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ABSTRACT: In the Czech Republic, there is still a predominance of obsolete apple orchards that were established more than
15 years ago and that are not profitable under contemporary conditions. Typical features of these orchards are low or medium tree
densities, freely growing semi-standard trees or hedgerows on semi-dwarf, or sometimes also on vigorous, rootstocks. The farmers
are not always in a position to completely renovate them, and therefore they are interested in their topworking. The present paper
studied the effectiveness of this measure under the current economic and market conditions of this country, using 3 types of orchards
with different spacings and rootstocks and 5 groups of tree densities. Four cultivars were chosen as examples of different starting
statuses for the modelling of subsequent development in three time horizons and for the prediction of profitability of this treatment.
The profitability is based on an increase in farmer prices for cultivars that are presently recommended for replacement of the older
ones according to the recent development of these prices on the fresh market. In the case of topworking for Spartan cv., an economic
return of the measure can be expected at the earliest after 8 years of running the treated orchard. The greatest increase in profit can
be achieved in orchards on the rootstock M 9. Nevertheless, with the decline of tree numbers in the orchard, or with the increase
in tree losses, the general economic effectiveness of topworking notably falls. In the case of trees on the rootstock MM 106, this
measure can have an economic effect only if at least 80% of the trees is in a good health state and it is presumed that the orchard

will be used for another 10 years at least. A list of recommended cultivars to be used for replacement of the old ones is given.
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Topworking is a practice of changing the entire tree
top or a part of it to a different cultivar by means of
grafting. Apple trees are topworked to a more preferable
cultivar, and sometimes to provide better conditions for
cross-pollination (TESKEY, SHOEMAKER 1972). This
practice of changing cultivars was quite common in the
past when the longevity of apple orchards was much
longer (STANTON, DOMINICK 1964). Recent world de-
velopments of apple growing systems are towards very
dense plantings whose economic efficiency is based on
very fast returns of the invested costs that are extremely
high (WEBER 2000). In these plantings, it is not possible
to use topworking because the lack of harvest for one
or two years would switch the whole economic balance
into a loss.

Currently, the situation in the Czech Republic is
different because new orchards with high planting den-
sities that could be compared with European standards
(JANSSEN 1992; WIDMER, KREBS 2000) are still in the
minority. On the contrary, there is a predominance of
obsolete apple orchards that were established more than
15 years ago and that are not regarded as sufficiently
efficient under contemporary conditions. For these rea-
sons, the average yield in commercial apple orchards in
this country has fluctuated between 14.4 and 21.6 t/ha

only during the last five years (BUCHTOVA 2001). Ty-
pical features of many of these old orchards are low or
medium tree densities, in row systems of freely growing
semi-standard trees or hedgerows on semi-dwarf or
sometimes also on vigorous rootstocks. Because of the
strong tree growth, these orchards are relatively deman-
ding for the extent of pruning. As regards the cultivars,
Spartan and Idared were the most frequently used,
however sometimes even such cultivars as Oldenburg,
Ontario or Boskoop could still be found there. In recent
years, these apples are increasingly more difficult to sell
on the fresh market due to competition of more valuable
varieties, and therefore many growers sell them only for
processing at a very low price.

On the other hand, a majority of smaller fruit pro-
ducers in this country who started their apple growing
business only after the recent privatization manage with
a permanent shortage of financial means because of the
weak economy of the country and cannot afford to in-
vest a lot of money into the renovation of their orchards.
The capital investment necessary for establishing
a new apple orchard has multiplied in comparison with
previous periods whereas revenues from present fruit
plantings have increased at a lower rate. That is why
these growers now have to ask a question whether it is
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worth investing in a partial renewal of their orchards by
topworking.

For the above reasons, the researchers conducted this
study aimed at predicting the final economic balance
after applying this alternative in a range of presently
obsolete orchards that still exist in this country. For
this purpose, we have used our own results gathered by
evaluation of cultivars in a range of apple orchards and
information on present costs and incomes obtained from
five farms (own unpublished data), and certain statistical
data elaborated and published by the Fruit Union of the
Czech Republic. To estimate the possible direction for
further development, we used a modelling method that
is analogous to some procedures already used in the past
(STEHR 1988).

MATERIAL AND METHODS

For this study three models of orchards with different
tree spacings and rootstocks were chosen, all of which
were the most frequently planted in the Czech Republic
during the period 1970-1990. These three variants were
further subdivided into five partial groups to simulate
different densities of coverage by healthy trees in real
orchards. The reduction in the original number of trees
could be due not only to their complete loss but also
to severe damage of the trees for example by wood
diseases or mechanically during previous orchard ma-
nagement, etc. We assigned an average yield per tree
(as a mean for each rootstock from several cultivars)
to these source parameters that was obtained from the
results of appraisals in selected orchards of given types
during 1997-2001. Based on the set tree numbers and
average tree yields, we calculated the average annual

Table 1. Source parameters of apple orchards

yields (tons) per hectare for particular variants and par-
tial groups.

