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OZET

EKTO- ve ARBUSKULER MiKORIZA ASILANMIS
KARACAM (Pinus nigra), TOROS SEDIRI (Cedrus libani) ve SACLI MESE
(Qercus cerris) FIDANLARININ iC ANADOLU’NUN YARIKURAK
SAHALARINDAKI AGACLANDIRMA BASARISI

Biilent TOPRAK
Diizce Universitesi
Fen Bilimleri Enstitiisii, Orman Miihendisligi Anabilim Dali
Doktora Tezi
Danisman: Prof. Dr. Oktay YILDIZ
Ocak 2016, 147 Sayfa

Anadolu'nun deniz etkisinden uzakta kalan 2/3’lik bir kismi kurak ve yari kurak
alanlardan olusmaktadir. Ayrica uzun yillardan beri devam eden hayvan ve insan baskisi
sonucu bitki ortiisiiniin tahribiyle genis diizliiklerdeki araziler su ve riizgar erozyununa
yatkin hale getirilmisgtir.

Tiirkiye’de teknik, ekolojik ve sosyal olarak uygun 4,25 milyon hektar1 orman ve 1
milyon hektar1 hazineye ait olan 5,25 milyon hektar potansiyel agaglandirma sahasi
bulunmaktadir. Bu potansiyel agaclandirma sahalarinin biiylik bir kisminda biiylime
doneminde su acigr olusmaktadir. Kurak ekosistemlerde yapilan agag¢landirma
calismalarinda kullanilan fidanlara yapilan mikoriza asilamasmin fidanlarin tutma
basarilarini ve biiyimelerini arttirdigina dair yayinlar bulunmaktadr.

Bu calismanin amaci Tiirkiye’de kurak ve yar1 kurak agaclandirma sahalarinda ¢ok
kullanilan Karagam (Pinus nigra), Toros Sediri (Cedrus libani) ve Sa¢li Mese (Quercus
cerris) tiirlerine mikoriza asilamasimin fidanlarin fidanlik asamasindaki gelisimine ve
arazi asamasindaki tutma basarisina, biiylime ve beslenmesine etkisini ortaya koymaktir.
Fidanlik asamasinda fidanlarin mikorizal kolonizasyon yiizdeleri, ¢ap, boy, yaprak/ibre
spesifik yiizey alani, kok uzunlugu ve agirliklarina iligskin 6l¢timler alinmis ve bunlardan
elde edilen kuru kok yiizdesi, katlilik orani, giirbiizlik ve Dickson kalite indisleri
belirlenmistir. Ayrica fidanlarin besin igerikleri belirlemek i¢in gerekli analizler
yapilmugtir.

Mikorizal islem uygulanmis ve uygulanmamis fidanlar, biiylime donemi icerisinde farkl
oranlarda su acgig1 gergeklesen Afyonkarahisar/Tasoluk, Kiitahya/Sobran ve
Eskigehir/Mihaliggik’taki  Eskisehir Orman Bolge Midiirliigi’niin agacglandirma
sahalarma 2012 yilinda dikilmistir. Arazi asamasinda kullanilan bu sahalar yaklasik 360
km’lik bir hat tizerinde konumlanmustir.

Arazi asamasinda fidanlarin ¢ap, boy, yaprak/ibre spresifik yiizey alani, nispi ¢ap ve boy
artimlari, fidan ve topraktaki besin yogunluklari, topraktan sizan iyonlar ve toprak nemine
iligkin Sl¢iimler yapilmistir.
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Toprak analizleri i¢in her bir deneme iinitesinden rasgele yontem ile secilen bes ayri
noktadan hacmi belirli olan silindirlerle ve kiirekle iki set toprak 6rnegi alinmistir.
Sahalardaki inorganik besinlerin belirlenmesi i¢in regine torbasi yontemi kullanilmistir.
Yapilan analizler sonucunda mikorizal farkliliklarin fidanlik asamasindaki fidanlarin
morfolojik 6zellikleri iizerinde etkili oldugu belirlenmistir. Fidan boyu, kok bogazi ¢api,
kok uzunlugu, yaprak yiizey alani, toprak iistii kuru agirlik, kokiin kuru agirligi, katlilik
ve Dickson kalite indeksi bakimindan islemler arasinda istatistiki farkliliklar tespit
edilmistir. Ayn1 zamanda mikorizal farkliliklarin arazide fidanlarin biiyiimeleri iizerinde
de etkili olduklar1 belirlenmistir.

Mikorizalarin fidanlarin morfolojik 6zelliklerine, tutma basarilarina, toprak ve bitkideki
besin durumlarina ve topraktan sizan iyonlarin miktarlarina etkileri ortaya konulmustur.

Anahtar sozciikler: Agaglandirma, Cedrus libani, Karagam, Mikoriza, Pinus nigra,
Quercus cerris, Sacli Mese, Toros Sediri, Yar1 Kurak Sahalar
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ABSTRACT

AFFORESTATION SUCCESS OF
ECTO- AND ARBUSCULAR MYCORRHIZAE INOCULATED
BLACK PINE (Pinus nigra), CEDAR (Cedrus libani) AND
TURKISH OAK (Quercus cerris) SEEDLINGS
IN SEMI-ARID ECOSYSTEMS

Biilent TOPRAK
Duzce University
Graduate School of Natural and Applied Sciences, Department of Forest Engineering
Doctoral Thesis
Supervisor: Prof. Dr. Oktay YILDIZ
January 2016, 147 Pages

About 2/3 of Anatolia which is far from maritime influence has either arid or semi-arid
conditions. Besides climate, anthropogenic disturbances and animal pressure on
vegetation cover has been exposed soils to both water and wind erosion on waste areas.
Thus the biggest challenge for Turkish foresters now and in future is afforestation of these
erosion prone arid and semiarid lands.

