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ABSTRACT 

Plums, sweet cherry, and sour cherry trees were spaced 4.5 m × 1.5 m to be trained to “Y” and “V”-

trellising systems for mechanical harvesting, with a canopy contact harvester, attending to obtain fruits 

meeting the requirements of the fresh fruit market. The applied trellising systems were compared with the 

standard central leader system at the same spacing. The most of trellised trees grew less vigorously than 

the standard trees, and after 3 years of training, the trees were suitable for mechanical harvesting with the 

harvester designed at the Research Institute of Horticulture in Skierniewice. The trellised trees were able to 

set as many fruitlets as those grown in the form of central leader and gave a comparable yield, but differ-

ences between cultivars were significant. Light interception in the third year after planting was lower for 

trees of sour cherry and plum growing in the “Y”-20° and “V” in comparison to the trees with central leader. 

Illumination of trellised canopies at the level of 0.7 and 1.5 m was the most favorable in “V” system when 

compared to control and “Y” training systems. Cost of construction for the trellising systems of stone fruits 

calculated per 1 ha was two times higher when compared with the standard system. 
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INTRODUCTION 

 

During recent years, much progress has been 

done in mechanical harvesting of soft fruits pro-

duced for industrial processing. At present, several 

species of fruit bushes, sour cherries, olives, plums, 

and other species are mechanically harvested (Brown 

et al. 1983; Wawrzyńczak et al. 1998; Jiménez et al. 

2011; Ferguson et al. 2012; Mika et al. 2012). Exper-

imental works are still being conducted to improve 

harvesting technology (Ampatzidis et al. 2012; Larbi 

& Karkee 2014; He et al. 2015). Mechanical fruit har-

vesting is mostly performed by means of trunk shak-

ers, but it has several disadvantages, particularly fruit 

bruising and low effectiveness of fruit collection 

(Castro-García et al. 2012). 

Trials with mechanical harvesting of stone 

fruits destined for the fresh market have revealed 

that the tree architecture is very important. Trees 

should have only one layer of branches resembling 

the shape of the letter “Y” or “V”. Day et al. (2013) 

compared these forms with standard tall trees and 

found that standard trees were only slightly more 

productive than low trees. 

Mechanical harvesting of plums for industrial 

purposes has already been solved. Diener et al. 

(1982) reported that in Western Virginia, a harvester 

that was able to harvest both large conventional 

trees and size-controlled trees planted at high den-

sity had been constructed. The harvester, with two 

trunk shakers, had a very high harvesting efficiency 

of 6–7 t·h-1. Fruits were not suitable for the fresh 

market because of bruising. Mika et al. (2012) 

demonstrated mechanical harvesting of densely 

planted plum trees trained to the central leader, and 

pruned by the renewal method, with a self-propelled 

straddle canopy contact harvester. The harvesting 

efficiency was 2–3 t·h-1, with 90–95% effectiveness. 
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The harvester was designed for collecting plums for 

industrial processing, but the quality of small-sized 

plums and prunes was so good that, after sorting, 

80% was suitable for the fresh market. In another 

trial, an effort was made to harvest mechanically 

dessert quality plums from trees planted at high den-

sity and trellised as a horizontal canopy (shaped like 

the letter T) (Mika et al. 2016). The trees were suit-

able for harvesting with a small tractor-driven can-

opy-contact harvester, but the growth of the trees 

was not satisfactory. 

The majority of sour cherry fruits are produced 

for industrial purposes because the fresh market of 

this fruit is limited. On small plantations, sour 

cherry fruits destined for processing are harvested 

manually. On large plantations, they are harvested 

by shaking the tree trunk. The fruits are collected on 

canvas sheets or conveyers. The quality of mechan-

ically harvested sour cherries is worse than that of 

those that are handpicked; however, they are ac-

cepted for juice and jam processing. The frozen-

food industry prefers manually harvested fruits 

(Mika et al. 2011). 

With an increasing standard of living, the de-

mand for fresh sweet cherry fruit is increasing in 

Europe and the United States. The fruits should be 

large, attractive, tasty, and available for a long time 

(in Europe for 10 weeks). Sweet cherry production 

is increasing in Europe, the United States, Canada, 

and Chile. In all these regions, the shortage of man-

ual labor for hand harvesting may be an obstruction 

in the production. To overcome the problem, inten-

sive research work was undertaken to solve the 

problem (Peterson & Wolford 2001; Peterson 2005; 

Seavert & Whiting 2011; Ampatzidis et al. 2012; 

Ampatzidis & Whiting 2013; Larbi & Karkee 2014; 

He et al. 2015). 