As examples of different economic situations in older
apple orchards, four cultivars were chosen: Spartan, Ol-
denburg, Boskoop and Ontario. These cultivars greatly
differed in total economic returns per hectare in the past.

Concerning flat costs, we separately took into account
the required fixed costs that have to be spent annually
in orchards regardless of standing conditions and other
variable costs. The fixed costs included all mechani-
zed works and labour input that were connected with
orchard management, materials and consumable costs
(chemicals for plant protection, fertilizers, etc.), depre-
ciation, and land rent or land tax. The variable costs in-
cluded expenditures for tree pruning (that would change
according to the number of trees per hectare), costs of
harvesting, transport and post-harvest manipulation and
treatments of harvested apples. The total income for
Spartan cv. was calculated from the total crop, providing
a 75% share of extra fancy and fancy class ex post under
the contemporary average farmer price of the cultivar
(8,450 CZK for one ton) and surplus share of apples for
processing ex post under the contemporary farmer price
0f 2,200 CZK for one ton.

In the case of Oldenburg cv., the total income was cal-
culated provided that the whole crop was sold as apples
for processing. For Boskoop cv., the total income was
estimated to be about one third lower and for Ontario
cv., about one half lower than it was for Spartan cv. The
estimated decrease due to the reduction in average yield
of these cultivars corresponded mainly to different ten-
dencies for biannual bearing.

Costs of topworking were recorded on four different
farms. Data on a new entry into bearing after topwor-

Original Share Current Average Yield Average Average
Rootstock Spacing number of missing number yield per annual ;annual
(m) of trees trees of trees per tree  hectare fixed costs variable costs
per hectare (%) per hectare (kg) (tha)  (CZK per hectare) (CZK per hectare)
5 1,188 11.3 134 41,550 33,366
10 1,125 11.3 12.7 41,550 31,610
M9 4x2 1,250 20 1,000 11.3 11.3 41,550 28,097
30 875 11.3 9.9 41,550 24,585
40 750 11.3 8.5 41,550 21,073
5 632 17.5 11.0 41,550 30,946
10 599 17.5 10.5 41,550 29,317
MM 106 5x3 665 20 532 17.5 9.3 41,550 26,059
30 466 17.5 8.1 41,550 22,802
40 399 17.5 7.0 41,550 19,545
5 395 27.5 10.7 41,550 33,567
10 374 27.5 10.3 41,550 31,800
M1 6 x4 416 20 333 27.5 9.1 41,550 28,267
30 291 27.5 8.0 41,550 24,734
40 250 27.5 6.9 41,550 21,200
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Table 2. Costs expended for topworking per hectare of apple orchard

Number Labour Material Costs of tree Total costs
) of trees expenses expenses training (2-3 years) of topworking
Rootstock Spacing per tree per tree per tree per hectare
(m) per hectare*
m (CZK) (CZK) (CZK) (thousands of CZK)
A B C D =A (B+C+D)
1,188 21.5 25 17 75.4
1,125 21.5 25 17 71.4
MO 4x2 1,000 21.5 25 17 63.5
875 21.5 25 17 55.6
750 21.5 25 17 47.6
632 30.7 50 28 68.7
599 30.7 50 28 65.1
MM 106 5%3 532 30.7 50 28 57.8
466 30.7 50 28 50.6
399 30.7 50 28 434
395 44.9 75 56 69.5
374 44.9 75 56 65.9
M 1 6 x4 333 44.9 75 56 58.5
291 449 75 56 51.2
250 44.9 75 56 43.9

*Note: Model situations with different losses of trees

king were taken from cultivars, and evaluated in twelve
orchards (BLAZEK, VARGA 2002). For simplification of
the following calculations, the absence of harvest after
topworking (as well as the time needed for training of
topworked trees) were rounded by two years in the case
of trees on M 9 rootstock, by 2.5 years for MM 106 and
by three years for trees on M 1 rootstock. During these
periods of yield absence after topworking, only fixed
costs were calculated in the general balance besides
the flat costs of topworking, and not the variable costs
(because the costs of tree training were included in the
costs of topworking).

In the general balance of incomes after topworking,
the same average yield was used as with trees without
topworking, however, for 75% proportion of extra fancy
and fancy class ex post the farmer price of 12,300 CZK
for one ton was used that was obtained by averaging
concurrently the farmer price for all cultivars presently
recommended for topworking of obsolete varieties.

To compare the given economic calculations in rela-
tion to world currencies, the exchange rate of the Czech
Crown fluctuated during the time of the evaluation as
follows: 1 USD =38 CZK and 1 EURO =33 CZK.