Data from different parts of the world suggest that mycorrhizae inoculation can
significantly increase the survival rate and growth of seedling in such a stressful
environment. Thus using mycorrhizae inoculated seedling may increase plantation
success. There is about 5,25 million ha land area (4,25 million ha forest and one million
ha owned by treasury department) that are socially, economically and ecologically
feasible for afforestation practices in Turkey. A considerable amount of these potential
afforestation areas suffer from water deficiency during growing season. Therefore the
objective of this study is to compare the differences of ecto- and arbuscular mycorrhizae
inoculated and not-inoculated black pine, cedar and Turkish oak seedlings’ performance
in nursery and inland afforestation sites.

The current study had been conducted in projected (2012-2013) afforestation areas of
Eskisehir Regional Directorate of Forestry. Inoculated and control (not-inoculated)
seedlings were planted in three different water stressed regions (Eskisehir/Mihaliggik,
Afyonkarahisar/Tasoluk and Kiitahya/Sobran). With periodically collected data, the
treatments were compared for seedling growth (diameter and height) and nutritional
status. The soil productivity of the differently treated sites were compared via resin bag
methods.

First mycorrhizal colonization rates in different treatments were calculated. For each
treatments, seedling root-collar diameter, height, biomass, nutrient content, and leaf area
(LA) were determined. The same seedling variables were re-measured in the fields.

For soil analyses, two sets of soil samples were collected to determine bulk density and
other soil properties such as texture, pH, cation exchange capacity, and nutrient content.
lon exchange resin bags were used to catch inorganic nutrients in top soils April through
June each growing season during.
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Analysis of the data indicated that mycorrhizal colonization were effective on seedlings'
morphological characteristics. Significant difference were detected for shoot height, root
collar diameter, root length, leaf area index, shoot dry weight, root dry weight, shoot fresh
weight, root fresh weight and shoot to root dry weight ratio and Dickson quality index of
differently treated seedling. The results of field trials also suggest that ecto and arbuscular
mycorhizae can effect seedling performance.

Keywords: Afforestation, Cedrus libani, Pine, Mycorrhiza, Pinus nigra, Quercus cerris,
Oak, Cedar, Semi-Arid Land
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EXTENDED ABSTRACT

AFFORESTATION SUCCESS OF
ECTO- AND ARBUSCULAR MYCORRHIZAE INOCULATED
BLACK PINE (Pinus nigra), CEDAR (Cedrus libani) AND
TURKISH OAK (Quercus cerris) SEEDLINGS
IN SEMI-ARID ECOSYSTEMS

Biilent TOPRAK
Duzce University
Graduate School of Natural and Applied Sciences, Department of Forest Engineering
Doctoral Thesis
Supervisor: Prof. Dr. Oktay YILDIZ
January 2016, 147 Pages

1. INTRODUCTION:

Current forest cover and conditions is far from supplying societies demand for forest
products and services such as wood, habitat for wildlife, biodiversity and soil and water
protection. Therefore, besides improving the existing conditions in degraded forestlands,
new stands should be established by afforestation practices on abandoned agricultural
lands or pastures.

According to the data by Ministry of Forestry, so far 2 million ha land has been planted
for wood production. Total plantation area for soil conservation is 870 thousand ha by
2010. However, except the productive lands plantation success has been limited. Slow
growth of seedlings due to unfavorable conditions result in light competition with weeds
for over long time. This leads to increased capital cost of plantation and create a fire-
prone sites for years.

Because of its latitudinal position and rain-shadow arise from Taurus Mountains in the
south and Black Sea Mountain series on the north, about 2/3 of Turkey’s land cover is
considered as arid and semiarid. Interactions of climate and anthropogenic disturbances
on vegetation cover for a long time has made these steep hilly terrains prone to both water
and wind erosion. Thus the biggest challenge for Turkish foresters is afforestation of these

erosion prone arid and semiarid lands.
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Mycorrhizae are the symbiotic associations between soil fungi and plant roots. Frank in
1885 for the first time coined the term mycorrhiza (mykes =fungus, rhiza= root) to
describe the symbiosis between a soil fungus and plant roots. There are several types of
mycorrhizal associations (Arbuscular mycorrhizae, Ectomycorrhizae,
Ectendomycorrhizae, Arbutoid, Ericoid, Monotropoid, and Orchid) formed by different
groups of plants and fungi.

The fungus often forms a sheat or a mantle that surrounds the root surface and the hyphae
penetrate inwards between the root epidermal and cortical cells, thus forming a network
called the Hartig net in the ectomycorrhiza, even though the mantle is absent and the
fungal hyphae penetrate into the plant cells in the arbuscular mycorrhiza.

Data from different parts of the world suggest that mycorrhiza inoculation can
significantly increase the survival rate and growth of seedling in such a stressful
environment. Thus using mycorrhiza inoculated seedling may increase plantation
success. There is about 5,25 million ha land area (4,25 million ha forest and one million
ha owned by treasury department) that are socially, economically and ecologically
feasible for afforestation practices in Turkey. A considerable amount of these potential
afforestation areas suffer from water deficiency during growing season. Therefore the
objective of this study is to compare the differences of ecto- and arbuscular mycorrhizae
inoculated and not-inoculated black pine, cedar and Turkish oak seedlings’ performance

in nursery and inland afforestation sites.

2. MATERIAL AND METHODS:

The study was conducted in projected afforestation areas of Eskisehir Regional
Directorate of Forestry for 2012-2013. Inoculated and control (not-inoculated) seedlings
were planted in three different water stressed regions (Eskisehir/Mihaliggik,
Afyonkarahisar/Tasoluk and Kiitahya/Sobran). With periodically collected data, the
treatments were compared for seedling growth (diameter and height) and nutritional
status. Black pine (Pinus nigra), Cedar (Cedrus libani) and Turkish oak (Quercus cerris)
seedlings were used for the study. Two commercial mycorrhizal mixture were used in
this study. The first mixture (M1) contain ectomycorrhizae, arbuscular mycorrhizae and
some growth regulators. The second mixture (M2) contain arbuscular mycorrhizae and
some growth regulators