Peterson and Wolford (2001) designed a cherry 

orchard for mechanical harvesting and solved the 

problem of harvesting fruits. Mechanical cherry 

harvesting might be improved by loosening the 

fruit-pedicel attachment by applying Ethrel 7–14 

days before harvesting (Peterson 2005 after Buko-

vac et al. 1971). 

Canopy architecture has a major effect on both 

manual and mechanical harvesting efficiency. To be 

suitable for mechanical harvesting, a cherry tree 

should have 2–3 limbs for each side in the “Y”-sys-

tem. The limbs should be short and stiff, inclined at 

45–60° to the horizontal (Peterson 2005). 

One of the best architectures compatible with 

the harvesting system is the “Y”-trellis system. The 

highest harvesting rate was obtained with a 45–60° 

“Y”-trellis system with 6–8 scaffold branches. 

Recent trials on harvesting plums and sour 

cherries for industrial processing with the straddle, 

canopy contact harvester constructed at the Re-

search Institute of Horticulture in Skierniewice, re-

vealed that the harvester is able to collect fruit with 

80–90% efficiency at the rate of 3–4 t·h-1. However, 

it appeared that the standard central leader canopy 

is not adequate for harvesting fresh market fruit be-

cause the falling fruits pass too long a distance from 

the canopy structure to the grabbing system, and 

some percentage of the fruits suffer bruising. Our at-

tempt to train trees with only one layer of horizontal 

branches (T system) resulted in uneven shoot growth 

because of the phenomenon of negative gravimor-

phism. Shoots in the canopy center were too strong, 

and those outside the canopy were too weak. 

The main target of the experimental work was 

to create a new orchard architecture and to test the 

suitability of “Y” and “V”-trellised canopy for me-

chanical harvesting of plums, sweet cherries, and 

sour cherries produced for the fresh market. 

 

MATERIALS AND METHODS 

 

In March 2014, an experimental plot consisted 

of plum, prune, sweet cherry, and sour cherry trees 

was planted at the Institute of Horticulture (InHort) 

in Skierniewice, in an area of 0.75 ha. The following 

trees were planted: two plum cultivars, ‘Record’ and 

‘Empress’ grafted on semi-dwarf rootstock 

‘Wangenheim Prune’; one prune cv. ‘Common 

Prune’ grafted on Prunus myrobalan; two sweet 

cherry cultivars, ‘Lapins’ grafted on ‘Colt’ and ‘Kor-

dia’ grafted on Mazzard F 12/1; four sour cherry cul-

tivars, ‘English Morello’, ‘Nefris’, ‘Kelleris 16’, and 

‘Debreceni Bötermo’ grafted on Prunus mahaleb 

rootstock. The planting distance of 4.5 m between 

rows was uniform for all the cultivars. The spacing in 

the row varied according to the expected tree vigor. 

Weakly growing sour cherry trees were spaced 
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1.5 m apart; moderately growing plum and sweet 

cherry 2.0 m; vigorously growing sweet cherry 

2.5 m. The distance from the fruit stem to the grab-

bing unit was planned for 0.7–1.5 m. To create 

conditions for continuous moving of the harvester, 

each cultivar was planted in a separate row 160 m 

long. The row of plum trees grafted on semi dwarf 

rootstocks contained 80, plum trees grafted on vig-

orous rootstocks 72 trees and sour cherry trees con-

tained 94 trees. Sweet cherry cultivar ‘Lapins’ con-

tained 69 trees and cultivar ‘Kordia’ 32 trees in the 

row. Each tree in the row was treated as a replica-

tion. 

There were four methods of tree training: 

1. Tree training to “Y” canopy with branches at 20° 

to the horizontal. 

2. Tree training to “Y” canopy with branches at 30° 

to the horizontal. 

3. Tree training to “V” canopy with branches at 45° 

to the horizontal. 

4. Control: tree training to central leader canopy 

with the leader tied to a pole. 

Each cultivar was represented by at least three 

objects with 20°, 30°, or 45° and combination con-

trol but not all treatments were applied for each cul-

tivars (details given in the Tables). 

