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Traditional high density 

Spindle at various plant spacing is the most common training system in modern apple orchards. High 

density superspindle at >5000 trees/ha is extremely productive from the very first years, and can yield 70-80 

tons per ha by year 4 or 5. Furthermore HD is an important requirement to achieve modern fruiting walls.  

The main drawbacks of traditional HD lay not just in the high economic investment, especially for the 

club varieties, but even more in the difficult management, that often requires limb bending, precise crop load 

control and skilled pruning. It takes just small mistakes, like one year of low crop or bad pruning to turn HD 

superspindles into uncontrollable trees that only sophisticated techniques based on heavy hormonal 

treatments and severe root pruning can recover. After all HD is good for shallow soils, but in fertile sites, 

after excellent early yields it inevitably does not last long.  

 

From standard spindle to double and multileader training 

Spindle was challenged in the last decade by the double leader, a training system proposed by the Vivai 

Mazzoni in Italy, that achieves most of HD benefits reducing its drawbacks. The principle is to replace large 

spindle trees that require spacing >0.8 m with double-leader trees in order to contain the vigour. A lot of 

cultural practices are simplified on so called “Bibaum” trees, hybrids between spindle and the old palmetta. 

Ten years of trials and practical experience in different environments show that double budded trees on M9 

are more dwarfed than spindle, an effect particularly useful in fertile soils where high density after few years 

results in uncontrollable trees that can not be managed by centrifugal nor by short pruning.  

Once the concept of “more than 1 leader is possible” was accepted, the next question was whether the 

number of leaders could be further increased to get a natural fruiting wall in fertile soils and encourage any 

form of mechanization. Again the principle was that increasing the n. of axes results in shifting to a more 

dwarfing rootstock, a well known concept in the old training systems with vigorous M11 or seedlings, for 

example in the 3D vase or in the palmetta. For this reason it is fair to say that today double and Multi-leader 

training is the synthesis between spindle and the old palmetta. 

After a few trials started in 2008 on the main apple cultivars in Adige valley and some practical 

experience done also in the rich soils of the Po Plain, it was confirmed that not only pre-formed in nursery 2 

axes trees can replace HD superspindles, but also 3 and 4 leader trees can be obtained after planting on M9 in 

good soils from spindle and Bibaum respectively. While for the 3-axes it is necessary to raise 2 laterals and 

remove competing limbs, for the 4-axes, 2 new leaders in the middle of the tree naturally raise when 

spreading a Bibaum. Compared to spindle or double leader, both coming directly with several limbs from the 

nursery, the development from scratch of two new leaders requires care during spring and summer of the 

first 2-3 years to keep them vertical and  cleaned from competitive shoots. On the other hand limb bending, 

important for spindle, is not needed for Bibaum and ML trees. It takes ML trees about 5-6 years to achieve a 

fully formed canopy, 1 or 2 more than for spindle or Bibaum. 

While spindle requires a certain amount of structural, not bearing wood, in ML trees vigour is diverted in 

building more than 1 central leader as the only structural wood, while the remaining limbs are feeble and 

bearing fruit. 

The resulting tree shape changes gradually from conic of spindle to rectangular cuboid of 2, 3 and 4 

leader trees, which look natural “fruiting walls”. In all cultivars ML trees had many more shoots than 

spindle, particularly in the medium and upper part (Fig. 1). The length of the scaffold shoots was inversely 

related to the number of leaders (Fig. 2). The percentage of branches longer than 60cm (length of strings for 

flower thinning) was reduced from 11% of spindle to 5%, 4% and 3% of 2, 3 and 4 leaders respectively. 
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Consequently average  width of the lower part of trees was dramatically reduced, in the case of Golden, from 

144cm of spindle to 76cm of 4-leaders. The resulting set of advantages covers many aspects regarding 

management, mechanization and ecological impact (Fig. 3). 

 

Productivity and quality of ML training 

Since early yield per ha is function of tree density, spindle and 2-leader trees with 2900 and 2400 trees/ha 

respectively were the most productive systems in the first 3-4 years. While spindles and Bibaum trees reach 

maximum yield near year four, 3 and 4 leaders, with just 2200 and 1800 trees/ha respectively still increase 

productivity in year 5 and 6 (Tab. 1). The economic loss of yield in the early years is in part compensated by 

the lower investment. No differences were found in fruit weight,  while red colour tends to decrease over the 

years in the bottom part of spindle more than in 3 and 4 leader trees. 

 

Pros and cons of ML training 
Increasing the number of leaders by splitting the canopy in 2-3-4 mini-spindles results in significant 

weakening of trees and remarkable change in their architecture. The only structural wood left is given by the 

vertical leaders, while all remaining wood is short, does not need bending and is covered with flower buds 

near the trunk. On M9, weak cultivars like Gala tend to become too much dwarfed, while Golden, Rosy 

Glow and Fuji are more suitable to ML. Once trees are fully established, the benefits regard the simplicity in 

accessing the canopy and the overall management, from pruning, to thinning and harvesting. After 4 years, 

given the wide spacing between plants, ML trees can bear 40-50 kg of excellent quality apples (Tab. 1). 