In the nursery, completely randomized design was used. 30 seedlings from each treatment

were randomly sampled. For each sample, mycorhizae inoculation rate, shoot height, root
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collar diameter, root length, leaf area index, shoot dry weight, root dry weight, shoot fresh
weight, root fresh weight and dickson quality index variables were determined. For the
field study, randomized block design with three blocks located in about 360 km long
transects were used. To determine arbuscular mycorrhizal (AM) colonization in the roots,
root samples were washed with tap water and placed into tubes and covered with 10%
KOH solution. This tubes were heated at 90 °C for 1 hour. After heating KOH solutions
were poured off and roots were rinsed three times with tap water. Roots were covered
with bleach at room temperature until roots were bleached. Roots were thoroughly rinsed
three times with tap water to remove the bleach and then covered with 1% HCI for 5
minute to acidified roots. Then solution was pour off without rinsing the roots. After
cleaning, roots were stained with 0,005% trypan blue (800 ml glycerin; 800 ml lactic acid,
800 ml distilled water and 1,2 g traypan blue) while heating at 90 °C for 15 minutes.
Following staining, the roots were rinsed three times with acidified tap water. Stained
roots were examined under binocular microscope (Philips and Hayman, 1970; Brundrett
et al., 1996; Utobo et al., 2011; Agely and Ogram, 2013). 1 cm long root segments were
used for to evaluate the percentage of mycorrhizal colonization according to the
procedure described by Giovannetti and Mosse (1980). To evaluate the potential of
ectomycorrhizal (ECM) associations in the roots, ECM colonization was quantified by
gridline intersect method. Roots were placed in a Petri dish with a grid of 1 cm and
observed under stereomicroscope.

The root-collar diameter, height, biomass, nutrient content, and leaf area (LA) of the
seedlings were measured in the nursery before they were transferred to the plantation
sites. The same variables were measured in the field at the end of each growing season
during experimental period. Two sets of soil samples were collected using for bulk
density calculations and other analysis such as texture, pH, cation exchange capacity and
nutrients.

lon exchange resin bags were placed in five 6-7 cm deep on 5 randomly located spots on
each plot. Resin bags data collected April through June for the first three growing season

and analyzed for ions using an ion chromatography.

3. RESULTS AND DISCUSSIONS:
Arbuscular mycorrhizae is generally know to colonize the most vascular plants including
species in all families of gymnosperms except the Pinaceae (Smith and Read 1997). There

are increasing publication of the colonization of the arbuscular mycorrhizal fungi within
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roots of the species in the Pinecea, although roots of these species are usually host ECM
association (Cazares and Trappe 1993, Vardavakis 1992, Cazares and Smith 1996, Smith
et al. 1998). For this study both arbuscular and ectomycorrhizas colonized Pinus nigra,
Quercus cerris and Cedrus libani seedling.

Arbuscular mycorrhizas were found roots of Pseudotsuga menziesii (Mirbel) Franco
(Douglasfir) and Tsuga mertensiana (Bong.) Carr. (mountain hemlock) (Cazares and
Smith 1996). Seedlings of Douglas fir and Ponderosa Pine became colonized by vesicles
and hyphae (Smith et al. 1998). The presence of hyphae, arbuscules and vesicles in Pinus
muricata Dougl. ex D. Don (bishop pine) seedlings (Horton et al. 1998).

Quercus spp. is generally know to be ECM but arbuscular mycorrhizal root colonization
has been found in seedlings of Quercus Rubra (Henry 1933, Grand 1969, Watson et al.
1990), Quercus Falcata Michaux (Grand 1969), Quercus palustris Miinchhausen
(Watson et al. 1990), and Quercus /mbricaria Michaux (Rothwell et al. 1983). Dickie et
al. (2001) reported the presence of high levels of vesicular—arbuscular mycorrhizal root
colonization of Quercus rubra grown in the field. They also never observed arbuscules,
although they have observed abundant vesicular—arbuscular mycorrhizal hyphae and
vesicles in their observation of Quercus rubra seedlings root. Watson et al. (1990)
reported also the presence of vesicular—arbuscular mycorrhizal infection levels of up to
72,6% of root tips in Quercus rubra. Rothwell et al. (1983) found Glomus sp. infection’s
hyphae and vesicles in Quercus imbricaria, but did not observe arbuscules.

Arbuscular mycorrhizas and ectomycorrhiza have been found in seedlings of Pinus
banksiana, Pinus strobus, Pinus contorta and Picea glauca x Picea engelmannii (hybrid
spruce) (Wagg et al. 2008). The presence of arbuscular mycorrhiza and ectomycorrhizae
in the same root system was observed in seedlings of species of Eucalyptus urophylla
S.T. Blake, E. citriodora Hook f., E. Grandis W. Hill ex Maiden, E. cloeziana F. Muell.
and E. camaldulensis Dehnh in which Glomus etunicatum and Pisolithus tinctorius were
inoculated simultaneously (Santos et al. 2001) and Eucalyptus dumosa A. Cunn. ex Schau
(Chilvers et al. 1987)

Percentages of vesicular—arbuscular mycorrhizal and ECM root colonization may be
negatively corelated in seedlings forming vesicular—arbuscular mycorrhiza and
ectomycorrhiza (Chilvers et al. 1987, Lodge 1989; Lodge & Wentworth 1990; Watson et
al., 1990) because of ECM root colonization can displace AM root colonization (Lapeyrie
& Chilvers, 1985; Chilvers et al., 1987; Lodge & Wentworth, 1990; Chen et al., 2000).

Negative correlation has been found between AM and ECM colonization in the same root
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system of Populus deltoids Bartr. Ex Marsh. (Eastern cottonwood) (Lodge and
Wentworth 1990)

The results of the current study showed that mycorrhizal differences were effective on
morphological characteristics of the seedlings. The seedlings of the tree species showed
improved growth with mycorrhizal inoculation

Inoculated cedar seedlings using M1 and M2 had relatively high AM colonization rates.
The ECM colonization was not detected in inoculated cedar seedlings using M2 while the
inoculated cedar seedlings using M1 had ECM colonization. The measured ECM
inoculation rate in M1 was higher than M2 and control while AM inoculation rate in M2
was higher than M1 and control for Black pine. Inoculated Turkish oak seedlings using
M1 had high ECM colonization rates. The AM colonization was not detected in
inoculated Turkish oak seedlings in control, while the inoculated Turkish oak seedlings
using M2 and M1 had AM colonization. Inoculated Turkish oak seedlings using M2 had
higher AM colonization rate than seedlings in M1.

