, appear healthy, and show no apparent signs of
histopathological problems. However, a significant decrease in disease resistance mechanisms is observed.
In many instances, while the effects on mortality may be evident, the exact mechanism(s) of these effects
have not yet been fully understood. To effectively utilize feeds for enhancing disease resistance, we need
more information about the pathogenesis of significant infectious diseases, the protective responses
involved in resistance to individual diseases, and the interactions among various dietary components
(Blazer, 1992).

Intestinal immunity

Aquaculture is a sector that includes the cultivation of fish, shellfish, and other aquatic products, offering
consumers high-protein and nutritious seafood. It is considered a critical resource for meeting the nutritional
needs of the global population and plays a significant role in food security. Moreover, with the increasing
demand for natural seafood products, aquaculture is becoming even more crucial in fulfilling this
requirement (Dawood, 2016). Protein, fat, fiber, energy, as well as mineral and vitamin contents, are
fundamental factors that can influence the balance between gut microbiota and intestinal health. Therefore,
a balanced diet is important to support gut health and help the body maintain the balance between these two
crucial components (Francis et al., 2001). This statement highlights that the formulation of aquaculture feeds
is based on plant and animal protein sources that have been investigated locally for their contribution to
intestinal health. The composition of these feeds can impact intestinal health through various mechanisms,
including intestinal morphology, microbial diversity, intestinal barriers, oxidative status, and digestive
enzyme activity.

As a result, the components of aquaculture feeds can have a significant influence on the intestinal health of
fish. Careful examination of these factors and the formulation of feeds to support these health aspects are
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critical in fish farming. Intestinal health plays a vital role in the growth and overall health of fish (Oliva-
Teles, 2012).

The statement emphasizes the importance of the relationship between the gastrointestinal system (GI1S) and
the microbial diversity in the intestine in regulating the local intestinal immunity and overall immunity of
fish. The intestines form the first line of contact between the organism and the external world, and the
microbial diversity in the intestines can have a significant impact on the immune system.

Microorganisms in the intestines play a critical role in regulating the immune system and developing defense
mechanisms against pathogens. Therefore, the interaction between the gastrointestinal system and microbial
diversity is important for maintaining the health and immunity of the organism. This concept is a crucial
factor that should be focused on to improve intestinal health and immunity in fish farming and aquaculture
(Montalban-Arques et al., 2015). This statement emphasizes that specific food additives, particularly
essential amino acids, fatty acids, vitamins, and minerals, can positively impact intestinal health. These
additives enhance the absorption of nutrients through the intestinal barriers, thereby improving intestinal
health. Intestinal barriers play a crucial role in preventing pathogens and harmful substances from entering
the body from the external environment. Therefore, strengthening intestinal barriers can help the immune
system function better and provide better protection against pathogens. In conclusion, the use of these food
additives can be considered as a strategy to support the intestinal health of fish and enhance their overall
health. Good intestinal health is a critical factor for the growth and resilience of fish (Martin & Krol, 2017).

The intestinal health of fish is positively influenced by suitable conditions and nutrition established in the
early stages of their life. This emphasizes the importance, in fish farming and aquaculture, of creating the
right environment and dietary regimen during the early stages of life for healthy growth and development.
Good intestinal health can help fish become more resistant to diseases and grow better, which is a critical
factor for the feed industry (Dawood and Koshio, 2018). The nutrition of fried fish has a significant impact
on the intestinal health and immunity of fish. Feeds with insufficient nutritional value for fried fish can
negatively affect the abundance of beneficial microorganisms and intestinal health. This, in turn, can weaken
the fish's immune system, making them more vulnerable to infectious diseases. Therefore, proper nutrition
for fried fish is crucial for healthy growth and immune system development. Fish farmers should pay special
attention to the nutrition of fried fish (Ringe & Birkbeck,1999).

