Integration of fertility management and planting distance on diseases incidence, crop yield and fruit quality in intensive organic apple production systems.
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Abstract - To optimise the fruit quality and yield, timing and type of nitrogen supply were investigated in a low input organic system with intensive planting densities. Six fertiliser treatments and 3 planting densities were combined for the apple cultivar ‘Discovery’ in 2004 and 2005. No differences appeared between yields due to soil treatments. Mulching with straw reduced the available nitrogen in the soil and low nitrogen uptake caused less trees infected with fruit tree canker. Mechanical weed cleaning in the tree row and no nitrogen supply had the same yield as fertilised treatments. In an intensive orchard system the planting density should not be closer than 0.9m for the cultivar ‘Discovery’.

Introduction

High quality in organic apple production usually depends on high levels of permitted pesticide usage, which may raise consumer concern due to unknown environmental impacts and effect on human health. 

Previous research has shown that in “low pesticide use” organic systems the best fruit quality and lowest pest and disease incidence are found in orchards where trees are grown in an alley-way system, with grass grown-cover between row of trees, at relatively “low” nitrogen supply (Pedersen and Bertelsen 2002). However, this system also produced insufficient yield levels. 
To optimise the fruit quality and the yield in a low input organic system it is important to keep the nitrogen supply low but have the best utilization of the nitrogen supplied.
The aim of this study was to investigate the effect of low levels of water soluble forms of nitrogen in a fertigation system compared to single spring application of organic fertilisers in an intensive organic planting system. 
Material and methods
The experimental orchard is located at the Danish Institute of Agricultural Sciences, Department of Horticulture (100 27´ E, 550 18´N), on a sandy loam soil, with a clay content of 11-15 %.

In spring 2001 one-year-old trees of the apple cultivar ‘Discovery’ on M9 were planted in an organic production system with 3.0m between the tree rows. 
Six fertiliser treatments were established in three blocks in a randomised complete block design. Three planting distances, 0.6m (5555 trees ha-1), 0.9m (3333 trees ha –1) and 1.2m (2777 trees ha-1), were established within each fertiliser plot. A permanent cover crop of Festuca rubra and Poa pratensis was sown in the alleyways, as this mixture improved fruit quality in a previous experiment (Pedersen and Bertelsen 2002).
The trial was irrigated with two litre of water per tree per day based on 3333 tree ha –1. In tree rows (1-meter width) mechanically weed control was performed.
Soil and fertiliser treatments in the tree row in 2004 and 2005 were:

1. Mechanical weed control, no fertiliser.

2. Mechanical weed control, fertigation, 25kg nitrogen, Biovinasse (3.6 % total N and 8.9% K). May to September each year.
3. Mechanical weed control, fertigation, 25kg nitrogen, liquid manure (2.4 % total N and 3.8% K). May to September each year.
4. Mechanical weed control, dry pellets, 25kg nitrogen, poultry manure (5.0 % total N and 3.8 % K). Applied April each year.
5. Mechanical weed control, dry pellets, 50kg nitrogen, poultry manure (5.0 % total N and 3.8 % K). Applied April each year.
6. Mulching, 20cm wheat straw. Applied spring 2004. Dry pellets, 25kg nitrogen, poultry manure (5.0 % total N and 3.8 % K). Applied April each year.

Kumulus S (Sulpher 80%, 4kg ha-1) was used to control apple scab (Venturia inaequalis) at main ascospore discharge periods in spring. Quassia was applied to control apple sawflies (Hoplocampa testudinea) and pheromone disruption was used against Cydia pomonella, Archips rosana, Hedya dimidioalba and Archips podana.

The diameter of the stem was measured 20cm above the grafting. The content of plant available inorganic nitrogen was measured in the 0-50cm top soil layer in mid April, June and September. Leaf samples were collected in June, July, August and September and analysed for content of nitrogen (N) and potassium (K). Infection of fruit tree canker (Nectria galligena) was assessed every summer per tree and infected material was removed from the orchard.  

Fruit production was measured as kg and number of fruit per tree. Ten fruits per tree were evaluated for percentage red skin colour and examined for skin damages caused by apple scab. 

The internal fruit quality was examined three weeks after harvest. Fruit firmness was measured with a penetrometer, soluble solids were determined with a digital refractometer and the starch pattern index (SPI) was estimated for equatorial cut slices of each fruit. The Streif index was calculated according to Streif (1983).

The content of nitrogen in the fruits was determined after removing core and stalk.

results and discussion
In 2004 a severe infestation of apple sawfly reduced the yield significantly. Therefore only results from 2005 due to effects of the treatments on yield and fruit quality are reported. 