To erect the trellising support, galvanized 

metal profiles 60 mm × 60 mm × 4 mm were 

mounted in the ground to a depth of 0.8 m at a dis-

tance of 10 m apart. The first support in the row was 

reinforced in the ground with concrete. On the ver-

tical support, at the height of 0.8 m, metal arms were 

mounted aslant at 20° and 30°. Four wires were 

stretched between these arms along the row at a dis-

tance of 0.5 and 1.0 m from the row center line on 

both sides. The trellising made it possible to create 

a continuous canopy 2 m wide and 50 m long. To 

obtain the “V” system, metal poles were driven into 

the ground, 10 m apart, aslant at 45°, and two wires 

were stretched in each row. Stakes angled at 45° 

were used to support each tree. The control trees, 

trained to the central leader, were tied to metal 

stakes driven 0.8 m into the ground at each tree to 

a height of 2.5 m. The control trees were trained to 

the standard method. In the first year, shoots were 

lightly tipped to stimulate vigorous growth. The 

leader shoot was tied vertically to the pole and the 

side shoots were directed in May to an aslant or hor-

izontal position with pins (clips) to form wide an-

gles. Such treatment was repeated in the second year 

on trees that required such a correction. After plant-

ing, pruning of the trees designed to “V” and “Y” 

trellising was nearly the same as for the control 

trees, but the lowest laterals up to a height of 0.8 m 

were removed, because they would interfere with 

the work of the harvester. In the first year, it was 

necessary to bend and tie 4–10 summer shoots to the 

wires, and even more in the second year. In the third 

year, some additional bendings was indispensable, 

mainly on sweet cherry trees. 

On these plots, over a period of three years, 

tree growth vigor was assessed by taking annual 

measurements of the trunk’s diameter, converted 

later into the trunk’s cross-sectional area (TCSA). 

The measurements also included the height and 

span of the crowns, the number of new shoots in 

specific length classes, and the percentage of flower 

buds on annual and older shoots. For the three years 

of tree vegetation, the structure of the canopies was 

studied. In the autumn, the new shoots were 

counted, measured and described in terms of the 

way in which they branched. In the spring, the in-

florescences were counted on the shoots classified 

at 20-cm intervals in order to determine the relation-

ship between shoot length and flower bud density. 

Two 3-year-old branches coming off the leader 

were chosen for this purpose. 

To evaluate light relation within the trees, solar 

irradiation was measured in the third year of the 

trial, in August, with a hand solarimeter (Sun Scan 

Probe type SS1, produced by Delta-T Devices Ltd., 

Burwell, Cambridge, England). Measurements were 

done only on sunny days during noon hours. The re-

sults of irradiation were converted to the percentage 

of light within the tree canopy in relation to the total 

radiation from the hemisphere. Light interception 

was evaluated with tube solarimeter (Sun Scan 

Probe type SS1, produced by Delta-T Devices Ltd., 

Burwell, Cambridge, England) laid out for two sum-

mer weeks crosswise on the ground between tree 

rows. Interception was calculated as the difference 

between total light irradiation minus irradiation at 

the ground level. Light distribution was recorded at 

1.5 and 0.7 m of tree canopies. 
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The direct cost of establishing a trellised or-

chard in relation to a standard orchard was calcu-

lated by adding the cost of soil cultivation, fertiliza-

tion, cost of trees, supporting system, and trellised 

wires. The cost of the experimental plots was calcu-

lated per 1 ha. 

The results were evaluated statistically and 

presented in the form of tables and graphs. The re-

sults were statistically elaborated using analysis of 

variance separately for each cultivar, followed by 

means separation with Duncan’s multiple-range t-

test at P < 0.05. 

 

RESULTS AND DISCUSSION 

 

