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Abstract

   The works initiated in 2002, verifying the origin of local and imported cultivars. Within 108 nominally known cultivars we precisely grouped 32 local cultivars, cultivated in small areas irregularly spread in different Iranian provinces. Only tiny part of 42 imported cultivars inside collection like "Starking", "Fuji", "Jonathan" and "Granny Smith" is used in the real fruit growing of country, but the rest is remained unknown. Other 17 genotypes labeled as "unidentified genotypes", fruit of intelligent selection by anonymous persons since 60 years ago, are short of any Phylogenetic data. This group of chance seedlings contains promising genotypes from which 2 early cultivars "EUPRT" and "ESCRT" are being released. The first has upright growth habit and the second is a spring frost resistant cultivar. It became possible by computing 7 successive research projects since 2003 concluding with a biennial test of distinctness, uniformity and stability (UPOV). In the native cultivated group 8 native cultivars are being registered within the research program of evaluation of morphological and molecular characteristics under supervision of national office of registration. In the apple collection were also noted totally 16 homonymous replications resulted all propagated as true to type except "Jonathan".  We noted 2 different ripening times in the relative replications with a difference ripening time of 50 days, even with small differences in pomological traits. Probable mutation regards one of the 3 trees of "wealthy" presenting a completely distinct taste. So, excluding unknown genotypes and homonym cultivars, the real number of the known commercial cultivars is totally 74 instead 108 cultivars. Yearly investigations were made on bloom phenology and maturation time, fruit fall repetitions during growth season, weight of fallen fruit, fruit set, yield per tree, annual alteration, tree growth characteristics, vegetative traits, pomology and panel test. Cold storage test was achieved in a triennial work. Self compatibility was tested using different treatments comprising manual self pollination in addition to pollen culture test. Tolerance to abiotic stresses like spring cold was achieved after spring frost of 2003 and 2004 and drought stress of 2006. Tolerance to fireblight was assessed by USDA system. The parents used in breeding program were selected through cultivar evaluation. Dwarf cultivars were selected and a seed orchard was established. Investigations continue on more promising self compatible genotypes.
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Introduction