The yield was at a normal level for ‘Discovery’ with  no differences between soil treatments in 2005 (table 2). 
Table1. Effect of soil treatments in the tree row on planting distance 3x0.9m on growth, available nitrogen in soil, content of nitrogen and potassium in leaf samples and fruit tree canker infections.

	
	Growth

2003
-2005
	Nmin
2004-
2005
	Leaf analyses 
Average
2004-2005
	Canker 
Infections
2005

	Soil
Treat-

ment 
	Mm 

diameter

Trunk-1
	Kg N

ha-1 
upper 
50cm
	N % 
dry 
matter
	K % 
dry
matter
	% 
infected 
trees

	1
	8.6a
	23.8a
	2.25b
	1.54a
	59ab

	2
	6.5b
	26.2a
	2.38a
	1.41ab
	85a

	3
	8.4a
	30.4a
	2.42a
	1.29b
	78a

	4
	7.9ab
	29.6a
	2.42a
	1.31b
	63ab

	5
	7.5ab
	28.7a
	2.31ab
	1.37ab
	70ab

	6
	6.4b
	18.9a
	2.10c
	1.54a
	44b


Values followed by the same letter in columns do not differ significantly at p<0.05.

Straw mulch in combination with poultry manure (treatment 6) had the slowest growth, due to a low nitrogen supply from the soil and low uptake (table 1). Mulching with straw reduced the available nitrogen in the soil, which is also shown by Huber et. al (1987). The low nitrogen uptake caused less trees infected with fruit tree canker (table 1), a good colour, no infections of apple scab, the lowest content of nitrogen in the fruits (table 2) and less ripe fruits at harvest (table 2), mainly due to a high fruit firmness (data not shown). 
Mechanical weed cleaning in the tree row and no nitrogen supply (treatment 1) had as high yield as the fertilised treatments (table 2). The growth was highest but the available nitrogen form the soil and the nitrogen uptake, the level of canker infections and nitrogen in the fruit were at a level intermediary between straw mulching and the other fertilised treatments (table 1 and 2).
All season fertigation or single spring application of 25 or 50kg Nitrogen did not increase the yield or fruit quality compared to not fertilised tress with mechanical weed cleaning and irrigation. The nitrogen supply increased the uptake of nitrogen in the leaves and reduced the level of potassium (table 1). There was a tendency towards higher infections of fruit tree canker and lower skin colour by using fertilisers (Table 1 and 2).

Table2. Effect of soil treatments in the tree row on planting distance 3x0.9m on yield and fruit quality.
	
	Yield

	Skin

colour

Fruits

2005
	Fruits

without

Apple 

Scab
	N in 

fruits

Fresh 

weight 

basis
	Streif

index

	Soil 
Treatment 
	Kg

tree-1

	% red

Surface
	% 

Fruits
	mg 

100g-1
	

	1
	4.6a
	79a
	93b
	49.2ab
	0.079b

	2
	4.1a
	73b
	99a
	54.8ab
	0.076b

	3
	4.5a
	76ab
	99a
	56.1ab
	0.074b

	4
	4.9a
	77ab
	100a
	55.0ab
	0.075b

	5
	4.2a
	76ab
	98a
	66.8a
	0.068b

	6
	4.4a
	80a
	100a
	43.8b
	0.110a


Values followed by the same letter in columns do not differ significantly at p<0.05.

The high planting density of 0.6m resulted in the lowest growth and yield per tree with slightly greener and slower ripening fruits (table 3) and already in the 3rd cropping year the trees had filed the allotted space and competition for light and probably nutrition and water caused a much lower yield per tree than lower densities. In an intensive orchard system the planting density should not be closer than 0.9m for ‘Discovery’ on M9.

Table 3. Effect of planting distance in the tree row for rootstock M9 on growth, yield and fruit quality.

	
	Growth

2003-2005
	Pruned 

branch

2005
	Yield 

2005
	Yield 

2005
	Skin 
colour

Fruits 
2005
	Streif

Index

	Plant

Distance 
	mm 

diameter

Trunk-1
	gram tree-1
	Kg 
tree-1
	Ton 
ha-1
	% red 
surface
	

	0.6m
	6.3b
	154b
	2,7b
	14.9
	76b
	0.085a

	0.9m
	7.8a
	198b
	4.5a
	16.6
	77ab
	0.077b

	1.2m
	8.4a
	276a
	4.4a
	12.1
	80a
	0.078b


Values followed by the same letter in columns do not differ significantly at p<0.05.
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