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STELLINGEN 

I 
Bij de keuze van plantafstanden voor vruchtbomen heeft men in het algemeen 
de invloed van het ras overschat en de invloed van de onderstam en de grond-
kwaliteit onderschat. 

II 
De bepaling van de plantafstanden voor vruchtbomen wordt bemoeilijkt door 
het feit dat de groeikracht niet voldoende nauwkeurig kan worden voorspeld. 

Ill 
Een van de weinige regels die men met vrij grote zekerheid over de snoei kan 
stellen, is dat "slecht snoeien beter is dan niet snoeien", althans voor vrucht-
bare bomen. 

Dit proefschrift. 

IV 
De opvatting van VERHEIJ dat de problemen ten aanzien van boomvorm en 
vruchtbaarheid in zeer dicht geplante boomgaarden kunnen worden overwon-
nen door een aangepaste snoei, is niet meer houdbaar. 

VERHEIJ, E. W. M., 1969: Yield density relations in apple; re­
sults of a planting system experiment in Hungary. 
Publ. 37, ITT, Wageningen: 32 p. 
Dit proefschrift. 

V 
In de Nederlandse fruitteelt wordt de potentiele produktie per ha vooral be-
paald door de lichtinterceptie en -verdeling in het gewas. Voor een optimale 
lichthuishouding zijn kleinere boomvormen en daaraan aangepaste plant-
systemen nodig. 

VI 
Voor de studie van de lichthuishouding in boomgaarden zijn fotochemische 
meetmethoden bij uitstek geschikt. 

MAGGS, D. H. and ALEXANDER, D. MC. E. (1970): Tests of a 
uranyl oxalate light integrator for use in fruit tree canopies. 
J. appl. Ecol. 7: 639-646 

VII 
Er is een groeiende behoefte aan onderling contakt tussen onderzoekers in 
fruitteelt, wijnbouw en bosbouw. 

Wageningen, 5 mei 1972 
E. W. M. VERHEIJ 



VIII 
Resultaten van landbouwkundig onderzoek - en met name ook tuinbouw-
technische vindingen - worden dikwijls gedurende lange tijd miskend omdat ze 
inbreuk maken op de teeltwijzen waarmee men in de praktijk goede ervaringen 
heeft opgedaan. 

IX 
Bij de voorlichting van boeren en tuinders dienen de perspektieven van de be-
drijfstak op langere termijn en de mogelijkheden voor vestiging in het buiten-
land meer aandacht te krijgen. 

X 
In een door overbevolking bedreigde wereld verdienen de problemen en moge­
lijkheden van ondeibevolkte landen meer studie. 

XI 
Werk aan de groene revolutie als bijdrage ter voorkoming van gewelddadige 
revolutie beantwoordt aan de bijbelse opdracht de zwaarden tot ploegscharen 
om te smeden. 

Jesaiah II, 4 
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1. INTRODUCTION 

Around 1930 fruit growing in the Netherlands and in neighbouring countries 
became a specialized branch of agriculture. Since then fruit growing has been 
subjected to drastic changes, probably unparalleled in the field of agriculture. 
Tree density in apple orchards rose from about 100 trees per ha in 1930 to 
1000-3000 in 1970, mainly due to the change-over to dwarfing rootstocks. In 
consequence changes in the planting system were necessary. Thus the old-time 
standard trees in grass, planted on the square, gave way to the filler system of 
bush trees in quincunxial patterns and this system was superseded by row crop­
ping of spindlebushes. 

These revolutionary changes have made many an orchard obsolete before it 
even came into bearing and they imperil the continuity of fruit holdings. To 
reduce these hazards a better insight in the influence of density and planting 
system on orchard performance is essential. 

This need is emphasized by the continuing increase in tree density, which 
has given rise to proposals for new planting systems, such as the double row 
system (BLAAS, 1959), the bed system (VERHEIJ and DE VRIES, 1966) and - far 
more extreme - the ultrahigh density orchard (BIBLE and RIES, unpublished 
results) and the 'meadow orchard' (HUDSON, 1971). 

It seems useful to distinguish 3 levels in the study of orchard design: 
1. the biological level, concerning the relationship of orchard growth and fruit­

ing with density, planting pattern, tree age, etc; 
2. the management level, dealing with the influence of orchard design on the 

performance of men and machines; 
3. the economic level, concerning input-output relations and investments. 

