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1. INTRODUCTION

Planting of high density apple orchards appearédungary (10,000 or above tree/ha)
an increasing tendency on international and westjig@an research. Apple growers are great
disparity of opinion on the optimum density. Mansoger plant with a number of 5000
tree/ha, while others with only 500 tree/hao@®soN 2007b). It is a general opinion in fruit
growing literature, that with an increased tree sitgn supposedly increase the useful
cropping area of the orchardA@ 1970, GrURO et al. 1982), although there are no proved
linear coherence between density and bearing sudad yield.

The main and the most critical part of the inteastultivation method is an optimal
row and tree spacing and canopy sizke small canopy comparing to traditional training
systems, allows more efficient handwork and lesgszsince pruning and harvesting can be
done mostly from the ground. The small canopy tesul efficientmachine work and pest
control. A high density orchard should start cropping eartg give an annual production of
high yields of high-quality fruit.

To calculate the optimal cropland for a given ordhdahe best way is to consider
rootstocks/ cultivars vigor, quality of planting tesaal, site conditions, planed training
system, harvesting technology and machinegL{€sz1997,HOYING AND ROBINSON 2000).
PAR absorption is also very important to considefore choosing the optimal cropland.
Optimal light penetration is very important in higansity orchards to result high productivity
and quality (WAGENMAKERS AND CALLESEN 1995 ,WUNSCHE et al. 1995).

Spacing recommendations for high density orchanddungary are usually based on
Western-European fruit growing experiences, thues nlecessity of inland researches are
indispensable. In high density orchards the canelabetween spacing, plant number and
productivity can be different in each country, ddesing special light conditions, which can
be measured with special equipment. Our researpbctation is to find out more detailed
results of the above mentioned coherence.



OBJECTIVES

. The experimental design covered the followings:

. To examine behavior of trees in different rootstgbk9 Burgmer 984, M9 T.337,
Jork 9) and different row and tree spacing.

. To find answer for the coherence between singke dred orchard bearing surface and

yielding in case of different spacing.

. To examine effect of tree spacing on unit treedyieldex and orchard cumulative

yield.

. To examine leaf area index (LAI) and photosynthastive radiation (PAR) in two
different orchards, where spacing and canopy sizlifierent. We used two varieties

Gala Must and Jonica.

. To be able to give advice about optimal orcharaisygafor Hungarian fruit growers.



3. MATERIALS AND METHODS

3.1. Experimental orchard

An experimental orchard was established in spri@d@02at the Corvinus University
Budapest, Faculty of Horticultural Science, Deparibof Fruit Science.

Solil type in the orchard is light-sandy-loam. Aitries: pH = 7,8-8; K= 30-32;
CaCQ = 11-15 %, mould content of soil 0,8 %. Szigetceeppcated on the edge of the
Great Hungarian Plain, on the south part of Cskstehd, thus the climate of the orchard suits
to this area’s main climate. Relatively high ramiat extreme changes in temperature and
minimal rainfall. The climate of Szigetcsép is spg hot, with an average 10,4 °C yearly
temperature, average temperature of bearing seasi$)13°C. Hours of sunlight per year of
which 71 % are during the bearing season. Averagely rainfall is 545 mm, of which 309
mm falls during the bearing season. Although higlgrde uncertainty of precipitation can
cause problem @kel 1997).

An experimental orchard was established Jonica Gald Must on three dwarfing
rootstock (M.9 T.337, M.9 Burgmer 984, Jork 3yees were planted on two row distance
(3.6 m and 4.5 myvith four tree distanc€0.75-1.75 mJour trees are in the parcel and the

tree distance variation is in five repeat.

Table 3.1. The analyzed spacing and planting dengitariation (Szigetcsép, 2002).

Row- and tree spacing (m) Spacing (m°) Planting density Canopy form
(piecelha)
45x1.75 7.9 1270
4.5 x 1.50 6.8 1481 _ _
Vertical axis
45x1.25 5.6 1778
4.5x1.00 4.5 2222
3.6 x 1.50 5.4 1852
3.6 x1.25 4.5 2222 _
Slender spindle
3.6 x 1.00 3.6 2778
3.6 x0.75 2.7 3704

The nowadays very common slender spindle systemires3.6 m row distance, and
1.5 m basal diameter of the canopy, and the crogwghh was limited to 1.8 m (ARTHEIM
1978). We planted the trees to 4.5 m row distanaease of the Vertical axis system, where



the canopy basal diameter was 2 m, and the crowghthwas limited to 2.8 m @{SPINASSE
AND DELORT 1986).