The nursery results revealed that the shoot height, root collar diameter, root length, leaf
area index, shoot dry weight, root dry weight, shoot fresh weight, root fresh weight and
shoot to root dry weight ratio and Dickson quality index were different among treatments.
In the nursery, the cedar seedlings of the M2 treatment had the highest shoot growth, root
colar diameter, root length, shoot dry weight, root dry weight, shoot fresh weight, root
fresh weight and Dixon quality index. The cedar seedlings of the Mixturel treatment had
the greatest leaf area index and shoot to root dry weight. The lowest seedling shoot height,
root colar diameter, root length, leaf area index, shoot dry weight, shoot fresh weight, root
fresh weight, shoot to root dry weight ratio and Dixon quality index was found on the
control treatment. The lowest seedling root dry weight was found on the M1 treatment.
The field measurement did not reveal any survival differences among treatments for all
three species. However, survival rates of the seedling among the years following the
plantation establishment suggest that the treatment differences can be more expressed

later stages of the plantation.

4. CONCLUSION AND OUTLOOK:

Analysis of the data indicated that mycorrhizal differences were effective on
morphological characteristics. The seedling shoot height, root collar diameter, root
length, leaf area index, shoot dry weight, root dry weight, shoot fresh weight, root fresh

weight, shoot to root dry weight ratio and Dickson quality index were significantly
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affected by mycorhizal infection for all three species. There is a potential to use both
arbuscular and ecto- mycorrhizae in forestry nurseries. Some of the seedling performance
in the field trial suggest that using mycorrhizae inoculated seedling may increase

plantation survival and success rate in different stages of the stand.
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1. GIRiS

1.1. AMAC VE KAPSAM

Cografik konumundan kaynaklanan iklimi ve engebeli topografik yapisi nedeniyle
Anadolu’nun biiytik bir kisminda toprak ve bitki ortiisti gelisimi kismen zay1f kalmis ve
geliseni de yiizlerce yillik hayvan ve insan baskisiyla tahrip edilmistir. Bitki Ortiisiiniin
ciliz kalmasi arazinin erozyona olan yatkinligini arttirmig ve verimli Ust-topragin

tasinmasina neden olmustur.

Iklim veya erozyon sonucu az gelismis topraklarda su depolama kapasitesi diisiik
oldugundan, iklimin kuraklik etkisi yoresel olarak daha da olumsuz hissedilebilmektedir.
Iklimin ve buna bagl olarak toprak gelisiminin zayif olmas: bitki drtiisiiniin biiyiik bir
alanda zayif kalmasma neden olmustur. Iklim etkisi yaninda insanm yogun olarak
kullanimi1 da 6zellikle yar1 kurak alanlarda bitki Ortiistiniin tahrip olmasina yol agmustir.
Sonug olarak Tirkiye’nin yaklasik % 27 olan orman alani diinya ortalamasinin (~% 30)
altindadir. Hatta bu alanlarin da yaklasik yaris1t FAO orman siniflandirmasina gére orman
sayllmayan % 10 kapaliligin altindadir. Bu nedenle Tiirkiye’nin odun iiretimi artan talebi
karsilayamamaktadir. Bir yandan gelecekte daha da artacak olan odun hammaddesi
talebini karsilamak, diger yandan dogal yasam ortamlarini, toprak ve su kaynaklarini ve
biyolojik ¢esitliligi koruyup gelistirebilmek i¢in bozuk orman alanlarinda ve orman rejimi
disindaki uygun hazine ve tarim alanlarinda da agaglandirmalarin yapilmasi bir

zorunluluk haline gelmistir.

Osmanli doneminde ve Cumbhuriyetin ilk yillarinda ¢ok smirli sayidaki 6zellikle yol-
kenar1 agaclandirmasi1 (Hicaz yolu, Mersin-Adana demir yolu vb.) disinda ciddi bir
agaclandirma ¢aligmasi yapilamamistir. Cumhuriyetin ilk orman kanununun (3116) 1937
yilinda yiiriirliige girmesiyle agaglandirma ¢aligmalarinda bazi kipirdanmalar olmustur.
Ornegin 1939 yilinda baslanan Tarsus-Karabucak okaliptiis agaclandirmasi 850 hektarla
tarihin ilk biiyiik ¢apli ve basarili agaglandirmasidir (Anonim 2008). Fakat asil 1963’te
planli kalkinmaya gecilmesiyle konunun 6nemi vurgulanmaya baslanmis ve 1969 yilinda

Agaglandirma ve Erozyon Kontrolii Genel Miidiirliigii’niin kurulmas ile birlikte de



planlara ve projelere dayali agaglandirmalar genis alanlarda gittikge artan bir ivmeyle
gerceklestirilmeye baglanmistir. Fakat verimli araziler disinda yapilan agaglandirmalarin
basarisi sinirlt kalmaktadir. Ayrica agaglandirilan sahalar uzun yillar tel orgiilerle ¢evrili
kalmakta ve civar kdylerin yararlanmasina kapatilmaktadir. Fidanlarin yavag biliylimesi
diri-ortii ile olan 151k miicadelesinin uzun yillar devam etmesine neden olmaktadir. Bu da
basarili agaglandirmalarda bir yandan sermaye maliyetini arttirmakta diger yandan da
yeteri kadar kiiltlir bakim1 yapilamayan sahalarda hem uzun siire yangina hassas diri-0rtii
ile bogulmus agaglandirma sahalar1 olusturmakta hem de kamuoyunda olumsuz algiya

neden olmaktadir.

