Morphological and Tree Architecture Investigations on 30 Apple Commercial Cultivars for Specific Orchard Management
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	ABSTRACT


 
During biennial studies, 2008-2009, 30 commercial Iranian and imported apple cultivars were studied in 57 vegetative and productive characters in order to register local cultivars and comparison of the traits with the known imported cultivars. Distinction of morphological traits are realized by careful data collection of the cultivars under study, measuring leaf size, marginal dentations type, leaf angle to shoot, green intensity, together with very prominent traits like tree architecture, growth type, internodes' length, annual growth and growth habit beside productive characters within the evaluation program of the imported and native cultivars. The data collections and experiments were effectuated on the basis of UPOV Guide of distinctness, uniformity and stability (D.U.S). Statistical SPSS software was used for data analyzes and the cultivars were grouped by cluster analyzes, some correlations were also studied. As the result, clustering of the cultivars based on tree vigor ‘Mashad Nouri’, ‘Empire All Red’ and ‘Goldjon’ were grouped separately as the weakest group, ‘Golabe Kohanz’ the most diffused early Iranian cultivar and ‘Sultani shabestar’ were inserted in the group of vigorous cultivars while others were clustered differently. Clearly, tree type and growth habit constitute the most important elements defining the tree architecture. Morphological studies put in evidence the high value of native apple germplasm. The new chance seedling ‘Komputi’ and the imported ‘Yellow Transparent’ were grouped together and both resulted as columnar type but the rest were clusterd in the same group as branched types. ‘Jonathan’, ‘Goldjon’ and ‘Nayan Aranghe’ demonstrating upright growth habit were classified in the same group, while ‘Stayman’, ‘Glockenapfel’ and ‘Ardebil’ showed pendent habit in Karaj pedoclimatic conditions. This was an efficient tool to classify the cultivars to target them for specific management and uses in apple orchard establishments.
INTRODUCTION


Cultivar evaluation is commonly practiced in many horticulture research institutes. A multi-site experiment to evaluate the performance of apple cultivars was established in 1995 with twenty different cultivars.  The purpose of the experiment was to evaluate new and promising apple cultivars in a range of geographical and climatic areas within North America. At the end of the fifth growing season »Shizuka« were the largest trees (Crassweller et al. 2005). A major consideration of cultivar selection is adaptation to the climate. Some cultivars, like »McIntosh « are adapted only to northern Indiana (Hirst and Rosie Lerner. 2003). The preliminary results of apple cultivar evaluation in karaj climatic conditions, Tehran province, are formerly reported (Hajnajari. 2008). He investigated the cultivars on the basis of apple descriptor (Watkins and Smith.1982). Tree vigor is affected by genetic factor but plantation systems may cause modifications, so yield increment normally is in contrast with vegetative annual growth (Faust and Micols. 1998). Others found negative correlation between vegetative growth and flowering, indicating high vigor decreased bloom intensity (Jones et al. 1989). All growth characteristics of each cultivar are evaluated on the basis of international apple descriptor (Watkins and Smith.1982). The collected data may serve all aspect of orchard establishment and management such as cultivar selection, pruning system, cultivation distance. Susceptibility to russetting and fruit shape were correlated to cultivar as genetic factor as shown by different genetic efficiency in GA4+7 biosynthesis efficiency in commercial apple cultivars. So» Golden reinders« and » Golden Crielaard« were identified as tolerant cultivars to russetting (Eccher and Hajnajari. 2006). The results may facilitate cultivar choose within each group of vigor, growth habit Bearing habit, earliness and any other examined character.
MATERIALS AND METHODS


