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The influence of the width of the herbicide
zone on growth and productivity of apples

Andrej VOGRIN

University of Maribor, Faculty of Agriculture, Vrbanska 30, 2000 Maribor, Slovenia

In an intensive apple orchard we examined the influence of the width of the herbicide zone on vegetative and
generative activity of apple trees. In a factorial trial based on randomised blocks, which lasted four years, we
studied three different widths of the herbicide zone under trees (25, 50 and 100 cm), and the zone under trees
which was covered by weeds and other plant species, and mowed (the fourth treatment). We found out that the
width of the herbicide zone had a significant influence on the growth and cropping of apple trees. The trees
under which soil was covered by weeds and other plants, and trees on a 25 cm wide herbicide zone expressed
lower vegetative and generative activity. The trees on a wider herbicide zone were characterised by more intense
vegetative growth (expressed as the increase of the trunk diameter) and higher generative activity (expressed
as the number of developed inflorescences, fruit yield and the first-class fruit yield). The study suggests that
adequate width of herbicide zone is a necessity for achieving a higher yield and a high apple fruit quality.

Key words: fruit growing, apple Malus domestica plantations, weed control, herbicide zone, growth, fertility,

plant communities/yield

INTRODUCTION

The bleak herbicide zones under tree rows and cultivated
areas between these zones appear to be a common practice
in European orchards. The same system is also found in the
surroundings of Maribor. The herbicide zone under trees is
of different widths because of different growing technologies
and different ways of planting trees. The integrated
production, which was introduced in Slovenia several years
ago, provides the market with sufficiently large quantities of
quality fruits and at the same time it represents a smaller
risk for the environment. In the integrated production,
phytopharmaceutical substances which are harmful to the
environment are prohibited and even those that are used
are applied in low concentrations. Orientation of fruit
growing into more environment-friendly system requires the
reduction of phytopharmaceutical substances. The reduction
of herbicides in fruit growing is most easily attained by
narrowing or abolishing the herbicide zone. In the integrated
production system, the herbicide zone has to represent 1/3 of
the total width. The width of the zone between rows used in
modern dense plantations around Maribor is approximately
3 m. The use of modern tractors enabled to narrow this zone
to 2.5 m in orchards which are not situated on sloping areas.
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But such orchards are rare. The majority of orchards around
Maribor are situated on sloping grounds and the width
of the zone between rows ranges between 3.0 and 3.5 m.
Considering the rules of the integrated production system,
the herbicide zone can be up to 1 m wide, while the zone
covered with grass can be 2.0 to 2.5 m.

The use of herbicides has a very important antropogenic
influence. By using them we perform a special selective
pressure. The only plants that survive are weeds resistant to
herbicides and plants which escape the use of herbicides due
to their seasonal occurrence. In permanent plantations it is
very important when and in what dosage to use the herbicide
and what should be the width of the herbicide zone. It is
an important technological issue which should help us to
lessen the competitive ability of weeds towards fruit plants.
But unfortunately we often don’t think of what will be the
consequences of using the herbicide on the entire life of
the micro-system of an orchard. Perhaps it would be better
not to reduce to much the competitive ability of weeds, so
that they can take some nutrition from fruit plants, as they
could otherwise grow too quickly and be more sensitive to
infections (Schmidle et al. 1975; Rutz et al. 1990; Sutton et
al. 1996; Sutton 2000). Perhaps more predatory insects and
mites (e.g. Anthocoridae, Reduvidae or Phytoseiidae) will
populate this lush weed population, which will help to reduce
pest populations and, consequently, the use of insecticides
and acaricides (Rode 1996; Lesnik et al. 2003).

The herbicide zone under tree canopies is kept bleak
by using herbicides. In most cases, the producers use non
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selective herbicides such as Glyphosate, which is applied late
in autumn or in spring, following by a “corrective” spraying
in summer. In this way the zone under tree canopies can be
kept clean until autumn. In autumn the weeds mean no more
threat to the trees and therefore (for ecological and economic
reasons) it is not necessary to treat them with herbicides.
In that time of the year, growing of small weeds under tree
canopies is even welcome.