General condition of the fish immune system

Innate immunity refers to the defense mechanisms that an organism possesses from birth, while adaptive
immunity denotes a more complex immune system where the organism develops specialized responses
against infections and pathogens. It is stated that fish have both innate and adaptive immunity, with the latter
being less elaborate. This suggests that the immune system of fish is an evolutionary precursor and has
become more complex in higher vertebrates (Warr, 1995). The immune system of fish operates at the
intersection of innate and adaptive responses, meaning it includes both their inherent defense mechanisms
and the ability to develop specialized responses against pathogens. This implies that fish can develop a more
flexible immune system against various infections. It emphasizes that fish have adapted to their aquatic
environment and their poikilothermic nature. Since fish are aquatic organisms, their immune systems have
evolved to be compatible with the aquatic environment and work in harmony with these environmental
factors. The body temperature of fish can vary depending on the environmental temperature, which can
affect the functioning of their immune systems. This kind of adaptation enhances fish's ability to survive

Received: 02-11-2023 I Accepted: 14-12-2023
Journal of Agriculture 2023; 6 (2) 165-178 https://dergipark.org.tr/tr/pub/ja 172



https://dergipark.org.tr/tr/pub/ja

Naime Filiz KARADAS JOURNAL OF AGRICULTURE
Immune System and Nutrition in Fish

and develop resistance against infections (Tort et al., 2003). Fish live in various types of aquatic
environments, which can lead them to develop different defense mechanisms against various conditions and
threats.

Among the defense mechanisms of fish are physical features such as camouflage, rapid escape abilities, and
poisonous spines or scales. For example, some species can change their color to blend in with their
surroundings and hide from predators. Additionally, their ability to swim quickly allows them to escape
danger when needed.

These defense mechanisms of fish enhance their chances of survival against natural predators and influence
the evolutionary development of their species. These defense strategies in underwater ecosystems help fish
both evade predators and capture their prey. Therefore, these types of defense mechanisms in fish contribute
to their successful survival in aquatic habitats (Plouffe et al., 2005).

Pathogens are organisms that pose a disease risk to fish. In order to cope with these pathogens and protect
themselves from diseases, fish have developed a complex innate defense mechanism. This defense
mechanism exists in two fundamental ways. Firstly, there are "constitutive™ or "pre-existing" defense
mechanisms. These mechanisms include defense components that fish are born with and are continuously
active. For example, the mucous layer found on the skin of fish can serve as a type of physical barrier against
pathogens. Secondly, there are "inducible™ or "regulated” defense mechanisms. These mechanisms include
defense components that allow fish to adjust their response to the pathogens they encounter. The fish's
immune system can adapt its response based on the type and quantity of pathogens it is exposed to. These
innate and regulated defense mechanisms help fish remain healthy and cope with pathogens in their natural
environments. These mechanisms play a critical role in the survival and evolutionary processes of fish (Ellis,
2001).

In aquaculture farms, the widespread use of intensive culture practices is a notable concern because it
increases the risk of infection. In these farms, fish's defense mechanisms against pathogens are under greater
pressure. Specifically, primary defense barriers such as mucus and epidermis, which constitute local
immune mechanisms, can weaken or be damaged due to physical injuries or environmental stress. This
provides an easier pathway for pathogens to access the fish's body tissues. At this stage, the systemic innate
immune responses of the fish may come into play. However, pathogens often have the ability to evade these
responses, and as a result, they can infect a fish that is generally weakened. In this context, fish's immune
system operates at both local and systemic levels. Local defense mechanisms aim to prevent initial pathogen
contact and limit local infections, while systemic innate immune responses provide broader protection
against infections throughout the body. Fish rely on cellular and humoral immune responses, similar to
higher vertebrates, and have organs dedicated to regulating and coordinating these responses. As a
conclusion, in aquaculture farms, considering the risk of infection, appropriate management and treatment
measures should be taken to support the immune health of fish and prevent infections (Press and Evensen,
1999).

Assessing immune responses and disease resistance from a nutritional context

The immune system of fish involves various mechanisms regulated by interactions between different cell
types and humoral factors. These mechanisms serve both general and local defense functions in the body.
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To understand the immune system of fish and assess the response of animals, simplified approaches and
parameters are used. This is important for documenting the functioning and status of the immune system.
While live organism responses provide the best results, laboratory experiments based on isolated cells are
also commonly employed. Additionally, challenging experiments carefully designed to study immune
defenses and the capacity of fish to endure stress or resist diseases are utilized. It is known that genetic and
environmental factors, as well as the nutritional status of fish, influence their immune system. Nutrition can
modulate immune responses and resistance to infections in fish, much like it does in humans.