In 2008, thirty commercial Iranian and imported apple cultivars were evaluated in all growth characteristics and vegetative traits according to the norms described in the international guide of distinctness, uniformity and stability test for protection of cultivars (Hajnajari et al. 2008). Three 17 years old plants for each cultivar were used for data collection grown in karaj (Alborz province) climatic conditions. The data regarding leaves, stems and growth characteristics were collected both visually (e.g. Growth habit, bearing habit, leaf margin dentations) and instrumentally (e.g. Chlorophyll content, annual shoot growth, leaf size). The characters and data encoding methodology were executed based on D.U.S guide (Hajnajari et al. 2008). The study preceded a complete growth season beginning from bud swelling, flowering, fruit set, leaf fall and terminates with dormancy. The vegetative characters under study included tree vigor measuring plant height, trunk diameter and canopy size (very weak, weak, intermediate, and strong), tree type (columnar, ramified), growth habit (upright, spread, drooping and weeping), bearing habit (spurs, long shoots, spurs and long shoots), annual shoot growth, lentils frequency on shoots, leaf size, leaf margin dentations, Chlorophyll content, leaf pubescence. The leaf samples were collected from median part of canopy in four geographical orientations. Observations were made within the same cultivar on all the coetaneous plants and the mean comparisons of recorded characters were used to distinct the cultivars. Clearly the studies were focused on those characters that are uniform and stable in succeeding years. Encoding characters as expressed in D.U.S guide helps to group the cultivars in all the measured traits. We both collected the data instrumentally and used encoding methodology recommended by D.U.S guide. Cluster analyzes was used.      

RESULTS AND DISCUSSION

Tree vigor



The results showed that the cultivars were classified in four groups (1, 3, 5 and 7) covering all categories of tree vigor and indicated in the D.U.S guide. » Empire all Red« , »Goldjon« and »Mashhad-e Noori« methodologically encoded as 1, were inserted in extremely weak group while »Jonathan«, »Soltani-e Shabestar«, »Golab-e Kohanz « at the other extremity expressed itself as the extremely vigorous tree encoded as 7. » Red Delicious«, »Glockenapfel«,» Granny Smith«, »Fuji«, »Wealthy«, »Stayman«, »Komputy«,  »Koli-e Mahallat«, »Ardebi« , »Mashhad«,  »Heidar Zadeh « and »Naian Arange« were known as intermediate vigor (5)  and the rest were classified as the weak cultivars (3) (Fig. 1). 

Growth habit


Tree type character was analyzed and in the complete absence of any columnar type, there was found all four growth habits of ramified form within 30 cultivars under evaluation. The obtained cluster regarding ramified tree type in fact demonstrated that growth habit character resulted relatively upright in »Goldjon« , »Jonathan«, and »Naian Aranghe« while »Glockenapfel«, »Stayman«, »Ardebil«, »Gholab-e Isfahan« and »Soltani-e Shabes« were grouped  as drooping and just »Sheikh Ahmad « grouped as weeping and all other  cultivars as  ramified growth habit.                    
Bearing habit


Clearly upright cultivars »Goldjon« , » Jonathan« and  »Naian Arange«  with decreased canopy width make accessible more cultivation area and opportunity of using elevated number of trees per surface unit, therefore this group of cultivars may successfully be utilized in high and semi/ high intensity orchards with all relative advantages. Upright growth habit may omit the need to supporting systems with noticeable economical advantage (Fig. 2).  Bearing habit, even if may not be purely a vegetative growth, was analyzed and the result of cluster examination showed that »Wealthy Torsh «, »Northern Spy «and »Red spur «were grouped in spur bearing cultivars; »Fuji«, »Starkan Roge«, »Golden Smoothee«, »Stayman «, »Glockenapfel«, »Komputy«, »Golab-e Kohanz «, »Mashhad-e Noori«,  »Khorsijan «, »Mashhad«,  »Ardebil «,  »Naian Arange«,  »Heidar Zadeh « and »Sheikh Ahmad «  bearing  on long shoots and all the rest of cultivars bearing on both type of shoots (Fig. 3).  
However, it seems that a more realistic classification will be assured when the cluster will be elaborated by all 92 cultivars and promising genotypes in the collection. However this is an introductive work of classification that could be a clear scene of genetic variability in plant architecture inside the apple collection.
Literature Cited 