The zone covered by grasses in the arca between
rows is kept by regular mowing. The number of mowings
differs from year to year and depends mainly on the quantity
of precipitations. Fruit producing farms in Slovenia are
differently equipped with machines. The width of the flail
mowers varies from 1.6 to 1.8 m, although there are also
wider ones. The main reason for using this type of flail
mowers are sloping grounds, on which wider flail mowers
are less suitable and require stronger tractors. Larger flail
mowers, 2 or more meters wide, are usually used only in
orchards which are not situated on slopes. In such orchards
it is possible to mow all the zone covered with grass only
by driving in one direction. With narrower flail mowers it is
necessary to pass the area twice, what requires more time and
fuel. In some plantations where rows are 3 m apart, according
to the integrated production system, there should be a 2 m
zone covered with grass, the width of the herbicide zone
sometimes increases because of 1.8 m wide flail mowers.
Such widening of the herbicide zone leads to a greater use of
herbicides, so we have to see whether such a wide herbicide
zone is really necessary or it could be narrowed. According
to some experiments which were done elsewhere, a wider
herbicide zone is necessary with younger trees (Baarends
1995; Van der Mass et al. 1990; Zadravec et al. 1997). In
order to get an answer to our question about the width of the
herbicide zone, we set the experiment in an apple plantation
in full productivity.

METHODS

Maribor and its surroundings are situated in the area
between the Pannonian plane and the Alpine heights. As a
result its climatic conditions have characteristics of both the

eastern and the central Slovenia (early springs, hot summers,
long and relatively warm autumns and cold winters). Such
climatic conditions (Fig. 1) are good for apple trees, so
this area has been long known for producing high-quality
apples.

A long-time average of annual precipitations is 1045
mm. They vary from month to month. A year starts with the
driest months (January and February), after that the quantity
of precipitations is increasing until July and August, when
it reaches its peak. After that, the quantity decreases again.
In that way as much as 730 mm of rain falls during the
vegetation period. In summer months, a considerate amount
of precipitations comes in the form of heavy rainshowers and
as a result the water runs off instead of penetrating to the
soil (most of the orchards are situated on sloping grounds).
In the last years we have experienced several relatively dry
seasons, and one of the consequences was that irrigation
systems were installed in many orchards.

Average annual temperature for the last 30 years has
been 10 °C. For fruit-growing, however, the oscillations
between temperatures are more important. Cold winters,
when temperatures can be —20 °C or even lower, are followed
by relatively early springs. At that time there is a danger
of frosts, but in the last few years they have not occured.
Then there are hot summers with average temperatures of
nearly 20 °C. In this time of year there is the highest quantity
of precipitations. Finally, autumn periods are long and
relatively warm, which enable fruit-trees to prepare for the
winter season.

In modern fruit plantations around Maribor and in
other surrounding areas, a new way of cultivating the soil
is being used. The area between rows is covered with grass
and mulched, while the soil under the trees is treated with
herbicides and bleak. Due to the use of tractors, the distance
between rows is 3 to 3.5 m. Because the area under tree
canopies, which is treated with herbicides is usually 1 m
wide, the width of the zone covered with grass is 2 to 2.5 m.
The aim of this experiment was to find out whether this width
of the herbicide zone is necessary or it can be narrowed down
without endangering the normal development of trees.
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Fig. 1. A modified Walter and Gaussen climatic diagram (for Maribor) for a 30-year long period (1961-

1990). The average ratio between temperature and precipitations ratio is 1 : 4.
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Four different treatments were included in this trial:

1-25 c¢m wide herbicide zone,

2-50 cm wide herbicide zone,

3-100 cm wide herbicide zone.

4 - the zone is covered with weeds and mowed.

The experimental design was a randomised complete
block design, comprising 4 replications and 15 trees per
replication. The total number of trees included in the trial
was 240.

The zone under canopies was treated with herbicide
twice, once in spring and once in summer. In spring (in
April), the systemic non-selective herbicide based on
Glyphosate was used. We tried to clear the zone under trees
from all the weeds which could compete with apple trees.
The concentration used was 4 1/ha with 300 1 of water per ha.
The spraying in spring took place on different time periods,
depending on weeds’ growth. For the summer corrective
spraying the herbicide based on Gluphosinate was used.