RESULTS AND DISCUSSION

A survey of average yields per tree that were recorded
in older orchards, and after accounting for categories
of different tree densities in tons per hectare (that were
used for subsequent calculations), are given in Table 1.
These yields ranged between 6.9 t/ha and 13.4 t/ha
according to the main variants and tree densities. The
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average annual value of fixed costs in the monitored
farms was 41.5 thousand CZK. Variable costs fluctuated
from 19.5 to 33.4 thousand CZK in the orchard variants
and groups.

Costs of topworking are given in Table 2. These costs
included labour expenses for topworking itself, material
costs (mainly the price of budwood), and costs of tree
training before restoration of its bearing. These costs
range between 43.5 and 75.4 thousand CZK per hectare.

The average farmer price for the most important ear-
ly winter apple cultivars that are grown in the Czech
Republic are shown in Table 3. The best apples for the
fresh market were sold for about 50% higher price than

Table 3. Average farmer price for apples in the Czech Republic
from October to December 2001 (ANONYMOUS 2001)

Cultivar Average farmer price (CZK per kg)
Jonagored 13.3
Golden Delicious 13.2
Jonagold 13.1
Topaz 13.0
Rubin 12.8
Sampion 12.3
Florina 11.1
Rubinola 11.0
Jonathan 9.3
Spartan 8.4
Apples for processing 2.2
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Fig. 1. Profitability of topworking after 6 years of orchard exploitation under different model situations

the average, which was close to the price of Spartan.
The apples of the majority of old cultivars were also
sold for a similar price. Apples for processing were sold
at a nearly four times lower price than the average price
on the fresh market.

MM 106
200

The total expected economic effect of topworking
under contemporary price levels in the Czech Republic,
and without overhead costs for Spartan cv., is given in
Table 4. It is evident from the data that the benefit of
topworking can be realized in this case at the earliest
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Fig. 2. Profitability of topworking after 8 years of orchard exploitation under different model situations

HORT. SCI (PRAGUE), 29, 2002 (3): 85-91

89



M9 MM 106

M1

-400 1

Profit or loss (thousands CZK)
)
[}
(==}

-600

-800

1,187 1,125 1,000 875 750 632 598 532 465 399 395 374 333 291 250
Number of trees per hectare
——Topworking  ==«Om-.Spartan  .=A:== Oldenburg :==0:==Boskoop ==«-== Ontario

Fig. 3. Profitability of topworking after 10 years of orchard exploitation under different model situations

after 8 years of running the orchard. The greatest pro-
fit could be achieved in orchards on the rootstock M 9.
Nevertheless, with the decline of tree numbers in the
orchard or with the increase in tree losses, the general
economic effectiveness of topworking notably falls. In
the case of trees on the rootstock MM 106, this measure
can have an economic effect only if at least 80% of the
trees are in a good health state and it is presumed that
the orchard will be used for another 10 years at least.
With trees on vigorous rootstock M 1, economic back-
flow of topworking could be expected only in the case
of a very healthy orchard without any losses.

The results of the economic balance of the investigation
on the effects of topworking in the case of all four obser-
ved cultivars (Spartan, Oldenburg, Boskoop and Ontario)
are illustrated in Figs. 1-3. The anticipated profit or loss
(pursuant to contemporary prices) is compared after
balancing total direct costs (without overhead) and total
incomes for the given periods of further exploitation of
these orchards. It is obvious from the data that topwork-
ing with a valuable cultivar greatly reduces the extent of
economic loss, but the grower can ensure the achievement
of real profit only under certain circumstances.

In the case of running orchards only for a six-year pe-
riod since topworking (Fig. 1), the profit of the treatment
could be expected only with trees on the rootstock M 9
at densities 1,000 trees per 1 ha or higher, particularly
with all of the cultivars except Spartan cv.

If the orchards were managed for the duration of
8 years (Fig. 2), the profit or increase in the profit could
be achieved after topworking with all cultivars on the
rootstock M 9 at higher densities than 750 trees per hecta-
re. After topworking of trees on the rootstock MM 106

90

with supposedly 8 years of orchard management, a pro-
fit could be obtained only in the variant with the highest
number of trees.

In the potential case of managing an orchard for the
duration of 10 years (Fig. 3), it would be possible to
achieve a profit or increase in the profit after topworking
by all cultivars and all tree densities; however, the profit
rate is greatly increased with standing tree density. In the
case of trees on the rootstock MM 106, a profit could be
expected only with higher tree densities, and in the case
of trees on the rootstock M 1, only the variant with the
highest number of trees would be expected to be close
to the boundary of profit.

