Report on Chestnut, Chestnut Blight and Its Management 

 in Turkey
Chestnut

The organizations involved in chestnut or chestnut blight  

In Turkey  Ministry of Environment and Forestry, Ministry of Agriculture and Rural Affairs and their  research institutes and the related faculties of the universities are involved in chestnut or chestnut blight research. Ministry of Environment and Forestry are responsible from the management of all chestnut forests and governs all the activities like grafting, sanitation, application of the proposed control measures in the forests.  

So far researches on  selecting, breeding and cultivation of chestnut trees, management of disease and pests of chestnut trees  including  Chestnut Blight have been carried out mainly by the researchers from agricultural/forestry faculties of some universities and institutions that belong to Ministry of Environment & Forestry and Ministry of Agriculture & Rural Affairs. 
Distribution of chestnut forests  and their sizes
Sweet chestnut  (Castanea sativa ) is the only native  species  of  the genus in Europe as well as in Turkey and it is distributed mostly as pure forests  and as pure and mixed stands (with deciduous trees and conifers) throughout the Black Sea Coast , Marmara and Agean Regions of Turkey. Chestnut forests occupy an area of 200400.0 ha.  Of these area 25965.2 ha is pure chestnut forests, 149214.8 ha and 19116.5 ha are mixed forests with deciduous trees and conifers respectively. Most of the chestnut forests are located in Black Sea Region (70.8%) followed by Marmara (26.0%) and Aegean regions (3.2%) (Table 1).  
	Table 1.   Distribution of chestnut forests in Turkey 



	Province
	Pure chestnut
	Mixed with deciduous forests
	Mixed with conifers
	Total

	Black Sea Region

	Artvin
	1262
	17198.5
	1072
	19532.5

	Bartın
	1382.5
	7251.5
	181
	8815

	Bolu 
	36.5
	6.103.5
	0.0
	6.140,0

	Düzce
	0
	2452.5
	0
	2452.2

	Giresun
	5111.5
	9283.5
	34.5
	14429.5

	Kastamonu
	2239
	4600
	2061
	8900

	Ordu
	1898
	11318
	147.5
	13363.5

	Rize
	181
	8121.5
	348
	8650.5

	Samsun
	936
	1443.5
	0
	2379.5

	Sinop
	2428
	1912
	0
	4340

	Trabzon
	2196
	29491.5
	6758.5
	38446

	Zonguldak
	0
	14237.6
	155
	14392.6

	Total
	17634
	107310.1
	10757.5
	141841.6

	Marmara Region

	Balıkesir
	617.5
	5315
	2290.5
	8223

	Bursa
	317
	3463.5
	181
	3961.5

	Çanakkale
	4.5
	204
	4828.5
	5037

	İstanbul
	2323.2
	873.3
	0
	3196.5

	Kocaeli
	871.5
	17456.4
	170
	18497.9

	Sakarya
	9.5
	8398
	387
	8794.5

	Yalova
	822.5
	3642
	0
	4464.5

	Total
	4965.7
	39352.2
	7857
	52174.9

	Aegean Region

	Aydın
	1085.5
	14
	0
	1099.5

	Denizli
	0
	57
	111
	168

	İzmir
	2095
	1779.5
	52.5
	3927

	Kütahya
	60
	659
	319
	1038

	Manisa
	88.5
	43
	19.5
	151

	Total
	3329
	2552.5
	502.0
	6383.5

	Total for Turkey
	25928.7
	149214.8
	19116.5
	200400.0

	(Bucak, 2006)


Type of cultivation (forests, orchards, coppices) 

In Turkey Chestnuts are mostly grow in forests naturally and very limited areas are reserved for coppice cultivation. All these forests are under the administration of Ministry of Environment and Forestry but owned by the Republic of Turkey. The ministry is responsible for the maintenance of them. The rural people are allowed to harvest and sell the nuts and time to time they work as paid employee in silvicultural applications under the guidance of directorates of Forestry. In Marmara and Agean Regions there are orchards owned by farmers.  In Agean Region especially on the mountain range of Beydağları on the border of Aydın and İzmir farmers own the trees in the forests by registration and they also establish chestnut orchards by eliminating other trees. In these areas farmers are responsible for all activities such as growing of saplings, grafting, fertilizing, cultivation, harvesting and as well taking measures against disease and pests. 
Main functions of chestnut forests 

In Turkey chestnut forests are primarily used for producing chestnuts. According to 2007 statistical reports of  FAO*, Turkey is listed third in the world with 63,081 tons of annual chestnut production. Chestnut trees are also supplier of wood which is used as fuel wood and as raw material for making various wood products. Ministry of Environment and Forestry governs chestnut timber and wood production. Chestnut forests are used for keeping bees in producing chestnut honey. Additionally Chestnut trees are one of the components of the ecosystem and play an important role in the ecological balance in forests of Turkey and help to slowdown the accelerated global warming by soaking up carbon dioxide and yielding oxygen.
Nut production (varieties, harvest, storage, marketing, exports)

In Turkey European chestnut (Castanea sativa L) is the only species-prevalent in all areas. However there is big genetic diversity within this species so there are nuts in various size, shape and quality. In Black Sea Region especially in the central part of it a small seeded local variety called Erfelek is wide spread. It is preferably used for consuming as grilled chestnuts. In Marmara and Aegean Sea Regions larger seeded varieties are grafted and grown primarily for making candies or marrones. For instance, in Beydağ- İzmir Şekerci and in Aydın Işıklar are the local varieties which widely grown for these purposes.
In all the chestnut growing areas chestnuts are harvested by hiting the branches with long sticks (stake shedding). The fruits which drop on ground are collected and stored in the hollows in soil or gathered as heap on soil. Then they are covered with ferns, conifer branches and with some other  plant material.  Chestnuts are kept there for a period to permit  the outer spiny shell to be rotten. Then time to time according to the demand of the markets the chestnuts are removed from stored places and their spiny shells are removed  by hand or machinery. These nuts are then classified according to their sizes and quality.  
High quality nuts are mostly exported especially to Italy and Arab countries and used in the production of chestnut candies in Turkey. Factories processing chestnuts are mostly founded in Bursa and in these factories various chestnut products mostly candies are manufactured. The lower qualities are used in domestic consumption.  