Tiirkiye’de 4 milyon 250 bin hektar orman teskilatina ve 1 milyon hektar hazineye ait
olmak tizere toplam 5 milyon 250 bin hektar sahada teknik, sosyal ve ekolojik olarak
miimkiin potansiyel agaglandirma sahalari1 bulunmaktadir (Anonim 2008). Bu sahalarin
onemli bir kisminda vejetasyon doneminde farkli oranlarda su aci1g1 bulunmaktadir (kurak
ve vyari-kurak). Bu durum da agaglandirmalarin  basarisim1  diistirmektedir.
Agaclandirmalarin basarisini arttirmak i¢in agaclandirmalarda farkli tiir se¢imi (ardic,
yaprakl tiirler gibi), farkli arazi isleme ve dikim teknikleri kullanilmaya calisilmaktadir.
Ancak agaclandirmalarin basarisini arttirdigi birgok arastirma ile ortaya konan mikorizali
fidan kullanim1 tilkemizde ¢ok fazla denenmemistir. Diinyanin farkli bélgelerinde yapilan
caligmalarda mikorizali fidan kullaniminin basariyr 6nemli oranda arttirmasi sonucu
mikorizali fidan kullanimi giderek yayginlagsmaktadir (Perry ve dig. 1987, Dunabeitia ve
dig. 2004). Ayrica, kurak mintikalarda mikorizali fidan kullaniminin diri-6rtii miicadelesi
ve toprak isleme masrafin1 da 6nemli oranda azaltmasi uygulamacilar agisindan baska bir
tercih nedeni olmaktadir (Allen 1991, Ak¢a 2006, Boydak ve dig. 2006, Edmons ve dig.
2005, Kalefetoglu ve Ekmekgi 2005, Kowlowski ve dig. 1991).

Tiirkiye’de mikorizanin tarimsal {liretimde kullanilmasina yonelik ¢aligmalar olmasina
ragmen, orman alaninda bu tiir ¢aligmalar yok denecek kadar azdir (Ortas 1998, Tiifekei
2007, Kibar ve Peksen 2011). Orman ve Su Isleri Bakanligina bagli orman
fidanliklarinda yilda 200 milyondan fazla fidan iretilmesine ragmen etkin bir sekilde
mikorizali fidan iiretimi yapilamamaktadir. Halen yapilan aga¢landirma ¢aligmalarinin
onemli bir boliimii ilgili orman agacinin dogal yayilis alanlar1 disinda yapilmakta olup,

toprak sartlar1 oldukga kotii durumdadir.



Hem kalkinma planlarinda hem de Orman ve Su Isleri Bakanligi ile TUBITAK tarafindan
belirlenen Cevre ve Ormancilikta 6ncelikli arastirma konulari arasinda yer almasina
ragmen mikorizali fidan {iretilmesi konusunda fidanlik ve arazi ¢alismalarina ait veriler
oldukga yetersizdir. Bu ¢alismanin amaci1 mikoriza ile asilamanin i¢ Anadolu’nun kurak
ve yar1 kurak agaclandirma sahalarinda en ¢ok kullanilan tiirleri olan Karagam (Pinus
nigra), Toros Sediri (Cedrus libani) ve Sagli Mese (Quercus cerris) fidanlarinin hem

fidanlik hem de agaglandirma sahalarindaki biiytimeleri {izerine etkilerini belirlemektir.
Calismada test edilen hipotezler;
1) Agag tiirlerinin agilanma oranlari ile ilgili test edilen Ho hipotezi;

Farkli mikorizal karisimlar ile asilanmig Karagam, Toros Sediri ve Sagli Mese

fidanlarinin asilanma oranlar1 arasinda 6nemli bir farklilik bulunmamaktadir.
2) Agag tiirlerinin tutma basarilari ile ilgili test edilen Ho hipotezleri;

Farkli mikorizal karisimlar ile asilanmig Karagam, Toros Sediri ve Sagli Mese

fidanlarinin tutma basarilar1 bakimindan 6nemli bir farklilik bulunmamaktadir.
3) Fidanlarin besin igerigi ile ilgili test edilen Ho hipotezleri;

Farkli mikorizal karisgimlar ile asilanmis Karagam, Toros Sediri ve Sagli Mese
fidanlarimin ibrelerdeki/yapraklardaki besin igerigi bakimindan 6nemli bir farklilik

bulunmamaktadir.
4) Fidanlarin morfolojik 6zellikleri ile ilgili test edilen Ho hipotezleri;

Farkli mikorizal karigimlar ile asilanmis Karagam, Toros Sediri ve Sagli Mese

fidanlarinin morfolojik 6zellikleri arasinda 6nemli bir farklilik bulunmamaktadir.
5) Toprak degiskenleri ile ilgili test edilen Ho hipotezleri;

Farkli mikorizal karigimlar ile asilanarak sahaya dikilmis Karagam, Toros Sediri ve
Sa¢li Mese fidanlarinin kok bolgesindeki topragin tepkimesi, hacim agirligi, nem ve

besin igerigi bakimindan 6nemli bir farklilik bulunmamaktadir.



1.2. LITERATUR OZETi

1.2.1. Mikoriza

Mikoriza, Yunanca’da mantar kelimesinin karsilig1 olan “mykes” ve kok kelimesinin
karsilig1 olan “rhiza” kelimelerinin birlesmesi sonucunda olusmus olup “kdk mantar1”
anlamina gelmektedir. i1k kez 1885 yilinda orman patolojisti olan Albert Bernhard Frank

tarafindan mantar ile agag arasindaki iligkiyi tanimlamak i¢in kullanilmistir (Frank 2005).

Mikorizalar karasal bitkilerde yaygin bir olusum olup bitkilerin yetismesinde 6nemli bir
rol oynamaktadir. Karasal ekosistemlerde yasayan bitkilerin yaklasik % 90’ninin kokleri
mantarlarla iliski kurabilmektedir (Bonfante-Fasolo ve dig. 1992, Cairney 2000, Smith
ve Read 2008). Mikoriza, belirli mantar tiirleri ile bitki kokleri arasindaki karsilikli
yararlanmaya dayali (mutualistik simbiyosis) bir iligki olup bu iligkinin taraflar1 mantarlar
aleminin tiyeleri (Basidiomycota, Ascomycota, Zygomycota ve Glomeromycota) ile ¢ogu
damarli (vaskiiler) bitkilerdir (Smith ve Read 1997). Bu simbiyotik iliskide bitki mantara
enerji kaynagi olarak karbon saglarken, mantar da bitkiye ilave besin ve su alimi

bakimindan yardimc1 olmaktadir (Agely ve Ogram 2013).