The present study deals primarily with the biological aspects of orchard 
design, more in particular with the relation between tree density and orchard 
growth and yield. It has been pointed out (HOLLIDAY, 1969; VERHEIJ, 1970a) that 
the study of competition in perennial crops and particularly in fruit crops at 
varying density is much more complicated than in annual crops. Experiments 
with these crops demand large areas and have to be continued for many years. 
Dry matter determinations for tree crops are cumbersome and, if destructive 
methods are used, plot size is reduced at every sampling occasion. Erratic 
yields make it difficult to estimate the partitioning of dry matter over fruit and 
other tree parts at varying density. Fruit quality, which is of vital importance, 
is a complex and ill-defined aspect of yield. Moreover, arbitrary growing tech­
niques such as pruning and fruit thinning strongly affect competition and should 
therefore preferably be included in the experiments as variable factors. An added 
complication with fruit crops is the great difference between varieties, further 
increased by the wide range of rootstocks. 

Considering these complications it is not surprising that there are no experi­
ments adequate to resolve yield-density relations for tree fruits. From a review 
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by BASKERVILLE (1962) it appears that even in forestry adequate long-term 
experiments covering a wide range of density are scarce. Numerous spacing 
experiments with both tropical and temperate fruit crops contribute little to our 
knowledge because the range of densities is too narrow, or because density 
effects are confounded with effects of rootstock, tree shape, planting pattern, 
etc. Moreover, the value of several well-designed trials is limited because data 
on growth are lacking, making it difficult to interpret the yield data. 

These considerations imply that inter-tree competition cannot be separated 
from intra-tree competition. A succession of a few heavy or light crops and 
manipulation of yield and growth by fruit thinning and pruning may greatly 
influence the results of spacing trials with fruit trees. 

To elucidate the effects of various levels of intra-tree competition on inter-
tree competition in orchards, a spacing experiment with Golden Delicious IX 
and James Grieve 'Lired' VII was laid out in which fruiting and pruning were 
introduced as variable factors one year after planting. Deblossomed plots were 
compared with cropping plots. Pruned sub-plots were compared with unpruned 
controls. To further extend the range of levels of intra-tree competition, annual 
sprays with the growth retardant Alar - in comparison with unsprayed controls 
- were superimposed on the treatments in the main trial. 

Growth and yield per tree were measured each year, root studies on sample 
trees were carried out in the autumn of 1968 and 1969. At the end of 1969 one 
block of the trial was grubbed to collect data on tree weight and foliation; these 
data served to estimate dry matter yield in 1969, making it possible to compare 
the growth of the deblossomed trees with growth plus yield of the fruiting trees. 

In this paper the results over the establishment phase of the experimental 
orchard, covering the 4-year period from 1966 to 1969, are presented. 
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2. MATERIALS AND METHODS 

2.1. LAY-OUT OF THE TRIAL; DESCRIPTION OF TREATMENTS. 

In the spring of 1965 a spacing trial covering an area of 1.25 ha was planted 
on the experimental farm of the Institute of Horticultural Engineering at 
Wageningen. The soil is a heavy-textured river loam of marginal quality for 
intensive fruit growing. To improve growing conditions a supplementary 
drainage system has been installed and there are facilities for sprinkler irriga­
tion. The soil under the tree rows is treated with herbicides; the alleyways are 
grassed down. The varieties in the trial are Golden Delicious on M IX and 
James Grieve 'Lired' on M VII. Two-year-old trees with 3 or more well-devel­
oped laterals were planted. The trees were left unpruned after planting and the 
flowers were removed. 

One of the 3 blocks of the trial is depicted in illustration 1, to show the arran­
gement of the trees and the treatments. 'Lired' VII serves as a pollinator; for 
this variety there are only half as many plots as for Delicious IX. 

In addition to tree spacing, pruning, deblossoming and - for Delicious IX 
only - Alar sprays were included in the trial as experimental treatments. These 
treatments were introduced in 1966 - the second year from planting - and con­
tinued for four years. 

A factorial design was chosen with deblossoming and Alar in the main plots 
and pruning in the sub-plots. Each sub-plot consists of 4 tree rows with a syste­
matic series of 8 tree spacings in the rows. In view of the complexity of the trial, 
the treatments were not randomized. Deblossoming and Alar application, both 
involving spraying, were situated in more or less contagious areas to limit the 
risk of spray drift. Pruned plots in each block were alternated systematically 
with unpruned plots. 

Trunk size of the trees after the first growing season was analysed to deter­
mine the most favourable formation of the blocks. Calculations of trunk growth 
over several years revealed considerable heterogeneity of the residual and the 
higher-order-interaction sums-of-squares. Presumably this is due to the lack 
of randomization of the treatments. Consequently no further statistical analysis 
of the results was attempted, except for the relations between measurements of 
tree growth, to be presented in section 3.8. 

