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1. I N T R O D U C T I O N

Around 1930fruit 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bush trees in quincunxial patterns and this system was superseded by row cropping of spindlebushes.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 isessential.
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more extreme - the ultrahigh density orchard (BIBLE and RIES, unpublished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 seemsuseful to distinguish 3levelsinthe study oforchard design:
1. the biologicallevel,concerning the relationship of orchard growth and fruitingwith density,planting pattern, treeage,etc;
2. the management level, dealing with the influence of orchard design on the
performance ofmen and machines;
3. theeconomiclevel,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
growthandyield.Ithasbeen 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 techniques such aspruning and fruit thinning strongly affect competition and should
therefore preferably beincludedintheexperiments asvariablefactors. An added
complication with fruit crops is the great difference between varieties, further
increased bythewiderange of rootstocks.
Considering these complications it is not surprising that there are no experiments 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
experimentswithbothtropical andtemperatefruit cropscontributelittletoour
knowledge because the range of densities is too narrow, or because density
effects are confounded with effects of rootstock, treeshape, planting pattern,
etc. Moreover, the value of several well-designed trials islimited because data
ongrowtharelacking,makingitdifficult tointerprettheyielddata.
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
influencetheresultsofspacingtrialswithfruittrees.
To elucidate the effects of various levels of intra-tree competition on intertree competition in orchards, a spacing experiment with Golden Delicious IX
and James Grieve 'Lired' VII waslaid out in whichfruiting and pruning were
introduced asvariablefactors oneyear after planting. Deblossomed plotswere
compared withcroppingplots.Pruned sub-plotswerecompared withunpruned
controls. Tofurther extend therangeoflevelsofintra-treecompetition, annual
sprayswiththegrowthretardant Alar- incomparison withunsprayed controls
- weresuperimposedonthetreatmentsinthemaintrial.
Growth and yield per tree weremeasured each year, root studies on sample
treeswerecarried out inthe autumn of 1968and 1969.At the end of 1969 one
blockofthetrialwasgrubbedtocollectdataontreeweightandfoliation; these
data servedto estimate drymatter yieldin 1969,makingitpossible tocompare
thegrowth ofthedeblossomedtreeswithgrowthplusyieldofthefruiting trees.
In this paper the results over the establishment phase of the experimental
orchard,coveringthe4-yearperiodfrom 1966to 1969, arepresented.
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2. M A T E R I A L S A N D M E T H O D S

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 irrigation. 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-developed laterals were planted. The trees were left unpruned after planting and the
flowers were removed.
One of the 3blocks of the trial isdepicted in illustration 1,to show the arrangement of the trees and the treatments. 'Lired' VII serves as a pollinator; for
thisvariety there are onlyhalf asmany plots asfor 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 continued 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 4tree rows with a systematic series of 8tree 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
withunpruned plots.
Trunk size of the trees after the first growing season was analysed to determinethe most favourable formation ofthe blocks. Calculations oftrunk 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
treegrowth, to bepresented insection 3.8.
Spacing. NELDER (1962) has proposed designs for spacing experiments consisting 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
Meded. Landbouwhogeschool Wageningen 72-4 (1972)
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ILLUSTRATION 1. Oneblock ofthetrial, showingthelay-out ofthespacingsub-plots and the
arrangement ofthesuperimposedtreatments.Treeslinkedbylinesareguards.

with fruit cropsinapaper describing such atrial with cocoa trees. Because of
severe limitations to the number of trees pertrial andfar-reaching border
effects inspacing experiments, there may be 2-4 guard treesforevery experimental treeinarandomized block design.Thesystematictree-to-tree variation
inspacinginthetrialdescribedhere,wasadopted mainlybecauseitresultedin
oneguardagainst2experimentaltrees,whichis extremelyfavourable.
Therangeofintra-rowspacingsandthecodedenotingthe 8treedensitiesare
indicatedbelow:
320 276 236 200 168 140 116 96 80cm
X

X

X

X

X

X

X

X

X

X

guard dx
d2
d3
d4
d5
d6
d7 d8 guard
Inter-row spacing is 3.90 m. As shown above, density increases as intra-row
4
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spacingdeclines,from 860treesperhafor thewidestspacing(d^ to2915trees
perhafortheclosestspacing(d8).Therateofchangeofspacingisfairly 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 8treesweredivided
into4groups of 2,givingmean densitiesof 925, 1275,1820and 2645treesper
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 atwidespacingswereshaped into spindleswith2lateral leaders trained
inthe direction oftherow;at closer spacingtreeshapewasgradually modified
intoaslenderspindlewithonlylightlaterals.Thispruningpolicyhasthedisadvantage that pruning effects are confounded with density effects. The alternative, however, - pruning trees at all spacings in exactly the same way seemed unrealistic.Thedeblossomed treeswerepruned to obtain thesametree
shape and disposition of the branches as for the bearing trees. This required
hardpruningduetothevigorousgrowth.Treeswerenotprunedinsummer.
Deblossoming andfruit thinning. Completely deblossomed plotswere 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
wereremoved byhand inthesecond half ofJune.In 1967and 1968deblossoming wasdone by hand, but asthe treesgrew older thistook too much time.In
1969Na-DNOCinaconcentration of0.06%wasappliedtwicewithaninterval
of 8 days. This treatment was very effective; little additional manual labour
wasrequired.Thesprayswerenotverydamagingtothefoliage, mainlybecause
thedeblossomedtreescomeintoleafveryslowly,virtually allbudsbeing flower
buds.
Fruitthinningofbearingtreeswasessentialtomaintaintreegrowth.In order
to limit the bias introduced by fruit thinning, it was attempted to retain the
samenumbersoffruit perunitleafareaatdifferent spacingsandforprunedand
unpruned trees.Itprovedtobedifficult to estimateleaf areavisually, especially
when comparing pruned and unpruned trees.Asa result, the numbers of fruit
perunitleafareaweregenerallyhigherontheunprunedtrees.
Alarsprays. In recentyearsit hasbeen demonstrated in numerous experiments
thatAlar(succinicacid2.2.dimethylhydrazide)canbeusedtocheckextension
growth and to promotefloweringand 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
Meded. Landbouwhogeschool Wageningen 72-4 (1972)
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was applied at 1750 ppm around June 1st, when the shoots had 4-6 leaves.
Shoot growth wasretarded in the deblossomed trees; in 1968the 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.
Growingtechniques.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; 225kg 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 10cmweremeasured annuallyfor treesat spacingsd 2and d 7 .
Measurements of grubbed trees. Immediately after the 1969 harvest the experimental trees in one block were defoliated and all trees of this block (400
Delicious IX, 160'Lired' VII) were grubbed. Fresh weightof leavesper 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 thedistribution
of fresh weight over the 3major tree components. To estimate dry matter yield
in1969thedrymatter content ofsamples ofleaves 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,d5 and d8.These samples were weighed
and subsequently leaf areas of the samples were determined by weighing
punched discs of known area. Weight and areaper 100 leaves for trees at the
other densities were estimated by interpolation. These estimates were used to
calculate leaf areaper tree for all trees. Before grubbing, height and spread of
the Golden Delicious treesweremeasured, in order to calculate tree volume.
6
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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
respecttothefoliation ofwholetrees.
In 1967, 1968 and 1969 leaf analysis was carried out, using standard procedures.
In 1968 and 1969 root studies were conducted by Mr. J. LOETERS, soil scientist in the National Horticultural Advisory Service. Root number and distribution were recorded for sample trees at densities d 2 and d 7 in the various treatments. 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 1.20and 0.20 m is
used asameasure for theslendernessof the trees.

2.3. PRESENTATION OF RESULTS.

Because of the large number of variable factors and interactions, the relationships areconsidered from 2aspects.In chapter 3theresults aregrouped according to crop performance :tree habit, growth and yield per tree and per ha, etc.
In this way a coherent picture of the crop canbe 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 4commences with a brief resumé of
these effects.
It should beadded that the first and last sections of chapter 3deviate 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 principal 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.

Theinfluence ofAlar on mean length per shoot isshown intable 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 wasnot 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 section 3.2onp.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
overtheyears. 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 growthin other parts ofthetree.
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.
Drymatter content oftheleavesdidnot seemto beaffected by Alar.

TABLE 1. Meanlengthpershootincm,forshootslongerthan10cm.
Unpruned
Year

Spacing

Deblossomed
-

1966

di,2
d7,8

1967

d2
d7
d2
d7
d2
d7

1968
1969

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

Pruned
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

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

Fruiiting
- Al lar +
23.2
29.3
27.1
26.1
24.8
28.6
23.9
34.9

21.6
27.1
22.1
23.6
21.4
23.8
24.5
25.3
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TABLE2 Number offruit pertreeand(meanweightperfruit ing)
Unpruned
Year

Spacing

1966

di_4
d5-8
di_4
d5-8
dt-4
d5-8
dx-4
d5-s

1967
1968
1969

9.5(195)
11 (195)
68 (167)
70 (156)
80 (164)
62 (166)
176 (126)
145 (121)

Alar

Pruned

+
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)

+

Alar

8.5(215)
6 (225)
42 (170)
33 (174)
52 (180)
42 (184)
86 (153)
67 (149)

Table2showsthat Alarincreasedthenumber offruit pertreeinthefirstyear
ofapplication, whichmust bedueto better fruit retention. In subsequent years
thereisnofavourable effect onyieldpertree,onthecontrary:in 1968and1969
yields of sprayed treestend to be somewhat lower, which isin keeping with a
slightlysmallertreesize.
Alar had no marked effect on mean weight per fruit, which isalso shown in
table 2. In 1967 only, fruit size seems to have been reduced by Alar. The influence of spacing, pruning and tree age on yield will be considered in section
3.4onp.20,theeffects onmeanweightperfruit insection3.6onp. 27.
Rootstudiesin 1969revealedapeculiarinfluenceofAlaronroot distribution.
Root countsto adepth of50cmatdistancesof45,90and 135 cmfrom thetree
trunks cameto 81,70and 73rootsrespectivelyfor widely spacedcontroltrees;
the correspondingfiguresfor trees sprayed with Alar were 102, 72 and 42.
Thusroot densityfor treestreated withAlardecreased withincreasingdistance
from thetrunk,whereastherootdensityfor thecontroltreesremainedvirtually
stable. Thetotal number ofroots per tree did not seemto beaffected byAlar;
also there was no evidence that Alar changed the vertical distribution of the
rootsinthelayerfrom 0-50cm.