Nursery production and Planting

There are very few nurseries in Black Sea, Aegean and Marmara Regions  producing chestnut seedlings in a small scale. In these areas some farmers who are trying to regenerate their trees in the forests or orchards grow their own saplings and then graft them. In Aydın and İzmir although very low in number there are chestnut plantings.
Genetic variation of Castanea sativa in Turkey

North east part of Turkey and  Caucasus is hypothesized as the center origin of sweet chestnut (Zahory and Hopf, 1988) since isoenzym studies have shown that total genetic variability is much higher in east Turkey than west Turkey , Italy and France (Villani et al., 1991; Manchon et al., 1996). Additionally because of  long history of chestnut cultivation chestnuts exhibit a   considerable   amount of genetic variability  (Villani et al., 1991). In Turkey studies concerning about selecting genotypes possesing good quality, yield criteria and resistant reactions to C. parasitica is limited. In these studies varieties such as Dursun, Osmanoğlu, vakit and Firdula selected by Prof. Dr. Soylu have been registered (lit) and resistance were determined in some  local genotypes of Marmara Region (Baykal et al., 2000) and  Black Sea Region (Erper et al., 2005).

Chestnut blight

History
Chestnut blight caused by Cryphonectria. parasitica has been considered  as the most dangerous disease of chestnut in various chestnut growing countries of the world including Turkey.  The disease causes the necrosis of cortical tissues, thus inducing wilt and eventually death of the extremities of the tree or the whole tree. In Turkey the disease was first announced in the chestnut orchards of Kocaeli (Karamürsel, Gölcük) and Istanbul (Beykoz, Şile) from Marmara Region  in 1967  (Akdogan and Erkman, 1968). Later the disease was observed throughout the Marmara, Black  Sea and Aegean Regions which are the main chestnut growing areas of Turkey. In the survey studies of Delen in 1970  besides Kocaeli provinces, chestnut trees in İstanbul and  Sakarya (Hendek, Karasu, Sapanca), Bursa (Centrum, İnegöl, Orhangazi), Bolu ( Akçakoca, Düzce) provinces were found to be infected with chestnut blight (Delen ,1979). Then  it spread to other chestnut growing areas of Marmara Region [Balıkesir (İvrindi,  Erdek) (Demir ve Çeliker, 1994; Coşkun and Kural, 1994), Çanakkale (Çavuşköy) (Çeliker and Onoğur, 1996), Kazdağı (Çeliker 2007, data unpublished), Yalova (Yürektürk, 1995)], Blacksea Region [Bolu, Sinop (Ayancık, Türkeli), Kastamonu (Gide, Çatalzeytin, Inebolu), Zonguldak (Ereğli, Devrek, Kozlu) and Bartın (Delen, 1979; Coşkun and Kural, 1994), Giresun (Tirebolu, Keşap), Rize (Pazar) (Coşkun et al., 1999)] and Agean Region [İzmir (Bergama, Beydağ, Ödemiş), Manisa (Hacıisalar) (Celiker and Onogur, 1996), Kütahya (Simav) (Çeliker, 1998).  By 2003 the disease was encountered in the  Province of Aydın which is located in South west of Aegean Region (Erincik et al., 2003).   
Spread (possible mode of dissemination, vectors)

The agents responsible from the dissemination of C.parasitica was initially studied by  Delen (1975). In the study it was determined that ascospores are wind-borne, pycniospores are carried by rain drops, birds and insects possibly by the adults of Massor barbarous, Judolia erratica and  the larvae of Conopia sp., Buprestidae and Ostomidae families. Among the birds Musicapa parva and Hippolais sp were also proved as the vectors of the agent. In Black Sea  Region the long distance distribution ( around 1000 km) of the disease in a relatively short time (30 years) was  assumed to be realised probably by insects and birds. According to the spatial analyses in some chestnut orchards of Aydın Province showed that the mode of dissemination is probably by rain splash in the area (Erincik et al., 2007) and also bark boring insects may take part in the transmission (Mehmet Karagöz , Pers. Comm.).
Current distribution 

As mentioned in the history of chestnut blight in Turkey almost all areas are believed to be contaminated. Although the chestnut areas of some villages in Aydın Province were determined free from chestnut blight in 2003 (Döken et al., 2004) since then the disease might have been introduced into these areas as well. 
Area affected by chestnut blight

It is quite difficult to give exact figures on about the dimension of areas affected by chestnut blight since all chestnut growing areas in Turkey have not been extensively surveyed. In Black Sea Region it is roughly estimated that the all chestnut areas which is about 135,000 hectares are affected by blight.
Severity of the disease 
 

To give any data about the current severity of the disease in Turkey is not possible. There are only two studies giving some figures on about the past situation of the disease severity in Marmara Region. According to the studies of Delen  in Marmara Region the percentages of infected trees were 33.4,%  in Istanbul,  27.7% in Kocaeli, 27.0% in Sakarya, 11.3% in Bursa, 53.1% in  Bolu and the overall mean percentage for Marmara Region was  32.3 ±4.9% (Delen, 1979).  In an other survey conducted by Baykal et al.,(2000) in Bursa in Marmara region, the number of the infected trees were determined as 70%, 30% and 100% in Cumalıkızık, Hamamlıkızık and Babasultan villages, respectively. On the other hand in Black Sea Region it was observed that nearly all trees have been killed in some chestnut areas near Amasra and around Ereğli.   Depending upon the observations and the information gathered from various chestnut areas the severity of the disese has been in a trend of increment in the areas where there is no prevelance of hypovirulence.
Susceptibility of  C. sativa in Turkey