Iran has the 5th position of the world with 5% of total under cultivation areas. Iranian apple orchards are composed from intensive and traditional systems produced totally 1.662.430 tons in 2007 (Stat. Bulletins.2008). Phylogenetic studies both by phenotypic and molecular markers confirmed that Iran could be a main center of diversity for domestic apples (Gharghani et al. 2009). Establishment of germplasm apple collection initiated 60 years ago importing 19 foreign cultivars (Maniei.1986). First investigations indicated high genetic variability withinthe native cultivars  and imported (Hajnajari and Imani. 2005, Hajnajari. 2006). Vegetative characteristics of 30 cvs were studied using UPOV Guide for registration (Tarrahi and Hajnajari. 2009). 25 native cultivars were investigated by molecular markers (SSR, ISSR). Twenty ISSR primers were screened that yielded the total of 202 (83.1%) polymorphic bands. The ISSR dendrogram clustered the cultivars in 4 major groups, confirming associations between Golab apple Genotypes (Naghshin et al. 2009). Cold storage tests were massively computed (Bahari et al. 2009, Eshghi et al. 2009, Farzane et al. 2009). 
Material and methods
The first year of research, 2002, preliminary studies began on general conditions of germplasm based on the cultivation map as the unique document available. In 2003 we began record making on bloom phenology and ripening time, important data that was continued till 2009. Applied data regarding cultivar bloom phenology were registered annually on the basis of apple descriptor for cultivar classification, 9 classes related to season of flowering from extremely early to extremely late flowering (Watkins and Smith.1982). Pomological investigations initiated at the same year repeating the samplings and tests on all of bearing trees after regular record makings of phenology of ripening time since 2003. In 2003 occurred a hard spring frost and we selected the tolerant cultivars making observations on the percent of remaining fruits and classifying crop load per tree after late spring cold. Single cultivars passed Pomological analyses by measuring 38 distinct characters on 10 fruit samples including mechanical flesh firmness, weight, shape, length, diameter to chemical factors as TSS, TA and pH sensorial analyzes such as taste, aroma, flavor, juiciness, hardness and general acceptability. Always in 2003, the project of individuation, collection and evaluation of the commercial cultivars existing in all Iranian collection was set in motion. This plan included the conservation of the present germplasm in Karaj and propagation of other native cultivars spread all over the country on MM111, in 2 new principal and support collections.  In 2005, we had a very hard drought stress caused by technical and structural means. In this year, drought resistant cultivars were selected. Attack of fire blight and its damage was annually registered on all trees of collection from 2005 to 2008. The evaluation of damage was through USDA system. To continue the researches there was a need to a research seed orchard. Almost all apple trees in Iranian showed to be infected by viral diseases. To resolve at the first pass the problem we did need healthy plants of commercial cultivars and the most diffused clonal rootstock in Iran. In 2004, a list of scion-rootstock combinations was elaborated. An experimental design of a typical adaptation trial was prepared and was calculated the number of virus free plants required for research orchards to be established in 4 regions. So, we procured the virus free plant material from abroad and we programmed a national adaptation trial to compare fruit yield and quality in healthy plants related to the infected. In extension of clonal rootstocks it was noted that Iranian traditional fruit growers do not accept their use easily and they prefer plants with seed rootstocks but unfortunately the seeds used by nurseries are composed from miscellaneous lots of unknown origin. In order to give genetic identity to seed lots used by nurseries we selected crab cultivars, weak vigor genotypes from Karaj collection and Azabayjan Gharbi and propagated them on MM106, giving place to the first Iranian seed apple orchard composed of dwarf cultivars. This nucleolus served in further researches including collection of the open pollinated seeds for rootstock use. A new project started grafting the most important commercial apple cultivars on the relative half sib progenies. Other experiment was terminated by the same half sib populations derived from dwarf trees to select progenies resistant to crown rot disease.  Proceeding in cultivar evaluations we individuated a group of cultivars with highest value in commercial characters. Based on continuous works of cultivar evaluation we suggested to Iranian plant production deputy of Agriculture ministry to register 25 apple cultivars just in 2006. This proposal moved into a national program of native cultivars registration for all fruit crops in which each breeder was confided to do a biennial research project for registration of 10 native cultivars based on UPOV Guide of D.U.S. (2008-2009). Recently in 2010, release reports of 2 chance seedlings of early apples "EUPRT" and "ESCRT" were presented to National Cultivar Release and Nomination. The cultivar breeding program began in 2004 with the aim of producing early cultivars. The principal parents of breeding program were chosen most of the native candidate cultivars for registration in the successive crossing years. In this program we applied a vast plan of cross combinations, 44 precisely, in Karaj. Breeding program was promoted by course of fruit breeding and all the progeny screening was computed by morphological markers method proposed by Koslovskaya Z. since 2004.  
Results and discussion
Classification of Iranian and foreign apple cultivars based on flowering Season in Karaj climatic conditions showed that practically the major part of European cultivars are classified in the latter classes of flowering from Intermediate to Extremely Late while 16 native cultivars are located in 3 classes of early flowering (table1). This table is used for organization of breeding program like pollen procures and chooses of different cross combinations. It is the first pass for accurate option of polinizers when releasing new cultivars. phenology of ripening time every year till 2010. As the result, the phenological table of ripening time was elaborated (table 2). Choose of polinizer may occur on the same class or the bordering classes of flowering season.
Spring frost resistance

The severity of abiotic stress was so high that among 91 cultivars and genotypes only 20 could keep acceptable crops. We found different mechanisms of resistance including Late flowering mechanism [(“IRI 4”(Apr.20), Prim Gold 2 (April 19)], mechanism of Short flowering period [“Shishey-e Tabriz” (5 dd), “Bel du Boskoop” (7dd)], Secondary flowering mechanism [“Koli-e M.” Syn.“ESCRT”, “Glockenapfel”], Direct resistance [“Sheikh A.”(April 02)] and [Multiple Resistance mechanism: “Assali”, “IRI 4” ] (Hajnajari and Eccher. 2005). 
Drought resistant cultivars