3.2. TREE HABIT.

In the year after planting the trees grew fairly well. Sincetwo-year-old trees
hadbeenplanted,theframework brancheswerewell-developedwhentreeswere
pruned for thefirsttime,attheendof 1965.Inthepruned plots these branches
wereremoved at the closer spacings,asshown in illustration 2.This operation
proved to be a mistake with lasting consequences. The unpruned controls
showedthat mostofthesestrongbranchescouldbeaccomodatedinspiteofthe
close spacing. Moreover, the pruned trees responded by vigorous and largely
unwanted growth in the apical region, rather than by forming light laterals to
replacetheframework branches.Henceinthefollowing yearsalsopruninghad
Meded. Landbouwhogeschool Wageningen 72-4 (1972)
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ILLUSTRATION 2. Pruned (left) and unpruned trees of Golden Delicious IX at close spacing,
photographed mthesummer of 1966toshow theeffect oftheremoval offramework branches
ontreeshape.

tobefairlysevereandtheamountoffruiting woodincreasedonlyslowly.
Theweight ofprunings at theend ofthefirstgrowing season (1965)wasnot
recorded, but table 3shows that until 1969pruning weights for closely spaced
trees were about as high as for the widely spaced trees. Also, the weight of
pruningswasmuchhigherforthedeblossomed treesthanfor thebearingtrees.
This is due to the more vigorous growth of the deblossomed trees and to the
uneven distribution ofgrowth overthetree.Theexcessivegrowth 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
trunkcrosssectionalareaat 1.20mabovetheuniontothat at0.20mabovethe
union.
Theratiosgivenintable4areameasure oftreeslenderness. BYASS(1968)has
10
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TABLE 3. Meanweightofpruningsingpertree.
Year

Spacing

1966

di,2
d 7 ,8
di,2
d 7 ,8
di,2

1967
1968

Deblossomed
152
151
365
368
891
811
1532
1043

d7,s
d1)2
d7,s

1969

Fruiting
132
132
243
237
405
465
887
637

shown that trunk or branch cross section isa good measure ofthe sizeof the
subtending branch system. Hence,alowslenderness ratio indicates that strong
laterals emerge near the stem basis. Bycontrast, 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
diminishingtreespacing.Fortheprunedtreesthiseffect mayhavebeenaggravated by the removal of the framework branches at close spacing, but the 50%
increaseinslendernessvalueswithcloserspacingfor theunprunedtreesindicatesthatinter-treecompetitionplaysanimportantroletoo.
In comparison to slenderness,treeheightisonlymildly- though unmistakebly- affected bythetreatments.Data onincrementintreeheight overa3-yearperiodintable 5showthat pruninggreatlystimulatesheightgrowth. However,
thenetgainisverysmall,asappearsfrom thefiguresintable5 ontreeheightat
theendofthe 1969growingseason.Closespacingleadstoincreasedtreeheight,
evenfor the unpruned treeswhichbecome only slightlytallerin 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
heightgrowth,asshownbytheinferior valuesforfruitingtrees.
Treatment effects onthecomplexity ofthetree,thatistheextent of ramification, arepresentedintable 6whichgivesdata onthenumbersofterminalbuds
per tree. These numbers are much smaller for the pruned trees, especially at
closespacing.Thisislargelyaconsequenceoftherelativelyhardpruningofthe

TABLE4. Slendernessofthetreesat theendof 1969,expressedastheratiobetweentrunkcross
sectionalareaat1.20mandat0.20mabovetheunion.
Unpruned

Pruned

Spacing

Deblossomed

Fruiting

Deblossomed

Fruiting

dj,2
d3,4
d 5 .6
d 7 ,8

0.22
0.20
0.29
0.33

0.22
0.24
0.27
0.33

0.28
0.32
0.43
0.56

0.26
0.30
0.41
0.48
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TABLE 5. Total grossincrement in treeheight over 1967,1968and 1969and meantreeheight
inOctober 1969,bothincmpertree.
Spacing

Unpruned
Deblossomed

di,2
d 7 ,8

28
43

di,2
d 7 .8

219
232

Pruned
Fruiting

Deblossomed

Fruiting

Height increment (cm) 1967 + 68 + 69:
14
138
32
153

127
145

Tree height (cm) October 1969:
203
234
223
248

220
236

closely spaced trees. However, in the unpruned trees the number of terminal
budsatclosespacingisalsodepressed,andthiscan onlybeattributed to fiercer
competition between trees. Fruiting clearly depresses the number of terminal
buds on unpruned trees,especiallyasthetreesget older, but it appearsto have
no effect on the complexity of pruned trees. Under-estimation of the need for
fruit thinningintheunpruned treeisprobablythemainreasonfor this differentialeffect offruiting.
The reduction in the numbers of growing points caused bypruning leads to
increased vigour per growing point. This is shown by the high percentage of
terminal buds on shoots longer than 10cm, also listedin table 6.Theeffect of
closespacing ontheproportion oflongshootsisinconsistent. 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 onpruned deblossomed trees, but in all
other treatment combinations the percentage of long shoots is approximately
halvedfrom 1967to1969.
The data on mean length per shoot for shoots longer than 10cm, already
presented intable 1 onpage8,show that shoots onpruned treesreachamuch
greater length than on unpruned trees. Close spacingdoesnot appear to affect
shoot length oftheunpruned trees,butin thepruned treesthe shoots at close

TABLE 6. Meannumber ofterminal budspertreeat theend ofthegrowingseasonand (mean
percentageofshootslongerthan 10cm),in1967and1969.
Unpruned
Year

Spacing

1967

d2
d7
d2
d7

1969
12

Deblossomed
290(49)
242(41)
1075(28)
820 (23)

Pruned

Fruiting

Deblossomed

Fruiting

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

141(59)
87(59)
411(46)
244(54)

134 (51)
96(64)
413(20)
257(30)

Meded. Landbouwhogeschool Wageningen 72-4 (1972)

TABLE 7. Meanarea per 100leavesindm2 and meanweight perunit leafareaingper
dm2;in1967for leavesonlongshootsonly,in 1969for allleaves.
Year

Spacing

Unpiruned
Deblossomed

1967
1969

1967
1969

Fruiting

Pruned
Deblossomed

d2
d7
d2
d7

22.9
24.5
19.8
19.7

Area per 100leaves (dm2)
21.7
27.3
23.1
27.6
20.1
22.4
20.0
24.9

d2
d7
d2
d7

3.44
3.40
2.91
2.68

Weight per unit leafarea (g/dm2)
3.23
3.67
3.12
3.44
2.76
3.16
2.49
3.17

Fruiting

26.9
26.0
22.5
23.1
3.39
3.31
2.90
2.96

spacingaregenerallyshorterthanatwidespacing.Fruitingalsotendstoreduce
meanlengthpershoot,buttheresultsintable 1 arenotveryconsistent.
Dataintable7regardingtheareaper 100leavesandweightperunitleafarea
demonstratethatthesturdyshoots onprunedtreesbearlargeleaves.Unpruned
trees have smaller leaveswith alower weight per unit area. Thereisnot 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 ofclosespacingissmallerandnotfully consistent.
That the overall effects of the treatments on tree habit werevery prominent
indeed,isindicatedbythephotographsinillustrations3 and4,takeninOctober
1967. Illustration 3shows pruned and unpruned trees, both deblossomed and
fruiting, at wide spacing; illustration 4shows 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 unpruned trees have a more complex pattern of ramification; the shoots are
generallyweakerandbearsmallerleaves.
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.Asthe
spursarehard to distinguish,thephotographs givethe- largelyfalse- impression that the ramification of these unpruned fruiting trees islesscomplex than
thatoftheirdeblossomedcounterparts.
Comparison of illustrations 3and 4 shows that density is also beginning to
influence treehabit.Itappearsthatatclosespacingtheunprunedtreesaremore
slenderandthat thestructure ofpruned treesislesscomplex,aneffect thatmay
be due to harder pruning. These effects of density became more obvious with
increasingtreeage.
Meded. Landbouwhogeschool Wageningen 72-4 (1972)
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pruned
fruiting

deblossomed

unpruned
deblossomed

fruiting

i-xv^V"

ILLUSTRATION 3. Typical widelyspaced GoldenDelicioustreeson MIX in 1967,showingdifferences 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 intreesizeandhabitasaresultofpruningand 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 LOETERSand 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
spacingd 7 .The number and position of theroots ineach sample were recorded.
Thesamplingpositions inrelation to thetreesareshown inillustration 5.

d7

-K
2

T\
2

-o-

i*
3

v

^ /
5

r— e d9 e °1 grass strip
in alleyway

ILLUSTRATION 5. Sampling positions for the 1969root study; all positions are within the herbicide-treated strip under the treerows.d„denotes tree position withintheseriesof spacings.
Sampling positions 1and 2, 3and 4, 5and 6 are at 45,90and 135cm respectively from the
treetrunks;thedistancewithineachpairofpositionsis45 cm.

As has been pointed out in section 3.1 on p. 8, root density in 1969, defined
asroot 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 suggests that at high tree density also root density wasfairly uniform. For trees not
sprayed with Alar the mean number of roots per sample at 45 cm from the tree
trunk was 40 and 59for widely and closely spaced trees respectively, indicating
that root density increased with tree density. Root density in 1969 was 2 - 3
timesashigh asin 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 isrepresented in illustration
6 by straight lines, one for the unpruned trees, the other - with a lower ratio of
terminal budsto roots- for thepruned trees.
16
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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 _ 1 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).

terminal buds/tree

1000-

pruned

500

A, û
• ,o
2 is
7 is

100

200

deblossomed
fruiting
wide spacing
close spacing

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 1968and 1969these trees were completely 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 inthepruned trees.
The delayed shoot development of the deblossomed trees was not compenMeded.Landbouwhogeschool Wageningen 72-4 (1972)
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sated byprolonged extension growth at the end of the season. On the contrary,
leaf duration was adversely affected by early abscission in autumn. There were
also indications that the foliage of the deblossomed trees did not function as
well as on the fruiting trees, at least for the unpruned treatments. About the end
of July, when extension growth stagnated, the leaves of the unpruned deblossomed trees folded up and autumn colours appeared. The symptoms aggravated
with time and especially in August and September 1968 thetrees looked very
unhealthy,withsymptomssimilarto 'Cox-disease'.
The symptoms were slight or absent at close spacing and in the tree row
adjacent to the poplar shelter belt. This suggests that the symptoms were caused
by the inability of the tree to cope with the photosyntates produced by the
leaves under favourable light conditions. Since symptoms were absent even in
exposed parts of most closely spaced trees, it must be assumed that the appearance of symptoms depends on an excess of photosyntates for the tree as a
whole.
For the pruned deblossomed trees light conditions were even more favourable and it is not easily explained why these trees showed no symptoms. The
reason may be the prolonged growth of the pruned trees. Each year there was
renewed extension growth in August, continuing into September and October
and shoots on pruned trees - more in particular the most vigorous shoots terminated extension growth several weeks later than shoots on unpruned
trees.
The observations in respect of the pattern of growth within one year show
clearly that annual deblossoming brings out the effects of fruiting on growth
rather defectively. The differences ingrowth between fruiting and deblossomed
trees, to be presented below in sections 3.4. and 3.5, could have been much
greater if the deblossomed trees had not expended so much energy on flower
bud formation and had comeinto leaf simultaneously withthefruiting trees.
The influence of the treatments on the seasonal rhythm of growth is reflected
in trunk girth increment. Illustration 7shows trunk girth at fortnightly intervals
in 1969, as a percentage of the girth at the end of the growing season. The
different shapes of the curves indicate differences in the distribution of growth
overthe season.
The curves for the fruiting trees are straight in comparison with those for the
deblossomed trees; the same applies to the curves for closely spaced trees as
compared with those for widely spaced trees. Thus intra-tree competition with
fruit and inter-tree competition with neighbours both have a steadying effect on
the growth rate (while reducing total growth). Whereas the fruiting trees attain
their highest growth rate around the beginning of June, the deblossomed trees
do not reach this stage until the end of June,probably asa result ofthe retarded
foliation.
Leaf analysis was carried out in August 1967, 1968 and 1969. It is not surprising that the differences in growth rhythm were reflected in the composition
of the leaves. The treatment effects were fairly persistent over the 3 years and
can be summarized as follows. Whereas pruning, fruiting and close spacing
18
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ILLUSTRATION 7. Trunk girth during the 1969 growing season as a percentage of girth at the
endoftheseason,forpruned (left) andunpruned (right)treatments,showingdifferences inthe
relativegrowthandinthegrowthrhythminresponsetospacingand fruiting.