In summary, the immune system of fish comprises various mechanisms involving interactions between
different cell types and humoral factors. Simplified approaches and parameters are used to understand and
evaluate the immune system. Genetic, environmental factors, and nutritional status play significant roles in
modulating immune responses in fish, similar to how nutrition affects the immune functions in humans
(Albers et al., 2005; Mahmoud et al ., 2021).

The processes of initial resistance to infection and recovery in fish are the result of complex interactions
between non-specific and specific defense mechanisms. Acquired immunity is conveyed through
specialized white blood cells called lymphocytes, and in this context, antibodies play a significant role.
Antibodies can neutralize viruses, facilitate the phagocytosis of pathogens through opsonization, and
activate the classical complement pathway. These mechanisms help in the development of a protective
response against infectious diseases in the body. The immune system of fish includes a range of defense
mechanisms to fight against infections, and the interaction of these mechanisms contributes to the
development of resistance against diseases. Therefore, the immune system of fish is of critical importance
for them to live healtily manner and to combat infectious diseases (Sakai, 1984).

It is known that the role of antibodies in the recovery process from disease in fish is not fully understood.
However, studies have shown that vaccination procedures often generate a high level of antibody activity,
leading to complete protection against infections.

In other words, vaccination is a method that stimulates the immune system of fish and triggers the production
of a high amount of antibodies in their bodies. These antibodies can protect against infections by neutralizing
viruses or pathogens and removing them from the body. Nevertheless, the process of recovery from disease
in fish is still considered a subject that requires further research. In conclusion, vaccination can help establish
a protective response against infections in fish, but the exact role of antibodies in the recovery process from
disease is still uncertain and requires further investigation (Ellis, 1989).

The specific antibodies generated in the body as a result of vaccination exhibit a protective effect against
Vibrio spp. bacteria. This can be indicative of the success of vaccination and the reduction of infection risk.
Vaccines can be an important tool in combating pathogens like Vibrio spp., helping to maintain the health
of fish and fight against diseases ( Kumaran et al., 2010). The immune system can sometimes develop a
protective response against a pathogen without producing antibodies. This indicates that the immune system
can involve different mechanisms and that the immune response is not solely limited to antibodies. Immune
responses to disease in fish can be complex and may include other defense mechanisms besides antibody
activity (Croy and Amend, 1977). This may be attributed to mucosal antibodies against Vibrio spp. as these
antibodies are found in fish where serum antibodies are undetectable or very low (Kumaran et al., 2010).
In fish, when they become infected with a pathogen, it takes a longer time for lymphocyte proliferation and
an increase in antibody levels to peak. Additionally, during a secondary response (upon re-infection), the
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increase in antibody levels is less compared to mammals. This information highlights the differences in
immune responses between fish and mammals, indicating that the processes by which fish cope with
infections are unique and complex. Therefore, research on the immune system and responses of fish holds
significant importance for fish health and disease management (Ellis, 1989).

While acquired immunity in fish may initially appear to be temporary, it can persist for more than a year
after vaccination (Paterson et al., 1981; Johnson et al., 1982) and likely even longer after recovery from an
acute disease (Pradipta et al., 2012). This suggests that fish's immune system can develop a long-term
response and provide protection against infections for an extended period.

CONCLUSION

Natural immunity is of great importance for fish, and it is known to play a critical role in maintaining the
overall health of aquatic organisms. Furthermore, there is an emphasized parallel relationship between
nutrition and immunity.

In the context of aquaculture, the development of feeds and the consideration of the health-promoting
qualities of their components are crucial. It is emphasized that quality feeds should not only promote growth
but also support the health of fish. Therefore, when formulating feeds, the potential health-promoting
qualities of each component should be taken into account.

As a result, this text highlights the impact of nutrition on the immune system in aquaculture, emphasizing
its significance for sustainable aquaculture. Enhancing the health and disease resistance of fish can be
achieved by considering nutritional factors.

The immune system of fish includes various defense mechanisms, and the cooperation of these mechanisms
helps create a protective response against infections. Therefore, in aquaculture, factors affecting the fish's
immune system, such as nutrition and genetics, should be taken into account, in addition to other factors
like environmental conditions. The immune system and health management of fish are crucial for supporting
sustainability in aquaculture. Making appropriate dietary adjustments to strengthen the natural immunity of
fish and enhance their resistance to diseases plays a critical role in this regard.
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