Urgent need for new apple breeding methods

better adapted to low-input agro ecosystems
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Abstract

Due to its perennial statute, fruit sector is the first consumer of plant protection products per hectare. This may also be a direct consequence of a historical cultivar selection that neglected the tree rusticity for years, and mostly encouraged high yield, common quality and aesthetical properties. The ecological footprint of fruit cultivation is therefore very high, and not sustainable. Many fungicides and insecticides shall be used, even in organic farming, to face sanitary problems. Considering the time necessary to create new cultivars, an urgent change of paradigm is needed. The French Ministry recently launched a mission involving many scientists active in this field, to start integrating environmental purposes into the vegetal selection devices. Discussion is ongoing, and may lead to major changes in the current organization of the French system. Some experiment already started in Belgium, Spain or France to provide more suitable cultivars, meanwhile decreasing the fruit production cost, as cultivars should require less attention in the orchard. It appears that evaluation of the cultivars shall be made at the basin scale, and not for a whole country, since their behaviour is variable, and characteristics (such as adaptation to climate change) may not be suitable everywhere. Fruit growers could also be part of the selection process as they better know the key-points to keep or reject a new hybrid. One could think of a core group of growers and technicians, skilled in hybridization, for a first screening of seedlings in a limited number of orchards, and a second wider group, active in a second step on a shorter screening but in more diversified places. 
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Are the current grown commercial cultivars well suited for low-input agriculture ?

Due firstly to its perennial status, secondly to its monoculture and high density orchard design and lastly to the very high disease susceptibility - especially scab - of the currently grown commercial cultivars (cvs), apple growing sector is one of the most intensive user of plant protection products per hectare (Sauphanor et al. 2009). It is probably the consequence of the golden period of the modern phytopharmacy and mineral fertilizers that cultivar selection has neglected, for years, traits like durable disease resistance, tree rusticity and adaptability, for mainly to concentrate efforts on high yield and fruit aesthetical properties. The ecological footprint of intensive commercial fruit growing is therefore very high, and not sustainable; in such context, even in organic growing systems, very intensive spray schemes still need to be applied to face sanitary problems (Jamar et al. 2010). Considering the period of time necessary to create new cvs, an urgent change of paradigm is needed.

Need of new breeding methods for selecting cultivars better adapted to low-input growing systems.

Like all responsible of an economic enterprise, fruit growers have the tendency to grow cvs that are required by the market, that reach the highest prices and in most of the cases, even if such cvs are highly dependent on high inputs of plant protection products, fertilizers,…(e.g. ‘Cripps Pink’). Therefore, even if new cvs meet the requirement to be adapted to new low-input fruit production systems; they will have to be adapted to the market demand and to satisfy to high fruit quality.

Considering that low-input fruit growing production systems based on new resilient agro ecosystems become the new rule, some key requisites of new breeding methods developed to obtain adapted cvs care listed as follow:

· Pay attention to more durable disease resistance, even breeding for disease tolerance is a new features;

·  Adapted screening methods for selecting cvs with lower and more durable production inputs: easy tree training – adapted tree architecture - low tendency to biennial yield, good yield, a plant physiology adapted for a good efficiency to low fertilizer level, easy and long conservation capacity,... 

· Better adaptation to abiotic stresses induced by e.g. climatic changes : e.g. better drought tolerance, better local adaptation, frost tolerance,…

Such changes firstly bring about the need to enlarge the genetic bases of our breeding programmes by making better use of original parents and/or local genetic resources that are well evaluated and characterised. This is applicable even for the diversification of sources of disease resistance that express different defence pathways for a more durable partial resistance as for tree architecture, high physiological efficiency, abiotic resilience. At the level of scab resistance it is obvious that new strategies are under developpement for a more durable resistance than it was the case with the Vf gene (Dapena & Blázquez, 2004, Gessler et al. 2006, Lateur et al. 2009).

Secondly, our selection methods need to be in line with the fixed objectives e.g. by application of extra low-input growing methods inside our experimental plots, by testing breeding lines in a diversity of cultivation basins or in contrary in specified local place instead of at national or even world-wide scale and thirdly and finally, by promoting the participative breeding method with motivated fruit growers that are involved as expert stakeholders. 