Crassweller R.,   Mcnew R., Azarenko A., Barritt B., Belding R., Berkett L., Brown S., Clemens J., Cline J., Cowgill W., Ferree D., Garcia E., Greene D., Greene G., Hampson C., Merwin I., Miller D., Miller S., Moran R., Obermiller J., Rosenberger D., Rom C., Roper T., Schupp J. and Stover  E. 2005. Performance of Apple Cultivars in the 1995 NE-183 Regional Project Planting: I Growth and Yield Characteristics.  Journal of the American Pomological Society 59(1):18-27 

Eccher, T. Hajnajari, H. 2006. Fluctuations of Endogenous Gibberellin A4 and A7 Content in Apple Fruits with Different Sensitivity to Russet”. Acta Hort. N. 727: pp: 537-544.

Faust M, 2000. Physiology of tropical fruits. Translated in Farsi. pp 233. 

Hajnajari H. 2008. National Fruit Collections of Iran, Germplasm and Pomology. 114 pages. Seed and Plant Improvement Institute. Agriculture Education Publication. Karaj. Iran.

Hajnajari H., Dehghani sh. and Khandan A. 2008. Trials of distinctness, uniformity and stability for apple cultivars. 47 pages. (in Farsi). Agriculture Education Publication.

Hirst P. and Rosie Lerner B. 2003.  Apple Cultivars for Indiana. Purdue University Cooperative Extension Service West Lafayette, IN. p: 1-5. http://www.agcom.purdue.edu/AgCom/Pubs/menu.htm

Jones K.M., Koen T.B., Wilson S.J., Oakford M., Longley S.B. 1989 .A re-examination of the relationship between vegetative growth and flower bud initiation in apples. Acta Hort. 239: 363-366  
Perry,R.L.and J. Hull .2008. Apple scion and rootstock selection and planning for Michigan. International symposium precision agricultural for fruit and vegetables, Orlando, FL.

Stephen S, Miller and Thomas Tworkoski. 2003. Regulating vegetative growth in deciduous fruit tree, review, PGRSA Quarterly, vol. 31. no 1. 

Watkins R. and Smith R. A. 1982. Apple Descriptors. International Board for Plant genetic Resources (IBPGR). F.A.O. Rome. Italy 

Webster.A.D.1995. "Rootstock and interstock  effect on deciduous fruit tree vigor, precocity and yield productivity, review, New Zealand  journal of crop and horticultural science, vol. 23: 373-382.

Figures
              C A S E                0         5        10        15        20        25

  Label                         Num  +---------+---------+---------+---------+---------+

  Jonathan 5                     26   ─┐

  Komputy 5                      29   ─┤

  Koli-e Mahallat 5               3   ─┤

  Ardebil  5                     20   ─┤

  Stayman 5                      24   ─┤

  Mashhad 5                      17   ─┤

  Wealthy Torsh 5                19   ─┤

  Fuji 5                         14   ─┤

  Granny Smith 5                 16   ─┤

  Red Delicious 5                10   ─┼─────────────────────┐

  Glockenapfel 5                 12   ─┤                     │

  Heidar Zadeh 5                  6   ─┤                     ├─────────────────────────┐

  Naian Arange 5                  8   ─┘                     │                         │

  Soltani-e Shabestar 7          18   ─┬─────────────────────┘                         │

  Golab-e Kohanz 7               27   ─┘                                               │

  Empire All Red 1                7   ─┐                                               │

  Goldjon 1                      11   ─┼─────────────────────┐                         │

  Mashhad-e Noori 1               1   ─┘                     │                         │

  Khorsijan 3                    25   ─┐                     │                         │

  Starkan Roge 3                 28   ─┤                     │                         │

  Gholab-e Isfahan 3              2   ─┤                     ├─────────────────────────┘

  Red spur 3                     22   ─┤                     │

  Ghermez-e Rezaeieh 3           23   ─┤                     │

  Yellow spur 3                  15   ─┤                     │

  Golden Smoothee 3              21   ─┤                     │

  Red Rome Beauty 3               9   ─┼─────────────────────┘

  Northern Spy 3                 13   ─┤

  Sheikh Ahmad 3                  4   ─┤

  Yellow Transparent 3            5   ─┘

Fig.1. Dendrogram of tree vigor character in 30 apple cultivars.  