reduced dry matter content, these treatments tended to raise the N-levels in the
drymatter.Pruningand closespacing were generally associated with high K-levels, fruiting withlowK-levels;Ca-levels were usually much higher in leaves of
fruiting trees.The 1969values arelisted intable 8,toindicate theactual nutrient
levels.
After the first few years canker became a problem in spite of intensive control
measures, including treatment of wounds and one or two sprays with coppermercury compounds during the period of leaf fall. Canker was notably rampant
in the unpruned deblossomed plots, particularly at close spacing. In one 'Lired'
plot most closely spaced trees were mutilated. The narrow crotch angles formed
by the trunk and the lower laterals at close spacing were most vulnerable to
infection. These crotches seemed to stay wet longer, favouring germination of
spores; possibly fissures developed in the crotches during periods of rapid
radial growth, givingthefungus awayto penetrate.
In 1969 scab control was inadequate, especially on 'Lired' trees. When trees
Meded. Landbouwhogeschool Wageningen 72-4 (1972)
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TABLE 8. Percent drymatter content and percent mineralcontent inthedrymatter, for leaves
ofGoldenDeliciousIXinAugust1969.
Spacing

Unpruned
Deblossomed

Dry matter
N
K20
CaO

41.5
39.8
2.18
2.32
1.78
1.84
1.77
1.72

d2
d7
d2
d7
d2
d7
d2
d7

Pruned

Fruiting

Deblossomed

Fruiting

39.5
37.0
2.52
2.66
2.13
2.20
1.79
1.96

37.8
37.0
2.79
2.76
1.93
1.93
2.04
2.03

38.3
37.6
2.76
2.66
1.71
1.71
2.07
2.12

were defoliated in September, prior to grubbing, the proportion of leaves
affected by scab spots was determined. The results for the major treatment
combinations are listed in table 9. It appears that the incidence of scab was
high;thedependenceonthetreatmentsisremarkable.Unpruned treeshad the
highest proportion of diseased leaves; pruning and to a lesser extent fruiting
depressed the incidence of scab. In the unpruned plot wide spacing was also
favourable. As for canker, the incidence of scab was highest in the unpruned
deblossomedplots.However,whereascankerwasnotmuchofaprobleminthe
other plots,scabinfections werestill numerous for the morefavourable treatmentcombinations.
Therelation between the 2diseases and the treatments can beexplained on
the basis of differences in canopy structure, which influence the micro-climate
andtheefficacity ofthecontrol measures.Neverthelessthepossibilitycannotbe
ruled out that the variation in growth rhythm and in leaf composition have
influenced the trees' defenses or haveaffected the suitability of the tissues asa
substrateforthefungi.
TABLE 9. Percentageofleaveswithscabspots;JamesGrieve'Lired'VII,September1969.
Unpruned

Pruned

Spacing

Deblossomed

1 Fruiting

Deblossomed

Fruiting

d2
d7

47.5
60.5

36.0
58.0

30.5
31.0

23.5
21.0

3.4. GROWTHAND YIELDPERTREE.

In thegraphs ofillustration 8Athegrowthofdeblossomed trees over 19651969iscomparedwithgrowthandcumulativeyieldoffruiting trees;thegraphs
inillustration8Bshowtheannualvaluesoverthesameperiod.The4curvesin
each graph refer to unpruned and pruned trees, at the extreme tree spacings
20

Meded. Landbouwhogeschool Wageningen 72-4 (1972)

deblossomed

fruiting
growth

growth

yield

2

kg/tree

i /tree
30

60-i

25-

50

20

40-

15

30

/

10

20-

10-

'65''66 ''67 ''68''69'

'65 '66 '67 '68 '69

2

n /tr

nVtree
10

B

S

o

65 '66 '67 '68 ' 6 9 '

kg/tree

10

20

B

10

^!-=8

->
•65 '66 '67 '68 '69
A unpruned
A pruned

'65 '66 '67 '68 '69
wide spacing ( di_2)
close spacing ( à-jg )

'65 '66 '67 '68 '69 '
o unpruned
• pruned

ILLUSTRATION 8. Growth and yield per tree in relation to age for Golden Delicious IX, represented by
upper series (A):treesizeexpressed astrunk cross sectional area and cumulative yield
lower series(B):annual increment intree sizeand annual yield.
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(mean data for d t and d 2 versus mean data for d 7 and d g ).Tree sizeis expressed
astrunk crosssectional area, treegrowth asits increment. Yield is expressed as
kg fruit.
With increasing age the effects of the treatments clearly manifest themselves
in the growth curves shown in illustration 8A. Fruiting strongly reduces the
growth rate of the trees, but it does not reverse the order of the curves:unpruned trees grow faster than pruned trees and widely spaced trees grow faster
than closely spaced trees. The influence of pruning and spacing is accentuated
by deblossoming.
In 1969 there are signs that the pace of growth begins to waver; this is important as a symptom of mounting competitive stress. In both growth graphs in
illustration 8Bgrowth of the widely spaced trees in 1969is still accelerating, but
the growth rates of the closely spaced trees appear to be near or past their
maximum, for the fruiting as well as for the deblossomed treatments. That this
stage should be reached simultaneously for fruiting and deblossomed trees is
remarkable.Asthefruiting treesaremuch smaller, inter-tree competition cannot
be nearly as strong as between the deblossomed trees. Hence the declining
growth rate in the closely spaced fruiting trees must be due to the added intratreestress oftheheavy 1969crop.
The yield curves in illustration 8B show that yield per tree improved quickly
from 1966 tot 1967, tended to stagnate in 1968 - especially for the unpruned
trees - and was high in 1969. Yields are highest for the unpruned trees at wide
spacing. Pruning and close spacing substantially reduce yield per tree, especially
in combination. This is also demonstrated by the cumulative yield per tree in
illustration 8A.

3.5. GROWTH AND YIELD PER HA.

In illustration 9 the information contained in illustration 8is converted to a
per ha basis. Hence the graphs in illustration 9A show basal growth - that is the
mean trunk cross sectional area multiplied by the number of trees per unit area,
in m 2 per ha - and cumulative yield of fruit in ton per ha, over the period 19651969. The annual increments in basal area and annual yields per ha are shown
inillustration 9B.
It appears that the reduction in growth and yieldper tree at close spacing is
amply compensated by the nearly 3x higher tree number per ha (2645, compared with 925 at wide spacing). Thus in each year growth and yield per ha are
higher at close spacing (illustration 9B) and the cumulative effects on basal
area and yield(illustration 9A)are spectacular.
Fruiting greatly depresses basal area growth, thus relieving inter-tree competition. For the fruiting treatments basal area growth at close spacing indeed
proceeds almost 3 X as fast as at wide spacing, against about twice as fast for
the deblossomed treatments. Nevertheless the yield curves point to substantial
inter-tree competition for the fruiting treatments also:cumulative yield at close
22
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ILLUSTRATION 9. Growth andyield perhainrelationto orchard agefor GoldenDeliciousIX,
representedby
upperseries(A) :basalareaandcumulativeyield
lowerseries(B) : annualincrementinbasalareaandannualyield.

spacingis approximatelytwice,notthrice,ashighasatwidespacing.
Pruning resembles close spacing, in that it also has a more prominent effect
onyieldthan on growth. For thefruiting trees,thegrowthreduction causedby
pruning is surprisingly small, but it is matched by alarming yield depressions.
Bythe end of 1969the superiority of cumulative yield for the unpruned treatmentsisstriking,especiallyatclosespacing.
Theresults obtained with 'Lired' VII agreewellwith those for Delicious IX
asappearsfrom illustration10.
The superior vigour of the M VII rootstock finds expression in a higher
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ILLUSTRATION 10. Growth and yield perhainrelationtoorchard agefor JamesGrieve'Lired'
VII, representedby
upperseries(A): basalareaandcumulativeyield
lowerseries(B):annualincrementinbasalareaandannualyield.
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growth rate and larger basal areas than for the trees on MIX. To someextent
thisvigourseemstobegenerated attheexpenseoffruiting: yieldsof'Lired'are
lowerandfluctuatemuchmorethantheDeliciousyields.Itisimportanttonote
that these yields hardly affect growth (cf. the growth graphs for deblossomed
andfruiting treatments),whereastheheavyyieldsofDeliciousIXapproximately halve the growth rate. This difference is not purely a rootstock effect; the
'Lired' strain does not bear as heavily as the common James Grieve and isno
matchfor GoldenDelicious.
Whether or not the close spacingisanywhere near the optimum tree density
for yieldandgrowth,canbeassessedfrom illustration 11 and 12. Illustration11
depicts biennial basal area growth in m2 per ha, illustration 12biennial fruit
yield in ton per ha, for both Delicious IX and 'Lired' VII, at the intermediate
densitiesaswellasattheextremedensities.It appearsthat theoptimumdensity
changes with age. During 1966 and 1967basal area growth is almost linearly
relatedtodensity.Onlyinthemostvigorouslygrowingtreatment,i.e.unpruned
deblossomed 'Lired' VII,theproportionality ofbasal area growth with density
cannotbekeptuptowardsthehighestdensity.During 1968 and 1969 thelinearity oftherelationship isclearly broken for bothvarieties andfor alltreatments.
Thisindicatesthatinter-treecompetition checksthegrowthrateoftreesathigh
densityrather morethan at lowdensity.Neverthelessthegraphs suggestthat a
somewhat stronger basal area growth per ha could have been obtained by a
further increaseindensity.
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ILLUSTRATION 11. Biennial basal area increment in m2 per ha in relation to density, for the4
maintreatment combinations.
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ILLUSTRATION 12. Biennialyield intonperha inrelation to density, for pruned and unpruned
treatments.

The yield aspect ismore complicated and differs for the 2varieties. From the
curves for unpruned Delicious IX it appears that over 1966-67 yield is virtually
proportional to density. During the next biennial period the proportionality
cannot be sustained at densities exceeding 1275 trees per ha, but the curve
suggests that at densities over 2645 trees per ha still higher yields could have
been obtained. This is not so for the vigorous 'Lired' VII: for the unpruned
treatments of this variety the proportionality is broken for the very first yields
already and over 1968and 1969,that is during the 4th and 5th year from planting,theyieldcurveshowsan optimum at 1820treesper ha.
For the pruned treatments the yieldsdo not improve so much with increasing
density,probably dueto the severeinitial pruning oftheclosely spaced trees and
the subsequent problems in controlling tree habit, reported in section 3.2. For
Delicious IX the yield gap between unpruned and pruned treatments becomes
very wide indeed at the highest density. For 'Lired' VII this is not so, because
the unpruned trees at the highest density are relatively poor croppers too, due
tofierceinter-tree competition.
The large treatment effects on both growth and yield pose the question as to
what extent the yieldper unit growth isaffected. There aremany waysto express
the relation between yield and growth, but perhaps the most straightforward
method is to plot yearly yield per ha against basal area per ha at the beginning
of each year. In the graphs in illustration 13this has been done for Delicious IX
and 'Lired' VII atthe4mean densities of 925, 1275,1820and 2645treesper ha.
Virtually all yieldsfor Delicious IX are above the 45°line, which represents a
yield of 10ton per m 2 basal area, that is 1kgper cm 2 . The unpruned trees yield
more per unit growth than thepruned trees.Also, the yield per unit growth for
the unpruned treesremains fairly stable with increasing density. This indicates
that the mounting inter-tree competition at high density does not reduce fruiting much more than it doesgrowth. Bycontrast,themarkedlycurvedlinesfor
the pruned trees, indicating a decline in yield per unit growth with increasing
26
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ÎLLUSIRATION 13. Yield per ha in 1967, 1968and 1969against basal area per ha at the beginning of each year, for Golden Delicious IX and James Grieve 'Lired' VII. The 4 points on
eachcurverepresent4densitylevels;foreachcurvedensityincreasesfrom left toright.

density, point to another adverse effect of the relatively hard pruning at high
density.
A comparison of both graphs clearly shows the vigorous growth and relatively low yield of 'Lired' VII; all curves but oneremain below the 45° line. The
year-to-year variation in yield levelis much greater too. Again pruning tends to
reduce yield per unit growth, but - contrary to the situation for Delicious IX the curves for the pruned trees are straighter than those for the unpruned trees.
In the curves for the unpruned trees the influence of spacing is evident. At high
density fruiting suffers more under the competitive stress than does growth. In
other words, in the overcrowded condition of the closely spaced unpruned
'Lired' VII,tree growth ismaintained at theexpense offruiting, acondition that
in a more extreme form is typical for forestry. Pruning counteracts overcrowding, thus relieving inter-tree competition. This explains why the effect of
spacing in the curves for the pruned trees is smaller than for the unpruned
trees, asopposed tothesituationfor themoredwarfed treesofDeliciousIX.