Because of the high  genetic diversity among the chestnut tree populations in Turkey, differences in the  susceptibility of chestnut genotypes to C. parasitica  is highly probable. As a matter of fact Baykal et al., (2000) found that the cultivars of Vakit and Dursun are more resistant than the other cultivars of the area while Osmanoğlu and Firdula are susceptible against to an agressive isolate of C. parasitica. In an other study resistance  to C. parasitica was assesed insome genotypes of Black Sea Region (Erper et al., 2005). In Aydın Provice of Aegean Region evaluation of the reactions of the local chestnut genotypes which possesing high yield  and quality criteria reveal that genotypes coded N-20-2 and N-3-4 are the least sensitive genotypes.  However, none of them displayed reactions in order to be considered resistant (Geçioğlu Erincik, 2006; Döken and Geçioğlu Erincik, 2008). On the other hand in an other  study the reactions of some chestnut cultivars were tried to be determined from the point of  tannin content of their barks. The results  showed  that the tannin content of the bark of all cultivars (İzmitli, Öküzgözü, Gavur chestnut, Valiça, Hacı Ömer, Kara Mehmet, Sarı Chestnut, Açı İbiş, Kuyruklu, Fordola, Yabani ve Deli) have stimulating effect on the vegetative growth of the agent (Delen, 1979).   According to the information given by Seçil Akıllı (Pers. Comm.) in their inoculation studies the saplings from different origins exhibited susceptible reactions to C. parasitica isolates possesing different virulences.
Current management of the disease

To prevent the introduction of the chestnut blight agent into disease free areas and to reduce its severity and dissemination following cultural practices and quarantine measures are proposed for certain chestnut areas in the technical instructions. These are: 

· The death branches should be cut at least 20 cm below the any visible discoloration in the bark, removed and destroyed. Then the cut wounds should be immediately covered with a grafting wax.
· Chestnut trees are infected through pruning wounds and the causal agent transmitted on tools used for pruning. So these tools should be disinfected in every use. 
· Harvesting by stake shedding causes wounds on branches for occurrence of new infections. So proper harvesting methods should be practiced.. 
· ​The scions from contaminated areas aid the spread of the disease. So scions should be obtained from disease free areas.

· In order to prevent the disease free areas from new introductions of the disease. In all the areas quarantine measures should be strictly monitored by the local authorities.
In Aydın Province very few producers are trying to apply the sanitary methods given by the authorized persons. They are ususally trying to combat the disease their own way or by taking the recommendations of other producers. These practices are include:
· Painting the trunk of the chestnut tree with lime solution.

· Spraying  bordeaux mixture or other various chemicals on chestnut trees especially on their trunks. 

· Making various lengthwise cuts mainly on the bark of the trunk.

· Removing the cankered tissues from the trees by cutting the infected branches and scraping the cankers from trunks. 

· Removing the cankered tissues and then covering the wounded areas with mud or animal feces.

· Removing the cankered tissues and disinfecting the trimmed areas with diluted sodium hypochloride or cupper fungicide. Then covering these areas with tree wax, varnish or the white paint used for marking asphalt roads. 

In the  forests of Black Sea Region, no management practice has been applied in large scale. In some places, regeneration applications have been carried out by cutting down the heavily infected trees and then promoting the growth of healthy shoots. However these shoots have been also infected. In this region an other application is grafting healthy shoots, but it has been not successfull as well. 

Cryphonectria  parasitica

vc types 

In order to display the diversity and distribution of the vc (vegetative compatibility) groups of  C.parasitica population of Turkey, pairing studies were conducted on isolates collected from  various chestnut growing areas. In the studies of Çeliker and Onoğur (1998; 2004, 2007) a total of  388 C. parasitica isolates from 19 locations in Marmara, Black Sea and Ege regions were paired with 6 European vc tester strains (EU-1, EU-2, EU-5, EU-10, EU-12, EU-14). Two vc types EU-1 and EU-12 were determined at ratios 93.3 % and 6.7%  respectively (Table 2). Of these vc types EU-1 was found in all regions while EU-12 was restricted only to some localities of Marmara Region (Balıkesir-İvrindi) and Ege region (Izmir-Beydag and Aydın provinces).  
	Table 2. Distribution and diversity of vegetative compatibility groups of

               C. parasitica  isolates collected from different Regions of Turkey



	Region
	Locations and site Number
	Number of isolates
	vc type

	
	
	
	EU 1
	EU 12

	Aegean
	İzmir-Bergama            
	10
	10
	-

	
	İzmir-Ödemiş              
	1
	
	

	
	İzmir-Beydağ              
	30
	29
	1

	
	Manisa-Haciisalar,      
	49
	49
	-

	
	Kütahya-Simav,         
	6
	6
	-

	
	Balıkesir- İvrindi,       
	139
	127
	12

	
	Balıkesir –Erdek,        
	22
	22
	-

	
	Canakkale-Cavuskoy
	4
	4
	-

	
	Aydın-Merkez
	4
	
	4

	
	Aydın-Nazilli
	1
	
	1

	Marmara


	İzmit-Golcuk            
	19
	19
	-

	
	İzmit-Karamursel     
	45
	45
	-

	
	Sakarya                   
	15
	15
	-

	
	Istanbul                  
	19
	19
	-

	
	Bursa                       
	6
	6
	-

	Black - Sea
	Bolu                        
	2
	2
	

	
	Kastamonu             
	2
	2
	

	
	Zonguldak               
	1
	1
	

	TOTAL
	
	375
	357
	18

	(Çeliker and Onoğur, 2004)