Since ML trees have two-three times as many branches as spindle (Fig. 1) supported by the same M9 root 

system, they can be either headed back or removed to encourage recycling and tolerate short pruning and 

mechanical hedging or topping much better than spindle. This means trees become so “plastic” they can be 

easily further reduced in width and height with the help of Lorette early-summer mechanical pruning, to 

achieve semi-pedestrian (2.8m) or fully pedestrian (2.3m) “vineyard looking” orchards. ML is  extremely 

suitable to exploit new techniques, like single-row AltCarpò nets, mechanization of thinning, pruning and 

weed management, or even minimum-drift tunnel sprayers and any mechanical harvest aids. It is likely that 

the thin canopy of ML training will allow fruit red colour to be kept for more years than spindle. In the end 

increasing the number of leaders can be a powerful tool to achieve high density-looking fruiting walls in 

vigorous sites where superspindle would not be manageable for more than few years. 

The main drawbacks of ML regard poor yields in the first 3-4 years and the need to complete tree 

formation in the field, that may result in uneven axis formation if not properly trained. Given the lack of a 

central supporting trunk as in spindle, special care must be given in 2 leader or ML systems, to ensure that a 

strong trellis is able to bear a crop which is uniformly distributed along the tree and to a large extent hanging 

on the wires. It must be investigated whether the low vigour of ML trees may result in the long run in less 

fruit weight. 

 

Re-thinking tree spacing 

The change in shape of the ML training requires major re-thinking of tree spacing. Distance can be 

reduced to maximize the benefits of such systems, that mostly profit by alleyways of less than 3 meters and 

short “centripetal” pruning. On the contrary wider spacing must be given on the row between trees (1.0-1.8m 

depending on leader number) to space axes about 0.5m from each other. At first glance ML can be easily 

mistaken for classic supersindles at 7-8000 trees/ha, except for the low number of tree-trunks. 

 

Conclusion 

MLT resembles H.D. without its main drawbacks. Once established, MLT generally performs as good or 

better than spindle. It is particularly  effective on vigorous trees and can be regarded as a means to achieve 

HD, a must have for proper fruiting wall system, while mechanical pruning is the second requirement for 

fruiting wall. The main advantages regard simplification of orchard management (pruning, thinning, 

harvest). Most of the techniques applied on conventional orchards can be also applied on MLT, an 

innovation that is already projected toward future techniques that will further reduce input of labour and 

chemicals. ML trees are most suitable to single-row AltCarpò nets, mechanization of thinning, pruning and 

spraying tunnels. Increasing the number of leaders can be a powerful tool to achieve a fruiting wall in 

vigorous sites where spindle would not be manageable. 
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1 leader 2 leaders 3 leaders 4 leaders
n. of branches (2-3m) 26 36 64 82
n. of branches (1-2m) 22 49 59 77
n. of branches (0-1m) 9 16 21 32
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Fig. 1: Branch number at different tree heights (Golden Delicious in year 5)

branch length 0-1 m branch length 1-2 m branch length 2-3 m
1 leader 72 44 38
2 leaders 43 40 39
3 leaders 43 38 28
4 leaders 38 38 23
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Fig. 2: Branch length at different tree heights (Golden Delicious in year 5)
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SHORT FRUIT WALL

- Mechanical pruning

- Mechanical thinning

- Mech. weed control

- Less spraying volume

Homogeneous fruit quality 

(by improving exposure)

- Hand pruning

- Harvest

- Limb bending

AGRONOMIC 
ADVANTAGES

ADVANTAGES IN 
MECHANIZATION

(Ecological 
sustainabilty)

MANAGEMENT 
ADVANTAGES
(Economic 
sustainability)

Fig. 3: Cultural practices improved by a short fruit wall

- Hand thinning

- Reduced drift

?
- Mech. harvest aid

- Faster leaf drying

- Tunnel sprayers

- Multi-task nets

Tab.1: Yield/ha (tons)
Gala 2009 2010 2011 2012 2013 2009-2013
1 leader 17 24 49 59 53 201
2 leaders 13 21 41 59 38 171
3 leaders 18 14 45 49 67 192
4 leaders 12 13 39 46 67 177
Golden
1 leader 23 47 68 94 70 302
2 leaders 13 12 66 34 76 202
3 leaders 19 32 83 70 97 300
4 leaders 9 18 55 73 85 241
Fuji
1 leader 16 24 52 77 46 216
2 leaders 25 12 59 64 55 216
3 leaders 22 25 70 38 83 238
4 leaders 18 6 48 33 63 168
Pink Lady
1 leader 25 29 77 75 95 300
2 leaders 17 25 72 78 86 279
3 leaders 26 27 65 97 92 308
4 leaders 12 19 49 84 85 249
Average
1 leader 21 31 61 76 66 255
2 leaders 17 18 59 59 64 217
3 leaders 21 25 66 63 85 260
4 leaders 13 14 48 59 75 209
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