Spacing. NELDER (1962) has proposed designs for spacing experiments con­
sisting of a grid of systematically changing plant positions as an alternative to 
randomized block designs. The latter have the advantage of providing, in 
Nelder's words, 'an unbiassed estimate of the variance of treatment effects, as 
well as giving unbiassed estimates of the mean'. The principal advantage of the 
systematic designs is that the proportion of guard plants is greatly reduced. 
FREEMAN (1964) has considered the use of systematic designs for spacing trials 
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ILLUSTRATION 1. One block of the trial, showing the lay-out of the spacing sub-plots and the 
arrangement of the superimposed treatments. Trees linked by lines are guards. 

with fruit crops in a paper describing such a trial with cocoa trees. Because of 
severe limitations to the number of trees per trial and far-reaching border 
effects in spacing experiments, there may be 2-4 guard trees for every experi­
mental tree in a randomized block design. The systematic tree-to-tree variation 
in spacing in the trial described here, was adopted mainly because it resulted in 
one guard against 2 experimental trees, which is extremely favourable. 

The range of intra-row spacings and the code denoting the 8 tree densities are 
indicated below: 

320 276 236 200 168 140 116 96 80 cm 
X X x x x X X X X x 

guard dt d2 d3 d4 d5 d6 d7 d8 guard 
Inter-row spacing is 3.90 m. As shown above, density increases as intra-row 
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spacing declines, from 860 trees per ha for the widest spacing (d,) to 2915 trees 
per ha for the closest spacing (d8). The rate of change of spacing is fairly high, in 
order to cover a sufficiently wide range of density with a limited number of 
trees. With increasing density the ratio inter: intra-row spacing increases. The 
high rate of change of intra-row spacing and the variation in planting pattern 
were accepted because the constant inter-row spacing greatly facilitates 
orchard management. For most calculations the series of 8 trees were divided 
into 4 groups of 2, giving mean densities of 925, 1275, 1820 and 2645 trees per 
ha. 

Pruning. Pruned sub-plots were compared with unpruned controls. Pruning 
was carried out according to the prevailing concept of how trees at different 
spacings should be pruned to take advantage of the area available to them. 
Trees at wide spacings were shaped into spindles with 2 lateral leaders trained 
in the direction of the row; at closer spacing tree shape was gradually modified 
into a slender spindle with only light laterals. This pruning policy has the disad­
vantage that pruning effects are confounded with density effects. The alter­
native, however, - pruning trees at all spacings in exactly the same way -
seemed unrealistic. The deblossomed trees were pruned to obtain the same tree 
shape and disposition of the branches as for the bearing trees. This required 
hard pruning due to the vigorous growth. Trees were not pruned in summer. 

Deblossoming and fruit thinning. Completely deblossomed plots were compared 
with plots fruiting normally. In 1966 attempts to deblossom the trees with 
karathane and NAAM sprays failed. Therefore the trees were sprayed with 
carbaryl 0.3% to induce abscission of the fruitlets, while the remaining fruits 
were removed by hand in the second half of June. In 1967 and 1968 deblossom­
ing was done by hand, but as the trees grew older this took too much time. In 
1969 Na-DNOC in a concentration of 0.06% was applied twice with an interval 
of 8 days. This treatment was very effective; little additional manual labour 
was required. The sprays were not very damaging to the foliage, mainly because 
the deblossomed trees come into leaf very slowly, virtually all buds being flower 
buds. 

Fruit thinning of bearing trees was essential to maintain tree growth. In order 
to limit the bias introduced by fruit thinning, it was attempted to retain the 
same numbers of fruit per unit leaf area at different spacings and for pruned and 
unpruned trees. It proved to be difficult to estimate leaf area visually, especially 
when comparing pruned and unpruned trees. As a result, the numbers of fruit 
per unit leaf area were generally higher on the unpruned trees. 

Alar sprays. In recent years it has been demonstrated in numerous experiments 
that Alar (succinic acid 2.2. dimethyl hydrazide) can be used to check extension 
growth and to promote flowering and fruiting. Because of these effects on the 
competitive relations in the tree, Alar sprays were included in the trial. Plots 
sprayed annually with Alar were compared with untreated control plots. Alar 
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was applied at 1750 ppm around June 1st, when the shoots had 4-6 leaves. 
Shoot growth was retarded in the deblossomed trees; in 1968 the difference was 
so prominent that the deblossomed trees were sprayed 9 days later than the 
fruit-bearing trees. In 1969 all Alar plots were sprayed on the same date, which 
was rather late for the fruit-bearing trees and rather early for the deblossomed 
trees. 