For plantation we used one year old, 80 cm higtpshivhere the grafting height was
at 20 cm. In the first two years weed control lie brchard was done mechanically, from
2003 the area between rows was turned, and irothie chemical weed control was used. In

the orchard wire-support was used. The tree tranghit was limited to 0.8 m.
3.2. Experimental methods

In the experimental orchard the combination of taadeties and three rootstocks were
tested with different row spacing, all combinationsre repeated five times. Our earlier
statistic results showed no coherence betweentosttsand plant-spacing. The effect of
spacing had the same tendency in case of all omisthus discussion of results became less
complicated.

From the year of plantation we measured trunk onfemence at 60 cm, canopy size
(length, width, height)We calculated unit trunk cross sectional area’{emd canopy size of

trees (canopy projected area, canopy volume anapgacoveredndex).

The following formulas were used to calculate diéfe indexes:

Trunk cross sectional area (crf) = (Trunk diameter/2)’x =
Canopy projected area (n3) = [(Canopy width + Canopy length)/4)} x =.

Canopy volume (nf) = Canopy projected areax canopy height)/2 (SLBEREISEN AND
SCHERR 1968)

Canopy covered index = Canopy projected area / spiag (CAIN, 1970)

Canopy covered land of orchard (fha) = [10000 nf/row distance (m)* Canopy width
(m).

In 2005 we measured the basal diameter, lengtmamdber of thin, medium and thick
productive shoots. From these results we calculdtednumber of thin, medium and thick
shoots per 1 fhcanopy volume.In these productive shoots we counted quantity of
inflorescence and we measured fruit yield.

In 2002 and 2006 frost damage was more than 60-1® e orchard, which caused

lower yielding in the already bearing orchard.



In 2001 and 2002 we counted number of fruit pee t(piece). From 2003 we
measured fruit weight in each parcel, than we tak50 sample piece from each parcel, and
we measured average fruit weight.

We also classified fruits by size (<65mm; 65-75miBimm<), and by coloration (<50
%; 50-75 %; 75 %<), and considering the two aboeationed characteristic we made three
groups (class I.; 11.; lll.)We measured the fruit-equivalence with using thiefang formula
(I. class fruits (pieces) + Il. class fruits (piecgs 0.6 + Ill. class fruits (pieces) x 0.3)/100.

Than fruit-equivalence multiplied by yield/tree gatotal crop quantity considering
guality too, we named this &slit-equivalence-yielding. From these we calculated timelex
of yield/trunk cross section areaby dividing the quantity of yield with trunk crosgction
area measured in the previous year.

Between 2002-2006 we counted the number of flowtees/ (pieces), and this number
divided by the trunk cross section area gavegthantity of inflorescence (piece/tree).

Between 2004-2006 we measured the photosyntheticea@diation (PAR) in the
orchard with AccuPar LP 80 (Decagon). This equipmaeasures the sunlight radiation
between 400 and 700 nm wavelengths. We measuredd®aiRe the orchard, than at each
tree we measured again six times, under the caaio®§ cm high, in the middle, 25 cm to the
left and to the right. Than we calculated the ageraelow canopy PAR in percentage.

Because PAR changes constantly it is hard to coenpasults in case of different
trees, specially with different spacing. As a solutwe used the average arriving light (1400
PAR pmol ™% and with proportion we calculated PAR. Leaf areleix (LAI) was
measured by the same equipment indirectly fronpti@osynthetic active radiation (PAR).

We calculated light efficiency index: value equesat index (kg)/ light interception
(PAR pmol ™.