Coşkun et al., (1999) identified 10 vc groups compatible with Italian vc groups numbered 1, 2, 3, 6, 7, 8, 9, 10 and European vc groups of EU-4 and EU-5 among the 265 isolates obtained from 181 chestnut stands in Marmara and in Eastern and Western Black Sea Regions. In an other study a total of 134 C. parasitica isolates sampled from the Marmara and BlackSea regions were screened for vegetative compatibility with the 63 EU-testers by Gürer et al., (2001b) and they determined that all of the isolates were compatible with the vc type EU-1.  Döken et al., (2004) reported that 97 isolates recovered from the populaton of Aydın Province fell into two vc groups   which are compatible with vc groups of Europe EU-1 and EU-12.  According to the unpublished studies of  Seçil Akıllı five vc  groups compatible with European vc groups EU-1, EU-12, EU-14, EU-2 and EU-5 were detected among 296 isolates collected from 11 provinces of Black Sea Region.  Of these isolates 90.8%  were EU-1, 6.8% were EU-12 and 1.5 % were EU-2, EU-5 and EU-14.  EU-1 was detected in all the provinces. (Table 3). 
	Table 3. Distribution of vegetative compatibility groups and virulent and hypovirulent
             isolates of  Cryphonectria  parasitica among the provinces


	
	Number of isolates 

(Number of hypovirulent isolates)

	No
	Provinces
	Total number of  isolates
	EU–1
	EU–12
	EU–14
	EU–2
	EU–5

	1.
	Artvin
	12
	10    (6)
	 2
	
	
	

	2.
	Bartın
	30
	25    (9)
	 4   (3)
	
	1 (1)
	

	3.
	Düzce
	10
	10    (6)
	
	
	
	

	4.
	Giresun 
	28
	27    (5)
	 1
	
	
	

	5.
	Kastamonu 
	59
	54    (15)
	 1 
	2 (1)
	1 (1)
	1 (1)

	6.
	Ordu 
	16
	15
	 1
	
	
	

	7.
	Rize 
	14
	14    (4)
	
	
	
	

	8.
	Samsun 
	12
	12
	
	
	
	

	9.
	Sinop 
	74
	70    (11)
	 4
	
	
	

	10.
	Trabzon
	20
	17     (3)
	 3   (2)
	
	
	

	11.
	Zonguldak 
	19
	15     (8)
	 4   (1)
	
	
	

	Total
	296
	269   (77)
	 20 (6)
	2 (1)
	2 (2)
	1 (1)

	Percentage of VCG’s in total
	90.8
	6.7
	0.6
	0.6
	0.3

	Percent of hypovirulent isolates in total
	26.0
	2.0
	0.6
	0.6
	0.3

	Percent of hypovirulent isolates in each VCG
	28.6
	30.0
	50.0
	100.0
	100.0


Except the report by Coşkun et al., (1999), which refers the presence of totaly 10 vc types in Marmara and Black Sea regions compatible with 8 Italian and 2 European testers, other studies carried out up to today using the standard European testers clearly indicate that vc type EU-1 is dominant in Black Sea, Marmara and Ege regions. The other vc type, EU-12 was restricted in some localities of Marmara and Ege Regions. EU2, EU-5, and EU-14 were determined in two provinces of Black Sea Reigion in very low ratios.
Mating types 
In Turkey both mating types ( MAT- 1 and MAT- 2) of C. parasitica were found in all the chestnut growing regions. As a result of  the PCR studies on randomly selected 24 isolates from Marmara and Black Sea Regions  showed that MAT 1 (20 isolates) is more common than MAT 2 (4 isolates) (Gürer et al.,2001a).  In other study carried out by Çeliker and Onoğur, (2004), 68 isolates, randomly chosen among the 375 were crossed with each of 2 mating type tester strains and  both MAT-1 (%85) and MAT-2 (%15) were found in Aegean and Marmara Regions (Table 4). In the Agean Region the presence of  both MAT 1 and MAT 2 was also determined among  the isolates from Aydın Province  by using Multiplex PCR (Açıkgöz et al., 2008). 

	Table 4. Presence and distribution of  VC types and mating  types (MAT-1 and MAT-2)              



	Region
	Province-Town
	No Isolates
	EU-1
	EU-12
	MAT 1
	MAT 2

	Aegean
	Kütahya-Simav
	3
	3
	-
	3
	-

	
	Balıkesir-İvrindi 
	9
	8
	1
	8
	1

	
	Balıkesir-Erdek
	2
	2
	-
	2
	-

	
	İzmir-Beydağ
	4
	4
	-
	2
	2

	
	İzmir-Ödemiş
	1
	1
	
	-
	1

	
	Manisa-Hacıisalar
	31
	31
	-
	31
	-

	Marmara
	Bursa
	4
	4
	
	4
	-

	
	İstanbul
	1
	1
	
	-
	1

	
	Sakarya
	3
	3
	
	2
	1

	
	İzmit-Gölcük
	1
	1
	
	1
	-

	
	izmit-Karamürsel
	7
	7
	
	7
	-

	
	Yalova
	2
	2
	
	2
	-

	
	Toplam
	68
	67
	1
	58
	10

	(Çeliker and Onoğur, 2004)




Mode of  reproduction (sexual, asexual, presence of perithecia)