In autumn, the herbicides were not used, because the
recover of weedy plant communities in zone under canopies
is welcome in that time of year. In autumn weeds don’t have
negative impact on the growth of apple trees, so it would be
unreasonable both for environmental and economic reasons
to treat them with herbicides. The zone under canopies,
which were part of the fourth treatment, was not treated with
herbicides. Weeds were left to grow and were mowed from
spring to autumn. The number of mowings varied from 4 to
6 in different years.

The trial was established in a orchard near Pekre, in the
vicinity of Maribor. The studied cultivar was ‘Jonagold” and
trees were 4 years old (at the beginning of the experiment).
They were planted at a distance of 3 X 0.5 m. The total area of
the trial was 4 ha and was part of a 100 ha plantation belonging
to the Company Vinag d.o.o. At the time of planting the drip
irrigation system was installed which enabled irrigation and
fertirrigation of the orchard. The plantation was situated
on 280 m a.s.l. and the rows were oriented from North to
South.

In the year of the establishment of the trial, we selected
the trees that were similar (regarding their appearance,
number of inflorescences and vegetative activity). The trunk
diameter was measured 20 cm above the grafted place.

During the next three years (from 1995 to 1997),
vegetative and generative parameters of tree activity were
followed. In spring, we measured trunk diameter and
counted inflorescences. At harvest we counted and weighed
the fruits. The yield of the first and of the second fruit
quality class was separated. The experiment was completed
in spring 1998, by re-measuring trunk diameters and the
number of inflorescences. After the fieldwork had been done,
we calculated cropping coefficient (which shows how many
fruits developed from inflorescences), the number and weight
of fruits per tree, the average weight of one fruit, the portion
of first class fruits, yield efficiency (the yield in kg per trunk
area), the increase of trunk diameter and yield per ha.

After getting the data for individual years we extended
these parameters for the total studied period. The data were
statistically analysed using SPSS 10.0 programme for
Windows.

RESULTS AND DISCUSSION

The trial included trees that were similar by appearance.
Trunk diameters which varied from 23.34 and 24.34 mm were
enabling the same starting-point for all the examined widths
of herbicide zones. The average number of inflorescences
at individual treatments varied from 27.27 to 28.58 per tree
(Table 1.).

Table 1. Average values of trunk diameters (in 1994 and 1995),
number of inflorescences (in 1995) and increase of
trunk diameters (in 1994), for individual treatments.

Trunk Number of Trunk Increase
. . . of trunk
Treatments | diam. inflorescences | diam. 95 | .
diameters
94 (mm) (mm)
(mm)
1 24.02 48.73 28.50 4.47
2 23.54 4572 28.07 4.52
3 24.34 46.02 28.58 4.25
4 23.34 48.95 27.27 3.92

In the year of establishing the trial we wanted to
determine the changes of trunk diameters and study the
vegetative growth of trees. In order to do that, the next spring,
1995, we measured the fruits and calculated the increase.
Trunk diameters were still very similar. We presumed that
already after the first year differences in growth parameters
would appear. The answer to the question why there were no
differences can partly be explained by weather conditions
in 1994. The year was in overage warmer more than 2 °C
comparing to long time average temperatures (for the period
from March to September). The quantity of precipitations was
also higher than a long time average, but they were unusually
spread. In the four months which are crucial for tree growing
the precipitations were above the average, so there was
enough humidity for the trees and also for competitive plants
under the trees. If in the remaining months when there was
not enough moisture, some negative effects of weedy plant
communities under trees became evident, we used irrigation
to enable constant growth to all trees. The consequence
of high temperatures and sufficient humidity was that the
increase of trunk diameters in the first year was constant and
much higher than in the following years.

All data, however, showed no statistically significant
differences.

In Table 2 average values for the years since 1994 to
1997 are shown.

Table 2. Average values for the increase of trunk diameter
(for the period 1994-1997), weight of fruits, share of
the first-class fruits in t/ha (for the period 1995-1997),
for individual treatments.