Further cvs evaluation and final selection trials would be organized in organic orchards with new designs that integrate a larger functional biodiversity. 

Some examples of fruit breeding methods to obtain proper cultivars for low-input agriculture

Currently, some original breeding programmes – mostly linked with the use of local fruit genetic resources as parents - already started in Belgium, Spain or France with the aim to provide more suitable cvs adapted to low input that meanwhile helps to decrease the fruit production costs. 

The Belgian example

Since the early 90th started at Gembloux an apple breeding program based on the use as parents of local old ‘landrace’ cvs (Lateur & Populer, 1994) with the objective to enlarge de genetic diversity of the common breeding work especially focused on quantitative traits linked with scab tolerance, long natural keeping ability, flesh firmness and good flavours. As landraces were formerly grown in high stem standard pastured orchards without both any plant protection scheme and mineral fertilizing mass selection were applied that screened for disease tolerance, hardiness and low dependence for fertilizing. All these factors are positively influenced by the former use of vigorous rootstocks.  

Concomitantly research inside this breeding program has developed adapted selection methods that fits with the objectives of firstly quantitative scab and powdery mildew tolerance (Lateur et al. 1999; Lateur et al. 2000; Lefrancq et al. 2004; Lefrancq & Lateur , 2006) and secondly, with low-input organic production (Lateur & Doucet,  2006; Lateur et al. 2009).  Specific attention is given on the early selection procedures such as to pay attention on the inoculum diversity, the applied doses inside the resistance screening tests and the use of quantitative assessment scales that allow selecting genotypes with a good level of disease tolerance. Further studies indicated that there was a satisfactory correlation between the early greenhouse scab selection procedure on seedlings and their further behaviour under field conditions. It is illustrated by the results obtained on a population of 1200 selected genotypes where, after at least four years of selection pressures, 87 % of them were still ranked inside the first four classes – on a 1-9 scale - of low scab susceptibility (Lefrancq et al. 2006, Lateur et al.. 2009). A complementary selection pressure is applied in the selection plots in both stages of on own roots and grafted plants where plants are selected without any plant protection spray, nor with mineral fertilisation  Such hard conditions help to select the few more robust plants that aim to be better adapted to low-input agro ecosystems..  The first 65 better performing selection numbers are currently under evaluation inside two plots, one in IPM and the other in Organic Production. A new POMINNO project is currently focused on the enhancement of dietetic compounds in apple and on the identification of new minor scab resistance genes present in old cvs emerging from our breeding program.

Inside a cross-border INTERREG IV BIODIMESTICA project in collaboration with  northern France, a cooperative apple and pear breeding program started (Lateur et al. 2007) with two common structured organic evaluation orchards that are planted in both regions which allow testing the capacity of adaptation of a selection of old cvs and breeding selections.  One of the object concerns the comparison of cvs on different rootstocks (M9 and Supporter 4) in comparison with trees on their own roots. In 2009 started a new participative cooperative breeding program in collaboration with an organic grower. Four crosses with Belgian pollen applied on French old cvs have already been done.  Seeds are collected, they will be sown in Gembloux for further being submitted to the early scab selection. The next selection steps will be organised by the grower himself. Such collaborative projects are very creating a good synergy between the partners that leads to positive sharing strategic ideas, potential good parents and finally sharing the tasks. The last steps of selection and releasing material with the management of the breeder’s rights that need still to be fair solved.

The Spanish example

Asturias, in the North coast of Spain, has a high cultivar diversity linked to the traditional cider-making (Dapena et al., this volume). Along with the evaluation and selection of local cvs of the Germplasm Bank (Dapena, 1996), a breeding apple programme was initiated in 1989 at Servicio Regional de Investigación y Desarrollo Agroalimentario (SERIDA) (Dapena & Blázquez, 2004). Local old ‘landrace’ cider-apple cvs with valuable agronomic and technological parameters were crossed with cvs of interesting characteristics in order to improve the resistance to diseases and pests and to diminish the biennial bearing which affect most of Asturian cvs. Crossings of local dessert apple cvs were also performed.