3.6. FRUIT QUALITY.

An important aspect of yield is fruit quality. Data on mean weight per fruit,
already listed in table 2on page 9, show that fruit becomes smaller as the trees
get older. In some instances in 1968 this trend is interrupted, because of the
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light cropinthat year. It appears that spacingalsoinfluences mean weight per
fruit. In years with a heavy crop (1967, 1969) mean weight per fruit at close
spacingisgenerallylower than at widespacing.Pruning greatly improves fruit
size;withoutexception theweightperfruit ofthepruned treatmentsissuperior
to that of the unpruned treatments. However, thismay(partly) bedueto fruit
thinningbeinginadequateontheunprunedtrees.
For the Delicious treesgrubbed in 1969,fresh weight ofleavesperfruit was
18.1 g for the pruned treatments against 12.4 g for the unpruned treatments,
showingthat on averagethe unpruned treescarried almost 50%morefruit per
unit foliage. Iftreesaregrouped inclassesofincreasingleaf weightperfruit, as
in table 10,it appears that mean weight per fruit isindeed better in the higher
classes.
This strongly suggests that more rigorous fruit thinning would indeed have
improved thefruit sizeoftheunpruned trees.Nevertheless, evenwithin aclass,
mean weight per fruit is superior for the pruned trees.Therefore it seems that
fruit sizebenefits more from the removal offlowerbuds (and competingvegetativegrowingpoints)duringwinterpruningthanfrom theremoval of fruitlets
inearlysummer.
Thefruit of pruned trees was also of better appearance;russetting in particularwaslessseverethan onunpruned trees.Apparently theunpruned treesare
taxed to the limit of their bearing capacity so that any disturbance in growing
conditionsmustaffect fruit quality.
To supplement data on mean weight per fruit in 1969, fruit samples were
graded.Eachsampleconsistedofthefruit from 8trees.Theinfluence ofpruning
andspacingonfruit sizedistribution ofthesesamplesisshowinillustration 14.
Thefrequency distribution isnearlysymmetricalfor fruit from unpruned trees,
butrather skew- withnearly 70%ofthefruit inthe2largest sizeclasses- for
fruit from prunedtrees.Closespacingshifts thedistribution towardsthesmaller
sizeclasses,especiallyforunprunedtrees.
With 'Lired' VII fruit size of unpruned trees was not inferior to that of
pruned treesuntil 1969andeventhenthedifference wasonly 10-15gper fruit.
Leaf weight per fruit measured in 1969was much higher for the pruned trees,
but for the unpruned trees it still appeared to be sufficient, i.e. there were no

TABLE 10. Meanweight per fruit (g),for trees classified according to fresh weight of leaves
ingperfruit, forGoldenDelicioustreesin1969.
Leaf weight/fruit (g)ranging from

Meanweight/fruit (g)
Unpruned

7,5-10
10 -12,5
12,5-15
15 -20
>20
28

119
123
136
142
few data

Pruned
no data
few data
144
151
160
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ILLUSTRATION 14. Sizedistribution ofGoldenDeliciousfruit in1969,asinfluenced bypruning
andspacing.

indications that thehigher valueswere associated with ahigher mean weight per
fruit. As for Delicious IX, mean weight per fruit in 1967 and in 1969 declined
withcloser spacing.

3.7. DRY MATTER YIELD IN 1969.

The fresh weights of fruit, leaves and defoliated trees, recorded for the
grubbed trees,were used to estimate dry matter production in 1969.Dry matter
determinations of leaves showed that dry matter content ranged from 37.0 to
41.5%, depending on treatment. Leaf samples were obtained only for trees at
the widest and the closest spacings; dry matter content of leaves on trees at
intermediate spacings was estimated by linear interpolation. Drying of samples
of branches showed little variation in dry matter content, which was therefore
fixedat 52 % for alltreatments. Drymatter accumulated inthetreeframe during
1969 was estimated from the increment in tree weight over the year; fresh tree
weight at the beginning and the end of the year was calculated from the regression equations on trunk diameter, to be presented in section 3.8. To estimate
fruit dry weight, the dry matter content was assumed to be 16% for all treatments.
In illustration 15the resulting estimates of dry matter yield in g per m 2 are
Meded.Landbouwhogeschool Wageningen 72-4 (1972)
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showninrelation to densityfor different treatment combinations.Thedistributionofdrymatter overtheperennialtreeframe,leavesandfruit is also shown,
as well as the amount of dry matter removed by pruning at the end of 1969.
Lossesin thecourse of thegrowing season- notably those due to the removal
of flowers in the deblossomed trees and to fruit thinning in the fruiting trees arenotincludedintheestimates.

tree from«
~TprunTnä« W69T
2645
1275 1820
trees/ha

925 1275

1820

2645

925

925 1275

1820

2645

925 1275

M4&!

1820

2645
trees/ho

ILLUSTRATION 15. Estimated dry matter yield per m2 in 1969 in relation to density for the
maintreatment combinations.The distribution of drymatter overfruit, leavesand tree frame
increment and the proportion of dry matter yield removed by pruning at the end of 1969are
alsoshown.
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Total dry matter yield increases with density, the increase being strongest for
the unpruned treatments.The main reason isthat at closerspacingthe unpruned
trees penetrated further into the inter-row space and thus intercepted a higher
percentage of incident light than trees at wider spacings. In the pruned plots
total dry matter yield increases only moderately towards the highest density.
This suggest that in the near future annual dry matter yield per unit area will
tend to level off over an increasing range of high density, dry matter yield per
tree over this range having become inversely proportional to density. This is in
accordance withtheprevailingtheory (BLEASDALE, 1966;DONALD, 1963).
Byfar the highest total dry matter yield is produced in the fruiting plots and
the high proportion of dry matter recovered in the fruit - more than 50%- is
striking. Pruning enhances the share of dry matter yield in the tree frame,
reducing the share of both fruit and leaves. However, as indicated, a large part
of this dry matter increment in the tree frame is removed when the trees are
pruned, even though pruning might seem light in relation to dry weight of the
tree asa whole.Thereisno conclusive evidencethat fruiting and spacing modify
thedistribution of drymatter yield overtreeframe and leaves.
In illustration 16 the dry matter yield per m 2 is depicted in relation to leaf
area per m 2 . This makes it possible to compare the dry matter production and
its distribution over the 3major tree components for equal 'leaf area indices'. It
should however be borne in mind that due to differences in tree spacing and
tree size, a given 'leaf area index' may stand for entirely different canopy structures.
Total dry matter yield per m 2 of fruiting trees, for mean densities of 925,
1275, 1820and 2645 trees per ha, ispresented in the 2top curves in illustration
16.It appears that there isnot much difference in total dry matter yield per unit
foliage between pruned and unpruned trees. Comparison with the 2 following
lower curves, which represent total dry matter yield for the deblossomed treatments, shows that the fruiting trees produce much more dry matter per unit
foliage than the deblossomed trees. The most likely explanation, supported by
findings of HANSEN (1970) and several other workers, isthat the fruit serves as a
ready sink for assimilates, whereas in the deblossomed trees photosynthesis is
hampered because the transport of assimilates stagnates. On the other hand,
excessive flowering and retarded foliation may have substantially depressed dry
matter yield ofthedeblossomed trees.
The group of curves marked 'trees + leaves' shows that both deblossoming
and pruning raise the dry matter yield per unit leaf area in the vegetative parts,
particularly in the tree frame, since differences in leaf dry matter are relatively
small. The low position of the curve for unpruned fruiting trees is striking.
Apparently competition from the fruit has strongly reduced the amount of dry
matter available for growth. In the same way it can be argued that fruit on the
pruned trees has only mildly competed with growth for dry matter, because the
level of the curve for 'trees + leaves' does not differ much from that of the
corresponding curvefor deblossomed trees.
From the group of curves marked 'leaves' it appears that dry matter yield per
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ILLUSTRATION 16. Estimated drymatter yield perm2 in 1969inrelation toestimated leaf area
perm2 inthesameyearfor grubbedGoldenDelicioustrees. •
The4pointsoneachcurverepresent the4meandensitiesof925,1275,1820and 2645treesper
ha;foreachcurvedensityincreasesfrom left toright.

unitleafareaissomewhathigherfor thedeblossomed treatments. Thesecurves
also show clearly that the leaf areas per m2 and their increments with density
are much larger for the unpruned and for the deblossomed treatments. For
instance,the'leafareaindex'for themostcloselyspacedpruned bearingtreesis
muchsmallerthanthatforthemostwidelyspacedunpruned deblossomedtrees.
Most curvesin illustration 16arefairly straight, as opposed to the curvesin
illustration 15.Thisimpliesthat theeffect ofdensity ondrymatter yieldinillustration 15 islargelyduetothefact that theamount offoliage doesnotincrease
in proportion with density, a decline in the efficiency of the foliage with increasingdensityplayingalessimportantrole.
Theabovefindingsshowthat for DeliciousIXinthefifthyearafter planting,
estimated dry matter yield still increases with density, largely as a result of
increasing 'leafareaindices'.Fruitinggreatlyenhancesdrymatter yieldperunit
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foliage and more than 50%of dry matter yield isrecovered in the fruit. Pruning
also tends to stimulate dry matter yield per unit leaf area; it raises the share of
dry matter accumulated in the tree frame, at the expense of the share for leaves
and fruit. A large proportion of dry matter increment in the tree frame is removed by pruning.