Increase Shar Weight of
Weight are the
of trunk . of the .
Treatments . of fruits . first-class
diameter first-class .
(mm) Wha) | fruits (o) | ruits
)| (t/ha)
1 11.02 107.70 77.91 86.08
2 13.01 130.01 83.26 109.98
3 12.24 126.85 86.66 110.01
4 10.46 106.78 82.44 86.48
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Increase of trunk diameter

The increase of trunk diameters was observed during a
period of four years. In those years, the trees with a 50 cm
herbicide zone had the highest average increase of diameters.
Then follow the trees with the widest, 100 cm herbicide zone.
Looking just at the increase of trunk diameters we could say
that a 50 cm herbicide zone is sufficient and that it is not
necessary to widen it. By narrowing the herbicide zone, on
the other hand, the average increase of trunk diameters is
getting smaller and reaches its lowest point with trees which
had no herbicide zone at all. Statistical analysis of the data
showed significant difference in the average increase of trunk
diameters between the treatments 2 and 4.

5

than trees with a narrower herbicide zone or with no herbicide
zone at all.

Oscillations in increases of trunk diameters from year to
year can be explained by the alternation of higher vegetative
growth and lower yield, and lower vegetative growth and
higher yield. Thus in the years with higher yield lower
increases of trunk diameters and also lower vegetative growth
of trees were determined, and contrary, in the years with
lower yield increases of trunk diameters and the vegetative
growth were higher.

The trees examined in our trial were subject to alternating
productivity even prior to our treatment. But in spite of the
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Fig. 2. Average increase of trunk diameter for individual treatments, for the period 1994-1997.

Fig. 2 shows that increases of trunk diameters were very
similar throughout the years. The highest increase of trunk
diameters (in all treatments) was determined in 1994, due to
good weather conditions. In the following years the increases
were lower and varied from year to year. Trees with a 50
cm herbicide zone had greatest average increases of trunk
diameters. Trees without the herbicide zone had the lowest

fact that the trees we had chosen were very similar in growth,
in the course of our trial they experienced the so called
alternating bearing of individual plants, which can mean an
even greater problem. Different widths of herbicide zones
had no influence on decreasing or increasing of alternating
productivity of the plantation.

increases. This tendency was determined in all four years, Yield (t ha)
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Fig. 3. Average weight of fruits for individual treatments, for the period 1995-1997.

with the exception of 1994, when the treatment 1 showed
higher increases than the treatment 3, and in 1997 when the
treatment 4 exhibited higher increases than the treatment 1.
In general we can conclude that trees with a wider
herbicide zone exhibited greater increase of trunk diameters

4

The weight of fruits was measured during three years.
Similarly as in the increase of trunk diameters, the higher
values were established in trees with a 50 cm herbicide zone.
Only a slightly lower yield was established in trees with a
100 cm herbicide zone. Once again the results are not in
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favour of a herbicide zone wider than 50 cm. By narrowing
this zone to 25 cm or by eliminating it, the average yield
becomes considerably lower. Although the difference
between the treatments 2 and 3 is small, the only statistically
significant differences are between the treatment 2 on one
and the treatments 1 and 4 on the other hand.

Average yields per ha are varying in all the treatments.
The first observed yield, which was not too high, was

Portion of first-class fruits

Trees with the widest herbicide zone were characterised in all
three years by the highest portion of first-class fruits (86.66
%). In the other treatments this share was lower (again trees
with a 25 cm herbicide zone had the lowest part of first-class
fruits (77.91 %)). The difference between the two treatments
was statistically confirmed. In general, we could say that the
portion of the first-class fruits was not high enough. It can
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Fig. 4. Average share of the first-class fruits for individual treatments, for the period 1995-1997.

followed by a decrease in the next year and by an increase in
the third year (Fig. 3.).