The breeding programme has four different lines:

1. Improvement of the resistance of local cider-apple cvs against scab, rosy apple aphid and fire blight (the latest is not present yet in Asturias but do on neighbour regions) by crossings with resistant cvs such as ‘Florina’ or ‘Priscilla’ (Dapena & Blázquez, 2004; Miñarro & Dapena, 2009).  

2. Obtaining of scab-resistant cider-apple cvs of regular bearing by crossings of local cvs with the hybrids (kindly supplied by the INRA of Bordeaux and Angers) which apart from having the Vf system, are of regular bearing. 

3. Improvement of the technological and agronomical characteristics of local cider-apple cvs, such as the phenol content, the resistance level, the rapid and abundant production or the ripening period by crossing Asturian cvs among them. 

4. Improvement of the resistance, regular production and storage of local dessert-apple cvs by crossings with the hybrid H2310, resistant to scab and of regular production. 

In this program attention has especially been paid to the features of the parent cvs: locally adapted cvs with partial polygenic resistance have been crossed among them or with other foreign cvs which showed high levels of resistance or regular bearing. The evaluation and selection of the cvs has being done with trees on their own roots in orchards without fungicides treatments with very low input level, similar to those in which the cvs will be used. Finally, some of the crossings performed were done attending the demand of the cider-makers who need cvs with high level of polyphenols. Therefore, this breeding program was conducted following many of the requirements proposed for new breeding programs. 

Three cultivars resistant to scab, rosy apple aphid and fire blight have already been selected. Other 65 obtentions have been pre-selected. 

The French example

French public fruit breeding has been strongly reduced for the last 30 years, and remains active mostly for apple. Breeding in other fruit species is either private, or is neglected. Dozens of hybrids have been obtained but not further developed because they did not fulfil conventional standards, whereas they may be very promising and suitable in low-input devices. Some of them were scab resistant (monogenic) but have been overcome.

These hybrids (see table 1), not selected for mass development, have been planted in four different orchards in 2000, among other old cvs, and observed during 8 years to collect information about their behaviour in very specific conditions. 

Table 1:: List of hybrids proposed by INRA Angers, and planted in the national network

	Number
	Parents
	Number
	Parents

	X3425
	(Chantecler x Baujade) x Chantecler
	X6807
	X4355 x X4638

	X3460
	X3318 x (Idared x Prima)
	X7368
	Liberty x (Idared x Prima)

	X6412
	Gala x Prima
	X7523
	Red Winter x Liberty

	X6688
	Granny x X4638
	
	


Three consecutive programs between 1999 and 2010 have been supported by French Ministry of Agriculture, and permitted the creation of a network of extensive orchards (apple, pear, apricot), and the collection of useful data on cvs behaviour under low-input cultivation, for recommendations to fruit growers (Parveaud et al., 2010). 

A second research program is being carried out in west of France (Conservatoire d’Aquitaine) through seedlings of old regional cultivars, and graftings in one orchard without any treatment, and one IPM orchard. 

The Inter-reg program Transbiofruit conducted with CRA-W in Belgium, and CRRG in France also permitted to launch participative selection of cultivars in northern organic orchards, by motivated growers themselves, such as Jean-Yves Fillatre. 

As a consequence of a new environmental context (called Ecophyto 2018), the French Ministry launched in 2009 a brainstorming involving most active people in this field (scientists, nurserers, breeders), to propose an updated breeding system in different vegetal sectors, considering the environmental patterns into the plant breeding devices, to reduce ecological footprint of the fruit sector. 

Conclusions
As explained here, some experiences and positive results have already been gathered, and will be very useful to develop other initiatives on all fruit species. Indeed, most of these works concern apple, whereas other species are also heavily concerned : peach is for example a species with a very high cultivar turn-over, but simultaneously the most difficult species to cultivate organically…
A strong commitment of fruit nurserers is needed to contribute to this ambitious goal. By proposing a wide range of cultivars and parents, and by financially support this long-term and hazardous research, they would significantly help the organic fruit sector. 
Last but not least, is the methodology to be set up in order to assess the behaviour of this material under low-input: what kind of plantation (blocks, randomization…), how many trees per cultivar, how many orchards in different regions, which level of plant protection for each disease/pest…?
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