1.2.2. Mikoriza Tiirleri

Frank (1885) mikorizalarin bitki koklerinin etrafinda fungal kilif bulunanlarini
“ektotrofik”, kok cevresinde fungal kilif igermeyen fakat konukgul bitkinin hiicreler
arasma (interselliiler) ve hiicre i¢ine (intraselliiler) niifuz edenlerini ise “endotrofik”
olarak siniflandirmistir. Fakat bu terimler daha sonra sirasiyla ektomikoriza ve

endomikoriza olarak kullanilmaya baslanmistir (Raina ve dig. 2000).

Mikorizalarin nasil simiflandirilacagi konusunda 6nceleri bir goriis birligi olmadigindan
farkli aragtirmacilar tarafindan belirli 6zelliklere gore smiflandirilmaya calisilmistir.
(Bhandari ve Mukerji 1993, Harley ve Smith 1983, Lewis 1975, Lewis 1976, Read 1983).
Bu siniflandirmalar arasinda en yaygin olan1i Harley ve Smith (1983) tarafindan
morfolojik ve fizyolojik 6zellikler temelinde olusturulan yedi ayr1 kategoriyi iceren

siniflandirmadir (Raina ve dig. 2000, Sekil 1.1.) .



Farklt mantar ve konukg¢u bitki gruplarinin sekillendirdigi bu mikoriza gruplar1 asagida

verilmistir (Smith ve Read 2008, Brundrett ve dig. 1996):

Arbuskiiler Mikoriza: Zygomycete mantarlart kokteki korteks hiicrelerinin

i¢cerisinde arbuskiilleri, hifleri ve vesikiilleri olusturur.

Ektomikoriza: Basidiomycetes ve diger mantarlar kdk g¢evresinde manto ve

hiicreler arasinda Hartig net olustururlar.

Orchid Mikoriza: Orkide bitkilerinin kokleri igerisinde hifsel sarimlar (coils)

olusturur.

Ericoid mikoriza: Ericales takimindaki bitkilerin ¢ok ince kilcal koklerinin dig

hiicrelerinde hifsel yumaklar olusturur.

Ektendomikoriza, Arbutoid ve Monotropoid Mikoriza: Ektomikorizalar ile

benzerlik gosterirler fakat kendilerine 6zgii anatomik 6zelliklere sahiptirler.



Arbutoid Mikoriza

—
= v

Sekil 1.1. Farkli mikoriza tiirlerini gosteren diyagram (Ar:Arbuskiiller, C:Sarmal
(Coiled) hifler, Eh:Dallanmis (Extrametrical) hifler, Hn:Hartig net, Fs:Fungal
kilif, P:Protriizyon (Protrusion), Sc:Sclerotia, V:Vesikiiller, Ap: Appressorium)

(Raina ve dig., 2000’den uyarlanmuistir).

Konukgu bitki tiiriine, mikoriza sporlarinin boyutlarina, kok igerisindeki yapilarin
durumuna, islevlerine, morfolojik ve fizyolojik 6zelliklerine gére yedi sinifa ayrilan
mikoriza tiirlerine ait baz1 6nemli 6zellikler Cizelge 1.1. de belirtilmistir. Bu gruplardan
en yaygin olanlar1 simdiki calismada da kullanilan ektomikoriza ve arbuskiiler

mikorizalardir.
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Ektomikorizal bir kokiin yapist ii¢ kisimdan olusmaktadir. Bunlardan birincisi kilif
(sheath) veya manto (mantle) olarak isimlendirilen kokii gevreleyen mantar dokusu;
ikincisi epidermal ve kortikal hiicreleri arasinda hiflerin karmagik bir sekilde
biiylimesiyle olusan Hartig net olarak adlandirilan hifsel ag; {igiinciisii ise ekstraradikal
veya eksternal miselyum olarak adlandirilan toprak igerisine yayilan hiflerden olusan

yapilardir (Smith ve Read 2008, Sekil 1.2-1.3).

Sekil 1.2. a) Angiosperm (iist yar1) ve koniferlerde (alt yar1) meydana gelen temel
Ozellikleri boyuna kesitte gosteren ektomikoriza diyagrami (m: Manto
(Mantle), »: Hartig net, = : Ekstraradikal miselyum’u ifade etmektedir. Bu iki
kok sistemi arasindaki temel farklilik Hartig net angiospermlerde genellikle
epidermiste sinirlandirilmakta; oysa koniferlerde hem epidermal hem de
kortikal hiicrelerinin ¢evresinde gelismektedir.) b) Angiosperm (soldaki kisim)
ve koniferlerin (sagdaki kisim) 6zelliklerini enine kesitte gdsteren ektomikoriza
diyagrami (=: esktraradikal miselyum, m: Manto (Mantle), »: Hartig net,
e: endodermis’i ifade etmektedir. Hartig net hifleri koniferlerde endodermis

tarafindan sinirlandirilmistir) (Peterson ve dig. 2004).

Sekil 1.3. a) Miselyum b) Kokii saran manto (fungal kilif) tabakasi (Foto: Biilent Toprak).



Arbuskiiler mikorizalar ve bitki kokleri en az 450 milyon yildir birlikte evrimlesmislerdir
(Smith ve Read 2008). Arbuskiiler mikorizanin ismi kendine 6zgii yapilarindan biri olan
arbuskiilden gelmektedir. Daha once vesikiiller-arbuskiiler olarak kullanilan terim son
zamanlarda sadece arbuskiiler olarak kullanilmaktadir. Arbuskiiler mikoriza, hiicreler
arasi (interseliiler ) veya hiicre i¢i ( intraseliiler) olarak konumlanmig olan intraradikal
hifler, arbuskiiller (besin degisimini gergeklestiren dallanmis hifler), ekstraradikal
miselyum (kok ve mantar1 birbirine baglayan hifler) ve ekstraradikal miselyumda olusan

sporlar ile birlikte bir de baz1 mantar tiirlerinin olusturdugu vesikiil olarak tanimlanan

intraradikal yapilar ile ayirt edilmektedir (Peterson ve dig. 2004, Sekil 1.4-1.5).