Growing techniques. The trial is managed as a commercial orchard. The trees 
are tied to stakes; together with fruit thinning this has made it possible to 
maintain an acceptable tree shape for the unpruned trees. Fertilizers are spread 
uniformly over the orchard; 225 kg N is applied per ha annually. A mist blower 
is used to control pests and diseases. Canker necessitated some pruning of the 
'unpruned' trees. During the first years some trees had to be replaced, but in 
total less than 3 % of the trees had to be excluded in the calculations over the 
four-year experimental period. There has been no noticeable loss of fruit due to 
late frosts. 

2.2. RECORDS, MEASUREMENTS. 

Annual measurements. Annual records per tree include: trunk diameter, 
measured 20 cm above the union in 2 directions at right angles, tree height 
before and after pruning, weight of prunings, numbers and weight of fruit at 
harvest. Data on trunk diameter were transformed into trunk cross sectional 
area, assuming a circular cross section. Number and total length of shoots 
longer than 10 cm were measured annually for trees at spacings d2 and d7. 

Measurements of grubbed trees. Immediately after the 1969 harvest the expe­
rimental trees in one block were defoliated and all trees of this block (400 
Delicious IX, 160 'Lired' VII) were grubbed. Fresh weight of leaves per tree and 
fresh weight of the tree (including a part of the root system) were determined. 
Together with the weight of the fruit these observations showed the distribution 
of fresh weight over the 3 major tree components. To estimate dry matter yield 
in 1969 the dry matter content of samples of leaves and branches of Delicious IX 
was determined. Unfortunately, dry weight of the fruit was not measured; in 
consultation with dr. J. TROMP of the National Fruit Growing Research 
Station at Wilhelminadorp the dry matter content of the fruit was fixed at 16% 
for all treatments. During defoliation duplicated samples of 100 leaves were 
obtained from trees at the densities d2, ds and d8. These samples were weighed 
and subsequently leaf areas of the samples were determined by weighing 
punched discs of known area. Weight and area per 100 leaves for trees at the 
other densities were estimated by interpolation. These estimates were used to 
calculate leaf area per tree for all trees. Before grubbing, height and spread of 
the Golden Delicious trees were measured, in order to calculate tree volume. 
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Incidental measurements. Also in 1966, 1967 and 1968 samples of leaves were 
collected, but on a limited scale and only from the long shoots. Area per 100 
leaves was determined; as the proportion of long shoots varied greatly for 
different treatments and in different years, the data do not permit conclusions in 
respect to the foliation of whole trees. 

In 1967, 1968 and 1969 leaf analysis was carried out, using standard proce­
dures. 

In 1968 and 1969 root studies were conducted by Mr. J. LOETERS, soil scien­
tist in the National Horticultural Advisory Service. Root number and distribu­
tion were recorded for sample trees at densities d2 and d7 in the various treat­
ments. As there were indications that the growth rhythm of the trees varied 
with treatments, forthnightly trunk girth increment was measured for about 100 
trees during the 1969 growing season. For this purpose aluminium measuring 
bands were fitted around the trunk as described by LIMING (1957); the bands 
were made according to specifications given by dr. J. GOODE of East Mailing 
Research Station, England. At the end of 1969 the total number of terminal 
buds, on spurs as well as on long shoots, was recorded as a measure for the 
complexity of the tree. The diameter of the central leader at 1.20 m above the 
union was also measured; the ratio of cross sectional area at 1.20 and 0.20 m is 
used as a measure for the slenderness of the trees. 

2.3. PRESENTATION OF RESULTS. 

Because of the large number of variable factors and interactions, the relation­
ships are considered from 2 aspects. In chapter 3 the results are grouped accord­
ing to crop performance: tree habit, growth and yield per tree and per ha, etc. 
In this way a coherent picture of the crop can be build up. In chapter 4 on the 
other hand, the results are discussed according to experimental factors: Alar, 
fruiting, pruning, spacing. Since the various effects of each factor are dispersed 
through chapter 3, each section of chapter 4 commences with a brief resume of 
these effects. 

It should be added that the first and last sections of chapter 3 deviate from the 
pattern. The effects of Alar are singled out and considered first, in section 3.1, 
because they were relatively small; this made it convenient to present in the 
subsequent sections only the mean data for trees with and without Alar. In the 
last section of chapter 3, data on tree weight, foliation and shoot growth are 
related to trunk diameter, a common characteristic of tree size, to establish how 
close the relationships are and whether they are affected by the treatments or 
not. 