Certain positive results of the effect of topworking on
restoring profitability in some of the old orchards that
were found in this work contrast with the statement that
at the present time apple orchards with average yield
under 15 t/ha could not be profitable (PIENAZEK et al.
1995). It can be seen from our results that lower yields
may be compensated by higher prices of new cultivars
with higher fruit quality (BERRITT 1999).

It is obvious from the above presented results that the
total expected profitability of topworking is not depend-
ent from a certain value of the income on the variety
that should be replaced, but on the vigour of rootstock
(or rather on the type of orchard), on completeness of
the stand and on the good health state of the trees, which
are the basic presumptions of long-term exploitation of
a given orchard. In conclusion, it should be emphasized
that the effects of topworking are also considerably
dependent upon the proper choice of a suitable cultivar
that should be determined by the market (and thereby
presumed to win a higher farmer price) and should have
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at least an average level of yield in the given climatic
and soil conditions.

Similarly, the results in common present orchards after
topworking are better the more modern the orchard and
the higher its tree density. This conforms to previously
published papers aimed at the influences of these factors
(STEHR 1988; JANSSEN 1992; WIDMER, KREBS 2000).

On the basis of the overall evaluation of a broad set of
varieties and with respect to their climatic and soil re-
quirements, the following cultivars are recommended to
be used for replacement of obsolete ones by topworking
(BLAZEK, VARGA 2002):

For warm regions (annual mean temperature above
9°C): Golden Delicious, Gala, Jonagold, Florina, Gold-
star and among the new ones: Braeburn.

For regions with annual mean temperature 7.5-9°C: Jo-
nagold, Topaz, Angold, Gala, Rosana, Melodie, Sampion,
Rubinola, Selena, Rubin, Bohemia and Gold Bohemia.

For cold regions (annual mean temperature below
7.5°C): Jonalord, Rajka, Rosana, Rubinola, Rubin, Bo-
hemia and Gold Bohemia.
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Predpovéd’ rentability preroubovani starSich vysadeb jabloni v souc¢asnych

ekonomickych podminkach Ceské republiky

ABSTRAKT: V Ceské republice stale jesté pievazuji vysadby jabloni zastaralého typu, které byly zalozeny pied 15 a vice lety
a v soucasnych podminkach jiz nejsou rentabilni. Typické pro tyto vysadby jsou stfedné husté az tidsi spony, tvary volné rostou-
cich zakrskt obvykle v pasovém uspofadani a pouziti stfedné siln€ nebo i silnéji rostoucich podnozi. Péstitelé vétSinou nemaji
dostatek finan¢nich prostiedkt, aby tyto vysadby mohli nahradit zcela novymi, a proto projevuji zajem o jejich peroubovani.
Nase prace se proto zabyva studiem efektivnosti tohoto zdsahu v soucasnych tuzemskych ekonomickych a trznich podminkach
ve tfech riznych typech vysadeb charakterizovanych riznym sponem a pouzitou podnozi v péti skupinach s riznym poctem
stromt na 1 ha. Pro navozeni podobnych podminek, které se vyskytuji v souc¢asné praxi, byly jako ptiklad pouzity ¢tyfi odrudy
navzajem se liSici svou soucasnou rentabilitou, a formou modelovani dal§iho vyvoje byla pro tfi rizné ¢asové horizonty pied-
povézena rentabilita jejich piferoubovani. Tato rentabilita je zalozena na vys$si cené jablek odrid, které jsou v soucasné dobé
doporucovény pro nadhradu starSich kultivart, a to v souladu s vyvojem cenové diferenciace odrid na sou¢asném domacim trhu
s jablky pro ptimy konzum. V ptipadé pferoubovani odriidy Spartan 1ze o¢ekavat ekonomickou navratnost tohoto zasahu nej-
diive po osmi letech dalsiho provozovani sadu. Nejvyssi rentabilitu pferoubovani Ize o¢ekavat ve vysadbach na podnozi M 9.
S poklesem pokryvnosti porostu (v disledku thynu stromit) vsak tato rentabilita vyrazné klesa. V piipad¢ stroml na podnozi
MM 106 by mohlo byt pferoubovani efektivni, jen pokud je nejméné 80 % stromt zcela zdravych, aby se u nich dala ptedpo-
kladat jesté nejméné desetileta zivotnost. Pferoubovani stroml na vzristné podnozi jiz neni ani v ptipadé dobré pokryvnosti
porostu pfili§ rentabilni. Pfi pferoubovani ostatnich méné hodnotnych odrid je rentabilita tohoto zasahu obdobna. Je rovnéz
uveden seznam odrid, které jsou doporuovany pro preroubovani méné hodnotnych kultivart.

Kli¢ova slova: vysadby jabloni; pferoubovani; rentabilita; naklady; zisk; odridy; spony; podnoze; vynosy
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