Sekil 1.4. Kokteki arbuskiiler mikorizal kolonizasyon. A) Rhizophagus irregularis’in
kolonize oldugu Lotus japonicus kokiindeki fungal yapilar B) Arbuskiiller C)
Vesikiiller D) Sporlar E) Kolonizasyon siireci [Rhizophagus sporlarinin
¢imlenmesi ile olusan hiflerin Strigalaktonaz (strigolactones) salgisindan sonra
koke dogru biiytimesi ve fungusun kok yiizeyinde hyphopodia olusturarak
rizodermal hiicreler vasitasiyla bitkiye girmesi ile arbuskiil ve vesikiillerin

olusumu (a: Arbuskiil, h: Hif, s: spor, v: Vesikiil)] (Dérman 2014).



Sekil 1.5. a) Arbuskiiler mikoriza sporu ve hif; b) Vesikiil (v), Arbiiskiil (») ve hif (< );
c) Arbuskiil d) Vesikiiller €) Appressorium (ap), eksternal hifler (eh) ve hifsel
sarim (hc) ( Fotograflar: a,b: Biilent Toprak; c,d: Dr. M. Brundrett (Peterson ve
dig. 2004) e: Druva-Lusite ve levinsh 2010).

1.2.3. Mikorizal Enfeksiyon Siirecleri

Mikorizal mantar ile bitki koklerinin ortak yasam kurabilmeleri ve bunun sonucunda

karsilikl1 yararlanmanin olmasi etkin bir enfeksiyona baglidir.
Mikorizal enfeksiyon siirecleri;
propagiil aktivasyonu,

toprakta hifsel biiylime,
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kok ile hifin temasi,

Ilk giris noktasinin olusumu,

miselin kok i¢inde dallanmasiyla bir enfeksiyon iinitesinin olusumu,

ikincil giris noktalarinin ve enfeksiyon iinitelerinin olusumu,

bir kag enfeksiyon tinitesinden meydana gelen enfeksiyon segmentinin olusumu,
ekstraradikal hiflerin olusumu, propagiillerin olusumu seklindedir (Wilson 1984).

Giris noktast bir hifin kok igerisine girdigi yerdir. Enfeksiyon iinitesi ise tek bir giris
noktasindaki internal miselyumu ifade etmektedir (Bazen birden ¢ok giris noktasini
iceren enfeksiyon alani olarak ta kullanilmaktadir). Enfeksiyon segmenti, enfeksiyon
alani i¢in kullanmaktadir. Enfeksiyon segmenti olasi bir giris noktasindan olugsmaya
baslamakta fakat bir veya daha fazla enfeksiyon iinitesini icermektedir. Enfeksiyon
segmenti kok igerisindeki hiflerin biiyiimesi ve/veya ilk giris noktasinin yaninda meydana

gelen ikincil giris noktalarinin olusumu ile yayilmaktadir (Wilson 1984).

Mikorizal iligkinin gelisimi daha ayrintili bir sekilde ele alindiginda, kokteki
ektomikorizal mantar gelisimi ii¢ Safthaya ayrilabilmektedir. Konuk¢u olan kok ile
ektomikorizal mantar arasindaki etkilesimleri ve mikorizal iliskinin gelisimi {ic asamadan

olugsmaktadir (Duplessis ve dig. 2002).
a) Enfeksiyon dncesi agama

Rizosferde konuk¢u kok tarafindan ektomikorizal mantarlarin morfolojisinde
degisime yol agacak kimyasallar (flavvonoid, cytokinin vb.) salgilanir. Buna
karsilik hifler kok morfolojisinde degisiklik (kok gelisiminin artmasi, emici

tilylerin azalmasi vb.) olusturacak ¢esitli bilesikler (auxin, alkaloid) salgilar.
b) Kolonizasyon agamast:

Hiflerin kok yiizeyine tutunmasi ile kok epidermal hiicrelerinin {izerinde parmak
benzeri yapilarin olusumu, kdk ucunun kalinlasmas1 gibi morfolojik degisimler
gerceklesir. Hifsel aglar1 olusturmak icin konukgu hiicreler arasinda hifler bir

araya gelirler.
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¢) Morfogenesis:

Hifler kok ¢evresinde bir araya gelerek manto olusumuna yol agarlar. Epidermal
ve kortikal hiicrelerin arasindan kok igerisine niifuz ederek hartig net olusumu

gergeklesir.

Kokteki arbuskiiler mikoriza gelisimi ise dort sathaya ayrilabilir (Tommerup ve Briggs
1981, Sekil 1.6.):

a) Spor ¢imlenmesi veya arbuskiiler mikorizal mantarlarin etkin olmayan

prapagullerinden hifsel biiylimenin baglamasi
b) Konukgu bitkiye dogru toprak igerisinde hiflerin biiytimesi
¢) Kok igerisine girme ve kokte enfeksiyonun baslamasi

d) Enfeksiyonun yayilmasi, kokler ile mikorizal iliskinin gelisimi ve spor {iretimi

Kok ! Toprak

)

Kok ; Toprak

Sekil 1.6. Arbuskiiler mikoriza i¢in enfeksiyon siireci. a) Fungal spor b) Sporun
cimlenmesi c¢) Hiflerin uzamasi ve dallanmas1 d) Fungal hiflerin kok ylizeyine
temas1 ve appressorium olusumu e¢) Hiflerin kok igerisine girmesi ve
enfeksiyonun baglamasi f) Enfeksiyonun yayilmasi, arbuskiil ve vesikiillerin

olusumu (A: Arbuskiil, V: Vesikiil, Ap: Appressorium) (Foto: Biilent Toprak).
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1.2.4. Mikorizosferin Yapisi