Table 3.2. Yearly data

D7

Measured data 2000 | 2001 | 2002 2003 2004 2005 2006 20
Trunk circumference (cm) X X X X X X - -
Canopy height (cm) X X X X X X - -
Canopy width(cm) X X X X X X - -
Canopy length (cm) X X X X X X - -
Canopy tip height (cm) - - - - X X - -
Canopy tip length (cm) - - - - X X - -
Weight of pruning wood - - X X - X X -
(kg/parcel)

Quantity of inflorescence - - X X X X - -
(pieceltree)

Quantity of yield (kg/tree) - X X X X X X X
Fruit coloration - - - X X X - X
Fruit size - - - X X X - X
50 fruit's weight (kg) - - - X X X - X
Light measuring - - - - X X X -
Quantity of productive shoots in - - - - - X - -
floors of canopy (piece)

Basal diameter of productive shoopts- - - - - X - -
(cm)

Lenght of productive shoots (cm)| - - - - - X - -
Quantity of inflorescence in - - - - - X - -

productive shoots (piece)




4. RESULTS AND DISCUSSION

4.1. Effect of spacing on tree growth

The tree spacing affected the trunk growth of baittivars (Fig. 4.1.). The trunk
thickness (TCSA), which is an important parametértree growth (HKRoTKO 2002a,b),
proportionally reduced as related to the decreaseow distance of trees. This effect of in-
row spacing on trunk growth of Gala in both rowtaige, and that of Jonica at 3.6 m row
distance is prevailing in a way, well known fronogth physiology and production biology
(GYURO 1980), showing a connection characterized by amii@ polynomial. This confirms
the opinion of KROTKO (2002a) against MA AND KRAWIEC (1999), and $MPAR et al.
(2000) who found a linear connection. The quadraticnection of trunk growth at trees on
dwarfing rootstocks (M.9 Burgmer 984, M.9 T.337 almtk 9) indicates that the maximum
growth potential of rootstock-scion composite tigethe upper limit of trunk growth.
Consequently the trees beyond a limit cannot etilie larger space.
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Fig. 4.1. Increase of trunk cross sectional are®)(of Gala Must and Jonica trees planted at
different row spacing as function of tree spacintipiv the row (2005).
Our results also imply that the row and tree spgpaiffect the growth of canopy
volume of trees (Fig. 4.2.). On vigorous growing&lslust— in case of both row distance —

and on the less vigorous Jonica — in case of 3réwndistance- the canopy volume shows



connection with tree distance. The connection camxpressed with a quadratic polynomial
equation. In 4.5 m row distance the unit canopyur@ growth of Jonica shows linear
connection, which is not significant. These dat aonfirm the opinion of RDTKO (2002a)

that the growth of canopy volume of trees deterohibg the growth potential of rootstock-

scion combination is limited by the spacing.

6
y =-3.2% +10.792x - 3.47 *
R? = 0.9694* /”_P“’
5
y =-2.24% +7.12x - 0.745 .

o™ 2 = *%
2 R2 =0.9969 4
~ 4 2 A
© I N Ty .
= ho--"" 'y =0.884x +2.547
b=} . L - - A . R?=0.7425
> B et
2 - 'y =-0.96% +2.72x + 1.055
e , | ! R?=0.9615* w
< - - ___ __ |
©) ¢ GalaMust4.5m Gala Must 3.6 m

1| 4 Jonicads5m e Jonica3.6 m

Polynom (Gala M. 4.5 m) Polynom. (Gala M. 3.6)
- = = -Linear (Jonica 4.5 m) — = =Polynom (Jonica 3.6 m)
0 ‘ ‘ ‘ ‘ ‘
0.5 0.75 1 1.25 15 1.75 2
tree spacing (m)

Fig. 4.2. Increase of canopy volume*(raf Gala Must and Jonica trees planted at differen
row spacing as function of tree spacing withinrine (2005).

The canopy volume of Gala Must trees in 2005 redinge33.6 % at 4.5 row distance,
while the canopy volume reduction at 3.6 m rowatise was 47.9 within the 1.75 — 0.75 m
in-row spacing range. The effect of decreasedspaeing on canopy volume of Jonica trees
did not alter significantly, but the decreasingdency is visible.

Our data definitely suggest that the canopy sizéalh at 4.5 m row distance doesn’t
increase at larger plant distance; consequentlyrdlo¢stock/scion composite tree cannot
utilize the larger space. This effect is basedlpanm pruning linked with tree architecture,
which allows the spreading the canopy only in ateoh space. The effect of row distance on
canopy volume is more expressed at Jonica treegjifference in canopy volume between
trees planted in the same plant distance but t&rdift row distance is significant.