3.8. TRUNK DIAMETER IN RELATION TO OTHER TREE MEASUREMENTS.

Trunk measurements are commonly used to characterize tree growth. Analyses by PEARCE (1952) for apple and TELFER (1969) for woodland vegetation
confirmed earlier findings that trunk diameter or trunk circumference are closely correlated with tree weight. Generally the correlation is at its best if trunk
diameter is raised to powers between 2 and 3, depending in part on whether or
not leavesand roots areincluded intree weight.
Close correlations have also been established between other measures indicative of tree size - such as amount of foliage, shoot growth, tree volume calculated from tree height and spread - and trunk diameter. In a trial with Cox's
Orange Pippin, BARLOW (1969) found for branch systems of increasing complexity that log leaf area was linearly related to log branch diameter, the slope
of the line being given by the regression coefficient b = 2.59. MOORE (1966)
raised trunk girth of apple trees at the beginning and the end of a one- or twoyear period to a series of powers and correlated the increment in powered girths
with total length of shoot growth produced during the period. The correlation
coefficients were very high if trunk girth was raised to powers between 2 and 5;
at higher and particularly at lower powers thecorrelation became much weaker.
The data collected in 1969,when one block ofthe trial wasgrubbed, provided
an excellent opportunity to determine the relationships between trunk diameter
and other tree measurements and to examine whether these relationships are
influenced by the treatments. Differential treatment effects on the relationships
could not be ruled out, the more so since the treatments greatly affected tree
growth. PEARCE (1952), for instance, found that in manurial trials trunk girth
wasan adequate measure for estimation of tree weight, but in variety, rootstock
and pruning trialstherelationship depended onthe treatments.
Trunk diameter was related to fresh tree weight, to fresh weight of the leaves,
to calculated leaf area per tree and to calculated tree volume. For all trees at
densities d 2 and d 7 in the trial as a whole, data on shoot growth were available
over the years 1966, 1967, 1968 and 1969. Total number and total length of
shoots longer than 10 cm, over the 4-year period and over 1969 only, were
related to trunk diameter at the end of 1969.A linear relationship was assumed
between the natural logarithms of trunk diameter and of the other measurements. Regression equations per treatment combination and overall regression
equations were calculated by Mr. A. A. M. JANSEN at the Institute for Mathematics, Information Processing and Statistics (IWIS-TNO) at Wageningen;
analyses of variance were carried out to establish whether slope and intercept of
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the regression lines differed significantly for different treatment combinations.
Some of the results obtained with Delicious IX are listed in table 11. In interpreting these results it should be borne in mind that the analyses of variance do
not carry their usual weight, because of the systematic arrangement of the
treatments.
The relation between fresh tree weight and trunk diameter is very close
indeed, as shown by the high coefficient of correlation (R = 0.93) in table 11.
Nevertheless the levels of significance P indicate that there are differences
between treatment combinations in respect of intercept (Pen a ). It appeared that
tree weight is relatively low for pruned trees in comparison with unpruned
trees. The levels of significance for the regression equations for pruned and
unpruned trees suggest that all pruned treatments can be pooled; the same applies to all unpruned treatments. More detailed analysis indeed confirmed that
neither deblossoming, nor Alar application or spacing have significant effects
on the relationship. The scatter diagram for tree weight versus trunk diameter is
shown in illustration 17; as expected the values for pruned and unpruned trees
respectively are situated predominantly below and above the curve representing
theoverall regression.
The close correlation between trunk diameter and tree weight and the fact
that the relationship is not affected by such important factors as fruiting and
spacing, confirms the usefulness of trunk diameter as a measure of tree size. In
sections 3.4 and 3.5 tree size has been expressed as trunk cross sectional area,

TABLE 11. Coefficients of regression equations on trunk diameter of Golden Delicious trees,
accordingto the function Iny = bInx + Ina; coefficients of correlation (R)for theseregressions; standard error (S)of the regression coefficients and levelsof significance Preferring to
thehypothesisthattheregressionsforthetreatmentsdonot differ.
y

Coefficients
b

Freshtreeweight
Do, prunedtreesonly
Do, unprunedtreesonly
Leafweight
Leaf area
Shootnumber 1966-1969
Shootlength 1966-1969
Shootnumber 1969
Shootlength 1969

2.33
2.37
2.22
2.35
2.23
2.14
2.22
2.78
2.51

R

Sb

"Ina

Pb

0.93
0.91
0.95
0.89
0.85
0.87
0.84
0.85
0.75

0.06
0.10
0.07
0.08
0.09
0.11
0.13
0.15
0.20

0.22
0.36
0.26
0.30
0.35
0.43
0.51
0.59
0.77

0.32
0.81
0.12
0.38
0.28
0.20
0.63
0.09
0.33

Plna

lna
-7.02
-7.24
-6.56
-1.45
-2.05
-2.38
+0.44
-5.80
-1.69

0.00
0.29
0.61
0.00
0.00
0.00
0.00
0.00
0.00

ILLUSTRATION 17. Scatter diagram for fresh tree weight (after defoliation, before pruning)
againsttrunkdiameterforindividualGoldenDelicioustreesgrubbedin1969;thecurvecorrespondstotheoverallregressionequationintable 11.
ILLUSTRATION 18. Scatter diagram for leaf area against trunk diameter for individual Golden
Delicioustrees;thecurvecorrespondstotheregressionequationintable 11.
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treegrowth asitsincrement. Thisinvolvesraisingtrunk diameter to thepower
2,whichisclosetothevalues2.37and2.22ofthecoefficient bintheregression
equationsfor pruned and unpruned treesrespectively.Thepower2is preferred
to theactual valuesofcoefficient b,because ofitssimplicity and because trunk
crosssectional areaassuchisameaningful characteristic.Itisonlynatural that
pruning depresses tree weight in relation to trunk size and it is wellto bear in
mindthatiftreesizeandgrowthhadbeenexpressedonafresh weightbasis,the
leadoftheunprunedtreatmentswouldhavebeenaccentuated.
Measurements oftree foliation and shoot growth aretime-consuming andif
trunk diameter wereagood estimator for thesetree characteristics, this would
greatly simplify experimental procedures. However, from the analysis emerged
a complicated pattern of relationships, due to significant differences between
groups of treatment combinations, deblossoming and pruning being the most
influential factors. Thecorrelation coefficients shownintable 11 for theoverall
regression equations for trunk diameter versusleaf weight(R = 0.89)and versusleaf area (R = 0.85)arehigh, but thelevelsof significance showthat treatment combinations differ in respect of intercept. The scatter diagram for the
relation trunk diameter - leaf area, presented in illustration 18,showsthat unpruned trees havea relatively largeleaf area, in agreement withtheir relatively
large treeweight. Thustrunk diameter may bean acceptable estimator for leaf
weight or leaf area, but the actual relationship should be determined for each
setofdata.
Thesameappliestotherelationship betweentrunk diameter and shootnumber or shoot length, over the period 1966-1969 as wellas over 1969.Table 11
gives the overall regression equations. Just asfor leaf weight and area, theregression equations. Just as for leaf weight and area, the regression lines for
various treatment combinations differ significantly in respect of intercept. The
patternofthesedifferences wassimilartothatforleafweightandleafarea.
Treevolume wascalculated on the basis of measurements of treeheight and
spread.Thescatterdiagramshowedthattrunkdiameter was poorly correlated
with tree volume. Difficulties in defining the tree perimeter, aggravated by the
overlapping oftreesatclosespacing,maypartlyexplainthelackofcorrelation.
Theeffects ofcompetition ontree shape,reportedin section3.2onp. 9,strengthen the impression that it is extremely difficult to properly asses tree volume
inspacingtrials.
For 'Lired' VII no data on shoot growth and tree volume were available.
The relationships between trunk diameter and tree weight and tree foliation
weresimilartothosefor DeliciousIX,buttheywerenotsowelldefined, dueto
thesmaller numbers oftreesmeasured.Asaresultfewer significant differences
between regression lines for different treatment combinations could be traced.
Asfor Delicious IX, alldifferences which weresignificant referred to the interceptsoftheregressionlines,nottotheslopes.
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4. D I S C U S S I O N

4.1. EFFECTS OF ALAR SPRAYS.

The effects of Alar agreed fairly well with the findings of other workers. The
reduction of shoot length on treated trees has been well-established. The small
leaf size of treated trees is in agreement with the results obtained by SCHUMACHER and FANKHAUSER (1967); however these workers found no effect on leaf
thickness. In another paper (1968) these authors also report a reduction in the
weightofpruningsoftreatedGolden Delicioustrees. This is probably due to the
most vigorous shoots - often concentrated near the tree top - being most retarded, so that on treated trees these shoots could partly be retained. For
young trees grown in containers with glass panes, SCHUMACHER, FANKHAUSER
and SCHLÄPFER (1967) showed a substantial depression in the extension growth
of the roots of treated trees. If this effect accumulates over the years, it may explain the declining root density with increasing distance from the trunk of
treated trees.
There arefew reports on thecumulative effect ofAlar ontreestreated annually over a series of years. In a trial with Winston IX, WERTHEIM (1970, 1971)
showed that Alar sprays a few weeks after full bloom for 4 consecutive years
substantially retarded shoot growth in each year; increased flowering and reduced June drop resulted inhigher yieldsper treeuptothefourth year, when the
control treesyieldedequallywell.
There are several indications in the literature that Alar is most effective on
vigorously growing, poorly cropping trees and most trials are carried out with
treesinthiscondition. Golden Delicious on a dwarfing rootstock does not come
in this category. Moreover, the experimental treatments such as deblossoming
and leaving trees unpruned, do not leave much scope for promoting fruiting
at the expense of extension growth. Thus it is not surprising that the cumulative
effect of Alar was slight in comparison with WERTHEIM'S findings for the less
precious Winston trees. Nevertheless the Alar spray in the first year substantially improved the balance between growth and yield. The principal benefit of
annually repeated Alar treatment was the reduction in the weight of prunings,
which seems to reflect more balanced competitive relations between shoot
growth invarious parts ofthe tree.

4.2. EFFECTS OF FRUITING.

The effects of fruiting cannot be accurately assessed because of increased
flowering and delayed foliation of the deblossomed controls. Nevertheless,
comparisonof fruiting anddeblossomed trees yields valuable information. The
main effects of fruiting were the influence on tree habit as shown in illustration
Meded. Landbouwhogeschool Wageningen 72-4 (1972)
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3 and 4 on p. 14and 15, the depression of tree growth (illustration 8on p. 21)
and the greatly enhanced dry matter increment per unit leaf area (illustration 16 on p. 32). Effects on tree habit include the reduction of tree height
(table 5 on p. 12), of percentage of long shoots (table 6 on p. 12) and of leaf
weightper unit leaf area (table7onp. 13).
There has been a number of experiments in which some of these effects of
fruiting have been observed. BARLOW (1966) and AVERY (1969) found that
cropping depressed the number and length of extension shoots. MAGGS (1963)
observed that leaves were slightly smaller on cropping trees, but did not report
a reduction ofweight per unit leaf area.
That fruiting depresses growth has been well established. In a long-term
experiment involving deblossoming, BARLOW (1964) found that the decrease in
trunk thickening and in shoot growth on fruiting trees was correlated with the
weight of the crop, above a 'threshold'. The existence of a 'threshold' is also
suggested by the data for 'Lired' VII, which showed (illustration 10A on p. 24)
that the size of the cropping trees was only slightly inferior to that of the deblossomed trees, although the cumulated yield of the cropping trees amounted
to 20-60 tons on a per ha basis.In the off-year 1968,a yield of about 8tons per
ha for the closely spaced cropping trees did not depress trunk thickening (illustration 10Bon p.324).
That trees can carry some fruit without repercussions on growth is explained
bythehigher net assimilation rate ofthe leaves ofcropping trees. MAGGS (1963)
and AVERY (1969) calculated increments in the overall efficiency of the leaves of
fruiting trees of 16and 21% respectively, in comparison with the leaves of deblossomed controls. Illustration 16on p. 32 suggested much higher increments
of foliar efficiency of the cropping trees, but the delayed foliation of the deblossomed treesdepressed leafareaduration, precludingafair comparison.
Data of CHANDLER and HEINICKE (1926), MAGGS (1963) and AVERY (1969)
indicate that onlyverylittledrymatter isremoved bydeblossoming,butsubstantial dry matter losses may have been incurred by the metabolic activity of the
numerous flowers on the deblossomed trees. Thus it is likely that in addition to
the late start of shoot growth on these trees, the growth rate of the shoots was
also slowed down, due to the depletion of reserves. In both 1968 and 1969 it
was observed that following deblossoming the leaves developed slowly and
were pale green. The dry matter increment of the deblossomed trees and consequently the increment in tree size could presumably have been much larger in
the absence ofexcessive flowering.