In 2005, due to hard drought stress caused by structural means, we had the possibility to select 16 resistant cultivars. We observed first group of tolerant cultivars with maximum reduction of canopy size dividing in 3 subgroups. The crab subgroup contains native crab "Azayesh", used in more research rootstock breeding projects in Iran. This result strengthens its truthful option as maternal parent presenting dominant male sterility. The spur subgroup includes only spur type cultivars like "Red spur cooper", "Cooper spur", "Golden spur" and "Oregon spur". Third drought tolerant subgroup, weak vigors, covers all cultivars with standard growth habit (non spurs) but with reduced tree vigor including "Orlean", "Empire all Red", "Ganny Beauty" and native cultivar Khorsijan with the least tree vigor. Except 9 mentioned cultivars there is a second group with mediocre vigor like "Starking" and "IRI5". The third group of cultivars presents normal growth like "Red Delicious", "Jeanne Hardy" and local Iranian "Golshahi". Only "Scarlett Willson" and native "Shishehei Tabriz" were the 2 component of vigorous group. There are project in course to investigate physiological, anatomical, biochemical and morphological factors affecting resistance to abiotic stresses of spring frost and drought. 

Fire blight tolerance
During last decade no sever damage occurred on the 91 apple cultivars, genotypes and relative true to type replications. Annual record making on all of trees in the national apple collection from 2005 to 2008 and observations showed however that there were significant differences between cultivars. The most susceptible resulted "Ardebil2" but the major part of cultivars was classified as resistant and very resistant. The evaluation of damage was through USDA system (Table 3).The classification of genetic tolerance is reported for 30 cultivars (Hajnajari et al. 2010). 
Attack of fir blight and its damage was. 

Pomological analyses on all 91 cultivars and genotypes were annually repeated measuring 38 distinct characters on 10 fruit samples including mechanical flesh firmness, weight, shape, length, diameter to chemical factors as TSS, TA and pH sensorial analyzes such as taste, aroma, flavor, juiciness, hardness and general acceptability. Part of results are published (Hajnajari. 2008)
Seed orchard
To respond the need of traditional fruit growers and for small orchard where tha major tendency is toward seed rootstock we selected the best dwarf, adapt to Iranian typical soils and grafted them on MM106. Now the trees are in mature phses as the best gene pool foe rootstock improvement (Hajnajari. 2010). The hal sib seeds were collected, washed, vernalized in natural field conditions in 2007, "Golden Delicious, " Red Delicious", "Granny Smith", "Gala", and "Braeburn" were grafted on them to explore induction grade of dwarfism of half sib progenies to the scions. The research is in course. The same seed lots were used for production and selection of genotypes tolerant to Phythophtora cactorum in controlled conditions by artificial inoculations. We selected 106 genotypes after screening. They are established in nursery for test of easy rooting (Soroori et al. 2010).
Virus free orchards: As mentioned before the virus free scions grafted on virus free clonal rootstocks were received and transferred in screen houses to pass quarantine procedure, in 2005. After 2 years they almost finished juvenile phase and the 3 years old scion-rootstock desired combinations were distributed in 4 different research stations. Actually we have 4 virus free orchards across the country all in mature phase. They may serve for various applied research to improve the crop quality as nutritional value and marketability in addition increase the yield (Hajnajari.2010). 
Registration of 10 native cultivars based on UPOV Guide of D.U.S 
This biennial research was worked out very systematically and it was realized to register 8 cultivated native cultivars "Heidar zadeh, "Golab Kohanz", "Golab Isfahan", "Soltani Shabestar", "Mahahad", "Mahahad Nouri", "Nayan Aranghe", "Sheikh Ahmad" in addition 2 other chance seedlings "EUPRT" and "ESCRT".
Release of 2 new early cultivars