In all the blighted chestnut areas of Turkey the common mode of  reproduction of C. parasitica is conidial. So dispersal of conidia by rain splash is very common and achieves short distance spread of the causal agent.  The presence of  both mating types in all the regions implies the probability of sexuel reproduction. This may lead to an increase in the diversity of vc types if  the area includes more than one vc types.  However the chance of this reproduction depends on the ratio between the number of the isolates of  two mating types. The probobility of this reproduction decreases as the ratio skewed from 1:1.  According to the results of the studies concerning the distribution and intensity of each mating type in Turkey, the majority of the isolates are MAT 1 in all the areas studied. Because of that the chance of sexsuel reproduction is low. On the other hand the distance between the  two mating types is an other factor affecting the chance of sexuel reproduction. The absence of any mating type in a localised area decreases the occurence of  sexual reproduction and by the way the formation of ascospores.  In some areas such as Balıkesir-İvrindi (Agean Region) there is a risk of occurrence of new vc types because of sexual reproduction. (Çeliker and Onoğur , 2004). According to observations of Seçil Akıllı (Pers. Comm.) perithecial development is present  in some areas of Black Sea Region.
Hypovirulence 
Occurrence and distribution of superficial (healed) cankers

Superficial (healed) cankers were first noticed in 1998 during the surveys conducted in the chestnut growing areas of  Kocaeli province (Gölcük, Karamürsel) where chestnut blight was  determined for the first time and  besides the active cankers the superficial cankers were widely observed (Çeliker and Onoğur, 1998). From the healing cankers hypovirulent isolates were obtained (Çeliker and Onoğur,1998; Çeliker and Onoğur, 2001b). Later on superficial cankers were observed  in other provinces of Marmara region [Izmit (Gölcük) (Çeliker and Onoğur, 1998; Gürel et.al., 2001b) and Karamürsel (Çeliker and Onoğur, 1998), Bursa (Gürel et.al., 2001b),  in Blacksea Region [Giresun (Tirebolu) (Coşkun et al., 1999), Keşap (Coşkun et al., 1999; Gürer et al., 2001b), Rize (Pazar) (Coşkun et al., 1999), Akçakoca (Gürer et al.,2001b)]. Seçil Akıllı indicated that healed cankers can be observed in many places of Black Sea Region and she estimated the ratio as 10 % (Pers. Comm.). So far the existence of superficial cankers were not reported from Aegean Region including Aydın, İzmir, Manisa, Kütahya, Balıkesir Provinces.
Occurrence and distribution of white isolates

dsRNA, CHV-1 subtype

During the period of 1993-2006 isolates having similar phenotypic specifications with those of hypovirulent isolates were reported from  different areas by various reseachers (Kural and Atlamaz, 1996;  Coşkun et al., 1999; Çeliker and Onoğur, 1998; Coşkun et al., 1999, Uzunoğulları et al., 2001; Gürer et al., 2001a, 2001b).  However some of them were not proved as hypovirulent. The first report which evidenced the presence of hypovirulence was made in 1998 by Çeliker and Onoğur (1998). In the study  14  white isolates which able to convert virulent isolates to white were obtained from İzmit province of Marmara region. Seven of these isolates were found as dsRNA positive. In Giresun and Rize Provinces of Black Sea Region Coşkun et al., (1999) obtained four white isolates containing dsRNA of  hypovirulent isolates. In an other study  Gürer et al., (2001a, 2001b) obtained 19 isolates from Marmara Region and two isolates from Black Sea Region (Akçakoca and Keşap-Giresun) which are white in colour, containing dsRNA and have ability to convert the virulent isolates. In Aydın Province of Agean Region
one isolate which exhibiting cultural spesifications of hypovirulent isolates were found to have dsRNA, yielding  a large band approximately 12 kbp (Açıkgöz et al., 2004). In the studies of Seçil Akıllı 87 isolates out of 296 isolates from Black Sea Region were white in colour (Table 3) and 40 isolates  among the ones which subjected to dsRNA analyses were found positive.  On the other hand hypovirulence was also determined by specific primers by PCR for CHV-1, 37 isolates were found positive (Pers. Comm.)
Other characteristics of hypovirulent isolates

Variation in virulence among virulent and hypovirulent isolates

Differences in virulence among the  virulent and hypovirulent isolates of Turkey were  determined in various studies. As a matter of fact  Gürer et al., (2001b) found that hypovirulent isolate (G20 from Gölcük-Marmara Region) which contains dsRNA  produced cankers as large as the virulent control isolate, while virulent isolate (T3) from Tepeköy-Marmara Region formed the smallest cankers. In a study to evaulate the virulences of the  isolates, great differences were detected among the isolates obtained from C. parasitica population of Aydın Province. (Döken and Geçioğlu Erincik, 2008).  
Experience with biological control

The performance of hypovirulent isolates recovered from healed cankers from Marmara and Black Sea Regions-Turkey were demonstrated experimentally. Çeliker and Onoğur (2001a, 2002) obtained promising results from the inoculation of the hypovirulent isolates (Mating type: MAT-1, vc type: EU-1 which have dsRNA and a conversion ability) from Marmara Region to potted chestnut seedlings. These hypovirulent isolates were also examined under natural conditions by Çeliker and Onoğur. First in Hacıisalar village of Manisa-Agean Region the converting ability of these hypovirulent isolates were were tested in a stand where there were only chestnut trees infected with virulent MAT-1 isolates compatible with EU-1. Then an isolate which converted to hypovirulent were inoculated on  29 actively growing cankers on 18 chestnut trees in June, 2003. The performance of the new hypovirulent isolate were  observed for four years. As a result the presence of  healing cankers both on inoculated cankers as well as on non inoculated trees evidenced the healing effects of the hypovirulent isolate and its natural spread in the area (Çeliker and Onoğur, 2007, 2008a ). Some biocontrol studies through hypovirulent isolates from Black Sea Region and by using some other organisms have been carried out  since 2007 by research team of Seçil Akıllı. In these studies the  healing effects of the hypovirulent isolates were evaulated in both greenhouse and natural conditions of Sinop. On the other hand in the studies to determine the effects of some antagonistic organisms, Bacillus sp was found promising (Seçil Akıllı, Pers. Comm.) 
Other diseases