In all the years wider herbicide zones (50 and 100 cm)
resulted in higher yields than narrow (25 cm) or non-existing
herbicide zones. Although this difference in various years is
only slight and cannot be statistically confirmed, the total
yield for all three years suggests that the treatments with
wider herbicide zones resulted in higher yield than the other

be considered as a result of alternating bearing of individual
plants. Trees which in one year have low yield or none at
all, in the next year had higher yield, but with a lower share
of first-class fruits. Due to the fact that in the same year
there were trees with high and those with low yield, the final
result was an average, but low-quality yield. The oscillation
between average parts of first-class fruits in individual
treatments during our experiment is shown in Fig. 4.
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Fig. 5. Average weight of the first-class fruits in tha-1 for individual treatments for the period

1995-1997.

two treatments. If we continued to examine the plantation
in the following years, we would probably get a similar
result which would confirm that a year with a higher yield
is followed by a year with a lower yield and it has as a
consequence higher vegetative growth.

In Fig. 4, it is obvious that the share of the first-class
fruits was not much different neither in individual treatments
in one year nor in different years. It ranged between 81 and
87 %. The only exception is 1996, when trees with a 25
herbicide zone had only 71 % of first-class fruits. This figure
also suggests that the two treatments with wider herbicide
zones always had higher parts of first-class fruits.
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Yield of first-class fruits in (t ha')

Trees with wider herbicide zones gave more first-class
fruits than trees with the narrowest or non existing herbicide
zone, as is also seen in Fig. 5.

Trees with 50 and 100 cm herbicide zone gave in all the
years higher yields of first-class apples comparing with trees
with a 25 or non existing herbicide zones.

Summing up the weights of first-class fruits for all three
years we could conclude that yields for trees with 50 and 100
herbicide zones were very similar. The difference between
them was negligible, as it was only 30 kg per over 100 tons
of apples. On the basis of our trial we can clearly affirm that
keeping a 100 cm herbicide zone under trees is unnecessary,
as the width of 50 cm gave the same results.

It is also evident that the values we got by summing the
yields of first-class fruits in trees having a 25 cm herbicide
zone and trees which had no herbicide zone at all were very
similar. The difference between the two values is also very
small (400 kg). Therefore, we can conclude that a 25 cm
herbicide zone is too narrow and the results we get are no
better than those with no herbicide zones under trees.

On the other hand, the difference we get in the total
weight of first-class fruits (for three years) between trees with
a 50 or 100 cm herbicide zone on one side and trees with a
25 cm or no herbicide zone at all on the other, is considerate
— approximately 24 tons (Fig. 6). The differences between
the treatments 2 and 3 on one and the treatments 1 and 4 on
the other side are statistically different.
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Fig. 6. Average weight of the 1st class fruits together, for the years 1995, 1996 and 1997

(for individual treatments).

CONCLUSION

The investigation of growth and cropping of apple
trees through a three year period indicated that there was a
similarity between trees with the narrowest herbicide zone
(treatment A) and trees with a green cover (treatment D), and
trees with wider herbicide zones (treatments B and C) on the
other hand. The trees from the treatments A and D had, on
average, a lower growth rate of trunk diameter and less first-
class fruits. The other investigated and calculated parameters
such as number of developed inflorescences, number of fruits,
fertility coefficient, yield per ha and yield efficiency also
showed the same trends. The differences in results lead us
into a conclusion that, in order to have high and high-quality
yields, trees need to have a herbicide zone somewhat wider
than 50 cm. The comparison of the results obtained with trees
having 50 and 100 cm wide herbicide zones indicated that the
differences were insignificant. It was not possible to confirm
that the trees with the widest herbicide zone performed better
than the trees with the 50 cm herbicide zone. The 100 cm
wide herbicide zone is very common in apple production (it
is also allowed in the integrated production). However, the
results of our experiment showed that this herbicide zone is
too wide, especially for older trees. It could be reduced to
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50 cm with no negative consequences on the quantity and
quality of the yield. In this way, we would reduce the use
of herbicides which are used twice a year (to spray the zone
under the trees). A wider green cover would also help to
reduce the difficulties associated with erosion, because the
majority of orchards are situated on sloping grounds. The
fertility of the soil would improve, the proportion of the
organic substances would increase, and the biotic diversity
of flora and fauna would be preserved.
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