Extremely weak (1), weak (3), intermediate vigor (5), extremely vigorous (7) 
              C A S E               0         5        10        15        20        25

  Label                        Num  +---------+---------+---------+---------+---------+

  Golden Smoothee 2             20   ─┐

  Starkan Roge 2                27   ─┤

  Mashhad-e Noori 2              1   ─┤

  Yellow spur 2                 14   ─┤

  Mashhad 2                     16   ─┤

  Red Delicious 2                9   ─┼─┐

  Northern Spy 2                12   ─┤ │

  Heidar Zadeh 2                 5   ─┘ │

  Wealthy Torsh 2               18   ─┐ ├─────┐

  Red spur 2                    21   ─┤ │     │

  Red Rome Beauty 2              8   ─┤ │     │

  Koli-e Mahallat 2              3   ─┼─┘     ├─────┐

  Empire All Red 2               6   ─┤       │     │

  Jonathan 1                    25   ─┘       │     │

  Naian Arange 1                 7   ─┬───────┘     │

  Goldjon 1                     10   ─┘             ├─────────────────────────────────┐

  Ardebil 3                     19   ─┐             │                                 │

  Stayman 3                     23   ─┤             │                                 │

  Gholab-e Isfahan 3             2   ─┼─┐           │                                 │

  Glockenapfel 3                11   ─┤ │           │                                 │

  Soltani-e Shabes 3            17   ─┘ ├───────────┘                                 │

  Granny Smith 2                15   ─┐ │                                             │

  Golab-e Kohanz 2              26   ─┼─┘                                             │

  Fuji 2                        13   ─┤                                               │

  Khorsijan 2                   24   ─┤                                               │

  Ghermez-e Rezaei 2            22   ─┘                                               │

  Sheikh Ahmad 4                 4   ─────────────────────────────────────────────────┘

   Fig. 2. Dendrogram of growth habit character in 30 apple cultivars.  

    Upright (1), spread (2), drooping (3), weeping (4) 
      C A S E               0         5        10        15        20        25

  Label                       Num  +---------+---------+---------+---------+---------+

  Golab-e Kohanz 2             25   ─┐

  Komputy 2                    27   ─┤

  Mashhad-e Noori 2             1   ─┤

  Khorsijan 2                  23   ─┤

  Jonathan 2                   24   ─┤

  Mashhad 2                    17   ─┤

  Ardebil 2                    19   ─┤

  Yellow spur 2                15   ─┤

  Granny Smith 2               16   ─┤

  Red Delicious 2              10   ─┤

  Goldjon 2                    11   ─┤

  Naian Arange 2                8   ─┤

  Red Rome Beauty 2             9   ─┤

  Heidar Zadeh 2                6   ─┼───────────────────────────┐

  Empire All Red 2              7   ─┤                           │

  Sheikh Ahmad 2                4   ─┤                           ├───────────────────┐

  Yellow Transpar 2             5   ─┘                           │                   │

  Wealthy Torsh 1              18   ─┬─┐                         │                   │

  Red spur 1                   21   ─┘ ├─────────────────────────┘                   │

  Northern Spy 1               13   ───┘                                             │

  Stayman 3                    22   ─┐                                               │

  Starkan Roge 3               26   ─┤                                               │

  Gholab-e Isfaha 3             2   ─┤                                               │

  Fuji 3                       14   ─┼───────────────────────────────────────────────┘

  Golden Smoothee 3            20   ─┤

  Koli-e Mahallat 3             3   ─┤

  Glockenapfel 3               12   ─┘
Fig. 3. Dendrogram of Bearing habit character in 30 apple cultivars.  

    Spurs (1), Long shoots (2), Spurs and Long shoots (3)