Chestnut blight caused by Cryphonectria parasitica  has been considered as the most dangerous disease of chestnut trees in Turkey threatening the existance and production of this valuable tree in almost all chestnut growing areas. The other world-wide chestnut disorder, the Ink Disease caused by Phytophthora cambivora was reported in Turkey from the chestnut areas of Black Sea and Marmara Regions (Erdem, 1951). Then  its presence were determined in Agean Region (Çeliker, 1994, 2000 unpublished data).  The other disease detected on chestnut trees are Shoot Blight (Coryneum perniciosum ) and Heart Rot ( Polyporus sp. ) (Akdoğan and Erkam, 1968), Root Rot and Die Back (Armillaria mellea) (Çeliker and Onoğur unpublished data), Cytospora Canker (Cytospora sp.) (Çeliker et al., 2006), Die Back (Phytophthora cactorum) (Çeliker and Onoğur, 2008b). On chestnut trees besides chestnut blight some other agents which responsible from canker formations were determined and identified as Pestalotiopsis funereal (Syn. P. guepinii), Phomopsis castanea,  Botryosphaeria dothidae (Anamorph Fusicoccum aesculi) and Cystospora sp. (Akıllı et al., In Press)
Socio-economic impact of chestnut blight
There has been no national study conducted on the actual loss of chestnut production and the effects of the disease in Turkey. However, it is a fact that the chestnut production of  Turkey has been reduced over the years. The total number of recorded chestnut production has fallen from 85,000 tons in 1992 to 49.000 tons in 2005 (http:// www fao.org).  While there are other factors, the biggest reason for this reduction is attributed to chestnut blight. Chestnuts are part of rural economics and  it helps to add an extra income to the villagers. In some mountain areas the chestnut is the only income source for its growers. Rural people are also take  part in various management activities in the forests and they are paid by the Ministry of Environment & Forestry. The people who depend on these  income for their livelihood  have been been suffering and some of them have left their home land and migrated because of the decline in their source of income. 
Any other aspect that might be relevant for management of chestnut blight

In Turkey the lack of efficiency in the management of chestnut blight is quite evident. The main reasons of this failure are  to ignore the disease, lack of knowledge on disease and its management, unproper application of the  measures and absence  of organized and collective  action against the disease. On the other hand all chestnut areas have not been examined well enough to obtain sufficient data to determine the 
proper materials and practices in the management of the disease. So fallowing suggestions should be taken into account while trying to  establish  an effective management  in country- wide.
· A collective action plan should be developed between the Ministry of Environment and Forestry and the Ministry of Agriculture and Rural Affairs for training the chestnut growers about sanitation measures.

· Quarantine measures to prevent dissemination of infected plant material must be strictly moderated by the local authorities, so that the disease free areas prevented from contamination.
· Sanitation should be carried out in all contaminated areas according to the methods recommended.
· To day the most  feasible and effective measure to control of chestnut blight is biological control through hyphovirulent isolates. In hypovirulence mediated control of C. parasitica, knowledge on the characterization of hypovirulence and the complex phenomenon of vegetative compatibility and mating types are primary importance Since existence in new vc types threathens the efficacy of bio-control. So extensive studies should be conducted to evaluate these determinants. 

· An another way of effective control of  chestnut blight is growing resistant chestnut cultivars. So studies on selecting resistant genotypes among the rich genetic resource of Turkey and breeding for disease resistance should be carried out . 
· In order to accelerate the spread of hypovirulence in the areas where there is natural spread of hypovirulence artificial inoculations should be applied with proper hypovirulent strains.  
· Proper applicable harvesting techniques which do not cause any injuries on trees should be developed

· In the areas of insect transmission, the vectors should be taken under control.
Report of the survey study conducted in some chestnut areas of Sinop, Kastamonu, Zonguldak, Bursa and Kütahya during  4-13 November 2008




A feasibility study by nominated consultancy team under the overall guidance of Chief, FOMR and the Senior Forestry Officer  FAOSEC in technical collaboration with the Forestry Officer (Forest Protection and Health)  was carried out between 4- 13 October 2008. The main scope of the present survey was to asses the presence, distribution, impact of chestnut blight caused by Cryphonectria parasitica in European chestnut (Castanea sativa)  and other hardwood species such as Quercus spp. in the Provinces of Sinop , Kastamonu and Zonguldak in the mid-west coastal areas of Black Sea Region and Bursa and Simav (Kütahya) in Agean, Middle Anatolian Regions respectively. Since it was practically impossible to conduct extensive investigations on the whole chestnut areas, some chestnut areas which determined by Regional Directorates of Forestry were surveyed. These areas were examined mainly from the point of presence and severity of chestnut  blight, the occurrence of hypovirulence. At the same time some bark samples were collected randomly to evaluate Cryphonectria parasitica isolates for their cultural phenotypes in the laboratory.  Also the efforts  of  District Directorates of  Forestry    to restore chestnuts in the affected areas were observed. Besides,  information were provided from the various directorates of forestry and rural people about the past and current status  of chestnut blight attacks,  the management studies and the impact of  the disease on nut production and on rural livehood. These information and observations are included in this report. 