Our results also imply that plant distance affde humber of productive shoots,
although it can also be control by pruning (Fig.%.In case of both row distance and both
cultivars we noticed significant differences, espge between the numbers of small

productive shoots.
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Increased plant distance shows linear connectiaih wie number of productive
shoots, thus the more trees we plant on 1 ha, tre productive shoot we will find. But it is
also has the following disadvantage, too high dgnsi branches, leaves and fruits in the

crown.
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Fig. 4.3. Cumulative productive shoots in Gala Maursll Jonica trees (piece /tree) planted at
different row spacing as function of tree spacintipin the row (2005).

In case of Gala Must the number of thin, mediumc¢kthproductive shoots was
proportional in 3.6 m row distance, while in cageJonica the number of thin productive
shoots was decisive. In case of Gala Must and tmathdistance and in case of Jonica (3.6 m
x 1.25 m row and tree distance) is observable imbar of productive shoots. This
connection wasn’t significant in case of Gala Muas3.6 m row distance (Fig. 4.3.).

4.2. Effect of row- and spacing distance and treeethsity on bearing surface of the
orchard

The orchard bearing surface is measured and dedcdlferently in the literature.
Authors from Northern-America prefer usage of cumbed trunk cross section area per
hectare (VEsTwooD 1993). The term of orchard densityvi@&o 1980) is replaced by the
canopy covered area RaTKO 2002a,b). In our work we added as comparisoné@thvious
parameters the fruiting branch density and thedea& index (LAI) which is more frequently

used in characterization of orchard bearing surface
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On dwarfing rootstocks the cumulated TCSA (trunéssrsection area)/ ha -in case of
both cultivars- shows close connection with plaahgity (Fig. 4.4.). The connection can be
expressed with a quadratic polynomial equatiorRotko noted similar results (2002a,b) in
case of trees on semi-dwarfing M.26, and with magorous rootstocks on bigger row

distance (2-4m) the curve reaches it's maximum.
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Fig. 4.4. Increase of trunk cross sectional ar€@aé Must and Jonica orchards*(ina)
planted at different row spacing as function oétspacing within the row (2005).
Trunk thickness is the index, which can not be geanith fitotechnical interferences.
More than 2778 tree/ha results in slower curve ease, specially in case of the more
vigorous Gala Must, which means that higher plamsity causes smaller trunk parameter. In
consequence of rootstock-cultivar vigor and spacimgitation, the curve reaches its
maximum point (MKA AND KRAWIEC 1999;STAMPAR et al. 2000).
In case of Gala Must canopy volume/ha of orchaml ianreased plant density show
close positive linear connection (Fig. 4.5). Thehard canopy volume of Gala showed 7056
and 12294 rhcanopy volume, where the increase is larger withi range of 1270-2778
trees/ha but beyond 2778 tree/ha density the groftnopy volume is not significant, nears
the maximum.
In contrary the cumulated canopy volume of Jonicghard showed linear growth
within the examined in-row spacing range. A simimdency is found by ®bTk6 (2002a,b)

in orchard canopy volume on M.26 rootstocks. Ounctusion is that cultivars perform

12



differently reaching the maximum typical to the tsiock-scion composite tree and site

conditions at different tree density.
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Fig. 4.5. Cumulated canopy volume®(ha) of Gala and Jonica orchard planted at differen
spacing (2005).

Between 2700-3000 tree/ha plant density, the gravfitbumulated canopy volume
reduces. This index reaches it's maximum, which imam determined by cultivar,
rootstocks and spacing effects. Many other researekperienced fruit size and colouring
declaim, less productivity, thus unprofitable protion within the above mentioned plant
density (RLMER AND JACKSON 1973, WEBER 2001, WAGENMAKERS AND CALLESEN 1989,
1995).