Fruit trees trellised in the “V” or “Y” systems 

to facilitate mechanical harvesting showed a differ-

ent pattern of growth than the control central-leader 

trees as a result of negative gravimorphism. In the 

natural tree growth, the main shoots are directed to 

grow upright or aslant, as a result of the phenome-

non of negative gravimorphism. Auxins are concen-

trated more in the lower than in the upper layer, so 

the lower layers are stimulated to induce intensive 

growth and push the shoot up to an upright or aslant 

position (Costes & Guédon 1997). Apical buds on 

the shoot take dominance over lateral buds. They 

are formed larger and better developed. Owing to 

the domination of apical buds, they start to develop 

first and produce stronger annual shoots (Jankie-

wicz 1972). When trellised shoots are bent to a hor-

izontal position, the negative gravimorphism stimu-

lates the growth of buds at the base of the shoot in-

stead of the apex. The most vigorous shoots appear 

near the tree trunk, in the center of the tree canopy, 

and the weakest at its periphery. This causes irregu-

lar development of the canopy trained horizontally 

(Mika et al. 2016). To avoid such disadvantages, we 

assumed shoot positioning at 20°, 30°, and 45° to 

the horizontal. In the result, the shoots trellised at 

20° produced the most intensive growth in the cen-

ter of the tree canopy, those trellised at 30° showed 

less growth, and at 45°, the effect of negative geo-

morphology was hardly noticeable (Table 1). This 

phenomenon plays an important role in trellising 

fruit trees for mechanical harvesting. Mechanical 

harvesting is best facilitated when branches are in 

a horizontal position because the falling fruits have 

the shortest way to travel from the branches to the 

catching unit. Increasing the angle of the fruiting 

layer makes this distance longer. At 45°, it is diffi-

cult to harvest dessert fruit. On the other hand, trees 

trained with branches close to the horizontal have 

uneven growth and require the removal of strong 

shoots from the center of tree canopy every year. 

 

Table 1. Effect of branch positioning on negative mor-

phology expressed as total shoot growth (m) in the center 

of tree canopy (2016) 

 

Species 

Tree training system 

“Y”  

system 20° 

“Y”  

system 30° 
“V” system 

Plums 13.6 a ± 0.75* 7.2 b ± 0.62 1.8 c ± 0.31 

Sour cherries 14.0 a ± 0.82 9.4 b ± 0.54 6.6 c ± 0.67 

Sweet cher-

ries 
2.6 a ± 0.16 3.2 a ± 0.52 1.6 b ± 0.16 

*Means in each line indicated by the same letter do not dif-

fer significantly according to the Duncan test at p = 0.05; 

means ± SD. 
 

The three years of training revealed a tendency 

of the trellised trees to weaker growth in comparison 

with the control ones. The effects were the most dis-

tinct at shoot bending to the degree 30°. Among the 

nine experimental genotypes, in six significant dif-

ferences were found in the TCSA index between the 

control trees and those in the trellising system (Ta-

ble 2). The significance concerned plum ‘Common 

Prune’ at “Y” 20°, three of four sour cherry cultivars 

at “Y” 30°, and sweet cherry ‘Lapins’ at “V” 45° 

and all types of banding for ‘Kordia’. The total 

shoot growth of some cultivars was also negatively 

affected by bending. The growth was decreased by 

“V” system in plum ‘Record’, sweet cherry ‘Kel-

leris 16’, and both sour cherry cultivars. The “Y” 

systems reduced shoot growth of plum ‘Common 

Prune’ and all sweet and sour cherry cultivars. The 

plum ‘Empress’ was not affected (Table 3). Diverse 

planting density in the rows had no influence on tree 

growth. Reduced tree growth is caused by the effect 

of shoot bandings on the transporting tissues in 

shoots that are damaged or translocated, retarding 

the transport of minerals to the shoots and inhibiting 

translocation of photosynthetic products. In the case 

of vigorous trees, shoot bending can promote early 

bearing (Mika 1969). 
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Table 2. Trunk cross-sectional area (cm2) in the third year after planting (2016) 

 

Cultivar 
Tree training system 

control “Y” system 20° “Y” system 30° “V” system 

Plums 

‘Record’ 16.1 a ± 1.56* 18.3 a ± 1.37 - 18.7 a ± 2.94 

‘Empress’ 9.8 a ± 0.89 - 8.8 a ± 0.81 9.3 a ± 0.97 

‘Common Prune’ 23.5 a ± 2.22 17.5 b ± 1.11 20.1 ab ± 1.68 - 

Sour cherries 

‘English Morello’ 9.5 ab ± 1.26 10.7 a ± 1.20 6.1 b ± 0.73 - 

‘Kelleris 16’ 16.0 a ± 0.61 - 11.4 b ± 1.08 14.2 ab ± 2.03 

‘Nefris’ 10.5 a ± 0.56 8.8 ab ± 0.89 7.2 b ± 1.33 - 

‘Debreceni Bötermo’ 15.7 a ± 1.80 13.8 a ± 0.62 - 14.2 a ± 0.84 

Sweet cherries 

‘Lapins’ 33.3 a ± 1.96 31.0 a ± 1.36 34.4 a ± 2.34 23.6 b ± 3.63 

‘Kordia’ 50.1 a ± 2.43 37.1 b ± 1.74 42.4 b ± 2.09 41.4 b ± 3.05 

* For explanations see Table 1. 