Rizosfer (Rhizosphere) kelimesi ilk defa 1904 yilinda Lorenz Hitner tarafindan
tanimlanmis olup “Kokler ile etkilesim igerisinde bulunan toprak kismi” anlamina
gelmektedir (Hartmann ve dig. 2008). Hifosfer (hyphosphere) ise mantarin misellerinin
etkilesim halinde oldugu bitki kokiinden bir ka¢ cm uzaga kadarki toprak ve canli
kismlarin1 kapsamaktadir. Kokler, mikorizal mantar hifleri, mikroorganizmalar ve
bunlarin etkilesimde bulundugu toprak kismi ise mikorizosfer olarak tanimlanmaktadir
(Rambelli 1973). Dolayisiyla mikorizosfer rizosfer ve hifosferi kapsamaktadir (Johnson
ve dig. 2002, Sekil 1.7). Rizosferdeki pH, redoks potansiyeli, su igerigi ve besin
yogunluklar1 gibi toprak degiskenleri profilin diger kisimlarina gore degisiklikler
gosterebilmektedir (Marschner 1995). Dogal yasam alanlarinda (habitat) biiyiiyen ¢ogu
bitkinin rizosferi sadece kokleri degil ayn1 zamanda etkilesim halinde olduklar1 mantar
misellerini de icermektedir. Bu nedenle rizosfer ve hifosferin (hyphosphere) sinirlarini

belirlemek oldukg¢a zordur (Johnson ve dig. 2002).

Ektomikorizosfer Habitat
Rizosfer Habitat

[] I¢Mikorizosfer
[:] Dis Mikorizosfer

Mikorizosfer

Sekil 1.7. Mikorizosfer (Timonen ve Marschner 2006).

1.2.5. Mikorizanin Faydalar

Stresli ortamlarda (soguk, sicak, kurak ve verimsiz) mikorizal iliski hem bitki hem de
mantarin yasama sansini arttirmaktadir (Gupta ve dig. 2000). Mantarin enerji kaynagi

olan konukgusuna ve bulundugu ortama sagladig: faydalar su sekilde siralanabilir;
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. Mikorizalar kokiin tiikketim alanini genisleterek su ve besin alimini arttirabilirler

(Boyd 1987).

. Organik madde ayrigmasimi hizlandirarak topraktaki inorganik besin

hareketliligini arttirabilirler (Gupta ve dig. 2000).

. Toprak kokenli patojenlerin kok enfeksiyonlarini engelleyerek besleyici koklerin

yasam slirelerini arttirabilirler (Duchesne ve dig. 1989, Marx 1973).

. Koklerin tiiketim bolgesi disinda kalan azot, fosfor, potasyum, kalsiyum ve
¢inkonun temas yoluyla alimin1 ve bitkiye tasinimini saglayabilirler (Gupta ve
dig. 2000).

. Organik madde ayrigmasi sonucu topraga salinan inorganik besin elementlerini
tutarak (immobilizasyon) toprak profilinden sizmalarini azaltabilirler (Gupta ve

dig. 2000).

Fiziksel bariyer olusturarak veya antibiyotik salgilayarak patojenik mantarlarin
kok dokularina saldirilarini engelleyebilirler (Duchesne ve dig. 1989, Garrido ve
dig. 1982, Tsantrizos ve dig. 1991).

. Konukcu bitkiye oksin, sitokinin, gibberellin gibi biiylimeyi tesvik edici
hormanlar ile B vitamini gibi bitki biiylime diizenleyicileri saglayabilirler
(Gopinathan ve Raman 1992, Ho 1987, Kraigher ve dig. 1991).

Su kithgindan, toprak tepkimesinden, sicakliktan, agir metallerden ve
toksinlerden kaynaklanan olumsuz kosullara karsi bitkilerin dayanikliligini
arttirabilirler (Dixon ve dig. 1994, Gardner ve Malajczuk 1988, Marx ve Artman
1979, Osonubi ve dig. 1991, Peiffer ve Bloss 1988).

Mikorizal yasamin kendi ortaklari arasinda sagladigi faydalarin disinda ekosisteme ve

topluma da fayda ve hizmetleri vardir (Brundrett ve Abbott 2002, Brundrett ve Cairney

2002). Bu fayda ve hizmetler; 1-Mantar ¢esitliligine katki yapmasi (Brundrett ve Abbott

2002), 2-Toprakta bir ¢esit filtre gérevi yaparak metal gibi Kirletici maddelerin yenilen

bitkilerce alimini azaltmasi (Brundrett ve Abbott 2002), 3-Yoresel toprak kosullarina

uyum saglayarak tarim, bahgecilik ve ormancilikta verim artigini saglamak (Brundrett ve

Abbott 2002), 4-Ektomikorizal olanlarinin insanlar tarafindan besin olarak kullanilmasi
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(Arora 1991, Kalotas 1996), 5-ila¢ ve dogal boya olarak kullanilmalar1 (Arora 1991,
Morgan 1995), 6-Estetik degerleri nedeniyle kiiltiiriin bir pargasi olmasi (Finlay 1989,
Morgan 1995), 7-Kirletilmis topraklarda bitki biiyiimesine yardimci olmasi (Hartley ve
dig. 1997, Meharg ve Cairney 2000) olarak sayilabilir.

Mikoriza ile iligki kurmus kokte, genellikle mineral besinlerin aliminda artisin oldugu
gozlenmektedir (Cooper 1984, Janos 1987, Smith ve Roncadori 1986, Stribley 1987).
Kok agimin bir uzantis1 olan mikorizal mantarlarin inorganik azot ve yarayish fosfor
alimin1 arttirdigina dair veriler bulunmaktadir (Hawkins ve dig. 2000, Jakobsen ve dig.
1992). Bu artistan dolayr mikorizali bitkiler daha fazla biiyiime ve gelisme yaparak
biyokiitleleri mikorizasiz olanlara gore daha biiylik degerlere ulasabilmektedir (Gupta ve

Kumar 2000, Harrier ve Watson 2003, Kwapata ve Hall 1985).

Bitkiler, fosforu (P) topraktan genellikle H>POs ve HPOs~ seklinde almaktadir
(Marschner 1995, Ragothama 1999, Hinsinger 2001, Rausch ve Bucher 2002, Smith
2001, Vance ve dig. 2003). Fakat topraktaki fosforun genelde biiyiik bir kismi ya organik
formda bulunmakta veya inorganik formdaki fosfor hizli bir 