4.3. EFFECTS OF PRUNING.

Pruning had a dramatic effect on tree habit, as shown in illustrations 3and 4
on pp. 14 and 15. Pruning also reduced tree size (illustration 8 on p. 21) and,
more important, yield per unit growth (illustration 13on p.27),but it improved
meanweightper fruit (table2on p.9).
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The effects on tree habit are inherent to the dual function of pruning: toeliminate undesired growth and to stimulate desirable growth. A tree in winter
rest can be considered as a collection of growing points, concentrated near the
extremities, and a store of reserves, concentrated in the framework of the tree.
Pruning inevitably reduces the number of growing points, while increasing the
quantity of reserves perremaining growingpoint. Theeffect is a more forceful
development of the activated growing points. The experimental results showed
that pruned trees indeed had longer shoots (table 1on p. 8) with bigger leaves
(table 7 on p. 13) and per shoot a larger number of roots were available than in
unpruned trees(illustration 6,p. 17).
The removal of undesired growth simplified the pattern of branching, an
effect that presumably was reinforced by a strengthening of correlative inhibition, because on pruned trees relatively few buds formed a shoot (table 6 on
p. 12). Moreover, pruning accentuated the dominating position of the tree top,
as evidenced by greatly stimulated height growth (table 5 on p. 12) and increased slenderness ratios (table 4 on p. 11). This points to a change in the
pattern ofcorrelativeinhibition inpruned trees.
The reduction in the size of pruned trees depended on fruiting. If yields
severely check growth, as in the unpruned Delicious IX, the yield reduction
brought about by pruning allows for compensatory growth. Thus pruning only
slightly reduced the size of fruiting Delicious IX, because the loss of prunings
was largely compensated by more vigorous growth, generated at the expense
of yield. If yields are too low to markedly check growth, as in the unpruned
'Lired' VII, pruning - although depressing yields - will not lead to compensatory growth. Consequently pruning greatly depressed the size of both fruiting
and deblossomed 'Lired' trees.
The reduction of tree size led to lower estimates of dry matter yield for the
pruned trees in 1969 (illustration 15, p. 30). On the other hand estimated dry
matter yield per unit leaf area was slightly increased by pruning (illustration 16,
p. 32).
Thereduction intheyieldperunitgrowth wasprobably dueto theremoval of
flower buds by pruning, to poorer fruit retention due to competition from vigorously growing shoots and to the formation of fewer flower buds as a consequence ofthecontinuation ofextension growth tilllateinthe season.
The increase in the size of fruit due to pruning was not only borne out by a
higher mean weight per fruit, but also by a substantial improvement in the
frequency distribution of fruit size of Delicious IX (illustration 14, p. 29). As
trees get older, mean weight per fruit declines and pruning becomes indispensable to ensure that a high percentage of thefruit willreach the desired size. For
'Lired' VII pruning did not affect fruit size convincingly until 1969, when the
first heavy crop was produced. Fruit size is also increased byfruit thinning, but
thinningappeared notto bequiteaseffective aspruning(table 10onp.28).
A study of individual trees in the trial by Mr. A. SCHOUTEN, student at the
Agricultural University, Wageningen, showed that fruit size was not noticeably
influenced by pruning intensity, defined as weight of prunings per cm 2 trunk
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cross section. This strengthens the impression that the fruiting trees in the trial
have been pruned rather hard. Judged by the weight of prunings (table 3 on
p. 11)the deblossomed trees have been pruned even harder. The reason is that
the growth response to pruning in the deblossomed trees was rather unbalanced
and unpredictable, necessitating further hard pruning and bending of branches
to maintain an acceptable tree shape. Apparently fruiting moderates the growth
responseto pruning, an effect which issimilar to that ofAlar sprays.
The results are in agreement with the literature on pruning, as reviewed by
JONKERS (1960). JONKERS alsolistsmorevigorousextensiongrowth,larger leaves
and fruits and a reduction in tree size and yield per tree as major effects of
pruning. The overall pruning effects in the trial are rather unfavourable. This
may have been due torelatively hard pruning, especially at close spacing. If the
framework branchesatclosespacing had not been removedin the beginning, the
problems in respect of tree shape would probablynothavedevelopedsoearlyin
tree life.Anothermeasuretoslowdownheightgrowth,nowwidelyapplied, would
have been to set the central leader back on a two-year-old lateral, rather than
on a shoot. Atwo-year-old branch does not adjust so quickly to the role ofcentral leader and ifitbearsfruit thegrowth response isgenerally moderated.
It appears from these findings, that young trees should not be pruned hard.
The sole reason for pruning young trees is to shape the tree in order to set the
pattern for future expansion. In high density orchards there islittle need for formative pruning since trees remain small. In low density orchards tree shape is
important; however if the vigorous non-bearing trees in such orchards react to
pruning in a similar way asthe deblossomed trees inthetrial, thepricefor awell
shaped tree is rather high. The reduction in tree size delays the expansion of the
cropping volume and the adverse effects of pruning on yield per unit growth
further retard the onset of fruiting. Moreover, the unbalanced growth response
ofnon-bearing treesfrustrates the efforts to shapethetree.
This conclusion is in agreement with WERTHEIM'S (1970) recommendations
for pruning high density orchards, based on practical experience in the Netherlands during the last few years. Light pruning is advised and the emphasis is on
renewalpruning. Formative pruningislargelyrestricted to slowingdown height
growth invarietieswhichhaveaprominent central leader.
Astheorchard getsolder, pruning becomesessentialtorejuvenate the fruiting
wood and to improve fruit size.The results have shown that trees on a dwarfing
rootstock may show prominent symptoms of ageing within a few years from
budding. This is probably associated with the extremely short period of purely
vegetative growth on theserootstocks. In this situation the principal function of
pruningistoprolong theproductive life span ofthetree.
Whereas the young trees in the trial presumably would have responded much
better to lighter pruning, especially at close spacing, it is to be expected that
nevertheless the adverse effects of pruning on growth distribution over the tree
and particularly on yield per unit growth, would have eventually become manifest.
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4.4. EFFECTS OF TREE SPACING.

The study covers only the first 5 years from planting, too short a period to
fully clarify the effects of tree spacing on orchard growth and yield. However, as
the close spacings were fairly extreme, inter-tree competition clearly affected
tree size,treehabit, yield and fruit quality.
That competition at close spacing reduces plant size is a well-known phenomenon. In the trial the effects of inter-tree competition soon became manifest.
As early as 1966, the second year after planting, tree growth at close spacing
was lagging behind (illustration 8B on p. 21) and by the end of 1969 the differencesintreesize were substantial (illustration 8A). From the regression equations in section 3.8 it can be inferred that if tree weight or leaf area per tree had
been used as measures of tree sizeinstead of trunk cross section, the differences
between closely and widely spaced treeswould havebeen even larger.
The effect of inter-tree competition on tree habit found expression in a topheavyappearance (illustration 4,p. 15)and marked increases intree slenderness
(table 4, p. 11), associated with stimulated height growth (table 5, p. 12) and a
simpler pattern of ramification (table 6, p. 12). Most reports on spacing trials
give little information regarding plant habit. A slender habit, due to the suppression of lateral growth, has been observed in peppers (VERHEIJ, 1970 a). It
has a parallel in the suppression of tillering in cereal crops (BRUINSMA, 1966)
and reduced sucker formation in bananas (AHMED and MANNAN, 1970) at high
density. Substantial increases inplant height at close spacinghavebeen reported
for oilpalm (SMITH, 1960),bananas (AHMED and MANNAN, 1970) and Brussels
sprouts (VERHELF, 1970b),allplants with adominating apical meristem.
Presumably the favourable position of the plant apex in respect of light interception supports apical growth and strengthens apical dominance. This explanation implies that light is the main factor competed for, at least for a part of
the experimental period, which seemsto beareasonable assumption.
It is to be expected that flowering and fruiting suffer from these changes in
tree habit at closespacing. For top-heavy trees growth in the apical region is too
vigorous and in the shaded basal region it istoo weak for optimal flowering and
fruiting. Yield per tree wasindeed more depressed at close spacing than growth,
so that yield per unit growth declined with increasing density (illustration 13,
p. 27). In the more extreme conditions of a dense forest stand, the lower branches are not even capable to sustain their own growth:the leaves fall early and
the branches die back. Such conditions were also observed in the high density
plots of a planting system experiment with Jonathan IV in Hungary (VERHEIJ,
1969). The trial was planted in 1953. Over the period 1959-1962 yield per unit
growth was much the same at all densities, but for the next 4-year period yield
per unit growth at 1110 trees per ha was reduced to two-third of the value for
plots with 120 to 740 trees per ha. Similarly, in a spacing trial with Golden
Delicious on M IX and on M II planted in 1962, VERHEIJ and VERWER (1972)
found that from 1967 onwards yield per unit growth at close spacing for both
stocks fell below the levels for plots with widely spaced trees. LARSEN (1967)
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working with black currants and LE ROUX (1967) working with grapes, also
found lower yieldsper unit growth at high density.
Spacing also affected fruit size.In 1969 mean weight per fruit of Delicious IX
was lower at close spacing (table 2 on p. 9), associated with a substantial
change in fruit size distribution (illustration 14 on p. 29). For 'Lired' VII the
effect of spacing on mean weight per fruit was observed already in 1967and in
1969 it was more prominent than for Delicious IX. Smaller fruit size at high
density has been reported for field tomatoes (LOUGHTON, 1968), pine-apples
(NIJENHUIS, 1967), black currants (LARSEN, 1967), pear (UITTERLINDEN, 1965)
and apple (VERHEIJ, 1969).
From the fruit grower's point of viewthe effects of closespacing on tree habit
and yield are unfavourable. Increased tree height and a top-heavy tree habit are
undesirable; the reduction of yield per unit growth and of fruit size obviously
are disadvantageous. On the other hand the grower is interested in the orchard
rather than intheindividual tree.Theresultsconfirm that - inspiteofthe reduction in growth and yield per tree - growth and yield per ha initially increased
with density. The worldwide trend towards closer tree spacingisbased primarily
onthis advantage.
However, comparison ofthe findings for Delicious IX and 'Lired' VII showed
that the superiority of yield at high density was much greater and persisted
longer for Delicious IX. Cumulative yields for unpruned Delicious IX over
1966-1969 amounted, to 43, 63, 79 and 100 tons per ha for mean densities of
925, 1275, 1820 and 2645 trees per ha respectively and the lead of the highest
density was still increasing in 1969. The corresponding figures for unpruned
'Lired' VII were 33, 45, 56 and 58 tons per ha and yields over 1968 and 1969
wereslightlyhigher at 1820than at2645treesper ha.
The yield depression for 'Lired' VII at the highest density is a logical consequence of the adverse effects of close spacing on growth and yield per tree. As
trees get older and competitive stress increases, serious problems in respect of
growth control and inferior yields are to be expected over an increasing range
of high densities. Overcrowding and a drop in yield at close spacing below the
level at wider spacings have indeed been observed in the Hungarian planting
system trial with apple (VERHEIJ, 1969) and in a similar large scale trial with
oranges (BOSWELL, LEWIS, MC CARTY and HENCH, 1970). This last trial was
planted in 1961 and comprises 11 spacings, ranging from 90 to 440 trees per
acre. In 1964/65 the yield was highest at the closest spacing, but by 1966/67 it
had fallen tothelowest level.