 

Table 3. Total shoot growth (m·tree-1) for years 2014–2016 

 

Cultivar 
Tree training system 

control “Y” system 20° “Y” system 30° “V” system 

Plums 

‘Record’ 35.5 a ± 0.45* 36.7 a ± 0.64 - 21.1 b ± 1.32 

‘Empress’ 15.9 a ± 0.66 - 11.3 a ± 0.53 12.8 a ± 0.28 

‘Common Prune’ 65.4 a ± 1.62 51.3 b ± 3.63 71.1 a ± 2.52 - 

Sour cherries 

‘English Morello’ 48.9 a ± 1.57 45.5 a ± 2.67 20.3 b ± 1.34 - 

‘Kelleris 16’ 66.6 a ± 2.24 - 39.2 b ± 0.85 44.9 b ± 3.39 

‘Nefris’ 56.6 a ± 1.60 34.8 b ± 1.97 26.3 c ± 1.13 - 

‘Debreceni Bötermo’ 53.7 a ± 0.70 34.3 b ± 2.97 - 32.3 b ± 1.63 

Sweet cherries 

‘Lapins’ 38.8 a ±1.41 28.9 b ±2.12 35.6 a ±1.86 19.1 c ±0.58 

‘Kordia’ 82.4 a ±1.60 55.7 c ±2.76 71.0 b ±2.79 55.4 c ±4.80 

* For explanations see Table 1. 

 

Table 4. Number of flower buds per tree in the second year after planting (2015) 

 

Cultivar 
Tree training system 

control “Y” system 20° “Y” system 30° “V” system 

Plums 

‘Record’ 172.8 a ± 19.63* 106.8 b ± 21.95 - 181.2 a ± 13.60 

‘Empress’ 131.6 a ± 5.23 - 60.7 b ± 9.98 125.8 a ± 11.82 

Sour cherries 

‘Kelleris 16’ 182.1 a ± 22.62 - 253.3 a ± 22.24 102.7 b ± 16.95 

‘Nefris’ 118.1 b ± 6.24 152.0 a ± 11.90 127.9 ab ± 10.80 - 

‘Debreceni Bötermo’ 39.0 b ± 6.30 40.3 b ± 9.24 - 103.5 a ± 4.15 

Sweet cherries 

‘Lapins’ 24.6 b ± 2.27 23.4 b ± 3.57 20.6 b ± 3.49 56.8 a ± 4.08 

‘Kordia’ 88.3 a ± 4.82 69.5 ab ± 9.71 87.9 a ± 6.49 53.9 b ± 7.30 

* For explanations see Table 1. 
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Table 5. Number of fruitlets per tree in the second year after planting (2015) 

 

Cultivar 
Tree training system 

control “Y” system 20° “Y” system 30° “V” system 

Plums 

‘Record’ 7.1 b ± 0.90* 5.9 b ± 3.38 - 21.2 a ± 1.94 

‘Empress’ 27.2 b ± 5.11 - 21.2 b ± 4.13 59.6 a ± 5.87 

‘Common Prune’ 10.2 a ± 1.58 9.5 a ± 3.67 6.8 a ± 3.03 - 

Sour cherries 

‘Kelleris 16’ 205.4 a ± 28.26 - 272.7 a ± 36.72 77.2 b ± 22.32 

‘Nefris’ 98.6 a ± 11.45 99.5 a ± 11.56 70.7 b ± 3.83 - 

‘Debreceni Bötermo’ 18.7 b ± 1.59 18.7 b ± 3.91 - 64.8 a ± 16.04 

Sweet cherries 

‘Lapins’ 19.2 b ± 4.48 15.6 b ± 5.64 13.1 b ± 0.87 53.4 a ± 5.85 

‘Kordia’ 37.9 a ± 7.73 32.7 ab ± 1.74 27.1 ab ± 8.32 19.6 b ± 3.68 

* For explanations see Table 1. 