Unless otherwise stated, the results refer to Golden Delicious IX, the prin­
cipal variety in the trial. For James Grieve 'Lired' VII only the most important 
findings are presented. 
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3. RESULTS 

3.1. EFFECTS OF ALAR SPRAYS. 

The influence of Alar on mean length per shoot is shown in table 1. It appears 
that Alar generally reduces the mean length per shoot. The reduction is most 
prominent in the first year; in subsequent years Alar sprays are less effective, 
particularly on the deblossomed trees. The deblossomed trees from virtually 
only flower buds; shoot growth is delayed due to the absence of leaf buds. 
Perhaps the timing of the Alar sprays was not favourable for these deblossomed 
trees, but it is also possible that Alar is less effective on shoots that are already 
retarded. The effect of Alar does not seem to depend on tree spacing or on 
pruning, but the results shown in table 1 are more consistent for the pruned 
trees. The effect of the other factors on shoot length will be considered in sec­
tion 3.2 on p. 9. 

The reduction of shoot growth resulting from Alar sprays was reflected in 
slightly smaller trunk cross sectional areas, an effect that tended to accumulate 
over the years. It was more prominent in the fruiting trees. In the pruned trees 
the adverse effects of Alar on trunk growth have partly been compensated by 
lighter pruning; pruning weights were consistently lower for the treated trees 
than for the controls. Annual increment in tree height was reduced rather more 
by Alar than mean length per shoot, particularly for the pruned trees. This 
suggests that growth of the vigorous shoots in the top of pruned trees was 
retarded more than shoot growth in other parts of the tree. 

Leaves of trees sprayed with Alar were smaller than leaves of control trees. 
Leaf weight per unit area also tended to be slightly reduced by Alar; the 
reduction in size and weight per unit area was strongest for the fruiting trees. 
Dry matter content of the leaves did not seem to be affected by Alar. 

TABLE 1. Mean length per shoot in cm, for shoots longer than 10 cm. 

Year 

1966 

1967 

1968 

1969 

Spacing 

di,» 
d7,8 
d2 

d7 

d2 

d7 

d2 

d7 

Unpruned 

Deblossomed 

- Alar + 

21.0 
20.5 
22.1 
23.3 
21.5 
22.9 
17.5 
16.5 

16.5 
15.5 
22.5 
20.2 
20.4 
25.5 
18.3 
18.0 

Fruiting 

- Alar + 

18.8 
17.2 
21.2 
20.3 
22.2 
23.1 
19.9 
21.2 

15.2 
16.5 
17.9 
16.7 
16.3 
17.8 
18.3 
20.4 

Pruned 

Deblossomed 

- Alar + 

26.6 
33.6 
30.0 
29.4 
28.0 
31.5 
23.5 
31.4 

24.3 
26.5 
24.9 
26.5 
27.6 
27.4 
22.1 
30.0 

Fruiting 

- Alar + 

23.2 21.6 
29.3 27.1 
27.1 22.1 
26.1 23.6 
24.8 21.4 
28.6 23.8 
23.9 24.5 
34.9 25.3 
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TABLE 2 Number of fruit per tree and (mean weight per fruit in g) 

Year 

1966 

1967 

1968 

1969 

Spacing 

di_* 

d5_8 

di-* 

ds-s 
di-» 
ds_8 

di_* 

dj-s 

Unpruned 

-

9.5 (195) 
11 (195) 
68 (167) 
70 (156) 
80 (164) 
62 (166) 

176 (126) 
145 (121) 

Alar + 

13 (195) 
15 (186) 
70 (156) 
66 (151) 
78 (167) 
69 (165) 

155 (134) 
140 (120) 

-

5.5 (216) 
4.5 (217) 

40 (180) 
32 (178) 
58 (179) 
44 (176) 

104 (147) 
61 (143) 

Pruned 

Alar + 

8.5 (215) 
6 (225) 

42 (170) 
33 (174) 
52 (180) 
42 (184) 
86 (153) 
67 (149) 

Table 2 shows that Alar increased the number of fruit per tree in the first year 
of application, which must be due to better fruit retention. In subsequent years 
there is no favourable effect on yield per tree, on the contrary: in 1968 and 1969 
yields of sprayed trees tend to be somewhat lower, which is in keeping with a 
slightly smaller tree size. 

Alar had no marked effect on mean weight per fruit, which is also shown in 
table 2. In 1967 only, fruit size seems to have been reduced by Alar. The in­
fluence of spacing, pruning and tree age on yield will be considered in section 
3.4 on p. 20, the effects on mean weight per fruit in section 3.6 on p. 27. 