Release reports of 2 chance apple seedlings "EUPRT" and "ESCRT" were finalized in 2010.  "EUPRT" An early apple cultivar with upright growth habit, fruit of big size and very juicy with more than 120 Kg per tree. It is adaptable for high density orchards grafted on clonal dwarfing (M9) and semi dwarfing (MM106). The best polinizer is "Golab Kohanz". "ESCRT" other chance seedlings early cultivar passed almost undamaged from spring frost occurred in 2003. It is high yielding and in the best productive year produced 164 Kg/tree. This cultivar put in act secondary lowering mechanism to escape frost damage. Practically, 1-2 days after the first bloom end, series of longer shoots located mostly in upper part of the crown tend to flower again. This happens all years and our observations showed that in absence of spring cold, there was no significant difference between the fruit sizes produced in successive flowerings. 
Hybrid orchard

Breeding program began by using 44 cross combinations in Karaj and 7000 full and half sib progenies were produced in 2005. After 2 succeeding years of screening by use of morphological markers method, 700 hybrids were selected and the hybrid orchard was established in winter of 2008. Almost 40 genotypes were found in mature phase in 2010. It seems that both choose of parents and the screening method was highly functional if we consider the relative correlation between early flowering and fruit earliness as the main target of breeding plan.
New apple cultivars collection on MM111

All the provinces were explored to collect new cultivars since 2003. Every year the scions were prepared and grafted on MM111. The new Main collection map was established in augment design each tree in 6 replicates in Karaj and the support collection in Mashed collection. 153 native and imported cultivars mostly in mature phase are planted in Karaj while other 70 cultivars are under propagation phase. Cultivar evaluation however seems the basis of all researches in plant breeding and orchard management. While we focused evaluations on existing cultivars but others consensus was that a protocol and list of potential cultivars had to prepared (Crassweller and Ward. 2006), it depends on the current situation of cultivar evaluation within the countries. We studied sensory analyses and pomological characteristics on 74 cultivars and 17 genotypes and Paoletti studied 6 selected commercial apple cultivars (Golden Delicious, Stark Delicious, Renetta, Annurca, Granny Smith, Emperor) to discriminate among the cultivars and the different levels of merceological quality for their mechanical and texture characteristics, by instrumental and sensory methods (Paoletti et al.1993), the same was computed by us in wider rank. Polyphenolic compounds were quantified in 8 apple cultivars using HPLC (Tsao et al. 2003). Polyphenolic Profiles as total phenolics and antioxidant activity of the peel and flesh were studied among 26 Apple Cultivars from which 14 natives grown in Karaj conditions. "Morabbaei" flesh and "Jeanne Hardy" peel showed the highest antioxidant activity measured by High-Performance Liquid Chromatography (Ghorbani et al. 2009). It seems that excluding this field of research, cultivar evaluation, in horticulture all other research program will be sharply damaged if not stopped. 
Table 1-Classification of Iranian and foreign apple cultivars based on flowering Season in Karaj climatic conditions 

	Season of flowering
	Code
	 Iranian Local and Imported cultivars

	Extremely Early
	0-1
	Ghandak-e Kashan

	Very Early
	0-2
	Haji-e Karaj, Mashad-e Nouri, Sheikh Ahmad, Golab-e Isfahan, ESCRT, Golab-e Sahneh, Nayan-e Arangheh, Northern Spy, Mashhad, Sultani-e shabestar, Khorsijan, Akhlemad-e Mashad



	Early
	0-3
	Heidar Zadeh, Ghermez-e Rezayeh, Dirras-e Mashad, Golab-e Kohanz, 

	Early/

Intermediate
	0-4
	Gravenstein, EUPRT, Golshahi, Azayesh, Deraz, Assali, Morabbaii, Zinati, Paeyzeh Mashhad

	Intermediate
	0-5
	Richared, winesap, Glockenapfel, Red Delicious, Bel du Boskoop, Ozark Gold, Jeanne Hardy, Empire all Red, Reinette du cox, Zonuz-e Marand,  G. Karaj1, Ahar2, Englisi Shiraz

	Intermediate/late
	0-6
	Starking, Granny Smith, Yellow spur, Cooper Fuz, Starkan Roge, Stayman , Red Spur, Redchief, Idared, Scarlett Willson, Oregon spur, Auvil Gold, McIntosh, Wealthy, Golden Smoothee, Calville Belank d’Hiver, Yellow Transparent, Red Rome Beauty, Fuji, Orlean, Bel du puntuaz, Jonathan1, Payezeh Zard-e Mashad, Ardebil 2, IRI1, IRI2, IRI3, IRI 5, IRI 7, Boshghabi-e Balkhi –e  2, Goldjune, Golden-e Holand, Spart, Golden Karaj2, Shafiei, Narsibe Mashhad, 