4.5. HIGH DENSITY ORCHARDS.

On the basis of the discussion in the previous section a high density
orchard can be defined as an orchard with such a large number of trees per ha
that in due course an orchard with a lower tree number per ha would give the
same or higher yields.In view of the yieldsfor 'Lired' VII in 1968and 1969,it is
to be expected that within a few years the highest yield will be attained at 1275
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trees per ha, bringing all higher tree numbers per ha under the definition of high
density orchards. For Delicious IX, on the other hand, there was no indication
that yield at the highest density willsoon be equalled or surpassed at lower densities. Thus, according, to the definition even 2645trees per ha may prove to be
a low density.
Results reported by HILKENBÄUMER and ENGEL (1969) suggest that the lower
limits of high density under the conditions of their experiments wereabout 1000
treesper ha for Golden Delicious and Jonathan on MIV and over2000treesper
hafor these varieties on M IX. In atrialonasandysoilwithtreesgrowingrather
weakly, VERHEIJ and VERWER (1972) concluded that less than 2000 and more
than 3000trees per ha wererequired for maximum yield of Golden Delicious on
M II and on M IX respectively. More work needs to be done to establish the
figuresfor other stock-scion combinations and for different growing conditions.
Twokeyquestions emergefrom thedefinition ofhigh density orchards:
1. whichfactors govern theinitialyield advantage ofhigh density orchards;
2. what can be done to control tree growth and to maintain the yield level in
high density orchards astrees mature?
Starting withthe second question, thereduction oftree growth brought about
by fruiting, makes fruiting the ideal means for relieving inter-tree competition.
However, all growing techniques are already aimed at promoting regular and
heavy cropping, irrespective of tree spacing. In precocious trees, such as Delicious IX, growth may be checked by reducing the degree of fruit thinning, but
the dangers of deteriorating fruit quality and inducing biennial bearing severely
limit this possibility. In the high density plots of a spacing trial with Golden
Delicious on M I X and on M I I (VERHEIJ and VERWER, 1972)for instance, heavy
crops reducing the rate of trunk thickening, were associated with an unacceptable loss oftreevigour and poor fruit quality. Consequently, the yieldlevel had
to be lowered and the initial growth rate was resumed. Evidently tree growth
has to be adequate to sustain the production of heavy crops of good quality.
Moreover, once inter-tree competition begins to build up, the yield per unit
growth declines,leavinglessscopefor regulating growth byfruit thinning.
On the other hand the risk of crop failure is the principal stumbling-block
for the success of high density orchards. Chemical growth regulators may be
applied to improve the balance between yield and growth. The effects of Alar
on Delicious IX in thetrial were small, but the literature regarding the influence
of Alar on poorly cropping trees suggests that incidental use of Alar may be
veryeffective inhighdensity orchards.
Growers who plant high density orchards mainly rely on pruning to cope
with overcrowding. However, the experimental results strongly suggest that
pruning is not an effective means of relieving inter-tree competition in bearing
trees, because thereduction oftree sizewas associated with a more than proportional reduction ofyield. Moreover, bothclosespacingandpruning strengthened
the domination of the tree top over the basal tree parts. Thus it will be rather
difficult to redress overcrowding and a top-heavy tree habit by pruning without
serious yield depressions. If hard pruning is required to check growth in the
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tree tops and to improve light conditions in the canopy, this indicates that tree
spacingistoocloseinrelation totree vigour.
As an alternative to drastic pruning, grubbing of part of the trees should be
considered. In several trials the response to tree thinning in overcrowded plots
has been remarkably favourable. In the Hungarian experiment referred to
before, thinning ofpart oftheplots of 3 X 3mtree spacing t o 6 x 3 o r 6 x 6 m
greatly improved yield and fruit quality in comparison with the unthinned controls and restored yield per unit growth to the high levelfound in alllow density
plots. HILKENBÄUMER and ENGEL (1969) obtained better yields from Golden
Delicious and Jonathan on M IV following thinning from 3 x 1,5 to 3 x 3m,
than from the trees which had been spaced at 3 x 3 m throughout. In the
spacing trial with oranges in California, BOSWELL, LEWIS, Mc CARTY and
HENCH (1970) recorded somewhat higher yields following removal of half the
trees in the plots with 11feet row spacing, than following hard pruning of the
plots with 15feet row spacing, in spite of the lower tree numbers per acre inthe
thinned plots.
It follows from this discussion that promotion of regular, heavy cropping - if
necessary with the help of chemical growth regulators - can greatly slow down
but not prevent severe inter-tree competition. Excessive growth can be removed
and fruit quality can be improved by corrective pruning, but it is doubtful that
pruning can restore yields to the level attained at wider tree spacings. This
leaves tree thinning as the main remedy against the adverse effects of close
spacing. The excellent response to tree thinning seems tojustify the conclusion
that it is indeed possible to control growth and to maintain equal yield over a
wide range of high (initial) densities. This yield level represents the ceiling crop
for orchards ofagivenplanting system and age.
Attainment of ceiling crop is not limited to densities producing ceiling dry
matter yield. For the production of ceiling dry matter yield considerable intertree competition, with a resulting drop in crop per unit growth, is inevitable.
Hence the range of densities producing ceiling crop per ha also includes those
lower densities for which the reduction in dry matter yield is compensated by
increased crop perunit growth.
The answer to the first question, regarding the factors governing the initial
yield advantage of high density orchards,issimple.The sooner growth isslowed
down by fruiting, the longer it will take before inter-tree competition equalizes
yield at different density and the greater will be the superiority of cumulative
yield at high density over the early years of orchard life. High density orchards
obviously areunattractive forstock-scioncombinationswhichcomeinto bearing
after inter-tree competition makesitself felt. For such fruit crops the lower limit
of high density represents the optimum tree number per ha. For stock-scion
combinations which during their youth do not crop appreciably above the
threshold level, the yield advantage of high densities is slight, not only because
the crops are light but also because they do not check growth and therefore
cannot retard thebuilding-up ofinter-tree competition. Astheresultsfor 'Lired'
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VII show, the initial yield advantage at high densities for such fruit crops can
hardlyjustify the investment inthe extratrees. For precocious stock-scion combinations such as Delicious IX, however, a wider range of high densities
deserves consideration, because of the cumulative effect of the high yields per
tree and the delayed development of inter-tree competition. In this case tree
number per ha depends mainly on the cost of buying and raising additional
treesin relation tothevalue oftheextrafruit produced.
The conclusion isthat for intensive fruit growing only a limited range of high
densities deserves consideration, particularly if trees come into bearing slowly,
so that inter-tree competition becomes apparent before appreciable crops have
been produced. In due course equal crops - ceiling yield - will be attained over
this trajectory of high densities. If other measures fail, tree thinning must be
relied upon to prevent a drop in yield at the higher densities of the range asthe
orchards get older.
It should be realized that thelower limit of high density and ceilingyield level
depend on the planting system. The planting system determines to what extent
the trees can exploit the environment. In the prevailing single row planting
system a large proportion of the orchard is taken up by alleyways, required for
the passage of machines; the proportion of alleyway space increases as more
dwarfed trees come into use. As the trees cannot take full advantage of the
alleyway space, inter-tree competition at equal density will be stronger and
ceiling crop will be lower in the single row system than in multiple row systems,
such as the bed system. In multiple row systems the number of alleyways is
reduced and the trees are more evenly distributed over the orchard so that the
incoming radiation and the soil factors can be more fully exploited. However, it
remains to be shown whether - even for the smallest trees now in use, such as
Golden Delicious IX - the increase in ceiling crop for bed system orchards is
worthwhile inrelation tothemore complicated management techniques.
The possible need for tree thinning in overcrowded orchards brings up
another consideration regarding the planting system. The response to tree
thinning depends largely on the resulting canopy structure. Therefore flexible
planting systems, allowing for favourable tree arrangements after (varying
degrees of) tree thinning, are desirable. The argument for planting systems
suited to tree thinning is strengthened by the fact that tree vigour of a newlyestablished orchard cannot be accurately predicted. If trees grow more vigorous
than anticipated, treethinning may benecessary eventhough this was not foreseen when the orchard wasplanted. The inability to predict treevigour isone of
the major obstacles for the practical application of results of yield-density
studies.
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5. SUMMARY

In the spring of 1965 a trial was planted with Golden Delicious IX and
JamesGrieve'Lired' VII,inwhichtreespacing,deblossoming,Alarspraysand
pruningwerevariablefactors. Resultsarepresented overtheperiod 1966-1969.
At the end of 1969,the 5th year from planting, 400Delicious trees and 160
'Lired' trees were grubbed to measure tree weight and foliation. Tree weight
was closely correlated to trunk diameter; for a given diameter pruned trees
weighed slightlylessthan unpruned trees.Therelations ofleaf weight andleaf
area per tree with trunk diameter were less well defined and varied more for
different treatment combinations; the same applied to the relations of shoot
number and total shoot length over 1966-1969 with trunk diameter at the end
of1969.
The grubbed trees were also used to collect data on dry matter yield for
Delicious IX. Estimated dry matter yield per unit area in 1969 still increased
withdensity,largelyasaresult ofincreasing 'leaf areaindices'. Fruitinggreatly
enhanced dry matter yield per unit foliage and more than 50%of dry matter
yield wasrecovered in the fruit. Pruning also tended to stimulate dry matter
yield per unit leaf area; it raised the share of dry matter accumulated in the
treeframe, at theexpense of thesharefor leavesand fruit. A large proportion
ofdrymatter incrementinthetreeframe wasremovedbypruning.
Inter-tree competition at close spacing manifested itself in reduced growth
and yield per tree, in lower yields per unit growth, in a reduction of mean
weightper fruit andinthetendencyofthetreestobecometop-heavy asaresult
ofaccelerated height growth and suppressed growth inthebasal portion ofthe
trees.Theseeffects becamemoreprominent withincreasingage,suggestingthat
at theclosestspacingsitwillbedifficult to control growth and to preventyield
depressionsasthetreesgetolder.Thisleavesthesuperiority ofyield duringthe
earlyyearsoforchardlifeasthemainadvantageofclosespacing.
Initially yield per ha was indeed higher at close tree spacings. Cumulative
yieldsofunprunedDeliciousIXover 1966-1969amountedto43,63,79and100
ton per ha for mean densities of 925, 1275, 1820and 2645trees per ha respectively; in 1969yield stillincreased with density. The correspondingfiguresfor
'Lired' VIIwere33,45,56and 58ton per haandin 1968and 1969yieldtended
toleveloffatdensitiesbeyond 1275treesperha.YieldsofDeliciousIXvirtually
all exceeded 1kg per cm2 trunk cross section and greatly reduced growth in
comparison with the deblossomed controls. Yields of 'Lired' VII generally
remained wellbelowthisleveland only slightlyreduced growth. In spiteofthe
largegrowthreduction causedbytheheavyDeliciouscrops,symptomsofintertree competition were still evident at close spacing. For the less precocious
'Lired' treesfierceinter-tree competition led to serious problems in respect of
growthcontrolatclosespacingbytheendoftheperiodunderstudy.
Alar was sprayed only on Delicious IX. In the first year of application it
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reduced shoot growth and improved fruit retention. Continued application in
subsequent years did not affect yield but slightly reduced growth and changed
rootdistribution;pruningweightsoftreatedtreesweremuchsmaller,suggesting
a more balanced distribution of growth over the tree. Although the effects of
Alar on Delicious IX were small, incidental use of Alar on poorly cropping
stock-scion combinations may be much more effective in checking inter-tree
competition.
Relieving inter-tree competition by winter pruning had very unfavourable
side effects. It did reduce tree size,especially at low yield levels, but yieldwas
reduced even more. Moreover, pruning strengthened the dominating position
ofthetreetop;henceitwasextremelydifficult tocorrectthetop-heavyhabitof
closely spaced trees by pruning. Nevertheless some pruning was necessary to
rejuvenate the fruiting wood and to increase fruit size,especiallyfor Delicious
IX. Fruit thinning wasnot quite aseffective aspruning for improvingfruit size
and quality. Pruning ofdeblossomed trees had only adverse effects:it kept the
trees much smaller and the growth response was unbalanced, necessitating
further pruning and bending ofbranches to maintain an acceptable treeshape.
Thesefindingsconfirm that pruning isa useful instrument for regulating competitiverelations withinthetree,at leastfor fruiting trees,buttheyalsoindicate
thatpruningisoflittlevalueforreducingcompetitivestressbetweentrees.
Ahighdensity orchard isdefined asan orchard with such alarge number of
trees per ha that in due course an orchard with a lower tree number per ha
would give the same or higher yields. It is concluded that for intensive fruit
growing only high densities deserve consideration. For stock-scion combinations such as 'Lired' VII, which do not produce substantial crops before intertree competition makes itself felt, the optimum tree number per ha is close to
the lower limit of high density. For precocious stock-scion combinations such
as Delicious IX, a wider range of high densities may be attractive, depending
mainlyonthecostofbuyingandraisingadditionaltreesinrelation totheextra
fruit produced in the early years. In due course equal yield, representing the
ceiling crop for orchards of a given planting system and age, will be attained
overthisrangeofdensities.
Treethinningisrecommendedtopreventovercrowdingandyielddepressions
at thehigher densitiesoftherange,incaseothermeasures- suchaspromotion
ofregularheavycroppingandjudiciouspruning- areinadequate.
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7. SAMENVATTING:

(CONCURRENTIE BIJ APPEL ONDER INVLOED VAN
ALAR-BESPUITINGEN,VRUCHTDRACHT, SNOEI EN PLANTAFSTAND)
Proefopzet
In de lente van 1965 werd een proefboomgaard ingeplant met tweejarige bomen van Golden Delicious IX en James Grieve 'Lired' VII. De behandelingen
behelsden een factoriële combinatie van een reeks plantafstanden (gemiddelde
plantdichtheden van925,1275,1820en 2645 bomen per ha), al dan niet snoeien,
al dan niet ontbloemen en al dan niet bespuiten met Alar. De resultaten over de
periode 1966-1969 worden besproken.
Relaties tussen groeikenmerken
Na de oogst van 1969werden 400 Delicious bomen en 160'Lired' bomen gerooid om boomgewicht en bebladering te meten. Er bleek een nauw verband
te bestaan tussen boomgewicht en stamdoorsnee;bij gelijke stamdoorsnee wogen gesnoeide bomen iets minder dan ongesnoeide bomen. De relatiesvan bladgewicht en bladoppervlak met stamdoorsnee lagen minder duidelijk vast en verschilden meer voor diverse behandelingen; hetzelfde gold voor het verband van
aantal scheuten en totale scheutlengte over 1966-1969 met de stamdoorsnee
eind 1969.
Droge-stof-produktie in 1969.
De gegevens van de gerooide Delicious bomen werden ook gebruikt om de
droge-stof-produktie in 1969 - het 5e groeijaar - te schatten. Op deze leeftijd
nam de droge -stof-produktie nog steeds toe met hogere plantdichtheid, voornamelijk dank zij het toenemende bladoppervlak per m 2 grondoppervlak.
Vruchtdracht leidde tot een sterke toename van de droge-stof-produktie per
dm 2 bladoppervlak en meer dan de helft van de totale droge-stof-produktie
bleek in devruchten te zitten. Bij gesnoeide bomen was ook een tendens tot hogere droge-stof-produktie per eenheid blad waarneembaar; snoei verhoogde het
droge -stof-aandeel van het boomgestel, ten koste van het aandeel van bladeren
en vruchten. Een groot deel van de droge-stof-toename in het boomgestel werd
bij desnoei weggenomen.
Invloed vandeplantafstand;problemen bij'hoge' plantdichtheden.
In onderstaand overzicht zijn de waargenomen invloeden van dicht planten
op dejongeboom (A)en de opgrond hiervan opden duur teverwachten invloeden op deboomgaard (B) samengevat.
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A
Invloeden van dichtplanten opde
jonge boom:

B
Teverwachten effecten opde boomgaard over een toenemend trajekt van
hogeplantdichtheden:
gelijke droge-stof-produktie;

a. achterblijvende groei en
vruchtdracht;
b. minder vertakkingen onder-en
problemen t.a.v. de groeibeheersing;
bovengronds;versterkte hoogtegroei;slankere boomvorm;
c. lagere vruchtdracht per eenheid
kleinereoogstper ha;
groei;
d. kleinerevruchten;
problemen t.a.v. de vruchtkwaliteit.
De gewasreakties bij nauwe plantafstanden zijn een gevolg van concurrentie
tussen de bomen onderling; de invloeden op de boomvorm duiden op concurrentie om licht.
Een plantdichtheid isgedefinieerd alshoog, wanneer het aantal bomen per ha
zo groot is dat op den duur gelijke of grotere oogsten kunnen worden behaald
meteenlageraantal bomen per ha.
De definitie houdt in dat zich bij hoge plantdichtheid problemen betreffende
de groeibeheersing en de oogstgrootte voordoenals de bomen ouder worden en
dat het voordeel vooral moet worden gezocht in de meerproduktie van fruit gedurende dejeugd.

Middelen terbeheersingvangroeienproduktie bij'hoge' plantdichtheden.
Vruchtdracht is uiteraard het meest effektieve middel om de groei - en daarmee de concurrentie tussen de bomen onderling - te remmen, althans boven een
zekere 'drempelwaarde'. De oogsten van 'Lired' VII lagen in het algemeen ruim
onder het niveau van 1kg per cm 2 stamdoorsnee en remden de groei maar weinig in vergelijking met de ontbloemde controles; de oogsten van Delicious IX
lagen vrijwel alle boven dit niveau en remden de groei sterk. Daarbij moet in
aanmerking worden genomen dat de groei van de ontbloemde bomen ook geremd werd, namelijk door een uitputtende bloei en vertraagde bladontwikkeling.
Ongesnoeide Delicious IX leverde veruit de grootste oogsten, maar ook bij
deze behandeling traden symptomen van concurrentie tussen de bomen aan het
licht. Om jaarlijks een volwaardige oogst te produceren, moet de groeikracht
toereikend zijn. Vruchtdracht kan dus de toename van de concurrentie tussen
bomen bij hogeplantdichtheden welvertragen maar niet voorkomen.
De groeiremmer Alar was in de proef opgenomen om de concurrentie tussen
bomen te verminderen, mede door bevordering van devruchtdracht. Alar werd
alleen toegepast op Delicious IX. In het eerstejaar remde Alar de scheutgroei
en vergrootte het de vruchtdracht dank zij verminderde rui. Toepassing in volgende jaren beïnvloedde de oogst niet, maar remde wel de groei enigszins en
leidde bovendien tot veranderingen in de bewortelingsdichtheid. De snoeihoutgewichtenvan met Alar bespoten bomen waren veellager, hetgeeneenevenwich50
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tiger verdeling van de scheutgroei over de boom suggereert. De invloed van
Alar wasklein, maar de mogelijkheid blijft open dat Alar - of een andere groeiregulerende stof - bij minder vruchtbare ras-onderstam-combinaties een veel
gunstiger effekt opdeconcurrentieverhoudingen heeft.
Fruittelers vertrouwen vooral op de snoei om de groei in dichte beplantingen
te beheersen. Snoei beperkte inderdaad de boomgrootte, vooral bij ontbloemde
bomen en lage produktie-niveau's ('Lired' VII). De neven-effecten waren echter
zeer ongunstig: snoeien verminderde de vruchtdracht per eenheid groei en versterkte de dominerende positie van de boomtop. Het bleek daarom uitermate
moeilijk om de topzware boomvorm bij de nauwste plantafstanden door snoei
tecorrigeren en ditginggepaard metaanzienlijke produktieverliezen.
Niettemin was snoei bij dragende bomen noodzakelijk om het vruchthout te
verjongen en daarmee de groeikracht en de vruchtgrootte te verbeteren.Vruchtdunning had een minder gunstig effect op vruchtgrootte en -kwaliteit dan snoei.
De vruchtgrootte hingniet samen met de mate van snoei,hetgeen er opwijst dat
met een lichtere snoei had kunnen worden volstaan. Snoei van ontbloemde bomen had een averechtse uitwerking: de bomen bleven veel kleiner en de groeireaktie was onevenwichtig, zodat nog meer snoei en uitbuigen nodig waren om
eenacceptabele boomvorm te krijgen.
De snoei is derhalve een goed middel om de concurrentiedruk binnen de
boom te regelen, maar isweinig geschikt om de concurrentiedruk tussen bomen
onderling te verlichten. Waar bevordering van de vruchtdracht, eventueel met
groeiregulatoren, en snoei falen, is men aangewezen op het rooien van een deel
der bomen. Blijkens deliteratuur zijn met boomdunning in te dichte boomgaarden inderdaad uitstekende resultaten bereikt. Dit wettigt de conclusie dat het
mogelijk isom degroeitebeheersenengelijkwaardige oogsten teverzekeren over
eenaanvankelijk breed trajekt van hoge plantdichtheden.
Meerproduktie indejeugd bijhogeplantdichtheden.
De meerproduktie bij hogeplantdichtheden gedurende dejeugd wordt vooral
bepaald door de mate waarin de concurrentie tussen vruchtdracht en groei per
boom de toename van de concurrentie tussen de bomen onderling vertraagt. De
cumulatieve oogst over 1966-69 voor ongesnoeide Delicious IX bedroeg 43,63,
79 en 100 ton per ha bij gemiddelde plantdichtheden van respectievelijk 925,
1275, 1820en 2645 bomen per ha. Deze oogsten beperkten de concurrentie tussen de bomen onderling zodanig dat ook in 1969,het 5egroeijaar, de oogst nog
het grootst wasbij dehoogste plantdichtheid. De overeenkomstige oogsten voor
ongesnoeide 'Lired' VII bedroegen 33,45, 56 en 58 ton per ha. In het 4e en 5e
jaar na planten was de oogst bij 1820 bomen per ha al iets hoger dan bij 2645
bomen per ha en het valtte verwachten dat opwat hogere leeftijd alle boomaantallen groter dan 1275 per ha onder de definitie van hoge plantdichtheid zullen
vallen.
Conclusie.
De conclusie luidt dat voor intensieve fruitteelt slechts hoge plantdichtheden
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in aanmerking komen. Voor ras-onderstam-combinaties zoals 'Lired' VII, die
zotraag in produktie komen dat de concurrentie tussen bomen onderlingzich
doet geldenvóór aanzienlijke oogsten zijn geproduceerd, ligt het optimale aantalbomen per hadicht bij deondergrensvan de als hoog gedefinieerde plantdichtheden. Voor vroeg vruchtbare ras-onderstam-combinaties zoals Delicious
IXverdient eenruimer trajekt vanhogeplantdichtheden overweging; de keuzehangtvooralafvandeverhoudingtussendewaardevandemeerproduktieen
dekosten van deextra bomen. Na verloopvan tijd worden overdittrajekt van
plantdichtheden gelijke oogsten geproduceerd, die het produktie-plafond voor
boomgaarden vandieleeftijd vertegenwoordigen. Alsanderemaatregelen falen,
isboomdunning hetaangewezen middelomalsdebomen ouder worden oogstdepressiesoverhetdichteredeelvandittrajekt tevoorkomen.
Het produktie-plafond hangt medeaf van hetplantsysteem, omdat dit bepalendisvoor dematewaarin debomen demilieu-faktoren kunnen benutten. Bij
de gangbare rijenteelt kunnen de bomen slechts ten deleprofiteren van debodemfaktoren en het binnenvallende licht in de rijpaden. Dit bezwaar wordt
ernstiger naarmate de boomgrootte afneemt; voor zeer kleine boomvormen
bieden daaromplantsystemen metminderrijpaden, zoalsdebeddenteelt, voordelen. Overigensishetvan belangdat intensieve plantsystemen zichlenenvoor
het rooien van een deel der bomen, temeer omdat de groeikracht van nieuwingeplanteboomgaardenonvoldoendenauwkeurigkanwordenvoorspeld.
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