 

Table 6. Percentage of flower buds on one-year-old and two-year-old shoots in the third year after planting (2016) 

 

Cultivar 

Tree training system 

control “Y” system 20° “Y” system 30° “V” system 

one-year-

old  

two-year-

old 

one-year-

old 

two-year-

old 

one-year-

old 

two-year-

old 

one-year-

old 

two-year-

old 

Plums 

‘Record’ 77  23  72  28  - - 70  30  

‘Empress’ 77  23  - - 70  30  72  28  

‘Common Prune’ 52  48  38  62  41  59  - - 

Sour cherries 

‘English Morello’ 87  13  84  16  85  15  - - 

‘Kelleris 16’ 83  17  - - 90  10  80  20  

‘Nefris’ 92  8  93  7  91  9  - - 

‘Debreceni Bötermo’ 72  28  58  42  - - 73  27  

Sweet cherries 

‘Lapins’ 31  69  45  55  43  57  45  55  

‘Kordia’ 52  48  57  43  56  44  56  44  

 

Table 7. Percentage of fruitlets on one-year-old and two-year-old shoots in the third year after planting (2016) 

 

Cultivar 

Tree training system 

control “Y” system 20° “Y” system 30° “V” system 

one-year-

old  

two-year-

old 

one-year-

old 

two-year-

old 

one-year-

old 

two-year-

old 

one-year-

old 

two-year-

old 

Plums 

‘Record’ 83  17  68  32  - - 20  80  

‘Empress’ 61  39  - - 63  37  84  16  

‘Common Prune’ 55  45  40  60  33  67  - - 

Sour cherries 

‘English Morello’ 97  3  96  4  97  3  - - 

‘Kelleris 16’ 89  11  - - 97  3  93  7  

‘Nefris’ 99  1  97  3  98  2  - - 

‘Debreceni Bötermo’ 95  5  88  12  - - 93  7  

Sweet cherries 

‘Lapins’ 54 46  37  63  29  71  41  59  

‘Kordia’ 53  47  70  30  54  46  72  28  
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Table 8. Total yield for 2015–2016 (kg∙tree−1), manually harvested 

 

Cultivar 
Tree training system 

control “Y” system 20° “Y” system 30° “V” system 

Plums 

‘Record’ 3.5 c ± 0.22* 8.6 a ± 0.22 - 6.7 b ± 0.22 

‘Empress’ 5.7 b ± 0.22 - 6.8 a ± 0.22 7.0 a ± 0.22 

‘Common Prune’ 4.6 a ± 0.15 3.3 b ± 0.16 3.2 b ± 0.15 - 

Sour cherries 

‘English Morello’ 6.0 a ± 0.22 4.9 b ± 0.22 4.2 b ± 0.22 - 

‘Kelleris 16’ 5.9 a ± 0.22 - 5.8 a ± 0.22 3.9 b ± 0.22 

Sweet cherries 

‘Lapins’ 1.0 b ± 0.15 2.4 a ± 0.16 2.6 a ± 0.16 1.2 b ± 0.22 

‘Kordia’ 4.7 a ± 0.18 3.4 b ± 0.18 3.6 b ± 0.18 2.0 c ± 0.18 

* For explanations see Table 1. 

 

In our trial, we were not able to prove the stim-

ulating effect of shoot bending on fruit bud for-

mation, probably because of the moderate growth of 

all stone fruit trees. The “Y”-training system signif-

icantly decreased the number of flower buds in the 

plum cultivars in the second year of planting (Table 

4). For sour cherry, the above effect was unclear. 

The highest number of flower buds in sweet cherry 

‘Lapins’ was at “V” system, and this treatment was 

the worst for cv. ‘Kordia’. The number of fruitlets, 

which is the best indicator of potential tree produc-

tivity was mostly proportional to that of flower buds 

(Table 5). A trellised tree must be pruned by the re-

newal method to obtain young flexible shoots in the 

working space of harvester rods. For this reason, the 

percentage of fruit buds on one-year-old and two-

year old shoots was recorded (Table 6). In all the 

treatments and most cultivars (exception was plum 

‘Common Prune’ and sweet cherries), most of the 

fruit buds were on one-year-old shoots. The distri-

bution of fruitlets was almost the same (Table 7). 

The first crop (Table 8) was too low to evaluate the 

productivity systems. The “Y” and “V”-trellising 

systems significantly increased the yield of plums 

‘Record’ and ‘Empress’ and sweet cherry ‘Lapins’. 

Light interception was not high (Table 9) be-

cause the tree canopies were small. “V” system re-

duced light interception in plums and sour cherries. 