Root studies in 1969 revealed a peculiar influence of Alar on root distribution. 
Root counts to a depth of 50 cm at distances of 45,90 and 135 cm from the tree 
trunks came to 81, 70 and 73 roots respectively for widely spaced control trees; 
the corresponding figures for trees sprayed with Alar were 102, 72 and 42. 
Thus root density for trees treated with Alar decreased with increasing distance 
from the trunk, whereas the root density for the control trees remained virtually 
stable. The total number of roots per tree did not seem to be affected by Alar; 
also there was no evidence that Alar changed the vertical distribution of the 
roots in the layer from 0-50 cm. 

3.2. TREE HABIT. 

In the year after planting the trees grew fairly well. Since two-year-old trees 
had been planted, the framework branches were well-developed when trees were 
pruned for the first time, at the end of 1965. In the pruned plots these branches 
were removed at the closer spacings, as shown in illustration 2. This operation 
proved to be a mistake with lasting consequences. The unpruned controls 
showed that most of these strong branches could be accomodated in spite of the 
close spacing. Moreover, the pruned trees responded by vigorous and largely 
unwanted growth in the apical region, rather than by forming light laterals to 
replace the framework branches. Hence in the following years also pruning had 
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52&> °^&M 
ILLUSTRATION 2. Pruned (left) and unpruned trees of Golden Delicious IX at close spacing, 
photographed in the summer of 1966 to show the effect of the removal of framework branches 
on tree shape. 

to be fairly severe and the amount of fruiting wood increased only slowly. 
The weight of prunings at the end of the first growing season (1965) was not 

recorded, but table 3 shows that until 1969 pruning weights for closely spaced 
trees were about as high as for the widely spaced trees. Also, the weight of 
prunings was much higher for the deblossomed trees than for the bearing trees. 
This is due to the more vigorous growth of the deblossomed trees and to the 
uneven distribution of growth over the tree. The excessive growth in the apical 
region of closely spaced trees was particularly prominent in the deblossomed 
treatments. Severe heading back became necessary to restrict the trees to a 
convenient height for pruning and picking from the ground. The top-heavy 
habit of these trees is demonstrated in table 4 by the extremely high ratio of 
trunk cross sectional area at 1.20 m above the union to that at 0.20 m above the 
union. 

The ratios given in table 4 are a measure of tree slenderness. BYASS (1968) has 
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TABLE 3. Mean wei ght of primings in g per tree. 

Year 

1966 

1967 

1968 

1969 

Spacing 

di,2 

d7)8 

di,2 
d7,8 
di,2 
d7,8 
di ,2 

d7,8 

Deblossomed 

152 
151 
365 
368 
891 
811 

1532 
1043 

Fruiting 

132 
132 
243 
237 
405 
465 
887 
637 

shown that trunk or branch cross section is a good measure of the size of the 
subtending branch system. Hence, a low slenderness ratio indicates that strong 
laterals emerge near the stem basis. By contrast, a high ratio indicates that a 
high proportion of lateral growth is borne in the upper region of the central 
leader. It is evident from table 4 that tree habit becomes more slender with 
diminishing tree spacing. For the pruned trees this effect may have been aggrav­
ated by the removal of the framework branches at close spacing, but the 50 % 
increase in slenderness values with closer spacing for the unpruned trees indica­
tes that inter-tree competition plays an important role too. 

In comparison to slenderness, tree height is only mildly - though unmistake-
bly - affected by the treatments. Data on increment in tree height over a 3-year-
period in table 5 show that pruning greatly stimulates height growth. However, 
the net gain is very small, as appears from the figures in table 5 on tree height at 
the end of the 1969 growing season. Close spacing leads to increased tree height, 
even for the unpruned trees which become only slightly taller in 3 years. This 
indicates that the accelerated height growth is a true effect of competition. On 
the other hand intra-tree competition between growth and fruiting reduces 
height growth, as shown by the inferior values for fruiting trees. 

Treatment effects on the complexity of the tree, that is the extent of ramifica­
tion, are presented in table 6 which gives data on the numbers of terminal buds 
per tree. These numbers are much smaller for the pruned trees, especially at 
close spacing. This is largely a consequence of the relatively hard pruning of the 

TABLE 4. Slenderness of the trees at the end of 1969, expressed as the ratio between trunk cross 
sectional area at 1.20 m and at 0.20 m above the union. 

Spacing 

di.2 
d3.4 
d5.6 

d7.s 

Unpruned 

Deblossomed 

0.22 
0.20 
0.29 
0.33 

Fruiting 

0.22 
0.24 
0.27 
0.33 

Pruned 

Deblossomed 

0.28 
0.32 
0.43 
0.56 

Fruiting 

0.26 
0.30 
0.41 
0.48 
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TABLE 5. Total gross increment in tree height over 1967,1968 and 1969 and mean tree height 
in October 1969, both in cm per tree. 