	Late
	0-7
	IRI 3, IRI 6, IRI 8, Red Spur, Shishey-e Tabriz,

	Very Late 
	0-8
	IRI 4, Prim Gold, Delicious, Golden Delicious, McIntosh

	Extremely Late
	0-9
	Red Spur cooper


Table 2 -Classification of Iranian and foreign apple cultivars based on ripening time in Karaj climatic conditions 

	Ripening time
	Code
	 Iranian Local and Imported cultivars

	Extremely Early
	0-1
	Ghandak-e Kashan

	Very Early
	0-2
	Golab-e Isfahan, Golab-e Sahneh, Mashhad,

	Early Ripening
	0-3
	Golab-e Kohanz, Haji-e Karaj, Mashad-e Nouri, EUPRT 

	Early/

Intermediate Ripening
	0-4
	Boshghabi-e Balkhi –e  2 syn. Ardabil1, Sheikh Ahmad, ESCRT, Ahar1, Heidar Zadeh, Nayan-e Arangheh, Assali, Sultani-e shabestar, Jonathan1, Ozark Gold 


	Intermediate Ripening
	0-5
	Englisi Shiraz, Red Spur cooper, Ardebil 2, Stayman , Ghermez-e Rezayeh,  IRI 6, IRI 7, Paeyzeh Mashhad, Gravenstein, McIntosh, Azayesh, Ahar2, Cooper spur, Delicious 

	Intermediate/late Ripening
	0-6
	Red Delicious, Yellow spur, Zonuz-e Marand, Red Spur, Redchief, Early Red One, Calville Belank d’Hiver, Starking, Oregon spur, Jonathan2, Cooper Fuz, Bel du puntuaz, Richared, Glockenapfel, Orlean, Gharaghach, Golden Smoothee, Idared, Golshahi, Morabbaii, Starkan Roge, Golden Karaj, Deraz,

	Late Ripening
	0-7
	Golden Delicious, Zinati, IRI1, IRI2, IRI 4, IRI 5, Jeanne Hardy, Goldjune, Bel du Boskoop, Top Red Deliscious

	Very Late Ripening
	0-8
	Northern Spy, Wealthy, Akhlemad-e Mashad, Dirras-e Mashad, Granny Smith, IRI 3, Red Rome Beauty, Fuji, winesap, Golden-e Holand, Payezeh Zard-e Mashad

	Extremely Late Ripening
	0-9
	Empire all Red,Red spur, Jonathan2, G. Karaj2, Narsibe Mashhad, IRI8, Ganny Beauty




Table 3- Classification of local and imported cultivars related to fire blight resistance level based on USDA system

	Class of resistance
	Imported cultivars
	Local cultivars

	Class  1
	‘Northern Spy’
	‘Mashahd-e Nouri’

	
	‘Red spur’
	‘Sheikh Ahmad’

	
	
	‘EUPRT’

	Class  2
	‘Empire all Red’
	‘Khorsijan’

	
	‘Red Delicious’
	‘Soltani Shabestar’

	
	‘Goldjon’
	‘Heidar Zadeh’

	
	‘Glockenapfel’
	‘Ghermez Rezaeye’

	
	‘Winesap’
	‘ESPRT’

	
	‘Wealthy’
	’Golab-e Isfahan’

	
	‘Fuji’
	’Golab-e Kohanz’

	
	
	‘Mashahd’

	
	
	‘Nayan Aranghe’

	Class  3
	‘Yellow spur’
	

	
	‘Yellow Transparent’
	

	
	‘Stayman’
	

	
	‘Red Rome Beauty’
	

	
	‘Red Astrakhan’
	

	
	‘Jonathan’
	

	
	‘Golden Smoothee’
	

	
	Granny Smith’
	

	Class  4
	
	‘Ardebil2’
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