Sinop Province (05 November 2008)

In the Province of Sinop the forests in the boundries of Erfelek (Salı and Güven Villages) and Ayancık (Ağaçlık and Kestanelik Villages) were surveyed. In these districts four locations comprimising mixed chestnut stands were examined. The forests and as well as the chestnut stands are belong to goverment and all the activites in the forests are carried by the directorates of forestry. The rural people in the area are only allowed to harvest and sell the chestnuts. The income of the chestnuts belongs to them. As expressed by the rural people and local officers of the forestry, chestnut blight has been prevalent in the area more than 30 years and because of chestnut blight chestnut production has decreased 66 % since. The people who depend on this income for their livelihood have been migrating from the area because of the decline in their source of income which nearly decreased 50% in last 5 years. It was believed that to remove death branches or trees will aid to reduce the threat and damage of chestnut blight. They included that these activities will be achieved if necessary equipment are provided.  In these two districts the chestnuts are growing naturally. In the examined stands the ratio of trees bearing cankers of chestnut blight is quite high around 80-85 %. Two types of cankers (active and superficial) were observed singly or incombination. The active cankers had cracks that penetrated bark and branch or stem distal to canker was died. The other type had numerous superficial cracks in the bark and callus production and disease remission were great. Also the branches of the trees bearing superficial cankers had living foliage. Superficial cankers are quite wide spread in the area but active cankers are also very common. These cankers could be a result of a hypovirulence or an infection of a less virulent race of C. parasitica. Besides, the durability of the trees might be a reason in the formation of superficial cankers. However presence of both type cankers on the same infection site and presence of healthy foliage on the distal parts of the superficial cankers imply the hypovirulence. As a matter of fact there are reports about the existance of hypovirulent strains in this area.  On the other hand in these areas chestnut trees bearing death branches on the top of canopy were common, however the occurrance of death trees were rare. As told by the local officers of forestry, there used to be many death trees because of chestnut blight, but they were cut down and removed.  In the area prunning was not carried out so that presence of old death branches confirms the severity of old attacks in all stands.  So it can be concluded that hypovirulence is naturally spreading in these districts.

In these areas some measures were applied by local technicians or officers of the Regional or District Directorate of Forestry to combat the chestnut blight or to restorate the damaged areas. These applications include, to cut down the death trees from the soil level, disinfect and coat the cut surfaces with a mixture of juniperus balsam and cupper sulphate (4:1), and remove the cut trees from the area. Later when the sprouts reach to 1-1.5 m only three healthy sprouts will be allowed to grow for the formation of new healthy trees. During their development the plants will be examined   once or twice in a year from the point of C. parasitica infections and in case of infection, the cankers will be treated with hypovirulent strains.

Kastamonu Province (06 November 2008)

A mixed chestnut stand within the forests in the site of Samancı Village of Çatalzeytin District was visited. Chestnut blight symptoms either superficial or active cankers were present on most of the trees. The incidence of the disease was little less than the chestnut stands of Sinop. The presence of superficial cankers inspired the presence of healing due to hypovirulence. The natural hypovirulence and its natural spread were found to be prevalent in this area as in Sinop.  Similar restorative applications to those of Sinop Province were observed to be carried out by the local technicians or officers of the Regional or District Directorate of Forestry.

Zonguldak Province (07 November 2008)

According to the information provided by Regional Directorate of Forestry of Zonguldak in this province 8 % of the forests are mixed chestnut stands which composed of natural trees and rougly 160 000 chestnut trees are present. A total of 5093 m3 chestnut trees which were mostly killed because of chestnut blight were cut down and removed from the stands. In Zonguldak Province chestnut areas in Yayla Sub District (Gücek location) and in Ereğli were surveyed. In Gücek location   mostly shoots and young chestnut plants were present. No blighted chestnut trees were observed.  The officers of the sub district operational unit of Forestry indicated that in Gücek location 1500-2000 chestnut trees which killed by chestnut blight were uprooted and removed. Then in 2005 new seedlings were planted into the same area in order to constitute a healthy chestnut stand. In Ereğli two chestnut areas were visited. In the first area two locations (Orman yolu, Kestaneci Mahallesi) were examined.  Depending upon the explanations of the Regional and District Directorate of Forestry in the first location the blighted chestnut trees were completely removed and in place of them new seedlings were planted. But there were still root residues on the ground. In the second location all chestnut trees in an area 30 hectares consisting of blighted chestnuts were cut down and removed. However chestnut blight cankers were noticed on some new stump sprouts. In the second area of Ereğli (Bayat sapağı) there were only death trees which mostly exhibiting cankers of virulent type of C .parasitica.

Bursa Province (10 November 2008)

In Bursa Province chestnut trees are widely grown in an area of 15 000 hectares and 6000 hectares of this area are mixed stands dominated by chestnut trees. Pure chestnut stands cover 360 hectares. Chestnut fruits serve as a cash crop giving the rural population  an additional income. In the province 65092 chestnut trees which mostly killed by chestnut blight have been cut down from the soil level during the period of 1989-2008. 

In Bursa Province the chestnut stands located at Kestel area of Uludağ Mountain and at Kurşunlu-Yeniköy were studied. Chestnuts in these areas  appear mostly as mixed stands. In Kestel three locations were examined and the  drastic effects of chestnut blight were quite evident throughout the whole area. Among the blighted trees the presence of healed cankers were very rare. In the northern slopes death trees were cut down from the soil level and some healthy shoots coming from roots were left for grafting or for new regrowths. On the south slopes of the area high number of death trees  were mostly observed. In some of them the presence of typical cankers of chestnut blight which had cracks that penetrated to bark evidenced the cause of the deaths.  However in others the cause should need to be searched in order to decide the proper disease management strategies. In the third location of Kastel healed cankers were highly present besides the active ones. In this location one year shoots from  the root of trees which had been cut down from the soil level were bud grafted by the same cultivar or by some other preferable cultivars. On the other hand active and healed cankers were detected on cutwood used for consumption as fuel. In Kurşunlu –Yeniköy an area of grafted chestnut trees were examined. In the area the trees which were dried 10-12 years ago were cut down from the soil level and in 2005 the stocks obtained from the root shoots were grafted with scions. However due to unproper applications chestnut blight attacks were observed on stocks, scions and usually at the union points. 