Spacing 

di.a 
d7,8 

di.z 
d7.8 

Unpruned 

Deblossomed Fruiting 

28 
43 

219 
232 

Pruned 

Deblossomed 

Height increment (cm) 1967 + 68 + 69: 
14 
32 

138 
153 

Tree height (cm) October 1969: 
203 
223 

234 
248 

Fruiting 

127 
145 

220 
236 

closely spaced trees. However, in the unpruned trees the number of terminal 
buds at close spacing is also depressed, and this can only be attributed to fiercer 
competition between trees. Fruiting clearly depresses the number of terminal 
buds on unpruned trees, especially as the trees get older, but it appears to have 
no effect on the complexity of pruned trees. Under-estimation of the need for 
fruit thinning in the unpruned tree is probably the main reason for this differen­
tial effect of fruiting. 

The reduction in the numbers of growing points caused by pruning leads to 
increased vigour per growing point. This is shown by the high percentage of 
terminal buds on shoots longer than 10 cm, also listed in table 6. The effect of 
close spacing on the proportion of long shoots is inconsistent. Fruiting reduces 
the proportion of long shoots, although in the pruned trees the effect is not 
clear until 1969. The proportion of long shoots drops as the branches ramify 
with increasing age. The drop is small on pruned deblossomed trees, but in all 
other treatment combinations the percentage of long shoots is approximately 
halved from 1967 to 1969. 

The data on mean length per shoot for shoots longer than 10 cm, already 
presented in table 1 on page 8, show that shoots on pruned trees reach a much 
greater length than on unpruned trees. Close spacing does not appear to affect 
shoot length of the unpruned trees, but in the pruned trees the shoots at close 

TABLE 6. Mean number of terminal buds per tree at the end of the growing season and (mean 
percentage of shoots longer than 10 cm), in 1967 and 1969. 

Year 

1967 

1969 

Spacing 

dz 
d7 

d2 

d7 

Unpruned 

Deblossomed 

290 (49) 
242 (41) 

1075 (28) 
820 (23) 

Fruiting 

278 (28) 
215 (28) 
730(15) 
579 (16) 

Pruned 

Deblossomed 

141 (59) 
87 (59) 

411(46) 
244 (54) 

Fruiting 

134 (51) 
96(64) 

413 (20) 
257 (30) 
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TABLE 7. Mean area per 100 leaves in dm2 and mean weight per unit leaf area in g per 
dm2; in 1967 for leaves on long shoots only, in 1969 for all leaves. 

Year 

1967 

1969 

1967 

1969 

Spacing 

d2 

d7 
d2 

d7 

d2 

d7 

d* 
d7 

Unpruned 

Deblossomed Fruiting 

22.9 
24.5 
19.8 
19.7 

3.44 
3.40 
2.91 
2.68 

Area per 
21.7 
23.1 
20.1 
20.0 

Pruned 

Deblossomed 

100 leaves (dm2) 
27.3 
27.6 
22.4 
24.9 

Weight per unit leaf area (g/dm2) 
3.23 
3.12 
2.76 
2.49 

3.67 
3.44 
3.16 
3.17 

Fruiting 

26.9 
26.0 
22.5 
23.1 

3.39 
3.31 
2.90 
2.96 

spacing are generally shorter than at wide spacing. Fruiting also tends to reduce 
mean length per shoot, but the results in table 1 are not very consistent. 

Data in table 7 regarding the area per 100 leaves and weight per unit leaf area 
demonstrate that the sturdy shoots on pruned trees bear large leaves. Unpruned 
trees have smaller leaves with a lower weight per unit area. There is not much 
evidence that spacing and fruiting affect leaf size; on the other hand close 
spacing and fruiting both depress the weight per unit leaf area, although the 
effect of close spacing is smaller and not fully consistent. 

That the overall effects of the treatments on tree habit were very prominent 
indeed, is indicated by the photographs in illustrations 3 and 4, taken in October 
1967. Illustration 3 shows pruned and unpruned trees, both deblossomed and 
fruiting, at wide spacing; illustration 4 shows the corresponding treatments at 
close spacing. Characteristic for the pruned trees is the simple tree structure, 
composed of vigorous, upright shoots with large leaves. By contrast, the un­
pruned trees have a more complex pattern of ramification; the shoots are 
generally weaker and bear smaller leaves. 