We measured the number of productive shoots/hatandistribution in canopy. At
both cultivars, we noted significant differencepe®ding on plant distance, where tendency
means that the total number of productive shootis/hggher in case of smaller plant distance
(Fig. 4.6. and 4.7.). The connection is close, hegaResults imply that increasing plant
density will issue in a linearly increasing numiaérproductive shoots in crown. After the

maximum point it results in too high density of tches.
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The fruiting branch number in 1°wanopy volume at Gala Must planted at 4.5 m, at

Jonica planted at 3.6 m row distance shows a cotioneto tree spacing characterized by a

guadratic polynomial function; at last cultivar tHéferences between the tree spacing are

significant (Fig. 4.7.). At Jonica cultivar planteasl 3.6 m row distance there is an increasing

tendency between 1.75-1.5 m distance with a maxirbatween 1.25 — 1.0 m tree distance,
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while at 0.75 m tree distance the fruiting braneimber in 1 m canopy volume slightly
decreased.

Similar maximum at Gala Must planted at 4.5 m rastahce occurred at 1.25 m tree
distance. Gala Must at 3.6 m row distance showethim in-row spacing range showed
positive linear connection to tree distance. Athbatltivars the fruiting branch number in 1

m3 canopy volume was larger at 4.5 m row distahaa that of at 3.6 m row distance.

4.3. Leaf area index of orchard and PAR absorption

The amount of absorbed photosynthetically activdiataon (PAR) is slightly
increasing when the tree distance is decreasingvdgs the tree spacing and PAR absorption
Gala Must showed negative linear connection at rB.6ow distance, while the same
connection at 4.5 m row distance was negative @i@dipolynomial. At Jonica these
connections were at 4.5 m negative linear, whil8.&tm row distance quadratic polynomial
(Fig. 4.8).

More than 2700-3000 tree/ha plant density redulcesefficiency of light absorption,
and so PAR-absorption (RELLI AND SANSAVINI 1989, ROBINSON AND LAKSO 1989,
WUNSCHE AND LAKSO 2000). Crown volume stops growing after a certaamy thus leaf-

density increases, light penetration in crown deses.
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Fig. 4.9. Ratio (%) of intercepted PAR in Gala Mast Jonica orchards planted at different
tree spacing. (2005).

In the ratio of intercepted PAR there are diffeenbetween the two cultivars. The
vigorous Gala Must intercepted 39-56% of the PARijlavthe cultivar Jonica showed only
26-40% PAR interception. At both cultivars theresveanegative connection characterized by
guadratic polynomial between the in-row spacing BAdR absorption (Fig. 4.9.). Gala Must
with 3.6 m row distance reaches the maximum poiatigd 1m plant distance, where the
PAR-absorption stops increasing (similarly to tlesults of WONSCHE AND LAKSO 2000).
Jonica with 4.5 m row distance reaches the maxinpamt somewhere below 1 m plant
distance, where light absorption stops increasing.

Leaf area index and increased planting density shoositive connection in case of
both cultivar. This connection can be expresseth wiguadratic polynomial equation (Fig.
4.10). Beyond 3000 trees hghe growth of LAl is slight or not significant. @war Jonica
shows a maximum at 2222 trees’hdensity; beyond this density the LAl doesn't irase,

which is in contradiction to BWMPAR et al. (2000) results, who found that the increggiee

density results in larger LAI.
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of 2004-2006).

Leaf area index (LAI) showed values 0.23-0.42 aickband 0.43-0.69 for Gala Must.

These results differ from the data published byeothuthors @cksoN 1980b; AMES ES

MIDDLETON 2001). The reason could be the methodology: wesared the whole orchard

surface from row middle to next row middle. Ouralahow certain correspondence to index

of canopy covered area RATKO 2002a).
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4.4. Yielding characteristics of trees
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Fig. 4.11. Effect of tree spacing on cumulativedigkg tree") of Jonica and Gala Must
planted at different row distance (2001-2007).

The cumulative yield (kg tré® showed a tight connection to tree spacing (Fid 4,
but concerned this characteristic the cultivardgoar differently. These differences could be
explained partly by the different vigor and diffetepacing requirements.

The cumulative yield of Jonica trees at 4.5 m rowtashce show positive linear
connection to the tree spacing, while at 3.6 m dstance the cumulative yield beyond 1.25
m tree distance did not increased any more. Inrapntthe cumulative yield of Gala Must
trees at 3.6 m row distance increases proportipt@iiree distance, but at 4.5 m row distance
this increase stops at 1.5 m. In this last cas&ldmeisupposed that the space of trees reached
that maximum that in the given site and with thelega tree shape the rootstock-scion
composite tree cannot utilize any more in incregsie yield (Fig. 4.11.).