 Kütahya Province – Simav (12 November 2008)
Chestnut forests of  Simav which is located in the far west part of Central Anatolia Region are extended on the northwest of Demirci Mountains at an elevation ranging between 750- 1350 m. A total of 2076 ha of chestnut forests are present and of this area 380 ha is pure chestnut stands and the rest appear as mixed stands consisting of mainly beech  and pine  besides chestnut. 95 % of the chestnut  areas belong to goverment and 5 % are owned by the rural people. According to 2007 records 4049 tons of chestnut is produced and approximetly 8711 person benefit from this production. Chestnut represents one of the principal economic resources of the rural people.  
Two different locations Yeniköy üstü-Aksaz and Piskuzu were  examined. In  first location the trees were almost free of chestnut blight symptoms because of the  sanitation measures taken by Regional and District Directorate of Forestry. Only one canker which suspected as blight cancer was  observed and sampled. However  in the location of Piskuyu in spite of sanitation the incidence of chestnut blight in the stands were serious and the blighted trees comprimising virulent cankers were dominant in every stand. Altough some  death trees were cut down from the soil level and removed from the stands there are still trees completely or  partly dried. As stated by the officers of the District Directorate of Forestry sanitation measures have been conducting in these areas to slow down the spread of chestnut blight. These measures include falling down the death trees from the soil level , then disinfecting and coating the wounded areas with juniperus balsam containing cupper sulphate (4:1). Later on among  the root shoots  healthy ones are left for to be grafted or for becoming a healthy tree. In the chestnut stands of Simav no healed cankers were observed and also the recover of infected trees were not reported by the technicians or local officers of the Regional and District Directorate of Forestry. 

Conclusion

The survey studies conducted under  the current Feasibility Project, the published studies concerning chestnut blight in Turkey  and as well as the information provided from  the directorates of forestry and the  rural people involving with chestnut production reveal that the chestnut blight is present in almost all chestnut areas of Turkey. The pathological condition of chestnut trees is very heterogeneous. There are either areas where the disease incidence is none or very low and the areas where very worrying. Also as observed in the chestnut stands of  Sinop, Kastamonu  and Zonguldak Provinces of Black Sea Region there are areas where healing cankers  are present. This situation  imply  the probability of the natural spread of hypovirulence in these areas. However in the areas where there is no hypovirulence such as Agean Sea Region   the intensity of the blighted trees and the spread of the chestnut blight  has been steadily increasing.  At present, the disease is considered to be the biggest and most urgent problem of chestnut production and cultivation in Turkey. 

The impact of the disease is not only on the products of chestnut trees primarly on nut production but at the same time conservation of the present genetic constitution of populations of Turkey endangered by C. parasitica.  Due to chestnut blight traditional varieties are in danger of disappearing. In Turkey to avoid the risk of loosing  the genetic diversity of the chestnut population and to minimize the the decline in production of nuts and wood, urgent disease management projects should be implemented in order to stop or at least to slow down the spread and to initiate and promote the healing. Failure to do so will cause the Turkey to face a greater loss in production and in genetic diversity in tree population. 

In Turkey the chestnut blight has not been sufficiently managed. Excluding some experimental studies on hypovirulent strains and the limited efforts on application of sanitative practices,  no measures  have been taken against the disease on  country-wide basis. Usually rural people have been trying to combat the disease by their own way or by taking the recommendations of other producers. Their practices mainly include scraping the cankers, cutting infected braches and seldom the whole tree. Rarely the scraped areas and cut surfaces were disinfected and covered with various materials such as tree wax, paint, mud even animal faces.  Most of the rural people do not use hygienic measures while performing practices such as pruning, grafting and harvesting. Therefore, besides the natural ways of dissemination such as by birds, bark mining insects, rodents and rain, the spread of the chestnut blight in Turkey has been accelerated through incorrect practices and techniques. In addition, in spite of the quarantine regulations, they use the propagation material taken from the contaminated areas. In order to avoid or at least to reduce the further dissemination of the disease operators,  techicians and rural people who perform the practices should be acknowledged about the fallowing measures. The success of these measures depends on the proper and careful application of these measures. These practices are: 

· Propagation material should always be taken from uncontaminated healthy trees.

· Plant products and propagation material from chestnut trees or other hosts of  C.  parasitica must not be carried out from the contaminated areas.

· Silvicultural practices, such as pruning and thinning, should be done only during periods of the lowest host susceptibility and when infection risk is the smallest. These conditions occur in winter.

· The chestnut blight fungus infects the tree through wounds. So that chestnut grafts, pruning cuts and wounds of harvesting are particularly vulnerable to infection. Therefore, the tools utilized during these applications must be disinfested before hand. Graft unions and pruning cuts must be treated with appropriate chemicals and then covered with tree wax. 

· The constant elimination of cankers results in significant reduction of the infestation. So
        -   Cankered branches must be regularly removed and then destroyed by burning. 

            The cuttings should be made at some distance below the observed lower limit of the 
            cankered areas. The exposed areas must be protected as indicated above.
       -   Cankers and the surrounding healthy tissues on big trunks should be scraped. Then the
            residual material should be burned. The occurring wounds must be protected as
            mentioned above.  
· In the areas where there is natural spread of hypovirulence the hypovirulence should be encouraged by pruning the blight killed branches and sprouts and releasing hypovirulent cankers
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