At this early stage there is no apparent influence of fruiting on the habit of 
the pruned trees. In the unpruned trees, however, the effects of fruiting are 
striking: the pendant branches, the absence of vigorous shoots and the high 
proportion of spurs on the fruiting trees are early symptoms of ageing. As the 
spurs are hard to distinguish, the photographs give the - largely false - impres­
sion that the ramification of these unpruned fruiting trees is less complex than 
that of their deblossomed counterparts. 

Comparison of illustrations 3 and 4 shows that density is also beginning to 
influence tree habit. It appears that at close spacing the unpruned trees are more 
slender and that the structure of pruned trees is less complex, an effect that may 
be due to harder pruning. These effects of density became more obvious with 
increasing tree age. 
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ILLUSTRATION 3. Typical widely spaced Golden Delicious trees on M IX in 1967, showing dif­
ferences in tree size and habit as a result of pruning and deblossoming. 
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ILLUSTRATION 4. Typical closely spaced Golden Delicious trees on M IX in 1967, showing 
differences in tree size and habit as a result of pruning and deblossoming. 
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On the assumption that the striking treatment effects on shoot growth and 
foliation should be reflected in the root system of the trees, root studies were 
carried out in September 1968 and 1969 by Mr. J. LOETERS, soil scientist in the 
National Horticultural Advisory Service. The best results were obtained in 
1969, using a sampling technique described by LOETERS and NOTENBOOM (1969). 
In all plots of one block, soil samples made with a drain spade to a depth of 50 
cm, were obtained from the vicinity of a selected tree at spacing d2 and one at 
spacing d7. The number and position of the roots in each sample were recorded. 
The sampling positions in relation to the trees are shown in illustration 5. 

d8 d7 / / d3 d2 

1 
1 

2 

'.•• „••'•.-: " 4 i 

> 1 
• 

"-.M ,?"."•'•..- •n (-•_'»'.'«'!' ' " /A" ' V J t " . i 

2 

.'.-"•..V-V TVT7*X? 

3 \ ' 

—V • " . • ' • • • , 

5 

I V i ' V - j ' - ! . - . ' , 

r— edge of gross 

in alleyway 

* .•> * a -.-.•', xs»«..'»4.-.i».<Ar" 

strip 

' " • ' ^ , , ' j 

ILLUSTRATION 5. Sampling positions for the 1969 root study; all positions are within the her­
bicide-treated strip under the tree rows. d„ denotes tree position within the series of spacings. 
Sampling positions 1 and 2, 3 and 4, 5 and 6 are at 45, 90 and 135 cm respectively from the 
tree trunks; the distance within each pair of positions is 45 cm. 

As has been pointed out in section 3.1 on p. 8, root density in 1969, defined 
as root number per unit soil volume, did not drop with increasing distance from 
the tree, except for trees treated with Alar. This applied to widely spaced trees; 
the near-equality of root numbers in both samples of closely spaced trees sug­
gests that at high tree density also root density was fairly uniform. For trees not 
sprayed with Alar the mean number of roots per sample at 45 cm from the tree 
trunk was 40 and 59 for widely and closely spaced trees respectively, indicating 
that root density increased with tree density. Root density in 1969 was 2 -3 
times as high as in 1968. 

It was hard to find close relationships between the root counts and aspects of 
above-the-ground tree habit. There was, however a convincing correlation 
between sampled root number per tree, adjusted for tree spacing, and the 
number of terminal buds per tree. This relationship is represented in illustration 
6 by straight lines, one for the unpruned trees, the other - with a lower ratio of 
terminal buds to roots - for the pruned trees. 
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ILLUSTRATION 6. The number of 
terminal buds per tree in relation 
to the number of roots in the 
samples per tree, for the widely 
spaced trees multiplied by 0.8 ( = 
3~' x 2.4, there being 3 times as 
many sampling locations, whereas 
tree density is 2.4 times lower 
than for the closely spaced trees). 

100 200 300 
roots in samples/tree 

3.3 GROWTH RHYTHM, LEAF ANALYSIS, DISEASES. 

The absence of fruit in the deblossomed trees stimulated flower initiation to 
such an extent that at blossom time in 1968 and 1969 these trees were complete­
ly white with bloom, there being virtually no leaf buds on the tree. The fruiting 
trees on the other hand were green at full bloom, since about 50% of the buds 
were leaf buds, although the percentage varied considerably. Consequently the 
deblossomed trees came into leaf several weeks later, when shoots developed at 
the base of the inflorescences. The complexity of the unpruned deblossomed 
trees is associated with the large number of such shoots on the one-year-old 
wood, an indication that correlative inhibition in these trees was much weaker 
than in the pruned trees. 

The delayed shoot development of the deblossomed trees was not compen-
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