Productivity of rootstock-cultivar combinations (aseired in trunk cross-sectional
productivity index) (Fig 4.12.) in case of both towdrs showed it's maximum level around
2500-3000 tree/ha, and the correlation can be itbeswith a quadratic polynomial.

Both cultivar showed decreasing productivity (TCB@ductivity index) above 2500
tree/ha plant density (similar ta8vpPAR et al. (2000)’s results).
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Fig. 4.12. Effect of tree density on cumulativelgiefficiency index (kg/crhby TCSA) of
Jonica and Gala Must trees (2004)

4.5. Cropping characteristics of the orchard

Cumulative yield and tree density show close pesitinear connection, similarly to
the results of BLKHOVEN-BAART et al. (2000) and &INSON (2003).
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Fig. 4.13. Relation of tree density (tree"hand cropping index (t Haof Jonica and Gala
Must apple orchard (2001-2007).
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Tree density has stronger effect on productivitythen decreasing productivity index
and maximalised PAR-absorption, specially in caSgomng orchards after turning to be
productive, where crop/ha linearly increases witanp density. Further researches are
necessary to see correlations in case of aged ({@Ga@s 1970,ROBINSON AND LAKSO 1989,
MIDDLETON et al. 2002, RBINSON 2007b).
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Fig. 4.14. Relation of tree density (tree"hand value-equivalent crop (t'Haof Jonica (2004,
2005, 2007. year) and gala Must (2003, 2004, 28p@)e orchard
Fruit quality and cropping index/ha shows similarsitive linear correlation with
increasing plant density, which means that withlantpdensity of 1270-3704 trees/ha, the

fruit quality will not decline till the orchard rehes it's 7th year.

Relation between PAR-absorption and cumulativedyighows results similar to
PALMER et al 1992, hkSO AND ROBINSON1997,ROBINSON1997 WUNSCHE et al. 1996, close
linear correlation in case of both cultivars. Cuativle yield increases linearly with absorbed
PAR at both cultivars, however a tight correlateists only at Gala Must (Fig. 4.15). There
is difference in the slope of the correlation betwéhe two cultivars (Fig. 4. 15, 4. 16).
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Fig. 4.15. Correlation between PAR absorption (R&Rol ™% (average of 2004-2006)
and the cumulative cropping index (t/ha) (averaigg081-2006) of Gala Must orchard.
As a conclusion our observations proved that theergi rootstock-cultivar
combinations showed such productivity and PAR-ghtsam efficiency decline with a number
of 3000 tree/ha plant density, which will possiblgsult in unprofitable orchard in the

following years, although it can not be establisithie early years.
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Fig. 4.16 Correlation between PAR absorption (PAR pumbrj (average of 2004-2006)
and the cumulative cropping index (t/ha) (averaig2001-2006) of Jonica orchard.

21



NEW SCIENTIFIC RESULTS

. Our investigations confirmed the opinion concerniihg specific connections of

bearing surface and spacing of apple orchard: ahelation between tree density and
bearing surface within the range of 1270-3704 tte@'sthe TCSA and CA canopy

volume is not linear. The curve describing the elation nears to a maximum typical
to the rootstock-scion composite tree and to smeditions. Parameters of orchard
bearing surface near a maximum around 3000 tré&gémasity.

. Within the investigated spacing range the numbefruifing branches increases in
linear correlation to the tree density; conseqyeimtlthe limited canopy volume the
branch-, leaf-, and fruit population is more andrencrowded. The larger tree density
slightly increases the ratio of intercepted PAR tis® efficiency of PAR utilization

decreases.

. The cropping index (t h§ and the value-equivalent fruit cropping index whoa
positive linear correlation to the tree number witthe investigated range, which is
typical to the cultivar. The cumulative yield eféacy index on TCSA basis reaches a

maximum around the tree density of 3000 treés ha

. Based on our results in the investigated site ¢mmdi around 3.6 X 1 m spacing could
be recommended for intensive orchards with slersp@ndle planted on dwarfing

rootstocks.
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