“Y” 20° system reduced light interception in sour 

cherry and plum trees (Table 9). According to Jack-

son and Palmer (1974), it should amounts to more 

than 30% of the light coming into the orchard. 

 

Table 9. Percentage of light intercepted by plum and sour 

cherry trees in summer 2016 

 

Species 

Tree training system 

control 
“Y”  

system 20° 

“V”  

system 

Plums 29.7 23.4 14.5 

Sour cherries 21.6 14.7 14.0 

 

Light distribution (Table 10) measured for 

plum trees in the third year (2016) in the upper part 

of tree canopy 1.5 m above the ground and in the 

lower part at 0.7 m was the same for central leader 

and “V” trained system and significantly lower for 

the “Y” 20° system. Illumination of sour cherry can-

opies was the best at “V” system at the both levels 

of measurement. Illumination at 1.5 m of sweet 

cherry trees was equal in all systems of training, but 

at 0.7 m, “V” system caused more illumination than 

“Y” 20° and standard leader system. At the 0.7 m, 

“V” system allowed most illumination for all plant 

species. The lowest values from 10.7% to 12.4% at 

“Y” system of sour cherries and plum trees were be-

cause of insufficient illumination according to Jack-

son 1970 and Jackson and Palmer 1974. 

The cost of establishing the orchard with the 

supporting system was twice as high as for a stand-

ard orchard. The main value in the high cost of the 

trellised orchard was the supporting system. It was 

constructed out of high-quality galvanized steel. In 

practice, it could be constructed at a lower cost, but 

even so a trellised orchard would be at least 50% 

more expensive than a standard orchard.  
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Table 10. Light distribution within tree canopy on two levels as a percentage of the light above tree canopy in the third 

year after planting (2016) 

 

Measuring level 

(m) 

Tree training system 

control “Y” system 20° “V” system 

Plum cv. ‘Record’ 

0.7  22.9 a ± 39.83* 12.4 b ± 18.32 25.1 a ± 37.61 

1.5  55.5 a ± 47.48 30.8 b ± 29.32 51.5 a ± 62.22 

Sour cherry cv. ‘Debreceni Bötermo’ 

0.7  13.2 b ± 22.68 10.7 b ± 13.09 30.8 a ± 43.80 

1.5  55.6 b ± 77.54 63.7 b ± 43.81 70.7 a ± 43.14 

Sweet cherry cv. ‘Lapins’ 

0.7  36.8 b ± 50.35 45.2 b ± 43.84 62.9 a ± 45.00 

1.5  52.4 a ± 62.08 65.7 a ± 61.44 63.9 a ± 77.89 

* Means indicated by the same letter do not differ significantly according to the Duncan test at p = 0.05; means ± SD. 

Results were analyzed separately for species and levels of canopies. 

 

When growing fruit trees in a trellised system, one 

should expect some alteration in shoot growth, in 

comparison with the natural tree shape, because of 

negative geotropism. The problem to solve is to ob-

tain uniform growth. Uniform shoot growth will be 

achieved when branches are not trained horizontally 

but aslant. 

The supporting system for trellised canopies 

appeared to be three times as expensive as that for 

the standard system. The direct costs of establishing 

1 ha of a trellised orchard compared to a standard, 

intensive orchard are as follows: 

Trellised orchard of stone fruits (in PLN) 

Soil cultivation, farm manure, mineral fertilizers = 

4 000 

Trees 1 480 × 15 PLN = 22 200 

Irrigation system = 20 000 

Supporting system of galvanized steel = 73 546 

Galvanized wires = 3 872 

Total = 123 618 

Standard orchard (in PLN) 

Soil cultivation, farm manure, mineral fertilization 

= 4 000 

Trees 1 666 × 15 PLN = 24 990 

Irrigation system = 20 000 

Supporting system (metal galvanized poles and 

wires) = 15 990 

Total = 64 980 

CONCLUSIONS 

 

A full evaluation of the productivity of the 

studied models of tree canopies will be possible af-

ter reaching full fruiting. From the point of suitabil-

ity for mechanical harvesting with the harvester that 

was developed in the Research Institute of Horticul-

ture in Skierniewice, it appears that at least “Y” sys-

tem will be sufficiently useful, but this conclusion 

can be modified in the following years because of 

fruit yield at the full cropping and under mechanical 

harvesting. The “V” system assured the best light 

distribution within tree canopy. Mechanical harvest-

ing will be performed from the year 2017 onward. 
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